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SCIENTIFIC INVESTIGATICN PLAN FOR THE
NEVADA NUCLEAR WASTE STORAGE INVESTIGATION:
WASTE PACKAGE ENVIRCNMENT

1.0 PURPQSE AND OBJECTIVE
1.1 Purpose of Study

The purpose and objective of the Waste Package Environment task s to
egstabllish and characterize the environmental processes affecting the
near-fleld cepository host rock after waste package emplacement, as
dictated by requirements contained in Sectiocn 135 (a) of the NRC Rule
10CFRS0 which states, in part:

Packages of HLW shall be designed so that the In situ chemical,
physical, and nuclear properties of the waste package and its
Interactions with the emplacement enviconment do not

compromise the function of the waste packages or the
performance of the underground facility or the geologic setting.

The cdesign shall include, but not be limited to congiderations

of the following factors: Solubility, oxidtion/reduction reactions,
corrosion, hybriding, gas generation, thermal effects, mechanical
strength, mechanical stress, radiolysis, radiation damage,
radionuclide retardation, leaching, flre and explosion hazards,
therma! loads, and synergistic interacticons.

These processes, which reflect the perturbaticon induced in the environment
by engineering effects and by the wasts package decay heat and radiation,
will influence chemical, mineraleglical and hydroleogical features of the
environment. The thermal and radiation output of the waste packages will
change with time, resulting in an envircnment In which the chemical,
mineralogical and physical attributes may also change through time. To
agssure that waste package design considerations reflect the characteristics
of this evolving environment, It 138 necessary to determine the range of
conditions that may develop In the pre- and post-emplacement waste

package environment. To assure that the emplacement configurations do not



compromise the lifetime of the repository or the waste packages, the deslign
of the emplacement configuration must also consider the environmental
features. Recognition of these requirements resulted in the development of
the following issue and information needs (IN) (taken from the 8/7/86
version of NNWS! information needs):

Issue 1.10 Have the characteristics and configurationg of the waste
packages been adequately established to (a) show compliance with the
post closure design criteria of 10 CFR 60.13S, and (b) provide
information to support resolution of the performance [ssues?

IN 1.10.4 Description of the post-emplacement near-field
environment of the waste packages, inclucding the expected range of
environmental characteristics under conditions appropriate for the
reference emplacement configuration.

It Is the purpose and objective of the Waste Package Environment Task to
provide information that will be used to resolve this issue. Processes
affecting the post-emplacement environment will also influence waste
package performance. The activities described below will therefore provide
input to waste package performance assessment models. '

The proposed environment in which high level radiocactive waste would be
emplaced is a devitrified, welded, rhyolltic tuff. To establish the nature of
effects acting on thies material, It ls necessary to identify and characterize
the processes that will cccur during thermal perturbatlion of the

environment ln the presence of radiation. Once the processes have been
identifled that may affect the environment, It will be possible to describe
the condlitions that could lead to fallure of the package and transport of
radioactive materlal away from the emplacement location.

The processes that may occur in the waste package envicconment reflect the
chemical and mineralogical characteristics of the tuff, which are expressed
by the minerals that have developed during and after emplacement of the



tuff. The tuff consists of primary minecals, such as sanidine, plagioclase,
quartz, biotite, lron-titanium oxides, allanite and zircon, that formed at ~
temperatures ln excess of 600°C in a magma champer prior to erupticn of

the tuff and secondary minerals, such as cristobalite, quartz, alkali
faldspars, and smectite clays that formed cduring cooling and later

alteration of the tuff at temperatures less than 500°C. Available evicence
suggests that the rock in the proposed repository horizon has a mean matrix
porosity of 14% and a mean water saturation of 65% (Montazer and Wilson,
1984). PFluld, therefore, partially fills the rock pores. Emplacement of waste
packages in this environment will modify the thermal and radiation fislds
experienced by the host rock, and may lead to complex chemical reactions
between the near-field fluids and minerals. The unsaturated nature of the
host rock and the local hydrological propertiea of the host rock deménstrate
that, for anticipated scenarios, these complex reactions will cccur in a
humid, vapor-present, liquid-absent condition. However, for ascme scenarics
under unanticipated conditions, saturation of the wasta packags hast rock
may occur. Chemical reactlons uncer saturated conditions may differ In
magnitude and nature from those that might occur under unsaturated
conditions. The reactions that may cccur over this range of saturation
conditions constitute the chemical processes that must be characterized to
meet the purpose and objective of Information Need 1.10.4. —

L2

The effects of indlvidual parameters on the reaction process must be
evaluated to fully characterize the chemical environment of the waste
package. The parameters to be consldered in activities are temperature, the
tatio of rock surface area to fluld volume, fluid compesition, radiation dose
and dose rate, and dissolution and precipitation kinetics.

The hydrolegic characteristics of the tuff ceflect the welding,
devitrificatlon, and fracture processes that have occurred after deposltion
of the tuff. Thess processes have resulted In cevelcpment of a rock with a
mean matrix porosity of 14% (Montazer and Wilson, 1984) and a fracture
‘density of between B and 40 fractures per cublic meter (Scott et al., 1983).
The structural .location of this horizon 700 to 1400 feet above the local
water tapble (Ortiz et al., 1985), and the local meteorological conditions
have resulted {n a rock that ls 65% saturated (Montazer and Wilson, 1984).
Evicence suggests that the net water flux in this unsaturated environment
Is 1.0 to 2.0 mm/yr upward, although a downward flux of 1.0 x 10-” to .5
mV/yr may occur as a result of matrix flow (Montazer and Wilson, 1984;



Montazer et al., 1985). The matric potential of the tuff |s approximately
-112 kPa, which results in negligible fracture flow (Wang and Narasimhan,
198S). The processes that will occur upon emplacement of waste packages

in the tuff, and the effect of these processes on the hydrologic
characteristics of the tuff, must be established to meet the requirements of
Information Need 1.10.4.

Characterization of the processes affecting the hydrologic properties of the
tuff at elevated temperatures requires knowledge of the dissolution and
precipltation reactions that may influence pore and fracture gecmetry (l.e.,
size, shape and roughness), the potential fluid flow pathways under
saturated and unsaturated conditions, the influence of fractures on fluid
flow and degree of relative saturation, and the relative importance of
convective flow coupled with condensation/evaporation phenomena. The
parameters that influence these processes, and that will be evaluated in
tests, experiments, and numerical simulations are temperature,

temperature grasient, relatlive saturation, dissclution/precipitation
kinetics, and fluid composition.

Two broad categories of activities provide the Information necessary to
characterize the mineralogical, chemical, and hydrological properties and
processes that constitute the post-emplacement waste package

environment. The flirst category of actlvities incorporates laboratory tests,
experiments, and numerical geochemical simulations to define the

interaction of tuff, water, water vapor, and waste package components in
the presence of elevated temperature and radiation fields. Activities
described under headlng 2.1 fall In this category. These activities will
establish the nature of chemical and mineralogical evolution of the waste
package enviconment for anticipated and unanticipated conditions Involving
various degrees of water saturatiocn. The second category of activities
incorporates laboratory tests, experiments and numerical geochemical
simulations to establish the hydrologic properties of the tuff under
anticipated and unanticipated conditions. This second category of activities
will cefine the range of values of parameters, for anticipated and certain
unanticipated conditlons, that influence fluid flow processes in the waste
package environment. These activities are described under heading 2.2.

1.2 Use of Results

-



Results from actlvitles ldentlfying mineralcgical and chemical changes In
the waste package environment will provide input to Information Need
1.10.4, which considers the nature of the emplacement environment, and
will contribute to performance assessment goals by establishing the
possible range of chemical parameters that may Influence radlionuclice
release and transport. Possible changes in water chemistry and the
long-term gecchemical behavior of the environment will be used to define
the chemical characteristics of the environment of the waste package as
neeced in Information Need 1.10.4. This information will also cdefine the
range of anticipated conditions to be experienced by the waste package, as
required by Information Need 1.10.2, and will establish chemical criteria to
be used [n package degign activities, and waste form and metal barrier
testing. Numerical gecchemical simulatlions of the long-term gecchemical
characteristics will be used to establish environmental constraints for
performance assessment purposes,

Results from activities concerning the hydrologic properties of the waste
‘package enviconment will define the flow and transport characteristlcs that
may lead to vapor and/or liquid water interaction with the waste package,
and the transport pathways that will Influence radionuclide migration from
failed waste containers. This information will pcovide input to waste
package performance assessment through evaluation of conceptual models

of fluid flow and transport, and by developing functional relationships
between the physical and chemical parameters characteristic of the waste
package environment ang fluid flow models.

2.0 RATIONALE FOR SELECTED STUDIES AND QUALITY ASSURANCE
LEVEL ASSIGNMENTS

The activities described below are designed to provide Information
necessary to characterlize the chemical, mineraloglical and hydrologlcal
properties and processes of the waste package environment for anticipated
and certain unanticipated conditicns. The quality assurance level
assignments (QALA) for each activity, and the section In this document
where the activity Is described, are presented (n Table 1. The quality
assurance (QA) level assignments are influenced by the avallability of data

a



for each actlvity. For those activities In which sufficient data are available
to design tests and analyses that can be used [n a license application, the
activity has been designated QA Level [. Activities designated QA Level III
are one of three types. One type of QA Level III activity addresses those
instances in which tests and analyses necessary to develop a license
application cannot be designed or executed because the current scientific
database is insufficient. Examples of such activities are B-20-3 and
B-20-10. This type of QA Level 11l activity will provice lnformation to be
used in design and execution of QA Level 1 activities. The QA Level IIlI data
used for this purpose will remain separate from that generated by the new
QA Level I activity. A second type of QA Level Ill activity is designed to
provide data necessary for the database of the EQ3/6 geochemical modeling
code (Wolery, 1983, 1986), and for estaplishing protocols for use of -the
code at Level I. Examples of these QA Level III activities are B-20-6,
B-20-7 and B-20-8. The database will be validated using QA Level [ activity
B-20-11. A third type of QA Level IIIl activity explores analytical oc
laboratory techniques that have the potential to produce Information
necessary for |lcense application, but for which Insufficient Information
ex|sts to establish the efficacy of the technique. Activity B-20-12
represents such a situation. This level IIl activity may lead to QA Level I
activities, 1f it can be demonstrated that the technique under evaluation
provides data of sufficient quality and appropriate application. In the QA
Level IIl activities described below, it ig noted whether the activity will
lead to development of a separate QA Level I activity.

For those instances in which a QA Level I activity is to be developed as a
result of Informat.on gained from a2 QA Level III activity, the level I activity
will be treated as a new activity. This will require that the new level [
activity will be developed and revijewed according to procedures

033-NWMP-P 20.0 (Assigning Levels of Quality Assurance) and 033-NWMP-P

20.1 (Numbering of Actlvitlies), and willl be subject to all other procedures
and requirements described in the NWMP Quality Assurance Program Plan.

Discussion of the rationale for Individual activities will be presented in

two sections. The first sectlon (Section 2.1) dlscusses the rationale for
activities that ldentify and evaluate parameters that Influence chemical and
minecalogical attributes of the waste package environment. The second

section (Sectlon 2.2) discusses the catlonale for activities that ldeatify and
evaluate parameters that {nfluence the hydrolegic properties of the waste



package environment.



Table 1. Quallty Assurance Designations For Activitles

dctivity Number
B-20-1

B-20-2

B-20-3

B-20-4

B-20-S

B-20-6

B-20-7

B-20-8

B-20-9

I‘:l: (Sgssigg Whgr-. !!gcgﬂ“\:ﬂ‘)
Two Fluid Phase Flow (Sect. 2.2.2)

Single Phase Fluid:
Dehydration-Rehydration of Tpt in a
Temperature Gradient (Sect. 2.2.1)

Hydrothermal Experiments on Vitric,
Vitrophyric, ‘and Zeolitized
Tuff (Sect. 2.1.3)

Hydrothermal Testing of Drillcore
from the Repository Horizon
(Sect. 2.1.1)

Mineral Dissolution and Precipitation
Experiments (Sect. 2.1.5)

Vadose Water Composition (Sect. 2.1.7)
Prediction of Long-Term Rock-Water
Interaction Through Computational
Simulations of Reactions in

Concentrated J-13 Water (Sect. 2.1.8)

Modeling of Rock-Water Interaction)

(Sect. 2.1.6

Hydrothermal Testing of Repository
Horlzon Materlal Obtained From the
Exploratory Shaft (Sect. 2.1.2)

111

199

19 9¢

111

I

199



B-20-10

B-20-11¢

B-20-12

B-20-13

Tests and Experiments of Rock-Water
Interaction and Water Chemistry Changes
In the Presence of a Radiation Fleld
(Sect. 2.1.4)

Validation of EC3/6 Reaction Path A
Modeling Coce Results (Sect. 2.1.8)

Methodology Development and
Technique Evaluation (Sect. 2.1.9)

Modeling of Reck-Water Interaction
to Support License Applicatien
(Sect. 2.1.8)

[1I
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Modeling of the therma! behavior of the waste package near-field
environment demonstrates that there will be a rapid lncrease In

temperature [mmeciately after package emplacement (0’Neal et al., 1984).
The maximum temperature attained will depend on the nature of the waste
emplaced and the repository design, but i{s expected to be approximately
230° C. The temperature is then expected to slowly decrease over hundrecds
of years. This thermal behavior will result in development of a dehydration
zZone surrounding the waste package as water vaporizes and migrates away
frem the waste package. The rock-water system adjacent to the waste

package will experience a thermodynamic drive to attain equilibrlium with
the new thermal and chemical environment. The thermodynamic drive will be
expressed as chemical reactions among the mineral and fluid phases In the
environment. Depending upon the extent of reaction, detectable dis=olution
of host rock primary and secondary minerals may occur, mineral phases may
form, and mineral and fluid compositions may change. The extent to which
these reactions proceed will depend upon the kinetics of dissolution,
precipitation, and diffusion processes. The kinetics that Influence reaction
progress are, In turn, influenced by temperature, the degree of water
saturation, fluid composition, and the ratio of rock surface area to fluid
volume, Five activities will evaluate the crelationships of these parameters
to the chemical and mineralogical evolution of the waste package
enviconment. Three of the activitles, described in Sections 2.1.1, 2.1.2, and
2.1.3, examine these relationships under saturated conditions. Activities
cdescribed in Sections 2.2.1 and 2.2.2 examine these relatlonships for
unsaturated conditions.

Radiation will also influence the chemical and mineralogical evolution of
the waste package environment. The principal effects will result from
gamma cadlatlon interacting with vapor, water, and rock through lonization
processes In the package environment. Neutron radliation will be low, and
alpha and beta radlatlion will not noticeably penetrate the waste package
container (Van Konynenburg, 1986). The complex thermal history of the
waste package environment requires evaluation of gamma radiation
interaction with air-steam and air-water atmospheres, in the presence of
tuff and waste package components. Examination of these effects [s
discussed {n Sectlion 2.1.4.

10
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Experiments and tests are insufficient to evaluate all possible concitlions
the waste package environment may experience. For example, the waste
package host rock will experience a centinuum of temperatures ranging frem
amblent through a thermal maximum followed by protraczed cecoling.
Laboratory activities can only evaluate prccesses that occur at a3 few
discrete tempecatures within this continuum. To provide the ability to
characterize the waste package environment for all conditicns of interest,
computer codes that incorporate mathematical descriptions of natural
phenomena will be used to numerically simulate the effects of
envicronmentally signiflicant processes. The computer code EQ3/S5 will be
employed to mocel rock-water interaction. To enhance use of this code, data
must be obtained for dissolution/precipitation kinetics of landivicual.
minerals of interest. Section 2.1.5 describes laboratory experiments that
will provide data on rates of mineral dissolution and precipitation.
Numerlcal geochemical simulaticn of rock-water lnteractlion using the

EQ3/6 reaction path code s described in Section 2.1.8.

Previous labcratory studlies (e.g., Knauss et al., 1585, 1986) have employed -
ground water obtained from well J-13. Water frcm well J-13 has been
selected as tha reference ground water for experimental and test purpcses
since avajlable data suggests that this ground water may be representative
of watar that occurs in pores in the repository horizon (Glassley, 1986). To
establish the chemistry of vadose water from the repository horizon rock

and to evaluate its relatlionship to well J-13 water, pore water must be
extracted from repository horizon rock. Section 2.1.7 describes work that
acdresses this issue. Section 2.1.8 describes work that incorporates
numerical gecchemical simulations of rcock-water interaction, using vadose
water compositions, over a range of environmental conditions not

reproduced In the laboratory.

2.1.1 Hydrothermal Testing of Drill Core From the éepository Horizon (GALA
I, Activity Number B-20-4)

A series of long-term Quality Assurance Level | tests will be concucted
using drill core matecial recovered from the proposed repeository herizon.

11



Theee tests will determine the solid phase reaction productis that form
during interaction of repository level rock with reference ground water at
elevated temperatures, The test duration will be ~300 days; tests at
different temperatures will be run simultaneously. Tests will be initiated
when core material appropriate for this Quality Assurance Level I activity
is available.

To examine the effect of temperature on reaction progress and reaction
procuct development, tests will be concucted at temperatures of %0, 150

and 250°C. This temperature range spans that expected for the waste

package environment. Although saturation of the waste package environment
would not be possible at temperatures significantly In excess of 100<C,
testg are planned at temperatures ag high as 250°C for three reasons. First,
reactlon kinetlcs control the rate of mineral dlssolution and growth.
Because reaction rate laws are generally exponentlial functlions of
temperatuce, tests concucted at high (>150°C) temperature, where reaction
products are better developed, can be used to provide reaction rate
relationships at lower temperatures. To establish the functional
‘relatlonship between temperature and kinetically-controlled reaction
progress, it |s necessary to establish reaction rates at several different
temperatures, Second, the stabllity fields of reaction product minerals are
sensitive functions of fluid composition, temperature, and mineral solid
solution effects, Tests limited to temperatures appropriate to a saturated
environment would not estabiish whether reaction preoduct minerals were
close to the limits of their stability fields. Third, water confined in the
rock pores may exist to temperatures as high as 140°C (f venting is
restricted (Travis et al., 1984)., Such water may interact with the pore
walls at elevated temperatures. The tests and experiments at temperatures
of 1S5S0 and 250<C will provide stabjlity fleld constraints on the reaction
products that may develop in these confined pore volumes.

-~

The effect of the ratio of rock surface area to fluid volume will be
established by conducting hydrothermal tests on solid rock wafers and on
crushed rock. The large difference In rock surface area In the tests will
allow the functlonal relatlonshlp between rock surface area and fluld
volume ratio to be determined.

The effect of reaction progress on mineral composition will be established

12



by pogt-test analysis of the seconcary phases that form. This analysis will
establish the relative volume, cocmposition, and mocde of occurrence of each
secondary mineral. Thege results will characterize the nature of the
reactlion product phases and wlll allow calculation of the reaction
stoichiometry that controls the evolution of the chemistry of the ccexisting
fluid.

The composition of the ccexisting fluid will be established through periocdic
sampling of the fluid in the test apparatus. The fluid compesition will
evolve ag the rock-fluid system approaches aquilibrium and will, therefore,
be a direct measure of reaction progress and rate of mineral precipitation
and dissolution.

The phases in the host rock that dissoive or change in camposition during
the reaction process will be examined to determine the extent of
dissolutlon of each mineral. Phases will be [dentified that are the source
for elements participating in the development of secondary phases, and that
contribute to changes in fluid ccmposition during reaction progress.

The methodology used in thls activity is described in Section 3.1.

2.1.2: Hydrothermal Testing of Repository Horizon Material Obtained From
the Exploratory Shaft (QALA I, Activity Number 3-20-9)

A series of long-term Quality Assurance Level I tests, using rock obtained
from the repogitory herlzon cduring Exploratery Shaft operations, will be
concducted under the same conditione as those tests cutlined above In

Section 2.1.1. These tests will be initlated upon completion of the drill core

teats, or when Expleratory Shaft material is available. The test and
analytical procedurss used in this activity will be icdentical to those
described In Section 2.1.1 and are described in Section 3.1. These tests are
necessacy to confirm that conclusions and functicnal relationships B
ceveloped through the use of outcrop and drill core material are applicable
to the actual repository horizon material.

13
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2.1.3: Hydrothermal Experiments on Vitric, Vitrophyric, and Zeolitized Tufé
(QALA III, Activity Number B-20-3)

Experiments that examine rock-water interaction invelving material frem

other geclogic horizons In the vicinity of the proposed repository heorizon
will be carried out. Much cf this material ls vitric, vitrophyric or zealitized
tuff. The experiments will place limits on the number of possibie reaction
procducts In the waste package environment by identifying the solid phases
produced in hydrothermal reactions in a suite of materials related to, but
distinct from, the repository horizon material. The experiments will also
establish limits for the range of chemical variation possible for rock-water
interaction for the unanticlpated condltion of rapid fracture flow of fluids
inte the repository from non-repository horizong. Results of these
experiments will be provided to Los Alamos National Laboratory, through
reviewed publications and through letter reports, for use in their evaluation
of the applicabillity of natural analogue studies to near-field rock
alteration.

As in Section 2.1.1 (Activity B-20-4), the experiments are designed to
determine the effect of temperature and the ratio of rock surface area to
fluid volume on the kinetice of mineral reaction and the nature of the solid
phase reaction products that form during Interaction of rock with reference
ground water at elevated temperatures. The reaction product phases will be
Identifled and characterized in terme of morphology, relative abundance, and
composition. The extent of cdissoluticn of phases in the host rock will be

. examined to determine the source for elements participating in the
development of secondary phases, and to ldentify the phases contributing to
changes In fluld composition during reaction progress. The effect of surface
area on reaction kinetics will also be established by comparing the initial
ratlo of rock surface area to fluid volume, to the extent of reaction. Initial
experiments will be conducted at QA Level II1, Upon completion of these
experiments, a QA Leve!l I activity will be designed using procedures
developed In the QA Level III work, i{f results from further tests are needed.

The methodology used in this activity Is described in Section 3.1.

14



2.1.4: Tests anad Experiments of Rcck-Water Interactiicn and Watsr Chemistry
Changes in the Presence of a Radiation Fieic (CALA [II, Act!vity Numper s
3-20-100

Studies of rock-water interaction in the presencs of a gamma raciation
field will be conductec to estaplish the icentity and quantity of solla and
dissolved reaction products. Studies of the eéfect of radiation on water
vapor and on J-13 well water will also be done. The purpose of these teats
and experiments [3 to cdetermine the eéfect radlation will have on the
chemical and mineralogical characteristics of the waste package
environment.

In the waste package envircnment, lonizing gamma radiation will interact

with the air-steam atmesphere and pore water to form radiolysis procucts,
which may then interact with the rock to influence mineral dissolution and
precipitation. The radiolysis products, ‘which are presently peorly known,
must be characterized to establish the chemical and mineralogical evolution
of the waste package environment through time. The compogition of the
radiolysgis products is a function of temperature and, thacefore, will change
as the package environment thermally evolives. The following questions are o
of particular interest and will be adcressed by laboratory studies: In a
bicarbonate-buffered aqueous solution (such as J-13 water) In contact with
alr, will formate or oxalate form? Will the nitrite-nitrate ratio change {f
MnO2is pregent? To what extent will the repcsitory horizon tuff mineralegy
buffer the fluid pH, if nitric acid Is produced through radiolytic processes?
In an alr-water system, does nitric acld form in the gas phase and then

enter the water, or do nitrogen oxides form in the gas phase, dissolve [n the
water and react there to form nitric acid? What reactions occur when NO
enters water?

L

The solution that forms during interaction of gamma radiation with the

liquid anc/or vapor phases In the waste package environment will

chemically interact with the cepeository tuff. The reaction procucts that _
cevelop will te a functlion of temperature and fluid ccmpeaiticn. The rate at
which they form will depend upon the kinetics of the reaction process. The
pregress of chemical reactions and mineraleogical changes will be evaluatad

in experiments and tests in which compinations of an aqueous fluid, tuff,

and certain waste package ccmponents are present. Perlodic sampling and

15



analysis of the fluld present In these tests anc experiments wil! allew
quantitative description of the reaction process, anc will provide answers
to the questions presented above. Examination of tufé present in the tests
and experiments will allow lceatlification of the sclid reaction precucts,
and determination of their abundance and ccmposition. The phases originally
present in the host rock and package compenents will be examined to
determine their extent of dissolution, and to identify phases that [nfluence
fluid ccmposition and contribute to formation of secondary minerals during
reaction progress.

The studies will define the chemical processes expected to occur in the
immediate vicinity of the waste packages in the precence of ionizing
radlation. Initlal studies will be conducted at QA Level III. QA Level I tests
will be designed using procedures developed in the QA Level IIl work, 1§

level ] data are required.

The methodology used in this activity lIs described iIn Section 3.2.

e

2.1.5: Mineral Dissolution and Precipitation Experiments (GALA III, Activity
Number B-20-5)

In rock-water Interaction studies the balance between dissolution of
reactant phases and the concomitant preclpitation of procuct phases
controls fluid composition and rates of chemical reaction. To interpret
observed changes in fluid composition and associated development of
product mineral phases In rock-watec interaction studlies, the dissolution
kinetics of the phases present in the host rock, and the precipitatlion
kinetics of product minerals phases must be known. Data on the kinetlcs of
dissolution and preciplitation of phases of Interest |s sparse and must,
therefore, be obtalned through laboratory study. The data collected ln such a
study will contribute to database development that is necessary for
mode ! Ing rock-water Interaction using the EQ3/6 gecchemical simulation
cemputer code.

Dissolution and preclpitation studies will be conducted over a range of
temperatures and fluid pH In order to determine the sensitivity of the

16



kinetics to temperature and fluid composition. Phases used in the studles

will Inclucde the deminant constituents of the cevitrified, welded tuff, and s
the common secondary phases associated with rock-water interaction.

Experiments wlll also be concucted to determine the degree to which

vapor-phase dissolution and precipitation will ocsur uncer conditions

anticipated in the repcsitory environment.

The laboratory studies will be used to lcentify the mechanisms of
digsolution and to determine the rates for the dissolution and precipitation
process. This information will contribute to uncerstanding the processes
occurring on mineral surfaces during congruent and incongruent dissolution

in saturated and unsaturated eanvironmenta. The phases and structural

changes that evolve on mineral surfaces during incongruent dissclution will
Influence sorption characteristics of the tuff by providing reaction procuct
phases that may interact with fluids transporting radionuclides.
Identification of the dissolutlon and precipitaticn mechani=ms and of the
solid reactlon products will thus characterize the effects of dlssolution on
radionuclide retardation.

For each mineral selected for study, dissolution experiments will be
conducted over a range of pH values at temperatures of 25 and 70=C. QA s
Level IIIl vapor phase experiments will also be conducted to determine the
magnitude of vapor phase dissolution and precipitation. The analytical
results of the experiments will be Interpreted using transition state theory,
and the results will be Incorporated into the EQ3/6 database.

The methcdology used in this activity ls described in Section 3.3.

2.1.5: Modeling of Rock-Water Interaction (QALA III, Activity Number
B-20-8), Valldation of EQ3/6 Reaction Path Modeling Code Resulits (QALA I,
Activity Number B-20-11), and Modeling of Rock-Water Interaction to
Support License Application (QALA [, Activity Number B-20-13)

The geochemical behavior of the waste package environment over long time
periods (tens to thousands of years) will vary as the radlaticn and thermal
fields change through time. Laboratory study 13 incacable of examining the
coupled effects of all possibie values and combinations of parameters
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signiflcant for the system uncer consideration. In acdition, labcratory
studies cannot be directly used to extend the behavior of natural systems
studied In the laboratory over periods of months to periods of many yeare.
However, the use of numerical gecchemical simulations, In conjunction with
Judiciously selected tests, can prcovide the capability to examine effects
ancd processes in natural systems fcr time perlods and chemical concditicns
not cuplicated by experimental studies.

& necessary test of a predictive modeling toocl Is successful reproduction of
completed rock-water interaction experiments and tests. This modeling
effort constitutes a part of Activity B-20-8. Numerical simulations, using
EQ3/6, of the evolution of rock-water systems have been completed on
several hydrothermal studies (Delany, 1985). The efficacy of the modeling
approach has been established by cuplicating many of the observed changes
in fluid compeosition and mineral development noted in the experiments. In
addition, certain limitations in the thermodynamic database relating to
precipitation kinetics and standard state data were identified. With
completiop of the dissolution and precipitation work described in Section
2.1.5, and upon jncorporation of new thermodynamic data for clays and
zeolites, more accurate modeling of reaction progress s expected.

-

As new data are Inccrporated Into the database, simulation of the results of
hydrothermal studiee will be continued. The numerical simulations wil! be
designed to reproduce the same physical condltions, starting materials, and
run durations of previously completed hydrothermal experiments. Selected
tests and experiments described in Sections 2.1.1, 2.1.2, and 2.1.3 will also
be modeled. The results of the numerical simulations will be compared with
the hydrothermal experiments and tests to ensure that the models used by

the EQ3/6 software to compute fluld composition and solid phase growth

and dissolution during reaction progress accurately portray reaction
progress,

When results are obtalined that accurately describe reaction progress, QA
Level [ valldation of the database will be undertaken as Activity B-20-11.

QA Level I laboratory hydrothermal tests not used in previous modeling
efforte will be used to validate those portions of the code and database that
pertain to hydrothermal reaction progress in the package environment. Tests
used in the validation are expected to cover the entire temperature range of

laboratory studies, that is 90 to 250°C.
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Predicting long~term behavior of the hycdrothermal systems by scaling the
laboratory experiments to time scales of years, also constitutes a part: of
Activity B-20-8. Initial results of lcng-term moce!ing have been completed
and were subject to the same successe2s and uncertainties observed in the
moce!s of hycrothermal experiments. As further coce and catatasze
cdevelopment occur, new long-term simulations will be carried cut. When the
validation for waste package environment appllcations has teen ccmpleted
(Activity B-20-11), QA Level I long-term simulations will be conducted
under Activity B-20-13 to establish the gecchemical and mineralcgical
characteristics of thes waste package eavironment to be used in license
application.

The QA Level I activities described for Activity B-20-13 will provicde input
to Information Need 1.10.4, and will contribute to waste package
performance assessment by establishing the composition of fluid in the
wagte package envicronment for the anticipated and unantlicipated range of
repository conditions over the time interval cdefined by regulatery
requirements. The cocde and database, as validated under Activity B-20-1§,
will also be used to determine the sensitivity of the geochemical
environment to perturbations in [ndividual compcsitional parameters within
the range for which validation was acccmplished. Results of this analysis
will define limits of variation In the gecchemical system that will
constrain the input to waste package performance assessment.

The methodology used in this activity Is described In Section 3.5.

2.1.7: Vadese Water Composition (QALA III, Activity Numter 3-20-8)

A series of QA Level IIl experiments will be conducted to extract pore water
from repcesentative devitrified, welded tuff. These experiments will be
designed to icentify a method that procuces fluid representative of that
within peres.

Circumstantial evidence exists that the vadose water [n the repository
hoerizon 13 similar In compesition to water cbtained from well J-13. This
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evidence coneists of correlations tetween rock and fluid cempcsitions at
Rainier Mesa, which 1s geologically similar to Yucca Mcuntain. The
similarity in composition between water obtained from the unsaturated
zone at Rainier Mesa and water from we!l J-!3 suggeste that vadcse water
within the repository herizon at Yucca Mountain is likely tc be similar in
ccmposition to we!ll J-13 water. Experimental work must be usecd to confirm
that the vadose water at the repository horizon is, In fact, similar in
ccmposition to the reference ground water.

Fluid extraction techniques that have been employed in the past include high
pressure compression of core samples, application of high gas pressure to
core samples, centrifugation, and pore water displacement (Dropek and
Levineon, 1975). Comparisons of extracted fluid composition with available
database information will be used to identify a technique that produces
uncontaminated fluid. Evaluation of the techniques will be accomp!ished by
comparing analyses of the collected fluid with theoretical models of
rock-water interaction and with the limited available data regarding the
composition of vadose fluids in equilibrium with. the minerals present in the
rock. Once an extraction method is selected, a QA Level I activity will be
developed in which vadose water will be extracted from core

uncontaminated with drilling fluids and from Exploratory Shaft material
collected at the repository herizon and analyzed.

The methecdology used In this activity is described in Section 3.4.

2.1.8: Prediction of Long-Term Rock-Water Interaction Through
Ccmputational Simulations of Reactlions in Concentrated J-13 Water (QALA
111, Activity Number B-20-7)

Upon cbtaining correspondence between the numerical simulations and the
hydrothermal teste and experiments, as described In Section 2.1.6, and upon
determining the composition of vadose water in the repository horizon
materlal, the behavier of rock-water interaction over time pericds of years,
in the presence of thermal gradlents and vadose water, will be simulated
using the EQ3/6 computer code. These simulations will extend the

previcusly described modeling results to systems in which concentrations

of the solute species in the vacdose water are increased by evaporation. This
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activity will evaluate the 2%f2ct3 upon roek-wastsr intaracticn of
dehycdratlon/evaporation processes that will ceour during the heating o¢ s
wasta package host rock. This activity will alsc examine the effectg o4
renycration upen rcck-water interacticn as the temperature aof the host rack
Cecreazesz after the thermal maximum. These proc2sses are of interaest

because solute species preeent in the vadcse water may e ssncentratad as
pore fluid evapcrates during heating. Precipitation of salts may then occur
as the hest rock dries. Dissolution of the precipitatec salts may occur upon
reahyaration of the host rocxk during ccollng, at which time solutions more
ccncentrated than the original vadecse water may form along the advancing
renrycration front. The moceling effcrt uncertaken in this activity will
determine the reaction procducts and fluid compositions expected to form
uncder these dehydration/rehydration scenaries.

The methodology used in this activity i3 described in Secticen 3.S.

2.1.9: Methodology Develcpment and Technique Evaluation (QALA III, Activity
Numter B-20-12) -

The laboratory work carried out in this WBS element requires the .
cevelopment of new techniques and procedures for controlllng and

monitoring multi-ghase fluid flow, simultaneous collection of liquid and gas
phases, ccoputer-controlled processing and recduction of cata, and

examining rock-water interaction. In cases whers new methcds must be
cdeveloped to cbtain information necessary In license application, a research
and cdevelcpment effort must be initiated that proves the validity of the new
approach. Thigs cevelopment work will be constrained to obtain the
Informaticn required, but must be flexible enough to allow efficient
evaluation of proposed or alternative approaches to the technical work. In
acdition, new technological cevelopments that occur as research progresses:
can occasionally provice information that was not previcusiy availabla.

When such technolegical advances occur, they may justify new laberatory
actlvitles. Before such actlvities can beccme part of a sclentific
investigation, however, the applicability of the new technology to the
problem being congicered must be established. Work concductad in this
activity would evaluate new techniques ang develcp the protocol for their
use,

21



N

The methodclogy used in thig activity is descriked i{n Secticn 3.8.

2 2 pugpglggig Drrporeioge

Water transport within tufé of the proposed rezositsry herizen occures ay a
cempination of vapor transpers, water migraticn through the matrix, ang
fracture flow (Montazer anc Wilson, 1984)., The relative importance of each
flew mechanism is a function of the bulk saturation, the volume of water
transported through the rock, the temperature gradients in the rock, the
fracture characteristics, and the permeabllity of the matrix.

The emplacement of waste packages in the rock will precuce a large thermal
perturbation. This, in turn, will cause water to vaporize and migrate In the
near field and will result in an altered hydrologic regime. There |s very
little experimental or theoretical information on thermally driven flow In
partially saturated rocks. Because water ls the main ccocrrosive agent for

the metal container and the main agent for the dissolution and transport of
radlonuclides, laboratory and numerical modeling studies are necessary to
characterize fluid flow in the Topopah Spring tuff.

Laboratory studles and acccmpanying transport calculations will aid [n the
prediction of the waste package hydraullc environment and will centribute

to the calculation of radionuclide release source terms. Uncerstanding the
roles that fractures and adjoining matrix blocks play as concuits to liguid
and vapcr phase transport |s of particular importance. This interaction will
influence the extent of dry out in the surrounding host rock and the rate at
which rewetting can occur as the thermal output of the waste decreases,
These processes Impact assessment of waste package corrcsion

mechanisms and rates and will Influence transport rates near the waste
package after breach of containers.

The hydrologic propertles and ambient conditions in the host rock at the
repository horizon result in a ccmplex system in which hydrothermal flow
and transport in fractures and rock matrix must be consideced. The
complexity of the near field hycrothermal problem arises from two
characteristics of the envircnment. Ficst, the host rock is partially
saturated with approximately 65 percent of the bulk pore volume cccupied
by water helad in the porous matrix by capillary suction (Weeks and Wilson,
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1984). Due to the extremely small average pore size in the mastrix, capillary
suctlion effects are very pronounced. Secsna, the hest rock 2 fractures anc N
therafcre containg beth matrix anc fracture porosity and permespility.
Experimental evicence Indicatez that the absolute permeabilities
associated with the matrix ana fractureg differ by at least three orcers of
magnituce (Lin ang 2aily, 1984; Dally ec ai., 1986), Basec cn empirical
evicence and thermodynamic principlee, it appears that the characteristic
curves, which celate relative permeapility ancd capillary pressure %o tulk
saturation, diffesr guite markegdly for the respective porosities (Xlavetter
and Peaters, 1986). The sensitivity of the near field hydrotharmal respcase
to the characteristic curves in the fractures (s of [nterest tecause the
capillary forces and relative permeability on either sicde of the
fractura/matrix interface wlll cdetermine whether liquid water Ig mcbile In
the fractures under pre-emplacement conditions, as well as when the

system is thermally perturted. Consequently, any near field hycrothermal
meceling effort will need to consider the range of variabllity of the
characteristic curves for the fractures.

Because the repository horizon is partially saturated, an i{nterconnected gas .=
phase may be assumed to exist and to be at local atmospheric pressure. As

the rock mass heats after waste emplacement, pore water will begin to

evaporate. This phase change and the lower gas permeability of the matrix,

relative to the fractures, will Incuce a pressure gradient tetween the

matrix ang the fracture system. The pressure gradient will result In

migration of the vapor phase away from the waste package. Even though

many of the fractures within the dehydration zone will not lntarsect the

coreshole, the net gas flux in the rock mass may still be directed away from

the wagte package.

The flow of vapor in the fractures away from the waste packages will

rasult in concensation along the cooler fracture walls. Whether the llquid
concensation along the fracture walls will attain water saturations
sufficlient to result in liqulad phase moblility within the fracture, or the
liquid condensation will be pulled into the rock matrix by capillary suction
gradients must be established. The answer to this question cdepends on the
rate of condensation, capillary suction gradients, and liquid phase
permeapilities within the matrix and fractures.

The size of the dried-out region around the waste package i3 inversely
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cdepencent on the efficiency of the primary mechanism of heat transfer,

Where the liquic phase is mobile in the fracturee, a highly efficient
vaper-liquid ccunter flow, or "heat pipe', system may be estaglicshea (Prsuse
et al., 1°84), which may result in 2 large driec-cut zore arcunc the waste
package. [f the liquid phase in the fractures is immcoile, 3 far less efficien:
vaper-liquic counter fiow svetem may qeveiop in whicn the ragial inflcw ¢¢
liquid In the matrix |s never able to balance the racial outflow of vaper in
the fractures, potentially resulting in a2 smaller ariec cut zone. Fractures
approximately perpendicular to the thermal anc hycraulic gracients ccuigd
further intecrfere with the vapor-liquid flow system., Within the gehycration
zZcne around the waste package, the only available mechaniem of heat

transfer is heat concuction, which ig far less efficient than the vagor-liquld
counter flow "heat pipe" system. Examination of these effects is necessary

to characterize the waste package environment hycrelogic properties.

To facilitate examination of these processes and effects, two laboratory
systems have been develcped. One system |s designed to study the

hydrologic properties of .a rock-fluid system containing a single fluid phase,
and the other system ls deeigned to obtain hydrologic information for a
steam-liquicd water-rock system. Sectlion 2.2.1 describes research to be
cenducted In the single fluid phase system and Section 2.2.2 describes
research to be conducted in the two fluid phase system,

The resulits of these laboratory studies will be used !n flow and transport
coce development and calculations carried out in WBS 2.2.5. The experiment
and test design ls facllitated through formal involvement of personnel
responsible for the flow and transport coce cdevelcpment with the perscnnel
respensible for executing the laboratory activities.

2.2.1: Single Fluid Phase; Dehydration-Rehydration of Tpt in a Temperature
Gradient (QALA I, Actlvity Number B-20-2)

Experiments ccmpleted to date on single-phase systems under isothermal
concditions have established that unfractured samplee of Topopah Spring tufé
(Tpt) cdo not change relative permeability or cdehydration/rehycration
characteristics during repeated heating and ccollng cycles. Similar studies
(Lin and Dally, 1984; Dajly et al., 1986) demonstrate that fractured sampies
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exhibit 2 markead Qecrease in permeability quring repesated cenvariticon arc
rehydration. After several such cycles, the relative permeability of g
fractured samples apprcaches that of unfracturea tufé. Ccmputag impegance
temography images (Dajily et al., 1986) anc scanning electrsn micreoscspe

studies (Lin and Daily, 1984) suggest that permeazility changes reflec:

sealing of €ractures. These resylts imply that significant changes in the
hycralcgic properzies of fraciured tufé may occur curing the tharmal

pectursation resulting frem emplacement of waste packages.

To avaluate the processas responsible for the change in permeapility noted
In the fractured samples, a serlies of QA Leve! I tests will examine flula
flow properties, relative permeapilities, and dehyaration/rehydration
characteristics of fractured and intact tuff sampies in the presence of
llquid water or 3team. The samples wi!l be subjected to a thermal gradlent,
which will be monitored via electrocdes attached along the axis of the
sample. Cocmputed impeclance tomogriphy images will provice a record of the
cehydration and rehydration behavior of the samples. Permeability
measurements will be mace repeatealy to icentlfy changes in fluid
migraticn tehavior. Correlation of impecance tcmography (mages with the
temperature record will allow [centiflcation of onset of "heat plpe*
behavior. These results will allow characterization of water saturation g
distribution as a function of thermal condition, and will define the
conditions for which "heat pipe" effectis may te expected.

Fractursd 3amples run in these tests will be examined, using scanning
electron microscopy and noble gas mass spectrometry, to establish the
precasses responsible for fracture healing. The scanning alectron
micrescope images will allow characterization of crystal morpholcegy along
the fracture surfaces, providing a means of [centlifying matecial that occurs
In areas where fracture heallng has been noted. Noble gas mass
spectrometcy will be used on samples in which the fluid phase has been
spikead with a noble gas. Trapping of the fluld during mineral growth along
fracture surfaces can then be recagnized by icentifying ancmalously high
concentrations of the spiked slement. Through these techniques [t will pe
pcssible to distingulish between recrystallization and other mechanlsms
that may be respensible for the fracture healing.

Test results will be modeled using the TOUGH computer cocde for flow and
transport, as outlined in the Sclentific Investigation Plan for NNWSI Waste
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Package Perfcrmance Aesesement (WBS 1.2.2.S.01). The numerical

simulaticns will ald In the prediction of the waste pacxage hycrologic
propecties for conditions not cuplicated in the laccratory, and will provice a
concentual moce! for understanding £low and transport in the ériciurec anc
unéracstured tuff that constitutes the waste package envisgnment,

Samples of fluid obtained during permeapiiity measurements will be
analyzed for diseolved caticn and anion species. Theee analyses, when
ccmbined with post-test examinaticon of rock samples and numerical
simulations, will pravide data regaraing reaction progress and reaction
processes during fluid flow in saturated and unsaturated conaitions. These
recults will complement those developed in the hydrothermal tests
described In Sections 2.1.1, 2.1.2, and 2.1.3, and will define reaction
processes occurring in flow-through fractured systems.

The QA level I tests will document the hydrologic properties of cock in a
single-phace system using material obtained frem drill core and from the
repository horizon in the exploratory shaft.

The methodology used In thie activity ls described in Section 3.6.
2.2.2 Two Fluld Phase Flow (QALA III, Activity Number B-20-1)

Vaporization, vapor migration, and condensation processes along fractures
and within the tuff matrix will affect the waste package environment
during the period of time when the temperature exceeds ~100°C. As noted in
Section 2.2, these processes may result in "heat pipe" or other convectien
gecmetries and have the potential to produce ccencentraticne of precipitates
in some areas. To evaluate condltions under which such processes might
occur In the waste package envirqnment, studies will be initiated of the
hydrologic propertles of tuff with two fluld phases precent.

Experiments and tests will be designed to establish the isothermal
hyarologic properties of the near-field rock in the presence of llquid water
and steam, followed by experiments ana tests in a thermal gradient. Using
Information galned from the single fluld phase system, tests will be
designed that examine the same parameters and system charactecistics as
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describec In Sectlion 2.2.1. Characterizaticn of the two fluid system will
thus be facilltated through kncwledge gained regarding the tehavior of
single fluld phase systems. [n particular, fracture wetting and suction of
fluild Into the matrix frem fracture walls will be menitored ancd ccmpared
with hydraloglic characteristics of intact tufé, This information will
coatribute to develcpment of concaptual moce!s of frscture flow in the
waste package environment,

Samples will be subjected to repeated cehycration-renydration cycles,
Computed Impedance tomography images will provide a record of the
cehydration and rehydration behavior of the samples. Parmeapility
measurements will be mace repeatedly to icentify changes in fluid
migration behavior. Fracturea and unfractured samples will be used In these
experiments. Fracture surfaces will be examined for changes in surface
characteristics, upon completion of the tests, Fluld will be samplied during
permeabillty measurements as described in Sectlon 2.2.1, with the intent of
establlishing reaction processes in the two fluld phase environment.

The experiment and test observations will be compared to thecretical
predictions and models developed from the TCUGH computer code, or other
cemputer coces that may be appropriate. These numerical simulations will
provice the means to identify processes affecting the hydrologic prcpertlies
of the tuff, and will establish the relative Importance of fluid flow and
transport pathways for a range of anticipated and unanticipated conditions.

A QA leve! I activity will be [nitiated when the fundamental properties of
the rock-fluld system and the experimental apparatus are characterized. The
QA level I tests will document the two-phase hydrologic properties of
repository horizon rock obtained in the exploratory shaft. The level I
activity will be established as described in section 2.0.

The methodology used In this activity i3 described in Section 3.7.

3.0 DESCRIPTICN OF EXPERIMENTS, TESTS AND ANALYSES

Described below |3 the methocdology used [n the activities outlined above.
The activitles cescribed in Sections 2.1.1, 2.1.2, and 2.1.3 uge the same
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technical metheces tc carry out hyerstherma! research. The test descriptions
for theee activities are ccmpined in Section 3.1.

1 Hypratharmal Tecte ar Croerimant

Theee tests pertain to the hydrothermal studies described in Secticne 2.:.1,
2.1.2, and 2.1.3. Detajils of the hydrothermal stucdy prececures are ccontained
In Knause et al!., (1985, 1986).

Method: Sample material from the appropriate geological horizon is selectea
for study. 1f solld reaction products are to be characterized In terms of
composition, morphology and abundance after campletion of the experiment

or test, wafers of the sample are cut, pollished on one side, and examined for
petrographic characteristics, including identification and modal
determination of minerale present. Once characterized, the sample is

mounted in an appropriate reaction vessel. [f studies of the solid reaction
products are not .to be undertaken by electron microprobe (EM), crushed tuff
is placed in the reaction vessel, rather than using a rock wafer. The effects
on reaction kinetics of variable rock surface area to flujd volume ratios can
be evaluated by comparing reaction progress rates observed for wafer and
crucshed tuff stucdles. Prior to placing the sample in the reaction vesse!, rock
surface area measurements are mace using BET procecures on a split of the
sample. Sufficient fluid of the appropriate ccmposition is acdded to the
reaction vessel to last the duration of the test or experiment. The reaction
vessel is then sealed and taken to the temperature and pressure appropriate
for the test or experiment. The reacti{on vessel [s kept at these conaltions
for the period of time necessary for the rock-water system to approach
equilibrium.

Fluid ls periodically extracted frem the reaction vessel for chemical
~analysis. Elements and ionic species analyzed are those that are primary
constituents of the reference ground water (well J-13; Glassley, 1986) and
the tuff. The samplling schedule is designed to track the rapid changes In
fluid composition during the early test and experiment perioas, and to
monitor the asymptotic appreach to steady state ccncentrations dur:ng the
later test and experiment periods. Such a sampling schecdule makes more
efficlent the analytical procecures and data analysis.
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At ccompletion of the test or experiment, the rock wafer |s remevec and
examines for reactlon procucs:s In the scanning electron micrescspe (SEM)
and the EM. The abuncance, mocal proportion, mcce of occurrence andg
cemposition of reaction procucts are determined. [f crushea rock is uses
inateag of a rock wafer, the material {s examined using X-ray cdifiracsicn
(XRD) ana SEM.

Parameters To Be Consicered: Controlled parameters are tamperature,
pressure, and the ratio of rock surface area to fluld volume. Evaluated
parameters are fluid composition, reaction rates, and abundance,
compeaition and moce of occurrence of reaction products.

Test Conditions: Tests will be run at temperatures of 90, 150, and 250°C,
and at preassures sufficient to maintain water as a ligquid phase.

These tests and experiments pertain to studies described in Section 2.1.4.

Method: Tests and experiments will be canducted in three parts. Part one
will consist of gag phase radiolysis experiments that will characterize the
effects of lonizing radlaticn on the gas phase environment. This work will
addregss {3sues csncerning the composition of the gas phase, and will
examine how a steady state ccomposition ls attained In this system. The
gsecond part of the teats and experiments will examine gas phase corrosion
in an lrradlated environment. This work will evaluate the chemical
processes and effects that cccur in an environment containing raclation, a
gas phase, and candldate container materials. The third part of tests ang
experiments wil] measure open circuit potentials in an irradiated
environment for the candidate container materials. This part of the
experimental and test program will utilize tuff and J-13 water in the
experiments and tests, thus providing information on the chemical effecis
these materials will have on candidate material corrcsion processes. These
tests and experiments will be concucted uncer the Metal Barriers Task, and
will follow the procecures and methods deecribed there. The Information
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galnec from these teste ang experiments will provice the information
necessary to address questlons regarding fluic cempesition in the presence
of a radliation field. In aczition, tests and experiments that examine the
effects of cerrosion procuctis on racdiclysis procucts will provig
Information that identifies the ccrrosion products, which is necessary
information for characterizing the chemica! precesses affecting the waste
package eavironment.

Samples will be expcsed to a range of gamma radiation doses ana cdose rates
In order to address guestions posed in Section 2.1.4. In scme cases, fluias
will be spiked with alpha emitting radionuc!ides in order to establish the
radiolysis reactlion path. Samples of liquid and coexisting vaper will be
extracted at variouse times to identify and measure the quantity of
radiolysis procucts, and to establish the evoluticn of the fluld chemistry as
a functlion of time. At ccmpletion of the experiment or teet the tufé and/er
container material, |f present, will be examined by SEM and electron
microprobe to identify solid reaction products. Analyses of the ljquld and
vapor phases will be used to cdetermine the reaction process responsible for
generation of the radiolysis products and to Identify the reactions that
occur between the tuff and/or container material, lf present, and coexisting
liquld and vapor phases.

Parameters To Be Coneidered: Controlled parameters are temperature,
radiation dose and dese rate, nature of the fluid phase (steam anc/or liquid
water). Evaluated parameters are fluid compesition, and identity, abundance,
and cemposition of reaction products.

Test and Experiment Conditions: Conditions for these tests and experiments
will span a brecac temperature interval (less than 95°C to less than 250<C).
Tests and experiments will use water from well J-13 except for tests
which will be used to examine radiolysis products [n the absence of
dissolved species, in which case distilled water will be used.

Miner rec!o tu

These experiments pertain to activities described In Section 2.1.5.

Methoc: The mineral of interest |s crushed to a specific size range and

30

]



washed theroughly to remove achering fine particles. BET suréace area
measurements are concducted to determine the actual surface ar=a of the
matacial per gram of substance. For experiments at temperaturss of 25 and
70°C, the sample is weighec and then placed in smal!, inert fleow-thrsugh
dissolution ce!ls, Each cell (3 attached to a fluid stream of known
compeeition, pHE, ang ficw rate. The flcw rate is maintainec at values less
than 1t mi/hour. The cell i3 placed in a conirolled temperature enviranmant
for periocd3 of time in excess of two months. For efficlent experiment
design, numercus cel!ls will be cun gimultanecusly, each at a different fluid
pH value. The fluid that passes through the ce!l i3 collected and aralyzec
pericdically for the constituent element3s of the mineral being congicered.
The sampling schedule i3 cptimized to provice data readily Incorporated into
transition state theory. Statistical analysis of the results, Intarpreted in
terms of transition state theory, will be used to moce! the kinetics of the
dlssolutlon process. Experimental protocsl for dissolution studles at
temperatures [n avcess ¢f 100°C are still ln develcpment.

Precipitation studies will be conducted in closed-lcop flcw-through

gystems in which fluld composition is maintained at or above saturation
values for the phase of Interest. The phase for which precipitation kinetics
data will be obtained will be present as crushed and washed material within
the flow-through cell. Aliquouts of fluid will be periodically cemoved and
analyzea to evaluate precipitation progre=s. At the end cf the experiment

the material In the cell will be weighed and examined by SEM to cetermine

the characteristics of the precipitation process. Precipitation rates will be
calculated frem the analytical data,

Parameters To Be Considered: Controlled parameters are solutlon pH, initial
zoluticn ccmposition, rate and volume of fluid flow, mineral surface area,
and temperature. Evaluated parameters are dissoluticon or precipitation rate,
and solution compositions.

Experimental Conditions: Experiments will be conducted at 25 and 70°C over
a pH range of 1 to 12. The conditions for higher temperature runs have yet to
be established.
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3.2 Comnoaltion g9é Yacaee Water

Theee experiments pertain to stucdies cescrited in Secticn 2.:.7.

Merhod: Evaluaticn cf techniques cdescribeg in Seczion 2.1.7 will estaglien
the extraction methce to te employed in this activity. Once fluic is
extracted frcm a sample the fluid pH wil!l be measured. Filtered and
acidified aliquouts of the fluid will be procuces and submittez for caticn
and anlon analysis. The recsulting ccmpesitions will be evaluatec using the
EC3/6 geochemical modeling coce to establish the solid phases with which
the fluld was In equilibrium. These results will provicde a means of
evaluating the accuracy of the analyses, and will aid In establishing the
relationship between vadose water composition and J-13 water

cempesition. Complete design of these experiments will be accomplished by
December 31, 1987 (see Schedule of Test Plan Completion Dates).

Parameters To Be Considered: Evaluatec parameter is fluid composition.

Teet and Experiment Conditionsg: Conditions for tests and experiments will
cdepend upon the extraction technique selected, and cannot be speciflied at
this time.

All numerica! gecchemical simulations described in Sections 2.1.6 and 2.1.8
will be concucted using the computer code EQ3/6,

Method: Rock-water interaction tests and experiments (Section 2.1.6) are
simulated by specifying the mineralcgy of the reactant rock material, the
surface area of the reactant solid phases, the composition of the water, and
the temperature and pressure of the test or experiment. The coce uses this
description of the initial conditions to ccmpute, as a function of time, the
evolving composition of the fluld, the cegree of saturation of aperopriate
mineral phases, anc the masses of minerals dissclved anc precipitated from
solution., The results are then ccmpared %o observed test and experimental
results to evaluate the accuracy of the modeling effort and to facilitate
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Interpratation of the teast ancg evperiment results.

A similar approach [s usegd for prediciion of long-term reck-watar

Interaction In the presence of concentrated soluticns (Seciion 2.1.8), axcent
that input fluid cocmpositions vary az a function of the dagree of
concentration of dissolvea species in the fluia., A matrix of fluid
compositions can be censtructed which represents the range of ¢luic
cempesitions expected for anticipated and uranticipatec conditions. The

range of values of the input parameters will be establisheg after the vacose
water ccmposition I3 known, and after dissolution and precipitation stucies=
are completed that determine the kinetlcs of the dissolution and
precipitation processes.

Validation of the EQ3/6 cocde and database (Section 2.1.8) over the range of
concditions applicable to waste package envircnment studies will be
accomplished by moceling rock-water interaction tests and axperiments

that were concucted over the full range of temperatures and fluid
compositicns represented by the laboratory work. Included in this laboratory
work will be chemical systems that are similar, but not identical, to the
tuéf - J-13 water chemical gystem. Studies that wers not used in
cdevelcopment and evaluation of the coce will be used in the valldation effcrt.
The validation effort will focus on those solid phazes and aqueous species
that enter into the test and experimental studies. Valldation of the coce
database will be accomplished by specifying the mineralogy of the reactant
rock material, the surface area of the reactant solid phases, the
composition of the water, and the temperature and pressure sf the test or
experiment being considered. Successful validation will be accomplished
when the coce reprocuces the fluld composition evolution and the abundance
of the procuct minecals, to within tolerances cutlined In the test plan for
*Numerical Moceling of Hydrothermal Interaction Tasts and Experiments*. In
acditicn, other natural geochemical systems that are we!l characterized

will ce used In the validation effort. The appraoch to be taken for each
natural system is cuérently teing cevelcped and will te outlined in the test
plan.

Parametars To Be Consicerad: Controlled parameters are the mineciiogy of
the reactant rock, the surface area ¢f the reactant solid phases, the
cempositicn of the water, and the temperature and pressure. Evaluated
pacametars are fluld ccmposition and abuncance of minerals formed and



¢.sscived.,

Test Cenciticne: The temperature range fcr tests wil! span the range 95=C

te 259°C. Pressures will be such as to maintain the fluid in the apzrepriate
state (gag or ligquid). The compesiticn of the fluid ana sciid phases will vary
suféiciently to allew a range of chemical systems c be used in the

valicdation exercises.

nale W) Dhae o an

Thece tests ana experiments pertain to activities described [n Section 2.2.!.
Further details of the stucdy procedures are contained in Lin and Daily (1984>
and Dajly et al. (1%86).

Method: Experiments in the single phase system will be designed to
establish the hydrologic properties of a single phase fluid system in tuff.
Fractured and unfractureg sample material from the appropriate geological
horizon is machined to a right cylinder of appropriate size, fitted with
thermocouples and electrodes for the ccomputed impedance tomegraphy,

Jacketed and placed in a pressure vessel. The sampie ls then brought to the
designed test or experiment conditions. A pressure gradient across the
sample drives fluld flow. For isothermal tests or experimentsg the
temperature at which the experiment or test will be concucted is

cdetermined by the nature of the fluid (l.e., liquid water or steam) to be used
in the study. For tests or experiments In a thermal gradient, the
tempecature [e monitored contlnuously and s centrolled to maintain the
precetesrmined thermal gradient. The permeability of the sample [s measured
by standard flow tests. During these tests or experiments, fluld samples are
collected and analyzed for the prlmary constituents of the rcck and water to
evaluate reaction progress. Impedance tomography images are obtained
perlodically during dehydration and rehydration. Upon completion of the test
or experiment, the impedance Images are processed, and the permeablllity
measurements and fluid analyses are collated for later interpretation. The
sample, if fractured, is removed for SEM, EM and noble gas maes
spaecirometry studies of surface features, as described in Section 2.2.1.

Parameters Coneidered: Controlled parameters are temperature, magnijtuce
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of the thermal gradient (lf any), £'uic stite (gas or liquia), pressur
differential cduring fluld flcw, curation of cehycraticn and rshvcrition
cycies, and fluia flow rate. Evaluated parametars are relative permeability,
fluiad flow pathways, relative saturaticn, fluid compesitisn, anc icentity,
mede of ocsurrence anc ccmpogition of procuct minerals,

Test Conditlions: Tempariature and pr2saure are maintzined within tha
stability fields of liquid water and steam, as appropriate.

.7 Twg Flyid Phaze Svztor

These tests and experiments pertain to activitlies cdescribed in Section 2.2.2.

Method: Experiments in the two-phase system will be deaigned to establiah

the hydrologic properties of a two-phase fluid system in tuff. The

methodology of this activity ls similac to that for the single phase syatem.
Fractured and unfractuced sample material frem the appropriate geological -~
horizon i3 machined to a right cylincer of appropriate size, fitted with
tharmocouples and with electrodes for the computed [mpedance tomography,
jacketed and placed in a pressure vessel. The sample is then brought to the
designed test or experiment conditions. A pressucre gradient across the
sample drives fluld flow. The rate of liquid and gas flow i3 controlled by the
test equipment. For tests or experiments [n a thermal gradient, the
temperature |3 monitored continuously and ig controlled to maintain the
pcecetarmined thermal gradient. Relative permeadbilities of gas and lliquid
are monitored according to a precetermined schedule. Samples of fluid (gas
and liquid) ares collected at the time permeability measurements are made.
Thege samples are submitted for chemical analysis. Impecance tcmography
images are obtained pericdically curing dehydration and cehydration. lpon
ccmpletion of the test or experiment, the Impedance Images are processed, ]
and the permeability measurements and fluid analyses are collated for later
interpretation. The sample, If fractured, ls removed for SEM, EM and noble
gas mass spectrometry studies of the surface features, as descrited in
Section

2.2.1.

Comparison will be mace with results frem the single-phase fluid
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experiments. The single pnasce studies wi!! previcde 2atz that will canstrain
Interpretations of hydrclogic preperties in systems containing two fluig
phases., The two-phase stucies will characterize the tufé-¢lujd system over
the range of cenditions anticipatec in the pcst-emp!acement waste package
envircnment.

The experimenta! pcctcecsl for the two-phase activitiee is similar to that
for the single-phase activities, with the exception that the ratio of ligquid
to gas and the respective fluid phase flow rates are adcitional parameters
that require control. These requirements are met by providing separate flow
controllers anc collecting systems for each fluid phase. Prototype
development of theee ccntrollers and collecting systems is nearing
cempletion; calibration of the flow and collecting systems [s in progress.

Parameters Considered: Controlled parameters are temperature, magnitude

of the thermal gradient (if any), volume ratio of gas to liquid, preesure
differential during fluid flow, duration of dehydration and rehydration
cycles, and fluid flow rate. Evaluated parameters are relative permeability,
fluld flow pathways, relative saturation, fluid ccmpesition, anc [dentity,
mode of occurrence and cemposition of product minerals.

Test Condlitlons: The matrix of teet conditions is under devel!cpment.

3.8 Merhodological Development and Technjque Evaluation

These experiments pertain to activitles described in Section 2.1.%.

Method: The methods to be used will depend upon the technique being
developed -and evaluated. Laboratory studies will pe concucted to ascertain
the extent to which the technique will contribute to obtaining information
necessary for license appllcatlion, the reprocducibility of the results, the
precision of the results, and the ability of the technique to provide results
In a timely fashion.

Parameters To Be Considered: The parameters to be controlled and evaluated
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will cdepend upen the technique Seing ceonsicereq,

Test Cecnaitions: The test ccnciticng will cdepena upen the technique teing

csnziceraa.
4.0 APPLICATION OF RESULTS

The ccmpesitions of fluids that might interact with the waste package will

be defined for anticipated and unanticipated repository conditicns.
Compogitions will be cdetermined frcm the tegts, experiments, and

numerical simulations described in Sections 2.1.1, 2.1.2, 2.1.3, 2.1.4, 2.1.5,
2.1.8, 2.2.1, and 2.2.2, asg we!l as from QA Level [ activities that develop
frcm the QA Level III activities. Fluid ccmpositions will censtrain
parameters required to conduct the metal barrier and waste form testing
programs, and will also ke considered when develcping scenarios for the
characteristics of the source term, for release rate calculations, and for
radionucliice transport mocels.

Numerical geochemical simulations of hydrothermal tests and experiments

will be used as input to perfocrmance assessment. These results will
censtrain the possible chemical evolution of the fluid and gas phases {n the
near-field envicronment by establishing the nature and gquantity of reaction
praducts and by charactecizing the rates of reactions respongible for the
cevelopment of reactlion preducts. The cdevelcpment of reaction products

will Influence the degree to which host rock will retard the migration of
radionuclides, and is an important parameter in transport consicerations.

Numerical gecchemical simulations of the fluid flow tests and experiments
will establlsh the hycrologic properties cf the fractured tuif for
anticipated and unanticipated conditions. Fluid flow pathways will be
characterized as a function of thermal conditions and fracture-matrix
gecmetries. In addition, the ccupled effects of fluld flow and transpert, and
mineral-£fluld reactions will be determined. The results of these studies

will cefine the near-fie!d envicronment flow features necessary for
cevelopment of radionuc!ide release and transport mocels,

The information cerived from these activities will be used in addressing the
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following specific Infcrmaticn Neecs:

1.4.2 Material prcpertles of the container material,

1.4.3 Scenarics ang mecels neecea to pracict the
time to lose of ceontainment ang the ensuing
degracation of the centainer material,

1.4.4 Estimates of the rates and mechanisms of
container material degradation In the
repository environment for anticipated and
unanticipated processes and events.

1.5.2 Materia! properties of the waste form.

1.5.3 Scenarios and models neeced to predict
the rate of racionuclice release from the
waste package and engineereg barrier system.

1.5.4 Determination of the releace rates of
radionuclides from the engineered barrier
system for anticipated and unanticipated events.

1.10.4 Desecription of the post-closure near-fleld
environment of the waste packages, including.
the expected range of environmental
characteristics under conditions appropriate
for the reference emplacement cenfiguration.

1.18.1 Rates of dissoluticn of crystalline and
non-crystalline components in tufé.,

5.0 SCHEDULE AND MILESTCNES

Included below ls the schecule for Level I and !I milestones for the entire
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Waste Package Eavircnment tasw:

FY 1988

31 July, 1988 - Initiate diszolution stucies of smectita clays or z20iitas

(Activity B-20-3; Sect. 2.1.5). This werx will begin upon compe=iticna!l anc
structural characterization of the collected minerals. The results of this

activity will provice kinetics data necessary for precipitation/dissolution
moceling of clays In rock/water interaction studles.

FY 1989

31 August, 1989 - Complete extraction of vadose water from tufé (Activity
B-20-58; Sect. 2.1.7). Thig activity will use rock avallable frcm core or the
exploratory shafE to cdemonstrate the water extraction capability of the
selecled technique,

FY 1990

31 May, 1990 - Injtiate meceling of rock/watar interaction using
concentrated solutions compatible with information available from the

vacdese water extractlions (Activity B3-20-7; Sect. 2.1.8). The results of this
activity will place limits on the composition and abuncance of reaction
procuct minerals that may form during rock/water interaction in systems
containing concentrated solutions.

FY 1991
31 May, 1991 - lasue report (M004) on the dissolution behavicr of minerals

as a functien of temperature anc pH (Activity B-20-5; Sect 2.1.5). This
report will summarize results of all experiments initiated since July, 1988,
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30 June, 1991 - lssue ceport (¥OCS) on the results of fraciurs €low siucies
(Activities B-20-1 and B-20-2; Secte. 2.2.! ana 2.2.2). This repcrs wi!!
include results of evperiments initiated in FY 86 anga FY 87.

FY 1992

3! Octcber, 1992 - Preovice tc waste package perfcrmance assessment fina!
waste package enviconment definition (basea on all activities).

FY 1993

31 October, 1993 - Issue final report (M27!) on waste package environhent.
This report wlll present material to be uced in llcense application (based on
all activities),

This schecule assumes that material from'the Exploratory Shaft will be
available beginning June, 1°88. The schecule for milestones MO08 and M271
assumes, in addition, that cepository horizon material will be avallable
from the Exploratory Shaft by November, 1989.

The dissolution milestone (M004) will provide input to Los Alamos Natlional
Laberatory EQ3/6 modeling at the time the draft report is issued.

The fracture flow report will provide input to performance assessment via
the milestone MOO8. Information derived from experiments cdescribed In this
report will alsc be provided thrcough scheculed meetings with the
performance assessment group, 2as the Information Is completed and
avaitable,

Because the milestone M27! provides information necessary to define the

waste package enviconment, it [s scheculed for completion prior to license
applicatlon.
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6.0 Schecdule of Completion Dates For Experiment and Teat Plans

A. Hycrcthermal Experiments on Vitric, Dec. 31,87
Vitrophyric, ang Zeolitized Tufl
(Activity 3-20-3; Level IID

B. Hydrothecrma! Testing of Drillcore from the Dec. 31,87
Repository Horizon (3-20-4; Level I)

C. Single Fluid Phaze: Dehvdration-Rehydration of Tpt Pec. 31,97
in a Thermal Gradient (3-20-2; Level I)

D. Tests and Experiments of Rock-Water Interaction Dec. 31,87
and Water Chemistry Changes in the Presence of a
Radiation Field (B-20-10; Lavel IIID,

E. Mineral Dissoluticn and Precipitation Experiments Dec. 31,87
(3-20-5; Lavel IID
F. Two Fluicd Phase Flew (B3-20-1; Leve! II1D) Dec. 31,’87

F. Vadose Water Compcsition Jan. 31,787
(B-20-5; Level IID

G. Moceling of Rock-Water I[nteraction . Mar. 31,’88
(Activity B-20-8; Level III)

4. Prediction of Long-Term Rcck-Water I[nteraction Aug. 31,’88
Through Ccmputational Simulations of Reactions
{n Concentrated J-13 Water (3-20-7; Level IID)
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1. Bydrothermal Testing of Repository Horizen Material
Cb:ainea Frecm the Exploratory Shaft (8-2C-S; Level D)

J. Valicaticn of EC2/6 Rezcticn Path Moceiing Coce
Results (B-20-1:; Level I)

K. Moceling of Rock-Water Interaction to Support
License Application (B-20-13; Level D)
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NNWSI Deputyileader °

"Date NWMP Leader 7 Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH COPY
TO TASK LEADER

%A/%‘ W Sorre BW nfe fe?

Project Sponsor Date Project Sponsor Quality Manager Date
RETURN TO LLNL NWMP QA FILE '




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: éing}e §1u1d Phase: Dehydration-Rehydration of Tpt in a Tempera
radien

ACTIVITY NO.: B-20-2

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
DONE AT QUALITY ASSURANCE LEVEL'I OR 1I. Elements 1, 2, 11, 15, 16, 17, 18, 21,
and 22 apply to work done at Quality Assurance Level III.
LEVEL OF QA 1

CITE "YES" ITEM ON LOGIC DIAGRAM __#4

QA ELEMENT APPLIES IF NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN A.0 Yes 033-NWMP-P 3A.0 Rev. 4 o
CONTROL 38.0 No Not a design activity
4.0 PROC. DOC. Yes 033-NKMP-P 4.0 Rev. 0
CONTROL
5.0 INSTR. , - Yes 033-NKMP-P 5.0 Rev. 1| K
PROCS, DWGS 033-NHMP-P 5.1 Rev. 0: -
033-NHMP-P 5.2 Rev. 0
7.0 CTL OF PUR Yes 033-NHMP-P 7.0 Rev. 0 T
MATERIALS
8.0 1.D. & CTL Yes 033-NKMP-R 8.0 Rev. 0
OF MATERIALS
9.0 CONTROL Yes 033-NKMP-R 9.0 Rev. O
OF PROCESSES
10.0 Yes 033-NKMP-R 10.0 Rev. 0
INSPECTION
11.0 TEST | Yes 033-NKMP-R 11.0 Rev. |
CONTROL ‘
12.0 CTL OF Yes 033-NWMP-R 12.0 Rev. 0
M& T EQUIP 033-NHMP-R 12.2 Rev. O _
13.0 HANDLING, Yes See attached sheet. )
STOR. & SHIP.
14.0 INSP. TEST Yes 033-NWMP-R 14.0 Rev. 0
% OPER. STAT.
19.0 SOFTWARE No Does not apply: use is made of
QA only operating systems, utilitie\v/

and databases.




Procedures that apply to QA Element 13.0 B-20-2

033-NWMP-R 13.0 Rev. 0
033-NNKSI-P 8.2 Rev. 0
033-NNWSI-P 8.4 Rev. 0
033-NNWSI-P 11.5 Rev. O
033-NNWSI-P 11.6 Rev. 0
033-NNWSI-P 12.4 Rev. 0
033-NNWSI-P 12.5 Rev. O
033-NNWSI-P 13.1 Rev. 0



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Jesse L. Yow, Jr.
Bi11 Glassley
Ron Schwartz
Virginia Oversby

Name(s) and Number(s) of Activity: Hydrothermal Experiments on Vitric,

Vitrophyric, and Zeolitized Tuff
B-20-3

S.1.P. Identification: Scientific Investigation Plan for NNWSI WBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: This activity will provide information on mineral-
fluid characteristics for rocks different from the
Tpt. This information will be used to evaluate
the results of natural analogue studies completed
at Los Alamos National Laboratory, and will
provide qualitative constraints on phase
relationships of significance for Tpt rock-water <=
interaction.

Level of Qualfity Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

4 /W( Sfn  FTIALA e Tkl S5

Task Leader Date l;NMPQDeputy Uﬁram Leader Date
or QA

zesrze 2 45@4. 5/ 15/77 4 W 5‘/3/97

WSI Deputy Ledder ‘Date NWMP Leader . Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

é%f;ﬁ/%ggﬁ;-aézy -mea'Biﬂbvi W/ ¢

Project Sponsor Date Project Sponsor Quality Manager Date
RETURN TO LLNL NWMP QA FILE




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT !

ACTIVITY: Hydrothermal Experiments on Vitric, Vitrophyric, and Zeolitized Tuf®

ACTIVITY NO.: B-20-3
DATE: May 8, 1987

]

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16,
DONE AT QUALITY ASSURANCE LEVEL I OR II.

17, 18, 21, AND 22 APPLY TO ALL WIRK

Elements 1, 2, 11, 15, 16, 17, 18, 2:.

and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 111
CITE "YES" ITEM ON LOGIC DIAGRAM
QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A.0 Yes 033-NWMP-P 3A.0 Rev. 4.0
CONTROL 38.0 No Good scientific & engineering

practices apply
4.0 PROC. DOC. Yes 033-NWMP-P 4.0 Rev. 0
CONTROL .
5.0 INSTR., - No Good scientific & engineering
PROCS, DWGS practices apply
7.0 CTL OF PUR No Good scientific & engineering
MATERIALS practices apply
8.0 I.D. & CTL No Good scientific & engineering
OF MATERIALS practices apply
9.0 CONTROL No Good scientific & engineering
OF PROCESSES practices apply
10.0 No Good scientific & engineering
INSPECTION practices apply
11.0 TEST Yes 033-NWMP-R 11.0 Rev. 1
CONTROL
12.0 CTL OF No Good scientific & engineering
M & T EQUIP practices apply
13.0 HANDLING, No Good scientific & engineering
STOR. & SHIP. practices apply
14.0 INSP. TEST No Good scientific & engineering
& OPER. STAT. practices apply
19.0 SOFTKHARE No Good scientific & engineering
QA : practices apply




LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987 ),

Meeting Attendees: Jesse L. Yow, Jr.
Bill Glassley
Ron Schwartz
virginia Oversby

Name(s) and Number(s) of Activity: Hydrothermal Testing of Drill Core
from the Repository Horizon
B-20-4

S.1.P. Identification: Scientific Investigation Plan for NNWSI WBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: This activity will provide information 'on the
chemical characteristics and mineralogical
properties resulting from rock-water
interaction, for conditions applicable to
unanticipated events in the waste package
environment. These data will be used in license

application.
Level of Quality Assurance 1 o
APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION ~
‘f
/Z// Dlfn  TrAddos 7 T Db S/HV5
‘Task Leader Date NWMP Deputy(Bfogram Leader Date
for QA
oy )57 . g )5 [37

MINSI Depu¥y Leader Date NWMP Leader Date

AFTER NWwMP LEADER APPROVAL RETURN TO NwMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

/ﬂ% Zﬂ%///’? e EW a fofc?

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NwMP QA FILE




NHMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
ACTIVITY: Hydrothermal Testing of Drill Core from the Repository Horizon

ACTIVITY NO.: B-20-4
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17, 1¢
21, and 22 apply to work done at Quality Assurance Level III.

*

LEVEL OF QA I
CITE "YES® ITEM ON LOGIC DIAGRAM #4
QA ELEMENT APPLIES IF NO - JUSTIFICATION )
IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3.0 Yes 033-NWMP-P 3A.0 Rev. 4
CONTROL 38.0 No Not a design activity
4.0 PROC. DOC. Yes 033-NKMP-P 4.0 Rev. 0
CONTROL
5.0 INSTR., Yes 033-NKMP-P 5.0 Rev. 1 =
PROCS, DHGS 033-NHMP-P 5.1 Rev. 0
033-NHMP-P 5.2 Rev. 0
7.0 CTL OF PUR Yes 033-NWMP-P 7.0 Rev. 0
MATERIALS
8.0 1.0. & CTL Yes 033-NWMP-R 8.0 Rev. O
OF MATERIALS
9.0 CONTROL Yes 033-NKMP-R 9.0 Rev. 0 )
OF PROCESSES
10.0 Yes 033-NWMP-R 10.0 Rev. 0
INSPECTION
11.0 TEST ' Yes 033-NHMP-R 11.0 Rev. 1
CONTROL
12.0 CTL OF Yes 033-NHMP-R 12.0 Rev. 0
M& T EQUIP 033-NWMP-P 12.2 Rev. 0 _
13.0 HANDLING, Yes See attached sheet
STOR. & SHIP.
14.0 INSP. TEST Yes 033-NKMP-R 14.0 Rev. O
& OPER. STAT.
19.0 SOFTWARE No Use is made of operating systems,

utilities, and databases only




033-NKMP-R 13.0 Rev.
033-NNWSI-P B.1 Rev.
033-NNWSI-P B.2 Rev.

033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNKSI-P

8.3 Rev.

8.4 Rev.

11.2 Rev.
11.3 Rev.
11.4 Rev.
11.5 Rev.
11.6 Rev.
12.2 Rev.
12.3 Rev.
12.4 Rev.
12.5 Rev.
12.6 Rev.
13.1 Rev.

o O o o o

O O o O o 0 O o o o o

lem B-20-4

(Crushed samples)

(Catalogue procedure)

(Core wafers)

(Sample labeling & tracking)
(Carbonate analysis)
(Rocking autoclave).

(XRD)

(I10)

(ICcP)

(Calibration) (already listed)
(Datalogger)

(Pressure transducers)
(Thermocouples)

(pH)

(J-13 Hater)



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Jesse L. Yow, Jr.
Bil1l Glassley
Ron Schwartz
Virginia Oversby

Name(s) and Number(s) of Activity: Mineral Dissolution and Precipitation
gxggriments
-20-5

S.I.P. ldentification: Scientific Investigation Plan for NNWSI KBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: The data generated in this activity §111 be used
for developing kinetics information applicable to
the EQ3/6 Database.

Level of Quality Assurance Il
APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION ==
y A4 (¢ Gl BALAL Tk S
Task Leader Date ¥NMPQReputy Prggram Leader Date

or

M& Srater Ay, s/is /87

HNWSI Deputy Leadeér ° ° Date NWMP Leader Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

Ak bl sy e Bl ufife

Project Sponsor Date Project Sponsor Quality Manager Date
RETURN TO LLNL NWMP QA FILE




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
ACTIVITY: Mineral Dissolution and Precipitation Experiments

ACTIVITY NO.: B-20-5
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17, 1§,
21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 111
CITE “YES™ ITEM ON LOGIC DIAGRAM
QA ELEMENT APPLIES IF NO - JUSTIFICATION o

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A.0 Yes 033-NKMP-P 3A.0 Rev. 4
CONTROL 38.0 No Good scientific & engineering

practices apply
4.0 PROC. DOC. Yes 033-NHMP-P 4.0 Rev. 0 B
CONTROL

Y

5.0 INSTR., No Good scientific & engineering
PROCS, DKWGS practices apply
7.0 CTL OF PUR No Good scientific & engineering R
MATERIALS practices apply
8.0 1.D. & CTL No Good scientific & engineering
OF MATERIALS practices apply
9.0 CONTROL No Good scientific & engineering .
OF PROCESSES practices apply
10.0 No Good scientific & engineering
INSPECTICN practices apply
11.0 TEST Yes 033-NWMP-R 11.0 Rev. !
CONTROL
12.0 CTL OF No Good scientific & engineering
M & T EQUIP practices apply
13.0 HANDLING, No Good scientific & engineering
STOR. & SHIP. practices apply
14.0 INSP. TEST No Good scientific & engineering
& OPER. STAT. practices apply
;9.0 SOFTHWARE No Good scientific & engineering

QA practices apply

J
——



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Jesse L. Yow, Jr.
Bi11 Glassley
Ron Schwartz
Virginia Oversby

Name(s) and Number(s) of Activity: Vadose Water Composition
B-20-6

S.I.P. Identification: Scientific Investigation Plan for NNWSI KBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: This activity will provide information on vadose
water extraction techniques. It will provide the
database necessary for later development of
procedures for a Level I activity that will
accomplish vadose water extraction of waste
package environment rock, if necessary.

Level of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

e /”6 Clhs  Brf L 5 TDbs ST,

Task Leader d Date NWMP Deputy Prbgram Leader Date
for QA

~Z = Lhor . o e-F 7 4 M 5/5/?7

MNST Depui§ Leader Date NWMP Leader ° Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

Jé%—?%*' 2, o BL A WAL

Project Sponsor Date Project Sponsor Quality Manager Date
RETURN TO LLNL NWMP QA FILE




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
ACTIVITY: Vadosa Water Composition

ACTIVITY NO.: B-20-6
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, V1, 15, 16, 17, 1§,
21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 111
CITE "YES" ITEM ON LOGIC DIAGRAM
QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3,0 DESIGN 3A.0 Yes 033-NHMP-P 3A.0 Rev. 4 o
CONTROL 38.0 No Good scientific & engineering

practices apply
4.0 PROC. DOC. Yes 033-NWMP-P 4.0 Rev. O
CONTROL

N

5.0 INSTR., No Good scientific & engineering
PROCS, DHWGS practices apply
7.0 CTL OF PUR No Good scientific & engineering ~
MATERIALS practices apply
8.01.0. & CTL No Good scientific & engineering -
OF MATERIALS practices apply
3.0 CONTEOL No Good scientific & engineering
OF PROCESSES practices apply
10.0 No Good scientific & engineering
INSPECTION practices apply
11.0 TEST Yes 033-NWMP-R 11.0 Rev. 1
CONTROL
12.0 CTL OF No Good scientific & engineering
M & T EQIP practices apply
13.0 HANDLING, No Good scientific & engineering
STOR. & SHIP. practices apply
14.0 INSP. TEST No Good scientific & engineering
& OPER. STAT. practices apply
19.0 SOFTHARE No Good scientific & engineering

QA

practices apply




LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Jesse L. Yow, Jr.
Bill Glassley
Ron Schwartz
virginia Oversby

Name(s) ai:d Number(s) of Activity: Prediction of Long-Term Rock-water
Interaction through Computational
Simulations of Reactions in
Concentrated J-13 water
B8-20-7

S.I.P. Identification: Scientific Investigation Plan for NNwWSI WBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: This activity will provide information regarding
changes in fluid composition and rock mineralogy
for concentrated J-13 water, using the EQ3/¢
Code. The purpose of this activity is to guide
tests and experiment planning.

Level of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

- == 7 J
L2 F Thf Bk S T Dundes SIAE

Task Leader 7 Date NWMP Deputy H{ggfam Leader Date
for QA .
. . S./5-B7 Sff;z: ,fEiL.,an;zyf-' 5:/;5i/4%‘7
SI Deputy Leddér Date NWMP Leader v Date

AFTER NWMP LEADER APPROVAL RETURN TGO NwMFP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

/x«i/%-///{/; Sme BLYLJQ w/e oo

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NwWMP QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Prediction of Long-Term Rock-Water Interaction through Computati\~,i
Simulations of Reactions in Concentrated J-13 Water

ACTIVITY NO.: B-20-7
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALE-
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 15, 17, 18,
21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 111

CITE "YES" ITEM ON LOGIC DIAGRAM

QA ELEMENT APPLIES IF NO - JUSTIFICATION i )
IF YES - LIST NEEDED PROCEDURES

3.0 DESIGN 3A.0 Yes 033-NWMP-P 3A.0 Rev. 4

CONTROL 38.0 No Good scientific & engineering
practices apply

4.0 PROC. DOC. Yes 033-NWMP-P 4.0 Rev. 0

CONTROL =

5.0 INSTR., No Good scientific & engineering

PROCS, DHGS practices apply w

7.0 CTL OF PUR No Good scientific & engineering

MATERIALS practices apply

8.0 I.D. & CTL No Good scientific & engineering

OF MATERIALS practices apply

9.0 CONTROL No Good scientific & engineering

OF PROCESSES practices apply

10.0 No Good scientific & engineering

INSPECTION practices apply

11.0 TEST Yes 033-NWMP-R 11.0 Rev. 1

CONTROL

12.0 CTL OF No Good scientific % engineering

M&T EQUIP practices apply

13.0 HANDLING, No Good scientific & engineering

STOR. & SHIP. practices apply

14.0 INSP. TEST No Good scientific & engineering

& OPER. STAT. practices apply

19.0 SOFTHARE No Good scientific & engineering

QA practices apply




LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Jesse L. Yow, Jr.
Bill Glassley
Ron Schwartz
Virginia Oversby

Name(s) and Number(s) of Activity: gogeling of Rock-Hater Interaction
-20-8

S.1.P. Identification: Scientific Investigation Plan for NNKWSI WBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: This activity will update modeling results of
hydrothermal experiments using the EQ3/6 Code. As
new data become available, from ongoing and
planned experiments and tests and as new solid
solution models are 1ncorporated into the code,
earlier modeling results will be refined.

Level of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

L L e Bl L TDs Stk

Task Leader -~ Date ﬁNMPQReputy Program Leader Date
or

g;? = /5.7 4 M 5/'5/8"7
MNWST Deputi'Lea er Date NWMP Leader Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

At Pl oty oo BULL b

Project Sponsor Date Project Sponsor Quality Manager - Date
RETURN TO LLNL NWMP QA FILE




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Modeling of Rock-Water Interaction

ACTIVITY NO.:

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL

WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA

Elements 1, 2, 11, 15, 16, 17, 1§,

CITE "YES" ITEM ON LOGIC DIAGRAM

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A.0 Yes 033-NWMP-P 3A.0 Rev. 4
CONTROL 38.0 No Good scientific & engineering

practices apply
4.0 PROC. DOC. Yes 033-NKMP-P 4.0 Rev. O
CONTROL

-7 =

5.0 INSTR., No Good scientific & engineering
PROCS, DHWGS practices apply
7.0 CTL OF PUR No Good scientific & engineering i
MATERIALS practices apply
8.0 I.D. & CTL No Good scientific & engineering
OF MATERIALS practices apply
9.0 CONTROL No Good scientific & engineering
OF PROCESSES practices apply
10.0 No Good sclentific & engineering
INSPECTION practices apply
11.0 TEST Yes 033-NHMP-R 11.0 Rev. 1 )
CONTROL
12.0 CTL OF No Good scientific & engineering
M&T EQUIP practices apply
13.0 HANDLING, No Good scientific & engineering
STOR. & SHIP. practices apply
14.0 INSP. TEST No Good scientific & engineering
% OPER. STAT. practices apply
19.0 SOFTWARE No Good scientific & engineering

QA

practices apply




LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Jesse L. Yow, Jr.
Bill Glassley
Ron Schwartz
Virginia Oversby

Name(s) and Number(s) of Activity: Hydrothermal Testing of Repository
Horizon Material Obtained from the
Exploratory Shaft
B-20-9

S.I.P. Identification: Scientific Investigation Plan for NNWSI WBS
Element 1.2.2.2.L
NNHSI Waste Package Environment

Additional Comments: The purpose of this activity is to provide data
regarding the chemical and mineralogical
characteristics of rock-water interaction for
repository horizon material obtained in the
Exploratory Shaft. These data will be used in
license application, in conjunction with results
from activity B-20-4, to define the chemical and=
mineralogical environment of the waste package,
for conditions when liquid water is present.

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

/J 9/-'/" E’M//’JD»&G 57’/

Task Leader Date NKMP Deputy Program Leader Date
- for QA

%&Z‘%ﬁ?_ﬂﬁm_ 4 M" S//s/%‘?
WSI Deputy Léader Date NWMP Leader v Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

747(/%’ v/ 7 Soree Blold wfifs?

Project Sponsor 7 Date Project Sponsor Qu¥lity Manager Date
RETURN TO LLNL NWMP QA FILE




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Hydrothermal Testing of Repository Horizon Material Obtained fro
the Exploratory Shaft

ACTIVITY NO.: B-20-9
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17, 1f,
21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA I
CITE "YES" ITEM ON LOGIC DIAGRAM #4

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3.0 Yes 033-NHMP-P 3A.0 Rev. 4 T
CONTROL 38.0 No Not a design activity
4.0 PROC. DOC. Yes 033-NWMP~P 4.0 Rev. O
CONTROL .
5.0 INSTR., Yes 033-NWMP-P 5.0 Rev. 1 e
PROCS, DKWGS 033-NWMP-P 5.1 Rev. 0;

033-NWMP-P 5.2 Rev. O
7.0 CTL OF PUR Yas 033-NWMP-P 7.0 Rev. O —
MATERIALS
8.0 1.D. & CTL Yes 033-NWMP-R 8.0 Rev. O
OF MATERIALS
9.0 CONTROL Yes 033-NWMP-R 9.0 Rev. O
OF PROCESSES
10.0 Yes 033-NWMP-R 10.0 Rev. O
INSPECTION
11.0 TEST Yes 033-NWMP-R 11.0 Rev. 1
CONTROL
12.0 CTL OF Yes 033-NWMP-R 12.0 Rev. O
M & T EQUIP 033-NWMP-R 12.2 Rev. O
13.0 HANDLING, Yes See attached sheet.
STOR. & SHIP.
14.0 INSP. TEST Yes 033-NWMP-R 14.0 Rev. O
& OPER. STAT.
19.0 SOFTWARE No Use is made of operating systems,

QA utilities, and databases only -




Brocedyres that apply to QA Element 13.0 B-20-9

033-NWMP-R 13.0 Rev.
033-NNWSI-P 8.1 Rev.
033-NNHSI-P 8.2 Rev.
033-NNWSI-P 8.3 Rev.
8.4 Rev.

033-NNWSI-P
033-NNWSI-P
033-NNHSI-P
033-NNWSI-P
033-NNKWSI-P
033-NNWSI-P
033-NNKWSI-P
033-NNKWSI-P
033-NNWSI-P
033-NNWSI-P
033-NNKSI-P
033-NNWSI-P

N
N
1
n
11
12
12
12
12
12
13

.2 Rev.
.3 Rev.
.4 Rev.
.5 Rev,
.6 Rev.
.2 Rev.
.3 Rev.
.4 Rev.
.5 Rev.
.6 Rev.

.1 Rev.

(Crushed samples)

(Catalogue procedure)

(Core wafers)

(Sample labeling & tracking)
(Carbonate analysis)'
(Rocking autoclave)

(XRD)

(IC)

(ICP) =
(Calibration) (already listed)
(Datalogger)

(Pressure transducers)
(Thermocouples)

(pH)

(3-13 Kater)



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987 r’

Meeting Attendees: Jesse L. Yow, Jr.
Bill Glassley
Ron Schwartz
Virginia Oversby

Name(s) and Number(s) of Activity: Tasts and Experiments of Rock-Water
Interaction and Water Chemistry Changes

in the Presence of a Radiatfon Field
8-20-10

S.I.P. Identification: Scientific Investigation Plan for NNWSI WBS
Element 1.2.2.2.L
NNWSI Waste Package Environment

Additional Comments: The purpose of this activity is to place
constraints on the chemical characteristics and
processes expected in the waste package
environment. This information will be used to
design tests at QA Level I, when sufficient data
are available for those tests. -

Level of Quality Assurance III

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

2 T $isr AL A e T Dudirs S5

Task Leader 7~ Date NWMP Deputy Rrggtam Leader Date
for QA

Dt Tl 51577 T flormagtl /05 /27

MAWSI Deputy Leader Date NWMP Leader Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

//«VZ{— Zﬂ% o s Jorm Bl L w/fo

Project Sponsor " Date Project Sponsor Quality Manager  Date
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1.0 Purpose and Objectives

1.1 Regulatory Requirements

The purpose of glass waste form testing is to determine the rate of
release of radionuclides from breached glass waste containers. This
information will be used to qualify glass waste forms with respect to the
release requirements of 10 CFR 60.113, and it will be the basis of the
source term from glass waste for repository performance assessment
modeling. This information will also serve as part of the source term in
the calculation of cumulative releases after 100,000 years in the site
evaluation process required by 10 CFR 960.3-1-5. It will also serve as part
of the source term input for calculation of cumulative releases to the
accessible environment for 10,000 years after disposal, to determine
compliance with the EPA regulation (40 CFR 191.13). The glass waste form
testing scientific investigation directly addresses the following
information needs.

{From the 8/07/86 NNWSI Project Issues Hierarchy}

Issue 1.5: Will the waste package and repository engineered
barriers meet the performance objective for
radionuclide release as required by 10 CFR 60.1137

1.5.1 Waste package design features that affect
the rate of radionuclide release.

1.5.2 Material properties of the waste forms.

1.5.3 Scenarios and models needed to predict the
rate of radionuclide release from the waste
package and engineered barrier system.

Through input to the above information needs, this investigation will also
provide data used to resolve information needs 1.5.4 and 1.5.5, and issues
1.1, 1.9, 1.10, and 1.11.

The glass waste form testing scientific investigation structure closely
parallels the information needs listed above. Information about the waste
forms which is provided by the producer is accumulated and evaluated
(1.5.1); the waste form is tested, properties are determined, and mechanisms
of degradation are determined (1.5.2); and models providing long-term
evaluation of release rates are designed and tested (1.5.3). As part of
this investigation, there are three studies identified in the Site
Characterization Plan, Chapter 8; these three studies correspond to the
three information needs listed. The study under information need 1.5.2 is
further subdivided into three areas of study. The titles and SCP
designations of each study and their incorporated activities are given in
Section 1.2.



1.2 Glass Testing Activities Grouped by SCP Studies

* Inteqrate Glass Waste Form Information - (SCP, information
need 1.5.1, activities 1.5.1.1.2 and 1.5.1.1.3)
D-20-25 Integrate Glass Waste Form Information Provided
by Waste Producers

D-20-26 Integrate Waste Package and Repository Design
Information

* Ccharacterization of the Glass Waste Form - (SCP, information
need 1.5.2, study 1.5.2.2 and incorporated activities)

Leach Testing of Glass

D-20-27 Conduct Unsaturated Testing of WVDP and OWPF
Glass

0-20-28 anduct Static Leach Testing of WVDP and DWPF
Glass

Materials Interactions Affecting Glass Leaching

0-20-29 Parametric Studies of WVOP and DWPF Glass
Based on the Unsaturated Test

D-20-30 Parametric Studies of WVDP and DWPF Glass
Using Static Leaching Methods

0-20-31 Studies of Glass Surface Layers and
Precipitates

D-20-32 Studies of Geochemical Interactions

D-20-33 Studies of Scale Factor in Glass Leaching

D-20-34 Development of Licensing Database for Glass
Waste Form Materials Interactions

Coordinate Testing with waste Producers

D-20-35 Coordinate Testing with WvDP
D-20-36 Coordinate Testing with OWPF/SRL

®* (Glass Release Modeling - (SCP, information need 1.5.3, study
1.5.3.4)

D-20-37 Generate Models for Release from Glass

D-20-38 Screen Data for Incorporation in Release
Model

0-20-39 Vvalidate Glass Release Model



1.3 Information Flow

The goals of glass waste form testing are: to provide accurate data and
models concerning glass leaching in the repository under anticipated and
unanticipated conditions, and to ascertain that there is adequate
information to assess the importance of all release mechanisms active under
anticipated and unanticipated conditions. (There will be formal definitions
of "anticipated" and "unanticipated" conditions; those definitions may
change the scope of the listed activities but will not require any changes
in the nature of the activities.) The activities listed will achieve these
goals through:

1. Identification of important factors than can affect
leaching under anticipated and unanticipated
conditions at Yucca Mountain. Items may be derived
from any of the activities, but activities D-20-29,
D-20-30, D-20-31, D-20-32, and D-20-33 are
specifically designed to address this area.

2. Determination of relevant data quantifying release
rates of radionuclides from glass. Activities D-20-25
through D-20-36 generate data. The primary data comes
from activities D-20-27 and D-20-28, with accessory
information coming from the other activities at their
conclusions. Additional data (including that
determined outside NNWSI) is screened for use in
activity D-20-38.

3. Development and testing of models for release under
scenarios identified by performance assessment
(information need 1.5.3). This work is done in
activities D-20-37 and D0-20-39,

Because of the large number of activities and the fact that information
flows from QA Level III to QA Level I activities, a diagram of that
information flow is included (Figure 1).

This investigation plan is not intended as a review of all previous
NNWSI glass testing work. That review may be found in the NNWSI Site
Characterization Plan, Section 7.4.3.1. Currently, only two glass waste
forms have been designated for consideration by NNWSI. Those will be
produced by the Defense Waste Processing Facility (DWPF) at the Savannah
River Plant and Laboratory (referred to here as SRL) and by the West Vvalley
Demonstration Project (WVOP). The DWPF product is described by Baxter
(1983), and the WVOP product is described by Eisenstatt (1986). Should
waste forms from the other two defense processing facilities (Hanford and
Idaho) be designated for consideration, this plan will be amended to includ
them. .
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2.0 Rationals for Selsctesd Studies and Quality Assuyrance Lavsl
Assignments

2.1 Introduction

The technical rationale for the listed activities will be given by type,
corresponding to the three areas of study listed in Section 1.2. A
rationale for the area of study, as well as for each activity, is given.
Quality assurance level assignment sheets for each activity are included in
Section 8.0.

The overall rationale for the work in this investigation is as follows.
The extension to long times of the semi-empirical relationships discovered
in laboratory testing cannot be made without understanding the mechanisms
involved and assessing the effects of such factors as the slow build-up of
crystalline layers on glass surfaces. Therefore, the overall goal of
deriving a usable model for glass release rates can only be achieved through
a coupled effort in which laboratory leaching experiments are combined with
experiments designed to understand mechanisms. This experimental work is
then continuously used to design geochemical models of individual
interactions. At the conclusion of the process, a complete model is
developed which incorporates the laboratory data and which accurately
predicts the results of laboratory and natural analogue experiments.
Confidence that the model is applicable to long times is achieved by basing
the model on sound geochemical principles, and only using laboratory work to
provide values required by the model.

2.2 Integrate Glass wWaste Form Information

These activities accumulate information required by the experimental and
modeling activities. The waste producer information activity entails
participation in the wWaste Acceptance Committee and liaison activities with
WVDP and DWPF/SRL. The purpose of the activity is to ascertain that the
Waste Compliance Plan and Waste Qualification Report contain the information
necessary to determine the performance of the waste in a repository at Yucca
Mountain. The waste package and repository information activity acquires
information from other NNWSI studies. No tests or analyses are performed in
either activity.

Activity No. Name QA Level

0-20-25 Integrate Glass Waste Form Information III
Supplied by waste Producers

D-20-26 Integrate waste Package and Repository 11l
Design Information




2.3 Characterization of the Glass Waste Form.

2.3.1 Leach Testing of Glass

These two activities are the most important data-collection activities
in glass waste form testing. All work in these activities is done at QA
Level I. In these two activities, leach testing is conducted under
conditions identified from information need 1.5.3 as most important in
calculasting release rates. Any scenarios to be used in long-term modeling
will be directly tested, to the extent possible on a laboratory scale, in
these activities. Glasses identified in the producer's Waste Compliance
Plans and the waste Qualification Reports will be tested. Although
simulated (nonradioactive) glasses representing important compositianal
variations will be tested, the emphasis will be on glasses containing the
radionuclides expected to remain at 300 to 1000 years after emplacement.
The activities have been separated based on test type because of the
differing technical requirements of static and Unsaturated testing.

The key outputs from these activities are overall glass degradation
rates, radionuclide release rates, and solution compositions in contact with
glass.

Activity No. Name QA Level

0-20-27 Conduct Unsaturated Testing of I
WVDP and DWPF Glass

D-20-28 Conduct Static Leach Testing of ~ I
WVDP and DWPF Glass

2.3.2 Materials Interactions Affecting Glass Leaching

The purpose of the activities in this area is to determine the
mechanisms and nature of glass leaching in the repository environment and to
ascertain that no important release mechanism has been overlooked.
Extrapolation of laboratory data to the time scales required (10,000 and
100,000 years for anticipated events and processes) is not possible without
a fundamental understanding of the mechanisms of glass leaching and of the
nature of factors that could perturb leach rates. The data on mechanisms
will drive the development of the glass leaching model in activity D-20-37.
Data from these activities will be included in the glass release model,
‘either directly or after screening for validation in activity D-20-38.

Activities 0-20-29 and D-20-30 (Parametric Studies) provide a means to-
evaluate the many possible effects on leaching. Activities D-20-31 and
D-20-32 are studies of the geochemistry of the glass system and of the
layers and solid precipitates that form after extended interaction with
water. These studies will provide mechanistic information and will examine



the long-term effects of these processes on glass leaching rates. Activity
0-20-33 investigates factors such as roughness and flow through cracks that
may cause laboratory results to differ from those in actual canisters.
These activities are done at QA Level III because of their experimental
nature. They will determine geochemical and mechanistic data on glass
behavior. Actual testing of glass waste forms, based on results of these
experiments, is done in the Leach Testing activities (D-20-27 and D-20-28)
at QA Level I. Data generated in these activities will be used in model
development and application (D-20-37) after screening (in activity
D-20-38). Data consistency will be confirmed through the use of the
leaching model.

Activity D-20-34 is a QA Level I activity in which data is collected on
materials interactions for the cases where experimental work has adequately
defined the problem such that QA Level I tests may be conducted or data may
be obtained. An example is the development of a library of infrared spectra
to use in identifying surface phases. Interactions data that will be
important for licensing, but which do not involve actual leach testing of
glass (which would be done in activities D-20-27 and D-20-28), will.be
developed in this activity. 1In the case of interactions studied in
activities D-20-29 through 33, this will invelve duplicating an experimental
result by using a written procedure derived from the experiment. This
activity will carry through to the final input to performance assessment,
though the other materials interactions activitiss will be phased out as the
problems are experimentally defined and QA Level III work is no longer
needed.

The key outputs of activities 0-20-29 through 0-20-33 are mechanisms and
identification of important parameters affecting glass leaching. The key
outputs of activity D-20-34 are values for parameters quantifying the nature
of interactions affecting leaching.

Activity No. Name QA Level

0-20-29 Parametric Studies of WVDP and DWPF Glass 111
Based on the Unsaturated Test

0-20-30 Parametric Studies of WVDP and OWPF Glass 111
Using Static Leaching Methods

0-20-31 Studies of Glass Surface Layers I1I
and Precipitates

D-20-32 Studles of Geochemical Interactions Il

0-20-33 Studies of Scale Factar in Glass Leaching I1I

D-20-34 Development of Licensing Database for I

Glass waste Form Materials Interactions

1.



2.3.3 Coordinate Testing wWith Waste Producers

Both the Savannah River Laboratory (working with the OWPF) and the west
Valley Demonstration Project are conducting extensive tests of their waste
glasses. The purpose of these activities is to coordinate our work with
theirs and to assure that data generated by the producers would be usable to
NNWSI in licensing. Actual testing will be conducted by the producers, but
NNWSI will provide help with experimental design and analysis and will
conduct some analyses. Work by NNWSI would be QA Level III, but much of the
work by the producers is expected to be QA Level I. (NNWSI work at QA Level
I 1n such matters would be handled under existing QA Level I activities in
the appropriate area. The purpose of these activities is not to conduct a
testing program but rather to cooperate with activities at DWPF/SRL.)

The key outputs of these activities are the relationships between
laboratory and full-scale leaching experiments.

Activity No. Activity QA Level

D-20-35 Coordinate Testing with the West valley 111
Demonstration Project (WVDP)

D-20-36 Coordinate Testing with the Savannah II1
River Laboratory and the Defense Waste
Processing Facility

2.4 Glass Release Modeling

As input to the waste package performance assessment submodel
(information need 1.5.3), the glass waste form testing investigation will
generate a model for the release of radionuclides from glass under
repository conditions. This model will be based upon sound geochemical
principles, will use input from the activities listed above as well as from
the glass testing literature, and will be validated using both laboratory
experiments and natural analogue studies. The model development work is
done at QA Level III, and the data and model are validated in QA Level I
activities.

The key outputs for these activities are (1) models of glass leaching,
(2) a database to use in those models to calculate release, and (3) the
valldation that the models will accurately predict glass behavior up to
10,000 years (10 CFR 60.113 and 40 CFR 191.13) and 100,000 years (10 CFR 960
3-1-5).



Activity No.

D-20-37
0-20-38

-

D-20-39

Name

Generate Models for Release from Glass

Screen Data for Incorporation
in Release Model

validate Glass Release Model

QA Level

1991
I



3.0 Description of Tests and Analyses, and Previous Work

3.1 Introduction

Detailed plans for the 15 activities in Sections 2.2, 2.3, and 2.4 are
given in Sections 3.2-3.4, These activities combine experimental work with
analyses. Where appropriate, the relative timings of the activities are
given, For activities where previous work has been done by NNWSI, a brief
description of that work is given. A series of test plans (Section 6.0)
will be prepared to provide further detalls of these activities. All
expected use of computer codes is described in section 3.4.

3.2 Integrate Glass Waste Form Information

3.2.1 Integrate Glass Waste Form Information Provided by Waste
Producers. D-20-25.

This activity involves participation in the wWaste Acceptance Committee
and liaison activities with WvDP and DWPF. Participation in the waste
Acceptance Committee assures that the information that NNWSI will need from
the producers to qualify glass waste forms is in fact provided in the Waste
Qualification Report. This entails review of the producer documents that
describe the waste and the Waste Acceptance Plan that describes how the
producer will provide the required information.

The liaison activities are to ensure that information on the glass waste
forms is provided in a timely fashion, to facilitate review of formal
documents and to provide sufficient time for contingency planning. An
example of this type of interaction is the ongoing discussion with the waste
producers concerning the expected compositions of the glasses as they evolve
during the testing programs. This enables NNWSI to keep the glass testing
experiments relevant to the expected actual products.

Schedule for the Waste Acceptance Process

The schedule for this activity is tied to that of the Waste Acceptance
Committee, and the activity continues to licensing. The schedule for the
waste Acceptance Committee (as presented at the Waste Acceptance Preliminary
Specifications NRC briefing, July 31, 1986) is:

Waste Acceptance Preliminary 1/87
Specifications completed

Waste Compliance Plans completed 3/87
Waste Qualification Reports completed 6/89
West valley start-up 9/89
Defense Waste Processing Facility 3/90
start-up
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3.2.2 Integrate Waste Package and Repository Design
Information. D-20-25.

This activity formally accumulates the information required to undertake
the experimental and modeling activities requiring design and testing input
from other NNWSI activities. No tests or analyses are performed.

3.2.3 Schedule Start Complete
Integrate Information Provided by waste In Progress 6/89
Producers
Integrate Waste Package and Repository In Progress 6/89

Design Information

3.3 Characterization of the waste Form

3.3.1 Leach Testing of Glass

This is the central area of activity in tne glass testing
investigation. 1Its objective is to generate QA Level I data on release from
glass for use in performance assessment modeling and for direct use in
licensing. Two activities have been defined because of the differing
technical requirements of the static and Unsaturated testing. Both
activities will use the same glasses and will be conducted at 90°C
(principally) as well as at lower temperatures. water representative of
that expected to be found in the repository (J-13 water equilibrated with
tuff rock at the test temperature) is used as well as deionized water, which
is used in a small proportion of tests to provide a link to the broad body
of work conducted outside NNWSI.

3.3.1.1 Conduct Unsaturated Testing of WVDP and OWPF Glass.
D-20-27.

Background and Previous Work

The Unsaturated Test measures the interactions between waste glass,
canister metal, and repository water that drips onto the glass/metal
assembly and then tuns off. This simulates the possible release scenmario in
which a container is perforated at more than one level, allowing water to
enter the container, react with glass, and exit the container without
standing for an extended length of time. In the test, a cylinder of waste
glass is sandwiched between perforated pieces of canister metal, and water
is dripped onto the assembly at very low rates. The Unsaturated Test and
data obtained using it have been described by Bates and Gerding (1985 and
1986) and Bates et al. (1986a). The test method, along with a
representative data package, is currently being prepared for submission to
the Materials Review Board (Bates and Gerding, 1987).

-11-
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The Unsaturated Testing conducted previously has demonstrated several
interesting interactions. Because of reactions in which silica and
carbonate are precipitated on the glass, it is not uncommon for the
glass-metal package to gain weight during testing, which is the result of an
interaction between glass and water, precipitating solid phases. Because of
this type of interaction, the extent of glass reaction is best measured from
the loss of highly soluble elements such as boron. Extensive interaction
between the glass and canister metal is occasionally observed in the form of
iron and nickel silicates precipitating on the metal and extensive
discoloration of the glass where it contacts metal. This enhanced reaction
may be due to chemical changes in the 304L stainless steel caused by heat
treatments; the test currently uses deliberately sensitized stainless steel
to examine this. This interaction will also be extensively examined in
parametric studies. Even with these interactions, release rates from the
short-term Unsaturated Testing conducted to date are small and are similar
to those seen in saturated testing. A QA Level I Unsaturated Test of DWPF
glass is currently in progress.

Planned work

Unsaturated Testing will be conducted on both simulated and radicactive
samples of waste glass from both producers. (Unsaturated Testing has
already been conducted on simulated OWPF glass; WVDP glass is not yet
available for testing). Testing will be done in one-year matrices until the
producers publish the Waste Acceptance Plans and the samples of the
projected final composition glasses (representing the range expected to be
produced) are available. At this point, long-term confirmation testing may
begin with open-ended matrices that will extend to licensing. These tests
will use glass that is representative of that expected to be present 300 to
1000 years from closure. Unsaturated Testing will be conducted at a minimum
of three sites to assure reproducibility. (Testing will be done at LLNL,
ANL, and DWPF/SRL; DWPF/SRL is expected to participate in this testing under
the Coordinate Testing activity, D-20-36). The details of the test matrices
will follow those in the previously published reports, with possible changes
derived from the results of parametric studies based on the Unsaturated Test

(D-20-29). -

3.3.1.2 Conduct Static Leach Testing of WVDP and OWPF
Glass. 0D-20-28.

Background and Previous Work

Static leach testing of glass is conducted with two objectives. First,
it tests the release scenario in which water accumulates inside a container
and reacts continuously with the glass while overflow and refilling occur.
Second, static leach testing provides the simplest and most easily
interpreted method of reacting glass with water. The mechanisms and rates
derived from this testing may be applied to other scenarios, and the tests
are conducted by investigators from all three repository projects and by the
two waste producers. This provides a large body of data for use in
developing models and calculating releases.
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Current static leaching is related to the MCC-1 static leach test (MCC,
1985). As written, this test is too limited to provide information on most
conditions of interest to NNWSI, so separate experimental protocols have
been developed. These include experiments usin% different ratios of glass
to water and tests including repository material. In all tests, however,
the test vessel is unagitated and is sampled terminally. Future static
testing will also include the pulsed flow test developed at Catholic
University, in which a small proportion of the test fluid is replaced at
intervals, simulating an overflow/refill scenario.

NNWSI has conducted a number of static leaching experiments on OWPF
glasses and PNL 76-68 glasses, which were proposed as commercial waste
glasses. Work on PNL 76-68 glasses is concluded; major reports on PNL 76-68
testing are Bazan and Rego (1986a and 1986b), Mcvay and Robinson (1584), and
Bates and Oversby (1984). Despite the fact that this glass will not be used
for disposal, considerable information on mechanisms and the behavior of
radionuclides in tuff-dominated systems has been obtained from this work.
NNWST testing of DWPF glasses has been reported in Bates et al. (1986b),
Bates and Gerding (1985, 1986), and Bazan and Rego (1985). Collaborative
work with SRL has been ongoing in this area, providing a considerable amount
of mechanistic and parametric data under NNWSI conditions. No QA Level I
static leach testing has been conducted to date.

Planned work

Static leach testing will be conducted on both simulated and radioactive
samples of waste glass from both producers. (Static leach testing has
already been conducted on simulated DWPF glass; WVDP glass is not yet
available for testing.) Testing will be done in one and two-year matrices
until the producers publish their wWaste Qualification Reports and the
samples of the projected final composition glasses (representing the range
expected to be produced) are available. At this point, long-term
confirmation testing may begin. These tests will use glass with a
radionuclide content that is representative of that expected to be present
300 to 1000 years from closure.

Testing will be conducted principally at 90°C, with some testing at &0°C
to determine the effect of temperature on leach rate. Equilibrated J-13
water (equilibrated with tuff rock at the test temperature) will be used.
Some tests will use deionized water for comparison to work done elsewhere.
As identified by materials interactions testing, repository materials will
be included in the testing. It is currently anticipated that tests will be
done with glass alone, glass plus 304L stainless steel, and glass plus 304L
plus tuff rock.

Long-term confirmation testing will begin as soon as final glass
compositions are avallable from the producers (activity D-20-25). These
tests will be conducted as described above, with matrices designed to
provide the longest possible test times consistent with input to the
licensing process.
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3.3.1.3 Schedule

The schedule for these activities is tied to that of the waste
Acceptance Process by the availability of the final waste glass compositions
for testing in the long-term confirmation phase. Long-term confirmation
testing will continue to licensing to provide as long a time-span as
passible of continuous testing of the final waste glasses.

Begin End
Unsaturated Testing of Projected WVDP and In Progress 6/89
OWPF Glasses
Static Leach Testing of Projected WvDP 12/86 6/89

and DWPF Glasses

Long-Term Confirmation Testing of WvOP 6/89 1/91
and OWPF Glasses Using Unsaturated
Testing
Long-Term Confirmation Testing of WvDP €/89 1/91
and DWPF Glasses Using Static Leach
Testing

3.3.2 Materials Interactions Affecting Glass Leaching
3.3.2.1 Introduction

These activities are intended to determine mechanisms of glass
degradation and leaching and to identify important parameters controlling
those mechanisms. These studies drive the creation of the glass release
model (D-20-37), provide input to the design of Leach Testing (0-20-27 and
D-20-28), and provide input to coordinate testing (D-20-35 and D-20-36). In
the case of important parameters that are not suitable for determination by
Leach Testing (D-20-27 and D-20-28) at QA Level I, this study contains a QA
Level I activity for determining those parameters after they have been
identified by QA Level IIIl experimentation.

3.3.2.2 Parametric Studies of WVDP and DWPF Glass
Based on the Unsaturated Test. D-20-29.

Background and Previous Work

Background and previous work for the Unsaturated Test Method are
described in Section 3.3.1.1. Parametric studies based on the unsaturated
test method use similar test configurations, but allow variations in test
parameters to determine their relative importance. For instance, the drip
rate, waste package size, or temperature of the test may be varied. These
experiments examine the different scenarios under which water that is not
standing may interact with glass in the repository. An important parameter
identified by parametric studies, which is now being examined in QA Level I
Unsaturated Testing, is the effect of heat-treated 304L stainless steel on
glass degradation rates under these circumstances.
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Planned Wark

Experiments will be conducted to examine the effects of drip rate,
sample size, glass-metal contact, metal heat treatment, glass composition,
and oxidation state. Other experiments may be identified from coordinate
testing (D-20-35 and D-20-36), producer information (D-20-25), or literature
Tesults.

3.3.2.3 Parametric Studies of WVOP and OWPF Glass
Using Static Leaching Studies. 0D-20-30.

Background and Previous Work

Background and previous work in static glass testing are described in
Section 3.3.1.2.

Planned Work

Because of the large amount of previous work done in this area,. the
ma jority of static leach testing will immediately be conducted in the QA
Level I Leach Testing activity (D-20-28). Parametric studies will be used
to develop new test methods, in particular the CUA Pulsed Flow Test, into
test methods that may be used by NNWSI at QA Level I. In addition,
parametric studies of glass composition will be conducted. 1In general, a
short parametric study will be conducted prior to each QA Level I test to
identify test parameters. Parametric studies for the first set of QA Level
I tests in activity 0-20-28 have already been completed (see Section
3.3.1.2).

3.3.2.4 Studies of Glass Surface Layers and Precipitates.
D0-20-31.

Background and Previous Work

Numerous investigations have shown that, under the conditions
anticipated a Yucca Mt., when water contacts glass the glass will react to
form surface layers composed of amorphous and crystalline precipitates.
These studies have been summarized by Bates et al. (1982); the Oefense
Leaching Mechanisms Program (Mendel, compiler, 1984); and Aines (1986) among
others. Aines (1986) discusses the reasons why these layers are expected to
control glass leaching. In short, as thick layers form, leaching fluids
will no longer have direct access to fresh waste glass.

These layers are critical to glass modeling for two reasons. First, the
phases present in them will control the chemistry of leaching fluids.
Second, elements precipitated in these phases may be permanently
sequestered. For example, the cesium-rich analcime crystals reported by
Bates et al. (1982) may permanently reduce the release of cesium from the
waste glass; the identity, formation, and possible destruction mechanisms of
these precipitates must be studied to determine this.

The principal applications of this study will be design of the glass
leaching model (D-20-37) and geochemical interactions studies (D-20-32).
The results will also aid in the design and interpretation of QA Level 1
leach testing (D-20-27 and D-20-28).
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Planned work

Surfaces of glass reacted with water in other leach testing and
parametric study activities will be examined to identify the structure,
nature, and composition of surface layers formed on them. Techniques used
will include scanning electron microscopy, infrared and raman spectroscopy,
electron microprobe analysis, X-ray diffraction analysis, ion microprabe
analysis, and other techniques as required. These results will be combined
with analyses done In the geochemical interactions study (D-20-32) to
interpret the results of leaching tests and studles. In addition, glass
surfaces will be reacted as part of this activity to generate specific
surface conditions. Included in this work is the hydration of glass in a
humid atmosphere to study the effect of glass hydration in the repository in
the scenario in which the container is perforated but water does not
immediately enter the container.

The principal outputs of this activity will be the identity of phases
precipitated on nuclear waste glass, their apparent rates of formation, and
their composition including sequestered radionuclides. These will be
important aspects of the glass leaching model.

3.3.2.5 Studies of Geochemical Interactions. D-20-32.
Background and Previous Work

This activity examines the geochemical interactions that cccur between
glass, pour canister and container materials, repository materials, and
surface precipitates on glass surfaces. The purpose of this activity is to
perform experiments that are optimized to isolate specific interactions, and
to model those interactions using EQ3/6. In many cases, previous work has
been unsatisfactory in determining the nature of interactions such as that
between the silica content of leaching fluids and the rate of leaching. In
this study, that interaction would be isolated experimentally by altering
the silica content of a leaching flulid, and the results would be modeled
using €Q3/6. These experiments will drive the glass release model
development .

Planned Work

This activity will pravide a highly interactive enviranment
incorporating experimental studies and glass leaching model development. If
a specific interaction is identified experimentally in other activities, it
will be examined in this activity to determine whether existing geochemical
modeling codes are adequate to model the interaction. If more data are
required about the interaction, it is obtained through experiments or from
the literature if available. Conversely, this activity will also involve
the experimental evaluation of interactions that are predicted to occur by
the geochemical modeling cades. d
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Two interactions are currently planned for study. The first is the
interaction between silica-containing phases, silica in solution, and the
glass dissolution rate. These will be studied by adding silica in solution
to leaching fluids and by adding solid phases predicted to control silica
solubility. The silica content of the leaching fluids is currently thought
to be the principal control on leach rates; hence, this is a critical
parameter to examine fully. The second interaction that will be examined is
that between heat-treated stainless steel (sensitized or pre-sensitized) and
silica-rich solutions. Results from parametric unsaturated studies indicate
that the formation of iron and chrome silicates may deplete the leaching
fluid in silica and enhance leach rates. Since the pour canister is
expected to have undergone a history resulting in heat-induced changes in
the metal, this is also an important interaction.

3.3.2.6 Studlies of Scale Factor in Glass Leaching. 0-20-33.

Background and Previous Studies

Almost all studies of glass leaching are conducted on a laboratory scale
because of the tremendous cost of full-scale testing. The one exception in
work in the United States is the work of Bickford and Pellarin (1986).
Full-scale testing will be conducted in cooperation with the waste producers
(0-20-35 and D-20-36). To complement those studies it may alse be necessary
to do one or more of the following: study the same samples in the
labaratory, to study the flow of water through a glass canister, or to study
the disaggregation of the glass waste in the canister. The modeling of flow
of water through cracks in glass in the pour canister may be critical in the
determination of the relative importance of static vs. unsaturated leach
testing and, accordingly the weighting of results from those types of
testing, in their ultimate use in waste package performance assessment.

Planned Work

Plans will be made for this activity after the results of full-scale
testing (D-20-35 and D-20-36) are known. It is anticipated that an
assessment of the potential water flow paths in a glass canister will have
to be made.

3.3.2.7 Oevelopment of Licensing Database for Glass Waste Form
Materials Interactions. 0-20-34.

Background

Activities D-20-31, D-20-32, and 0-20-33 are QA Level III experimental
activities designed to understand mechanisms and drive model development
(D-20-37). However, it is anticipated that application of the glass release
model will require that the values of the important parameters be derived
from a QA Level I activity. In addition, there are aspects of materials
interactions for which no QA Level III experimental work is necessary, and
work can proceed directly at QA Level I. 1In this activity, experimental
work will be used to generate test protocols such that QA Level 1 data may
be derived for important materials interactions parameters that will be used
in the glass release model. QA Level III parametric studies of leaching

-17-



move to the QA Level I leach testing activities; this activity only concerns
data on mechanisms and reaction rates of individual interactions that will
be required by the computer model (D-20-37).

Planned work

Most of the work in this activity will be derived from other activities
as the important parameters are ldentified. The derivation of a library of
infrared spectra of phases important to waste glass alteration will be
undertaken. The samples used in this library will also be available for
other characterization (such as thermodynamic constants or exchange
capacity) or for QA Level I testing derived from activities D-20-31 and
0-20-32.

3.3.2.8 Schedule

Each of the QA Level III activities in this study feed into a QA Level I
activity, either in this activity, in leach testing (D-20-27 and D-20-28),
or in model development. Each of the QA Level III activities accordingly
decreases in scope as the work is fed into a QA Level I activity.

Begin End
Parametric Studies of WVDP and DWPF Glass In Progress . 6€/88
Based on the Unsaturated Test
Parametric Studies of WVYDP and DWPF Glass In Progress 6/88
Using Static Leaching Methods
Studlies of Glass Surface Layers and In Progress 8/89
Precipitate
Studies of Geochemical Interactions In Progress 8/89
Studies of Scale Factor in Glass 8/88 "8/89
Leaching
Development of Licensing Database for 6/87 8/89

Glass Waste Form Materials Interactions

3.3.3 Coordinate Testing with wWaste Producers
3.3.3.1 Introduction

No testing will be conducted by NNWSI as part of this activity. NNWSI
will cooperate with the waste producer's testing programs in areas of
experimental and test design, in supply of repository materials such as tuff
rock and J-13 water, and in post test analysis (in particular in the areas
of activities D-20-31,D-20-32, and D-20-33). Both producers will be
performing laboratory scale tests similar to those done by NNWSI; this
activity will monitor the concurrence between those results. B8oth producers
will also conduct full-scale tests, which NNWST will use to validate
laboratory-scale results and model calculations.
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3.3.3.2 Coordinate Testing with wvDP. D-20-35.

WVDP will conduct pulsed-flow and static testing (at CUA) using J-13
water supplied by NNWSTI. NNWSI will use the results of this work ?n
designing static leach tests for WVOP glass. It is anticipated that wvpP
will conduct leach tests of full-scale canisters, using J-13 water, in which
the head-space in the pour canister is filled with water and maintained at
90°C. The experiment will be sampled periodically and will continue for at
least two years.

3.3.3.3 Coordinate Testing with OWPF/SRL. 0-20-36.

An extensive coordinate testing program with DWPF/SRL is currently
underway, resulting in several publications (Bibler, 1986; Bibler et al.,
1984). It is anticipated that SRL will conduct a leach test of canister
sections (in 55-gallon polyethylene drums, after 8ickford and Pellarin,
1586) using J-13 water and a headspace-leaching experiment as described for
WVDP. 1In addition, SRL has conducted, and will continue to conduct,
laboratory scale leach testing of fresh, fully radicactive waste glass.
This testing requires remote handling for both the production and leaching
phases and would be prohibitively expensive for NNWSI to undertake. The
results of leaching this fully-radioactive glass will be applied to
assessment of the unanticipated condition of container failure prior to the
end of the 300 to 1000 year containment period. It is anticipated that SRL
will conduct Unsaturated Testing according to the NNWSI Test Procedure.
Finally, it is anticipated that SRL will conduct tests of water flow inside
glass canisters, in conjunction with modeling and laboratory work in
activity D0-20-33 (studies of scale factor in glass leaching).

3.3.3.4 Schedule

The detailed schedule for these activities will be set by the producers.

Begin End
Coordinate Testing with WVDP 6/87 6/89
Coordinate Testing with SRL/OWPF In Progress 6/89

3.4 Glass Release Modeling
3.4.1 Introduction

The release of radionuclides from glass waste forms may occur if water
contacts a container that has breached. As input to the waste package
performance assessment submodel, the glass waste form testing investigation
will generate, validate, and apply a model for the release of radionuclides
from waste glass under repository conditions. The output from this model
will be fed in either tabular or simple Functional form to the performance
assessment submodel. The model will be based upon sound geochemical
principles and will not be a simple fit to laboratory data; on the contrary,
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the laboratory data will provide the values of important parameters in the
model, and laboratory and natural analogue studies will be used as part of
the validation of the model.

3.4.2 Generate Models for Release from Glass. 0-20-37.
Background and Previous wWork

The aobjective of this activity is to desian models for glass release
based on the scenarios identified in information need 1.5.3. The
geochemical modeling code package EQ3/6 will be an important part of these
models. The extension to long times of the semi-empirical relationships
discovered by laboratory testing cannot be made without understanding the
mechanisms involved and assessing the effects of factors such as the slow
build-up of crystalline layers. The model to be developed will account for
glass degradation and radionuclide release using EQ3/6 in a combination of
equilibrium and kinetic calculations. The EQ3/6 codes have been described
by Wolery (1979, 1983, and 1986) and their proposed application to glass
modeling was described by Aines (1986). :

Description

Glass performance modeling will depend upon two basic concepts. First,
the rate of release from the thermodynamically unstable waste glass is a
kinetically controlled process. No formal equilibrium can exist. Second,
once components are released from glass, the formation of solids and
composition of fluids may be modeled by equilibrium processes. The final
outcome of these equilibrium processes will be modeled, providing important
limits on the behavior of radionuclides. In addition, the kinetics of these
processes may be modeled to provide more accurate estimates of radionuclide
concentrations in waste package fluids as a function of time throughout the
life of the repository.

The model for glass degradation will incorporate the following items,
presented here in the order in which they will be developed:

1. Calculation of the composition of the solutions that are in true
equilibrium with the solid phases that precipitate on the surface of
nuclear waste glasses.

2. Calculation of the rate of degradation of glass using kinetic rate laws
based on transition state theory, deriving rate constants from
experimental and natural-analogue studies.

3. Calculation of the rate of formation of solid precipitates, and the
concomitant rate at which radionuclides are permanently sequestered in
those stable phases.

4, Calculation of the effects of repository materials on the above items,
including heat-affected stainless steel from the pour canister.

5. Calculation of the composition of fluids leaving a glass waste package
by combining the above items.
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In each case the appropriate analytical expressions will be identified
from experimental wark, from review af the glass degradation literature, and
from geochemical modeling concepts incorporated in EQ3/6. Calculations will
be performed using EQ3/6 and, if necessary, additional codes serving as pre-
and post processors to £Q3/6; the extent to which these are necessary will
be determined by future EQ3/6 development and the nature of the performance
assessment scenarios identified for the glass release model. Current plans
for EQ3/6 code development (EQ3/6, 1986) include one major item required for
glass modeling, that being development of a flow-through model where a
stationary reacting assemblage (the waste package) reacts with successive
packets of water.

3.4.3 Screen Data for Use in Release Model. D-20-38.
Background and Previous Work

An extensive literature on the mechanisms ind rates of glass dissolution
may be addressed in designing and executing the glass release model. All
data generated outside NNWSI will be screened in this activity, including
that generated by waste producers. The objectives will be to establish the
accuracy and precision of individual parameters and to ascertain that the
glass release model uses only accurate and verifiable data. 1t is
anticipated that the principal values and equations in the model will be
derived by NNWSI under QA Level I conditions. This activity allows the
large body of outside data to be used to corroborate and support the NNWSI
data, and it allows important data and ideas generated outside NNWSI to be
used in the model.

Description of Planned Work

Data generated cutside NNWSI will be collected and examined to determine
whether it is consistent with NNWSI data. 1If it is not, an examination of
both data sets will be made to determine the origin of the discrepancy.
when outside data is determined to be critical to the operation of the glass
model (for example, data from full-scale tasting by the producers), the
NNWSI SOP-03-03 for using non-NNWSI data will be implemented. It is
anticipated that critical producer data will be obtained under QA tevel 1.

An important aspect of this activity is the comparison of NNWSI data to
that collected outside the project. This comparison will ensure that NNWSI
is able to confirm that the glass release model is consistent with
applicable data that may arise in licensing. When the data are
inconsistent, an assessment of the cause of the discrepancy will be
prepared. In the instance of the NNWSI data being incorrectly collected or
applied, this activity allows the problems to be resolved and new data
obtained under one of the data collection activities (D-20-27 through
D-20-36). A formal mechanism for this screening process will be
established.
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3.4.4 Validate Glass Release Madel. D-20-35.
Description of Planned work

validation of the glass model will be done in two stages. First, the
model will be developed in concert with experimental work and will be tested
for its ability to describe accurately the experimental work. An important
aspect of this is the use of modeling to aid in understanding the physical
processes that are important in glass degradation in activity D-20-32
(studies of geochemical interactlions). Second, the results of long-term
modeling will be compared with extrapolations of laboratory data and with
natural analogues. This second effort will both test the validity of the
model and, more importantly, determine whether the experimental work has
examined all the important geochemical interactions that are predicted to
aoccur over long periods of time.

Because EQ3/6 will be a fundamental part of the glass release model,
validation activities for that family of codes will be established in
conjunction with the other users of the code. The validation areas. are:

1. Database. Critical database items will be reviewed
under the data screening activity.

2. Code Operation. A series of benchmark validation code
runs will be established for EQ3/6 to test major
operations common to all applications.

3. Laboratory Experiment Matching. The glass release model
must accurately predict the result of laboratory
and full-scale leach testing.

4, Natural Analoques. To determine whether the glass
release model accurately predicts solution
compositions after long-term contact with glass, it
will be used to model natural groundwaters in
contact with glass.

All four of these validation areas are required to confirm that the model
accurately predicts the behavior of glass/water systems for thousands of
years.

3.4.5 Schedule

The schedule for model development is tied to the schedules of
performance assessment and EQ3/6 code development.

Begin End
Generate Models for Release from Glass In Progress 3/89
Screen Data for Incorporation in Release €/87 6€/89
Model
Validate Glass Release Model 10/87 8/89
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4.0 Application of Rasults

The information provided by this investigation will provide the source
term for radionuclide release from waste packages. The information directly
addresses the following information needs.

Issue 1.5: Will the waste package and repository engineered
barriers meet the performance objective for
radionuclide release as required by 10 CFR 60.1137?

1.5.1 Waste package design features that affect
the rate of radionuclide release.

1.5.2 Material properties of the waste forms.

1.5.3 Scenarios and models needed to predict the
rate of radionuclide release from the waste
package and engineered barrier system.

Through input to the above information needs, this investigation will also
provide data used to resolve information needs 1.5.4 and 1.5.5, and issues
1.1, 1.9, 1.10, and 1.11.

This information will also serve as part of the source term in the
calculation of cumulative releases after 100,000 years in the site
evaluation process required by 10 CFR 960.3-1-5. It will also serve as part
of the source term input for calculation of cumulative releases to the
accessible environment for 10,000 years after disposal, to determine
compliance with the EPA regulation (40 CFR 191.13).

The interrelationships among the activities in this investigation have
been discussed in each section. 1In general, the goal of the investigation
is to provide input to the waste package performance assessment submodel in
the form of output from the glass release model. Important parameters in
this model are quantified in the Leach Testing activities (D-20-27 and
0-20-28), the materials database activity (0-20-34), and the data screening
and validation activities (D-20-38 and 0-20-39). The principles,
mechanisms, and ideas for the release model are developed in experimental
activities and data collection activities (D-20-25, D-20-26, D-20-29 through
D-20-33, D-20-35, and D-20-36). In each case, ideas are developed in QA
Level III activities, and data for use in the model is derived in QA Level 1
activities arising from the QA Level I[II activities.
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5.0 Schedule and Milestones

5.1 Discussion and Assumptions

The schedule for individual actlivities has been discussed in Section
3.0. The overall schedule for the waste package performance assessment
investigation is tied to two other schedules: (1) the information required
to construct and use the waste package performance assessment cade,
currently planned for 8/89; and (2) the schedule for the Waste Acceptance
Process controls when the final qualification reports are available,
currently planned for 6/85. Long-term confirmation testing, using the final
waste glass compositions, will continue beyond that date to verify the
shorter-term results that will have been input earlier into the performance
assessment models. Because of the late date for the final qualification
reports, the long-term confirmation testing must be conducted after the
initial input to the performance assessment model is made.

This schedule was prepared according to the funding levels in the FY
1988 WPAS. Reductions in funding levels would result in concomitant
slippage of the schedule and milestones. Several activities outside this
investigation can possibly affect this schedule. (1) The waste producers
must meet the June 1989 deadline for production of the WQR. The waste
described in the WQR must be reasonably similar to that currently planned;
if it is not, new parametric and experimental studies would have to be
undertaken in addition to QA Level 1 testing. Schedule slippage would
depend on the degree to which the actual waste glass differs from that
described by the current producer documents (Baxter, 1983 and Eisenstatt,
© 1986). (2) The container material must be selected according to the current
scheduled milestone in September 1987. If a container material other than
austenitic stainless steel is chosen, some slippage could occur while
preliminary tests of that material are conducted in D-20-30 and D-20-32.
(3) If the results of exploratory shaft testing, other materials testing,
and waste package environment testing do not confirm the current estimates
of the package environment, as described in the SCP, schedule slippage
concomitant with the degree of discrepancy will occur.

5.2 Schedule

Start Complete

Integrate Glass Waste Form Information In Progress 6/89
Integrate Glass Waste Form In Progress 6€/89
Information Provided by Waste
Producers. D-20-25.

Integrate Waste Package and In Progress 6/89
Repository Design Infarmation.
D-20-26. '

Leach Testing of Glass In Progress €/89
Conduct Unsaturated Testing of In Progress 6/89
Projected WWDP and DWPF Glasses.

0-20-27.
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Conduct Static Leach Testing of
Projected WVOP and OWPF Glasses.
D-20-28.

(Long-term confirmation testing will
be conducted as a continuation of
activities D-20-27 and D-20-28)

Long-Term Confirmation Testing of
WVOP and DWPF Glasses Using
Unsaturated Testing. 0-20-27.

Long=Term Confirmation Testing of
WVDP and DWPF Glasses Using Static
Leach Testing. 0-20-28.

Materials Interactiaons Affecting Glass
Leaching

Parametric Studies of WVOP and OWPF
Glass Based on the Unsaturated Test.
D-20-29.

Parametric Studies of WVOP and OWPF
Glass Using Static Leaching Methods.
D-20-30.

Studies of Glass Surface Laysrs and
Precipitates. 0-20-31.

Studies of Geochemical Interactions.
D-20-32.

Studies of Scale Factor in Glass
Leaching. 0-20-33.

Development of Licensing Database for
Glass waste Form Materlals
Interactions. 0-20-34.

Coordinate Testing with Waste Producers

Coordinate Testing with WVOP.
D-20-35.

Coordinate Testing with SRL/DWPF.
D-20-36.

Glass Release Modeling

Generate Models for Release from
Glass. 0-20-37.

In

In

In

In

In

In

In

12/86

6/89

6/89

Progress

Progress

Progress

Progress

Progress

8/88

6/87

Progress

6/87

Progress

10/86

Progress

6/89

1/91

1/91

1/89

6/88

6/88

8/89

8/89

8/89

8/89

6/89

6/89

6/89

8/89
3/89



Screen Data for Incarporation in 6/87 6/89
Release Model, D-20-38. '

validate Glass Release Madel. 10/87 8/89
0-20-39.

5.3 Milestones

Number Title Date
Report on Unsaturated Testing of OWPF glass. 9/87
C397 Report on Glass Release Model 9/87
M0Q9 Initiate long-term testing of 10/87
WVDP and DWPF HLW. :
Determine release from DWPF glass at €0°C 11/87
relative to that at 90°C.
Report on alteration of glass surfaces 11/87
and geochemical interactions.
w208 Complete parametric testing of glass. 6/88
M269 & Complete testing for design purposes. 9/88
P112
Report on database for glass modeling 3/89

and required model validation exercises.

Initiate long-term confirmation 6/89
testing of WVDP and DWPF glass.

Complete study of alteration 8/89
of glass surfaces.

MO12 Model long-term expected performance of waste 8/89
forms under repository conditions.

Report on leaching of waste glass 10/89
for license application.

Complete long-term confirmatory testing 6/91
of waste glass.
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6.0 List of Test Plans to Support this Plan

The following test plans will describe in detail the activities
described in this investigation plan.

Tast Plan Scheduled Completion Date

NNWSI Plan for Leach Testing of Glass 11/86
Waste Forms

Plan for NNWSI Testing of Materials 3/87
Interactions Affecting Leaching of Glass
waste Forms

Plan for Coordinate Testing Between 5/87
NNWSI and Glass Waste Form Producers
(OWPF/SRL and WVOP)

NNWSI Plan for Generatlon, Testing, and 1/87

Validation of a Model of Release of
Radionuclides from Glass wWaste Forms
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NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Integrate waste Package and Repository Design Information

ACTIVITY NO.: D-20-26
OATE: November 18, 1986
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19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

~—r’
Date of the Meeting: November 18, 1986
Meeting Attendees: Roger Aines
John Dronkers
Jesse Yow
Sandy Wander
Name(s) and Number(s) of Activity:
Conduct Unsaturatad Testing of WVDOP and DWPF Glass.
0-20-27
S.I.P. Identification:
Scientific Investigation Plan for NNWSI wBS Element 1.2.2.3.1,
Glass Waste Form Testing Para 2.3/
Additional Comments:
Activity determined to be of Quality Assurance Level I.
w

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

#-86

a gader Date ader for QA Date
& zaae L G - T Va €E;7. /222u~3391327h' /[-18-86
KNWSI Deputy:teader Date NWMP Leader ~ Date

AFTER NwMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

767—-{- 7%"/2"&7 e Bl i Y

Project Sponsor Date Project Sponsar Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSTGNMENT

ACTIVITY: Conduct Unsaturated Testing of WVDP and DWPF Glass

ACTIVITY NO.: 0-20-27
DATE: November 18, 1986
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D-20-27
NWMP Quality Assurance Element Assignment
Supplemental Procedures List

Title Number
Rock Crushing Procedure 033-NNWSI-P8.1
Sample Catalog Procedure 033-NNWSI-P8.2
Determination of Anions in water 1.2.2A-P4 Rev O

by Ien Chromatography

ICP-AES Analysis for Trace 1.2.2A-P3 Rev O
Elements in Solutions

Procedure for Collection and Storage 033-NNWSI-P13.1
of J-13 Water :

Balance Calibration 033-NNWSI-P12.2

Pu-Np Separation, Pu Repurification, and
Plating Preparation.

Data Log System, Temperature Controllers,
and Digital Displays.

Thermocouples.
pH Meters

Sample Labeling and Tracking
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NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Conduct Static Leach Testing of WVDP and DWPF Glass

ACTIVITY NO.: D-20-28
DATE: November 18, 1986
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Rock Crushing Procedure
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by Ion Chromatography
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Static Leach Test
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Plating Preparation.
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AFTER NWMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TD SUBTASK
LEADER

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
ACTIVITY: Parametric Studies of WVDP and DWPF Glass Based on the Unsaturated
Test
ACTIVITY NO.: 0-20-29

DATE: November 18, 1986

- D D D D R D D D D D T D D D e D D D D D D D D S D D D B WD WD S D P R aP W D D D D D ) D e D D S WD R WD D N D P D N AP P G W D D R G NS W 4D @ S A W .

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

- D D D D D D D D D A D D R D A D W S O T WD Gl R S WD WD T D D D D D TR D D D W A D R D D I D D D D S U WD D G S N D ek P D WD D WD D W s e Gy O A

LEVEL CF QA 199

CITE "YES™ ITEM ON LOGIC DIAGRAM none

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. DOC. No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, OWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 1.0. & CTL No Good professicnal practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M & T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John Dronkers
Jesse Yow
Sandy wander

Name(s) and Number(s) of Activity:
Parametric Studies of WVDP and OWPF Glass Using Static Leaching

Methods. 0-20-30

S.I.P. Identification:
Scientific Investigation Plap for NNWSI WBS Element 1.2.2.3.1,

Glass Waste Form Testing Margr 2.3. 2., P 7
Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL QF QUALITY ASSURANCE DETERMINATION
44%/1/%«-/ ////y&é / ///‘
eader Date Deputy Leader Date

choze S Lo e T / /W //-1% -84

NNWSI Deputy Leader Date NWMP Leader Date

AFTER NwMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK

y ‘. < .
%——/ ) N "VYS: ‘_‘__ ‘f-ﬂ /‘;-‘

Toject Sponsor Date Project Sponsd& Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

D e D D D D D P S D D D D D P D D D R D D D TR YR D R b D D A D R R D R AT D D W D R W T AP D D D P P A AR P D WS U D D WP UE WD P R G W P W W W W .

ACTIVITY: Parametric Studies of WVDP and DWPF Glass Using Static Leaching
Methods
ACTIVITY NO.: ©D-20-30

DATE: November 18, 1986

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

LEVEL OF QA 1991

CITE "YES™ ITEM ON LOUGIC OIAGRAM none

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. DOC. No Good professiocnal practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, DWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.D. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M & T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT. .

19.0 SOFTWARE No Good professional practices apply
QA

- D S T D D D D D Y D WP S D A D D N D D P WD S P P T D D D P W W P S D W D D D D D YR WD P D WD W D WD T R WD D R D W R T R Y W W



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John DOronkers
Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Studies of Glass Surface Layers and Precipitates.
D-20-31
S.I.P. Identification:
Scientific Investigation Plan for NNWSI WBS Element 1.2.2.3.1,
Glass Waste Form Testing Para £2.3.2 p- 7.
)
Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

#@f@w .
ask Leader Date :
e rppe Tl gy - T 4 /M //~18 -8¢

.NNWST Deputy Leader Date NWMP Leader Date

AFTER NwMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

M% %/p \SM,M :‘ “"Ji /.

Froject Sponsor Date Project Sponsor' Quality Manager Date

—

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Studles of Glass Surface Layers and Precipitates

ACTIVITY NO.: 0-20-31
DATE: November 18, 1986

- YD D D S P D P S R D D N G G D T D D ) P W D A WD AR D N N D D D D ) D D P G GP B D U D D s D S AR WD M A W Ay D A WD Y T AR a D P AR G D P e A WD A W

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. DOC. No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, OWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.0. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M & T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA

- D Gl " D D D G D D M A D Y T D L N R A WD T e T W AR W D WP N WD D h P YD D YD U T D G WD W R P T e WD WD G T G WD R D WD R B R W W W



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Alnes
John Oronkers
Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Studies of Geochemical Interactions.
D-20-32
S.I.P. Identification:
Scientific Investigation Plan for NNWSI WBS Element 1.2.2.3.1,
Glass waste Form Testing Awra 2. 3. 2, P 7

Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

g dt«w ///a/,rr{

Task” Leader Date ,v 4
A R Ay /e N a2
.NNWSI Deputy Leader Date NWMP Leader Date

AFTER NwMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

/ ' —
roject Sponsor Date Project Sponsor: Quality Manager Date

RETURN TO LLNL NNWSI QA FILE




NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Studies of Geochemical Interactions

ACTIVITY NO.: D-20-32
OATE: November 18, 1986

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

LEVEL OF QA _ III

CITE "YES" ITEM ON LOGIC OIAGRAM none

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. 0OC. No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, DWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.0. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Gaod professional practices apply
M& T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John Dronkers
Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Studies of Scale Factor in Glass Leaching
D-20-33
S.I1.P. Identification:
Scientific Investigation Plan for NNWSI W8S Element 1.2.2.3.1,
Glass Waste Form Testing /ane 2.3 2, ,07
Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

@ZZA% ulie [g€
ask Leader Date
i wpge T b SR 4 /W' /-18-86

-NNWSI Deputy’ Leader Date NWMP Leader v Date

L18-86

Date

ader for QA

AFTER NWMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

4 Sl
, \ \'/ - : 7
$p s Lleied /e

Project Sponsor Date Project Sponsar Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALLITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Studies of Scale Factor in Glass Leaching

ACTIVITY NO.: D-20-33
DATE: November 18, 1986

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

- D A e T D TS D W VD T G T W D R W YD W WD G YR S G D s WD U Wl R D W G Wy N G G e N U R W U WD D W D SR A W W W e

LEVEL OF QA __III

CITE "YES" ITEM ON LOGIC DIAGRAM none

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. DOC. No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, DWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.0. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M& T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John Dronkers
Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Development of Licensing Database for Glass Waste Form Materials
Interactions. 0-20-34

S.I.P. ldentificatlion:
Scientific Investigation Plan for NNWSI WBS Element 1.2.2.3.1,
Glass Waste Form Testing Aara 2.3.2, PV

Additional Comments:

Activity determined to be of Quality Assurance Level I.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

fozen £ Lo 1113156
Task Leader Date
7 i 2 R i 2 ff;z AZ;wGPJQf ”‘4?'34

. NNWSI Deputy Leader Date NWMP Leader ; Date

AFTER NWMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
ACTIVITY: Development of Licensing Database for Glass Waste Form Mater;;I;--—-
Interactions
ACTIVITY NO.: D-20-34

DATE: November 18, 1986

- D S D D D A P D D T WD D P DGR D D G D G D WP P D AR P T G T P D R @ D R D T WD WD SR S G WD T D A WP D P G A D Am e D WD WD TP AP 4P W T WD W WD W W W

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

LEVEL OF QA _ 1

CITE "YES" ITEM ON LOGIC DIAGRAM 4

- D D D D > D ) T D D A D D D D W D D D WD D D G D D D N D D D R D e D P S A S D P G D S D D S Y Y G D S D W D N e N A W

QA ELEMENT APPLIES IF NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES

3.0 OESIGN Yes Procedures under TAB 033-NWMP-P-3.0 apply
CONTROL

4.0 PROC. OOC. Yes Procedures under TAB 033-NWMP-P-4.0 apply
CONTROL

5.0 INSTR., Yes Procedures under TAB 033-NWMP-P-5.0 apply
PROCS, DWGS

7.0 CTL OF PUR Yes Procadures under TAB 033-NWMP-P-7.0 apply
MATERIALS

8.0 I.0. & CTL Yes Procedures under TAB 033-NwMP-P-8.0 apply

OF MATERIALS See appended list

9.0 CONTROL No None of the activities require processes

OF PROCESSES with special training

10.0 Yes Procedure ANL-NNWSI-05-005. Acceptance

INSPECTION Specifications for Glass Forms to be used in
the Unsaturated Test Method

11.0 TEST Yes See appended list. Other procedures will be

CONTROL developed as required

12.0 CTL OF Yes See appended list

M& T EQUIP

13.0 HANDLING, Yes Procedures under TAB 033-NwMP-13.0 apply

STOR. & SHIP.

14.0 INSP. TEST Yes Procedures pertaining to this element are

& OPER. STAT. subsumed in 11.0 Test Control

19.0 SOFTWARE No No software is used in this activity

QA



D-20-34

NWMP Quality Assurance Element Assignment

Supplemental Procedures List

Title

X-ray Diffraction Characterization

Determination of Anions in Water
by Ion Chromatography

ICP-AES Analysis for Trace
Elements in Solutions

Procedure for Preparation of Solid Powder
Samples Suspended in Pressed KBr Disks

Preparation of Sawn Glass Monoliths
Balance Calibration

Pu-Np Separation, Pu Repurification, and
Plating Preparation.

Length Measuring Instruments

Data Log System, Temperature Controllers,
and Digital Displays.

Thermocouples.

pH Meters

Sample Labeling and Tracking

Current Standard Operating Procedures for the
Determination of Total Metals in Water by
Inductively Coupled Plasma-Atomic Emission
Spectrometry (ICP-AES)

Procedure for Uranium in Leachate Solutions

Procedure for Making Actinide-Doped Glass for
NNWSI uUnsaturated Testing

Equilibration of J-13 Water

Sensitization of Waste Form Holders

Number
1.2.2C-P5 Rev O
1.2.2A-P4 Rev O

1.2.2A-P3 Rev O

033-NNWSI-P12.2

ANL/NNWSI-05-003

ANL/NNWSI-05-004
ANL/NNWSI-05-008

ANL/NNWSI-05-009
ANL/NNWSI-05-013



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1586
Meeting Attendees: Roger Aines
John Dronkers

Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Coordinate Testing with wvDP.
D-20-35
S.I.P. Identification:
Scientific Investigation Plan for NNWSI W8S Element 1.2.2.3.1,
Glass Waste Form Testing /Fara 2 3.3
Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

ﬁ;—’z« ﬁ(f‘r@.; ////r, /J‘é

Task Leader Date

e i e faspniti 1121920
SI Deputy L£eade Date NWMP Leader v Date

AFTER NwWMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

% %’ /44/ \L‘:;..,..,.. I’, :L« ..4‘. -~ & R
T

ject Sponsor Date” 7 Project Sponsor Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Cooperative Testing with wvOeP

ACTIVITY NO.: D-20-35
ODATE: November 18, 1986 -

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

- D D D R W G D G D P D R D W W D L D D A WD D D D D R G D R D D P D R D WD R AR T W D D A R D R T S P AR AR R A S A AP T W S D

- D - D S D D ) Y D A TR D Y D W D T D Y D A D P D G YR D A D G R D G D WD D R S OE G D S A D D D S AR WD D AR D R D

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. DOC. No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, DWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.D. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M & T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

P T YT Y I Y Y Y P Y Y P Y P P Y Y P Y PR P PR LY Y PP P Y IR Y DA R LR D L LR L T L L 2 L X X 2 X

14.0 INSP, TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meating: November 18, 1986

Meeting Attendees: Roger Aines
John Oronkers
Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Coordinate Testing with DWPF/SRL
D-20-36
S.I.P. Identification:
Scientific Investigation Plan for NNWSI wBS Element 1.2.2.3.1,
Glass Waste Form Testing fio:irg 2.3 3

Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

A

ask’Leader Date Date
. 4.
i T i, 112355 S [arp B 198G
SI Deputy’leaddT Date NWMP Leader Date

AFTER NWMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

4?;Zfia;Zfi;;ézé:ii*-’/zé;/r \jh, .!/‘1 [ Vo

Project Sponsor Date” Project Sponsor Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Cooperative Testing with DWPF/SRL

ACTIVITY NO.: D-20-36
DATE: November 18, 1986

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

- P D G S R D W R D D D P D R S R D P R D D D VP D D D A U D W S D P D D A D D D Gp D O D G A D P A e G W % Em A

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES ~ LIST NEEDED PROCEDURES
3.0 DESIGN No . Good professional practices apply
CONTROL
4.0 PROC. DOC No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, OWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.D. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M & T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John Dronkers
Jesse Yow
Sandy wander

Name(s) and Number(s) of Activity:
Generate Models for Release from Glass.
0-20-37
S.I.P. Identification:
Scientific Investigation Plan for NNWSI wBS Element 1.2.2.3.1,
Glass Waste Form Testing /fara 2.4
Additional Comments:

Activity determined to be of Quality Assurance Level ‘MW..ZZZ

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

M@w 1lig/ge
ask’ Leader Date

7, S A G fsz / '
. NNWSI Depﬁfy Leader Date NWMP Leader 7 Date

AFTER NWMP LEADER APPROVAL RETURN TO DEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER

m/i,,zi/f%., Bty N, T .

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Integrate Glass Waste Form Information Provided by Waste Producers

ACTIVITY NO.: D-20-25
DATE: November 18, 1986

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK ODONE AT QUALITY ASSURANCE LEVEL I OR II.

LEVEL OF QA __III

CITE "YES"™ ITEM ON LOGIC DIAGRAM None

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEOED PROCEDURES
3.0 DESIGN No Good professional practices apply '
CONTROL
4.0 PROC. DOC No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, OWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS )
8.0 I.0. & CTL No Good professional practices apply
OF MATERIALS
9.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M& T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John Oronkers
Jesse Yow
Sandy wander

Name(s) and Number(s) of Activity:
Integrate Glass Waste Form Information Provided by Waste Producers.
D-20-25

S.I.P. Identification:
Scientific Investigation Plan for NNWSI WBS Element 1.2.2.3.1,
Glass Waste Form Testing. RPara 2.2

Additional Comments:

Activity determined to be of Quality Assurance Level III.

APPROVE LEVEL OF QUALITY ASSURANCE OETERMINATION

M én—.-a ///Iz/%
ask’ Leader Date

1 / ‘

Ll < B n L R, = gz oall [ —18-86
NNWSI Deputy*Leadef Date NWMP Leader ' Date
AFTER NwMP LEADER APPROVAL RETURN TO OEPUTY LEADER FOR QA WITH COPY TO SUBTASK
LEADER
/23
/ / \L"""" l‘\\, ,,,,‘_ ;e
roject Sponsor Date Project Sponsoi Quality Manager Date

RETURN TO LLNL NNWSI QA FILE



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Generate Models for Release from Glass

ACTIVITY NO.: 0-20-37
DATE: November 18, 1986

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II.

- D Y D T R R D D D D T e W D YR W e D G D U S D R R G D D TR YR N A T D W L D W A WD D D VR D R M W N A e

LEVEL OF QA __III

CITE "YES™ ITEM ON LOGIC DIAGRAM none

- . D T D R D D Y D S D A T D D T W D W S D G S D D S0 D D U WD S G D R TS D e D D W 4D D R A G D W D D D D W P M D b W Am e

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN No Good professional practices apply
CONTROL
4.0 PROC. DOC. No Good professional practices apply
CONTROL
5.0 INSTR., No Good professional practices apply
PROCS, DWGS
7.0 CTL OF PUR No Good professional practices apply
MATERIALS
8.0 I.D. & CTL No Good professional practices apply
OF MATERIALS
5.0 CONTROL No Good professional practices apply
OF PROCESSES
10.0 No Good professional practices apply
INSPECTION
11.0 TEST No Good professional practices apply
CONTROL
12.0 CTL OF No Good professional practices apply
M & T EQUIP
13.0 HANDLING, No Good professional practices apply

STOR. & SHIP.

14.0 INSP. TEST No Good professional practices apply
& OPER. STAT.

19.0 SOFTWARE No Good professional practices apply
QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: November 18, 1986

Meeting Attendees: Roger Aines
John Dronkers
Jesse Yow
Sandy Wander

Name(s) and Number(s) of Activity:
Screen Data for Incorporation in Release Model.
D-20-38
S.I.P. Identification:
Scientific Investigation Plap for NNWSI wBS Element 1.2.2.3.1,
Glass waste Form Testing 2.4
Additional Comments:

Activity determined to be of Quality Assurance Level I.

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATICN
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1.0 Purposes and Objectives

1.1 Regulatory Requirements

The purpose of spent fuel waste form testing is to determine
the rate of release of radionuclides from failed disrosal con-
tainers holding spent fuel, under conditions appropriate to the
Nevada Nuclear Waste Storage Investigations (NNWSI) Project tuff
repository. The information gathered in the activities discussed
in this document will be used in the following ways:

1) to assess the performance of the waste package and en-
gineered barrier system (EBS) with respect to the contain-
ment and release rate requirements of the Nuclear Regulatory
Commission (NRC) rule 10-CFR-60.113;

2) as the basis for the spent fuel waste form source term in
repository-scale performance assessment modeling .to calcu-
late the cumulative releases to the accessible environment
over 10,000 years to determine compliance with the Environ-
mental Protection Agency (EPA) rule 40-CFR-191.13;

3) as the basis for the spent fuel waste form source term in
repository-scale performance assessment modeling to calcu-
late cumulative releases over 100,000 years as required by
the site evaluation process specified in the DOE siting

guidelines,

The scientific investigations discussed herein are intended\

10-CFR=-960.3-1~5.

to address directly the following information needs taken from
the NNWSI Project Issues Hierarchy (version dated 8/07/86):

"Issue 1.5:

1.5.2
1.5.3

Will the waste package and repository
engineered barriers meet the performance
objective for radionuclide release as
required by 10-CFR-60.113?

Waste package design features that
affect the rate of radionuclide release.

Material properties of the waste forms.

Scenarios and models needed to predict
the rate of radionuclide release from

the wasta package and engineered barrier
system.” -

Through input to the above information needs, the results of the
spent fuel activities will provide data to help resolve informa-

tion needs 1.4.4,

1.10, and 1.11.

1.5.4, and 1.5.5, and issues 1.1, 1.4, 1.9,

y
e’



The structure of this spent fuel waste form Scientific
Investigation Plan (SIP) closely parallels the information needs
listed above and the discussion in Chapter 8 of the NNWSI Project
Site Characterization Plan (SCP) of the studies to be undertaken
to resolve the information needs. In summary, information about
the waste form which can be gathered from vendors, the utilities
and other outside sources is accumulated and evaluated (1.5.1);
the waste form is subjected to various tests to determine its
properties and mechanisms of degradation and radionuclide release
(1.5.2); and models to predict the long-term performance of the
waste form are developed and tested (1.5.3). Chapter 8 of the
SCP defines three studies that are within the domain of this SIP,
one study for each of the three information needs listed above.
The study for information need 1.5.2 is further subdivided into
six areas of study, known as activities. The titles and SCP
designations of each study and activities that compose each study
are shown in section 1.2.



1.2 Spent Fuel Activities Grouped by SCP Study

Integrate Spent Fuel Information - (SCP Information need 1.5.
activities 1.5.1.1.1 and 1.5.1.1.3) ~

D-20-40 Integrate spent fuel waste form information provided by
vandors, utilities, and other sources

D-20-41 Integrate NNWSI Project waste package and repository
design information

Characterization of the Spent Fuel Waste Form - (SCP Informa-
tion need 1.5.2, activities 1.5.2.1.1 through 1.5.2.1.6)

Dissolution/leach tests of spent fuel and UO,

D-20-42 Saturated, semi-static dissolution tests of spent fuel
and UO, :

D-20-43 Unsaturated dissolution tests of spent fuel and U0,
Oxidation tests on spent fuel and UO,

D-20-44 Oxidation tests of spent fuel and UO; using a thermo-
gravimetric apparatus

D-20-45 Oven-oxidation tests of spent fuel and UO,

Corrosion and release tests from cladding and assembly
materials

D-20~-46 Corrosion/degradation/release tests on Zircaloy and
stainless steel cladding

D-20-47 Corrosion/release tests on assembly hardware
D-20-48 Carbon-14 inventory and release tests

Planning and experimental design
D-20~49 Technique development for test planning and design

Generates Models elease om Spent Fuel - (SCP Information
Need 1.5.3, activity 1.5.3.3.1)

D-20-50 Generate models for release of radionuclides from the
spent fuel waste form

D-20-51 Screen data for incorporation into release model

D-20-52 Finalize and validate spent fuel release model



1.3 Information Flow

The goals of the spent fuel waste form testing technical
area are: to provide accurate data and models concerning the
release of radionuclides from the waste form under tuff repos-
itory conditions, and to insure that there is sufficient informa-
tion to assess the importance of all sources and release
mechanisms active under both anticipated and unanticipated
conditions. Although at this time, the formal definitions of
vanticipated" and "unanticipated" conditions have not been set,
any changes from the present, working definitions of these terms
may change the scope of the listed activities but will not
require any changes in the nature of the activities. The
activities will achieve the stated goals through:

1) Identification of the range in properties and types of
spent fuel currently in storage and a projection of the
same for spent fuel that is yet to be generated, but
which is destined for disposal in the first repository.
Activity D-20-40 is designed to fulfill this goal.

2) Identification of important factors that can affect
radionuclide release. These factors may be identified
under any of the listed activities, but numbers
D-20-42, D-20-43, D-20~44, D-20-45, D-20-46, D-20-47,
and D-20-48 are specifically designed to address this
area. Additional data, typically those which are
generated by projects other than NNWSI, are screened
for use in activity D-20-51.

3) Development and testing of models for release under the
scenarios identified by performance assessment. These
scenarios are gathered and integrated under activity
D-20-41 and the modeling done under activities D-20-50
and D-20-52,

This Scientific Investigation Plan is not intended as a
review of all previous NNWSI Project work on the spent fuel waste
form. Such a review may be found in section 7.4.3.1 of the NNWSI
Project SCP.



2.0 Rationale for Selected Studies and Quality Assurance lLevel
Assignments
2.1 Introducticn ~
In this section, the technical rationale for the listed
activities are given by type, corresponding to the three areas of
study listed in section 1.2. A rationale for the area of study,
as well as for each activity, is given. Quality Assurance level
assignment sheets for each activity are included in Section 8 of
this document.

The overall justification for the work in this investigation
is as follows. The extension to long times of the empirical
relationships determined by laboratory testing cannot be made
without an understanding of the physical and chemical mechanisms
involved in a given process. Therefore, the overall goal of
producing a usable model for the release of radionuclides from
the spent fuel waste form can only be achieved by coupling the
laboratory experiments to an effort to identify and model the
process at some more fundamental level. This effort is by its
nature, interactive: results of the experimental work drive
model development which in turn, suggests new experiments aimed
at corroborating and refining the model. At the conclusion of
this process, one hopes that a model will result that incor-
porates the laboratory data and which accurately predicts the
results of experiments that were not used in constraining the
model. Confidence that the model is applicable to long times
will be achieved by basing the model on sound physio-chemical
principles and laws.

2.2 Integrate Spent Fuel Information

These activities accumulate information required by the
experimental and modeling activities.

Activity D-20-40 entails participation in the Spent Fuel
Working Group and liaison activities with the Office of Storage
and Transportation Safety (OSTS), the Materials Characterization
Center (MCC), and any other groups that may provide data on spent
fuel. The purposes of the activity are to accumulate data on the
population statistics of spent fuel, insure that representative
samples of spent fuel are available for testing, and identify the
as-fabricated and as-irradiated characteristics of spent fuel
that could affect the inventory and release of radionuclides.

Under activity D-20-41, waste package and repository infor-
mation that is generated from other NNWSI studies is accumulated.
This information is required so that the experimental work can be
done under conditions relevant to the repository.



Both of these activities are conducted at QA Level III.
Data accumulated under activity D-20-40 that will be used in the
release model presented for licensing will be screened before
inclusion under the QA Level I activity D-20-51. It is an-
ticipated that all data accumulated under activity D-20-41 that
will be used in the spent fuel release model for license applica-
tion will already be at QA Level I. One function of D-20-41 will
be to separate NNWSI Project-generated information that was
acquired under QA Level I conditions from that acquired under QA
Level III conditions so that only Level I data are used in the
model.

Other technical areas within the NNWSI Project Waste Package
Task or the Project in general may have need for some of the
information assembled by these activities. The validation of
data pertaining the spent fuel waste form that is not used in the
spent fuel release model, but jis used by other areas is the
responsibility of the user.

No tests or analyses are performed in either activity.

Activity No. Nane eve
D=20-40 Integrate spent fuel waste form III

information provided by vendors,
utilities, and other sources

D=-20-41 Integrate NNWSI Project waste package III
and design information

2.3 Characterization of the Spent Fuel Waste Form
2.3.1 Dissolution/leach tests of spent fuel and UO,

These two activities are the most important data-collection
activities in spent fuel waste form testing. All work in these
activities is done at QA Level I. The testing is done under
conditions identified by activity D-20-41 and D~20~50 (Informa-
tion Need 1.5.3) as most important in calculating release rates.
Any scenarios to be used as the basis for long-term modeling will
be tested to the extent possible on a laboratory scale. Spent
fuel with characteristics spanning the range identified in
activity D-20-40 will be tested. In addition, oxidized fuel
produced under activity D-20-45 will be tested. The two dissolu-
tion activities have been separated based on the different
technical requirements of the semi-static and unsaturated tests.

The key outputs from these activities are the dissolution
rate of irradiated fuel, the release rates of radionuclides from

6



spent fuel, and the solution chemistry of water in contact with
spent fuel.

Activity No. Name QA Level
D=20-42 Saturated, semi-static I

dissolution tests of spent fuel and UO,

D-20-43 Unsaturated dissolution I
tests of spent fuel and UO,

2.3.2 Oxidation tests of spent fuel and UOQ,

The purposes of the activities in this area are to determine
the rates and mechanisms of oxidation of irradiated UO, fuel and
to assess the possibility of oxidation of the fuel in the
repository. The oxidation of U0, to higher O0/U ratios may
affect the rate of release of radionuclides from the fuel and,
due to the volume changes associated with oxidation, may cause
enlargement of pre-existing cladding failures. All work in this
area is to be done at QA Level I. Some of the oxidized fuel
specimens produced under activity D-20-45 will be used in
activity D-20-42 and/or D-20-43. The two oxidation activities
have -been separated based on the different techniques involved in
conducting the tests. -

The key outputs of activities D-20-44 and D-20-45 are
experimental data on the rate of oxidation of irradiated U0, as
determined from weight-gain curves. These data will be used to
drive the generation of a mechanistic model for the oxidation of
U0, in activity D-20-50.

Activity No, Namg ave

D-20-44 Oxidation tests of spent I
fuel and UO, using a thermogravimetric
apparatus

D=-20~45 Oven-oxidation tests of I

spent fuel and UO,




2.3.3 Corrosion and release tests of cladding and assembly
materials

The testing done in this area is designed to:
1) evaluate the corrosion and failure rate of cladding;

2) determine the rate of release of radionuclides from
cladding:

3) determine the rate of release of radionuclides from
assembly hardware parts.

The rate at which cladding fails in the repository will, in
part, determine the release rate of radionuclides from the
enclosed fuel. 1In addition, both the cladding and other assembly
parts contain radionuclides and thus must be characterized with
respect to their corrosion and release characteristics. All of
the tests conducted in these activities will be done at QA Level
I. Because of the different materials involved, work on cladding
and hardware have been separated into two different activities.
Work on the release of carbon-14 has been put into a third,
separate activity because, unlike other radionuclides of concern,
it can be released in gaseous form as CO,. Because of this, the
types of tests required to characterize the inventory and release
of carbon-14 are quite different than those used for the other
radionuclides.

The key outputs of activity D-20-46 are the rates of various
failure modes of cladding, and the rate of release of radio-
nuclides from cladding. Activity D-20-47 will provide data on
the inventory and release of radionuclides from assembly
components. Activity D-20-48 will determine the inventory,
distribution, and release characteristics of carbon-14 as gaseous
14c02 from the waste form. The data generated by activities D-
20-46 through D-20~48 will be used in the radionuclide release
model developed under activity D-20-50.

aActivity No. Name QA level

D=-20-46 Corrosion/degradation/release I
tests on Zircaloy and stainless steel
cladding

D-20-47 Corrosion/release tests I
on assembly hardware

D-20-48 Carbon-14 inventory and release I
tests




2.3.4 Planning and Experimental Design

Many of the tests performed under activities D-20~42 throu
D-20-438 require a certain amount of initial experime-tation to
determine the best way to conduct the test. In addition, there
are many experimental protocols and examination techniques that,
though potentially applicable to the problems being investigated,
have never been tried under the conditions relevant to the NNWSI
Project spent fuel testing program. This activity is intended to
provide a mechanism whereby new experimental techniques can be
evaluated with respect to their applicability to a particular
test and their ability to provide useful information. This
activity is to be conducted at QA Level III in order to allow the
maximum flexibility in adapting procedures to the NNWSI testing
program while maintaining the cost-effectiveness of the progran.
If a technique examined under this activity is judged useful or
valuable for the spent fuel testing program, then procedures will
be written to allow its use in QA Level I activities. It is
likely that some of the techniques tried will not work and will
never be used in other activities.

The key outputs of this activity are experimental techniques
and testing or examination methods that can be used in testing
activities conducted at QA Level I.

Activity No. Name QA Level
D-20-49 Technique development for advanced III

test planning and design

2.4 Generate Models for Release from Spent Fuel

As input to the waste package performance assessment model
(Information Need 1.5.3), the spent fual waste form testing
program will produce a model for the release of radionuclides
from the spent fuel waste form under tuff repository conditions.
This model will be based on sound physio-chemical principles and
will use data from the abovae experimental activities, as well as
the literature as input data. The model will be validated using
laboratory experiments, and, if suitable examples can be identi-
fied, studies of natural analogues. The model will consist of
several sub-models: a sub-model for the release of radionuclides
from spent fuel, cladding, and assembly hardware; a sub-model for
the failure rate of cladding; and a sub-model for the oxidation
of UO,. The chemical and kinetic aspects of the models will make
extensive use of the geochemical mocdeling code EQ3/6 (Wolery,
1979; 1983; 1987). 1Initial model development work will be done
at QA Level III: however, the model is finalized and the data and



model are validated under QA lLevel I activities (Activities
D-20-51 and D-20-52).

The key outputs for these activities are:

1) a model or models for the release of radionuclides fron
the spent fuel waste form, consisting of several sub-models:

2) a database to use in these models and sub-models;

3) the validation that the model(s) and sub-models can
realistically predict the behavior of the waste form for
10,000 years (l10~-CFR=-60.113 and 40-CFR-191.13) and 100,000
years (10-CFR-960.3-1-5) to the degree necessary to supply
source term information to the Performance Assessment areas.

Activity No. Name QA level
D=-20-50 Generate models for the release of ' IIT

radionuclides from the spent fuel
waste form

D-20-51 Screen data for incorporation into I
the release model

D-20-52 Finalize and validate the spent fuel I
release model
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3.0 Description of Tests and Analyses, and Previous Work

3.1 Introduction

Detailed plans for the 13 activities covered by this
Scientific Investigation Plan are given in Sections 3.2 through
3.4. Where appropriate, the relative timings of the activities
are given. When previous work has been done by the NNWSI Project
in an activity, a summary of that work is given. For each
activity, a series of test plans (Section 6.0) will be prepared
to provide further details of the tests in an activity. For many
of the activities, several test plans have already been issued.
All expected use of computer codes is described in Section 3.4.

The current schedule calls for the start of long-term
confirmation tests in mid-1990 to mid-1991. At the present time,
it is impossible to predict what these will involve: their
content will depend upon the results of the tests conducted over
the next four years. If the current schedule holds, an addendum
to this Scientific Investigation Plan will be issued that will
cover the activitias involved in long-term confirmation testing.

3.2 Integrate Spent Fuel Information

3.2.1 Integrate spent fuel waste form information provided by
vendors, utilities, and other sources. D-20-40

This activity involves participation in the Spent Fuel
Workiry Group (SFWG) and liaison activities with 0STS, the McCC,
and other groups that may provide information on the charac-
teristics of spent fuel. Participation in the SFWG and inter-
action with the MCC insures that samples of fuel are available
for testing that ars representative of the population of fuel in
storage. This participation consists of attendance at SFWG
meetings, and timely review of documents that are generated as a
result of SFWG undertakings.

Several efforts are underway by DOE projects to assemble
infcrmation on both the as-fabricated and the as~irradiated
characteristics of fuel. The sources of this information are
largely fuel vendors and the utilities. The liaison activities
provide a means of providing input to these efforts so that the
information required by the spent fuel activities of the NNWSI
Project is included in the list of information to be gathered.

No tests or analyses are performed in this activity.
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3.2.2 Integrate NNWSI Project waste package and repository
design information. D=20-41

This activity provides a mechanism to formally accumulate
the information required for the experimental and modeling
activities-requiring design or testing input from other NNWSI
Project activities. No tests or analyses are performed.

3.2.3 Schedule Start Complete

Integrate spent fuel waste form In progress 6/92
information provided by vendors,
utilities, and other sources

Integrate waste package and In progress 6/92
repository design information

3.3 Characterization of the Spent Fuel Waste Form
3.3.1 Dissolution/leach tests of spent fuel and UO,

This is the primary area of activity in the spent fuel
testing program. Its objective is to generate QA Level I data on
the release of radionuclides from spent fuel for use in perfor-
mance assessment modeling and for direct use in licensing. Two
activities have been defined because of the differing technical
requirements of the saturated and unsaturated tests. Both types
of test will use a variety of irradiated fuels that are repre-
sentative of the population of fuel expected to be emplaced into
the first repository. Testing will be done at temperatures below
90°C. Water representative of that expected to be found in the
repository (J-13 well water) will be used in most of the tests
(Oversby, 1984; Glassley, 1986). A small amount of testing has
been done using deionized water to provide a link with similar
tests done by others and to assess the effect of water chemistry
on release rates. Additional parametric tests of the effect of
water chemistry on dissolution rates and equilibrium elemental
concentrations are planned.

3.3.1.1 Saturated, semi-static dissolution tests of spent fuel
and UO;. D-20-42

Background and previous work

Saturated dissolution testing of spent fuel is done for two
reasons. First, it simulates the scenario in which water
accumulates within a failed container and continuously reacts
with fuel in rods with failed cladding. Second, it is the
simplest and most easily interpreted method of reacting water and
fuel. The release mechanisms and rates derived from these tests
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can be compared with similar tests done by others, and can be
modeled relatively simply.

At the present time, two series of saturated dissolution
tests have been completed and a third is in progress. Descrip-
tions of the three tests are given in test plans (Wilson 1983,
1984, 1986) and final reports are available for the first and
second test series. (Wilson, 1985, 1987). Work thus far has
focused on using Zircaloy clad, pressurized water reactor (PWR)
fuel of average burnup and fission gas release (Turkey Point fuel
and H. B. Robinson fuel - ATM-~101 (Barner, 1985)). Series 1
tests used deionized water while Series 2 used water from well
J-13. Both Series were conducted at ambient hot-cell temperature
in silica reaction vessels with loose-fitting lids. Series 3
tests are being conducted in sealed, 304L stainless steel vessels
(the NNWSI Project reference container material) at “85°C with
J=-13 well water as the leachant. One specimen is being run at
"25°C in the same vessel type for comparison with the Series 2
results. An interim report describing the early results of this
test has been published (Wilson and Shaw, 1986). All the test
Series thus far have included specimens of bare fuel, clad
segments of fuel with induced cladding defects, and undefected
rod segments.

Each Series produces extensive data on the chemistry of the
solution in contact with the fuel sample as a function of time.
Both the concentration of radiocactive species and non-radicactive
species are monitored. In addition, the fuel specimens are
examined before and after the test by a variety of methods to
determine if any physical changes in the fuel have occurred.

The Series 1 tests were conducted prior to the institution
of QA Levels, however testing was done in such a way as to be
compatible with the current QA requirements for a Level I
activity. If data from this test are needed to support the
license application, it will be qualified as Level I using NNWSI
SOP-03-03 or NNWSI SOP-15-01. Both Series 2 and Series 3 tests
have been conducted under QA Level I. All work to date has been
performed by the Westinghouse Hanford Co. at the laboratories of
the Hanford Engineering Development Lab., (HEDL-WHC).

Planned work

Saturated dissolution testing will continue using a wider
variety of fuel types, including, but not limited to: high-burnup
fuel, high-gas-release fuel, boiling water reactor (BWR) fuel,
oxidized fuel of known 0/U ratio produced under activity D-20-45,
and stainless-steel-clad fuel. It is anticipated that fuels
that will be used in future tests will be ATM materials provided
by the MCC. Tests will also be conducted in an effort to
separate the effects of the experimental variables from other,
more significant causes. Tests that fall into this category
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include, but are not limited to, varying the fuel-to-water ratio
used in the tests, conducting tests in stainless steel vessels,
but with loose-fitting lids to allow free access of oxygen to the
tests, and examining the effect of the presence of Zircaloy
cladding in the test vessel. Parametric tests will be conducted
on both unirradiated UO; and spent fuel to determine the effect
of other parameters, such as water chemistry and temperature. At
least one duplicate test Series will be conducted by a second
investigator at an independent laboratory facility in order to
check the reproducibility of the results obtained from the
primary investigator and laboratory.

3.3.1.2 Unsaturated dissolution tests of spent fuel and UO,.
D-20-43

Background and planned work

The unsaturated test is designed to measure the interactions
between the spent fuel waste form, the canister material and the
repository water that drips onto a failed fuel assembly and then
runs off. This simulates the scenario in which a container has
multiple perforations which allow water to enter the container,
contact the fuel, and exit the container without maintaining
contact for.an extended period of time. The unsaturated test for
spent fuel will be adapted from the procedure used for un-
saturated testing of the glass waste form (Bates and Gerding,
1985, 1987; Bates et al., 1986). No QA Level I unsaturated
dissolution tests on spent fuel have yet been performed. These
tests are currently in the planning stages.

Unsaturated testing will be conducted on a variety of fuel
types: however, it is unlikely that unsaturated testing will
include as many different fuels as is planned for the saturated
dissolution tests. Two test series are currently planned, with
each Series involving many different fuel specimens. Due to the
nature of these tests, each Series will run for at least one year
and probably more. As in the saturated tests, it is expected
that the data obtained from these tests will include detailed
information on the chemistry of the solutions contacting the fuel
as a function of time. Pre- and post-test characterization of
the solids will be conducted to determine if any physical changes
in the fuel or other components of the test have occurred.

3.3.1.3 Schedule Begin End
Saturated, semi~-static In progress 5/92
dissolution tests of spent
fuel
Unsaturated dissolution 12/89 12/91

tests of spent fuel

14



3.3.2 Oxidation tests on spent fuel and U0,

~r’

These activities are intended to determine the oxidation
rate and mechanism of spent UO, fuel as a function of time and
various environmental parameters. The data from the tests
conducted in these activities will be used in activity D-20-50 to
construct a model to predict the oxidation state of the uranium
in the oxide fuel matrix as a function of time in the repository.
A discussion of the potential for spent fuel oxidation in a tuff
repository can be found in the report by Einziger and Woodley
(1985). Oxidation of the fuel may affect the dissolution rate of
the fuel and thus the rate of release of radionuclides from the
fuel. 1In addition,there is a large positive volume change
associated with the production of U30g:; the oxidation of fuel to
this phase would put a large strain on the cladding leading to
the possibility of enlargement of pre-existing cladding failures.

There are two oxidation activities, corresponding to the two
different techniques used in testing: a thermegravimetric
apparatus (TGA), and an oven-oxidation apparatus. Both tests use
the weight gain of the sample to monitor the progress of the
oxidation, but the two methods provide complimentary information.
A TGA test yields a continuocus record of the weight gain of a
relatively small sample. Thae oven-oxidation tests do not provide
a continuous record of the weight, but can be run for longer
periods of time at lower temperatures and can utilize larger
samples. This latter point is important because it will be
necessary to produce well-characterized samples of oxidized fuel
for dissolution tests conducted under activity D-20-42. A
discussion of the experimental approach and justification for the
chosen test parameters is given by Einziger (1985).

Both techniques maintain the spent fuel specimen in a
constant-temperature, constant-humidity environment. The effect
of humidity on oxidation rate is being investigated as is the
effect of different fuel types. Testing to date has used
moderate-burnup, low gas release PWR fuel (Turkey Point fuel).
Future work will involve a wider variety of fuel types using ATMs
provided by the MCC. The oven-oxidation tests are more suited to
testing a wider variety of fuel types than is the TGA because of
the capability to run many specimens simultaneously.
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3.3.2.1 Oxidation tests of spent fuel and UO, using a thermo-
gravimetric apparatus. D-20-44.

Background and previous work

The TGA provides detailed information on the rate of weight
gain of a fuel sample. This information will be very important
in the effort to document the mechanism of oxidation of spent
fuel. 1In these tests, a fuel sample weighing approximately 200mg
is suspended from a balance into a constant temperature oven.
The weight is continuously monitored on a recorder. At inter-~
vals, samples of the cover gas are taken and analyzed for
released fission gasses. The lowest temperature at which it is
practical to obtain data using this technique is 140 - 150°cC.
At lower temperatures, the rate of weight gain is too slow for a
measurable gain to occur within a reasonable time.

A series of TGA tests have been already been conducted for
the NNWSI Project and the tests are continuing. The test matrix
and experimental procedures are documented in the test plan by
Einziger (1986a). The interim results of these tests have been
documented in unpublished letter reports. A final report on the
current TGA test series is due in the summer of 1987. 1In
general, the oxidation rate obtained from these tests has been in
good agreement with rates determined by extrapolating the results
of oxidation experiments conducted at higher temperatures.

At the conclusion of a TGA run, the fuel sample is examined
using a variety of techniques (X-ray diffraction, ceramography,
etc.) to document the types of phases present and to look for
physical changes in the fuel. Pre-~test characterization of the
samples is done to establish a baseline for comparison. There
are two QA Level III experiments being conducted under activity
D-20-49 that involve the development of new techniques for
examining fuel using the ion-microprobe and transmission electron
microscope (TEM). When appropriate techniques have been estab-
lished, this work will be upgraded to QA level I and become a
part of this activity and activity D-20-45.

All TGA tests have been conducted at QA Level I or its
equivalent. Results of tests conducted before the institution of
the current QA plan will be upgraded to QA Level I through the
use of NNWSI SOP-03-03 or NNWSI SOP-15-01.

Planned work
Additional TGA tests are planned using BWR fuel and fuel
with higher burnup and gas release. The effect of grain size

will also be investigated. The effect of humidity on oxidation
rate will continue to be evaluated.
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3.3.2.2 Oven-oxidation tests of spent fuel and UOj;. D-20-45.

Background and previous work ~

The oven oxidation tests are intended to extend the results
of the TGA tests to lower temperatures and longer times. In
addition, by the nature of the experimental apparatus, many
samples of fuel can be oxidized at one time with little additio-
nal cost, thus greatly increasing the amount of data that can be
acquired for use in licensing. A test was begun in December of
1986 and is scheduled to run for at least 2 years. As additional
fuel samples become available, they will be added to the test.

The tests are actually conducted in dry baths rather than
conventional ovens. A description of the apparatus is given in
the test plan for these tests (Einziger, 1986b). The baths are
being run at three different temperatures: 110°C, 130°C, and
1759C. The last temperature overlaps the range of temperatures
at which TGA testing has been done and provides a means of
checking on the reproducibility of oxidation rates obtained using
the two techniques. As in the TGA tests, runs are being con-
ducted at the same temperature but different dew points to assess
the effect of humidity on oxidation rate.

All oven-oxidation work to date has been conducted at QA
Level I. Testing has been conducted at HEDL~-WHC.

Planned work

As noted above, it is planned to add samples of different
fuel types to the apparatus as the fuel becomes available. At
the least, fuel from BWR reactors, higher burnup and gas release
fuels, fuels with different grain size, and Gd-doped BWR fuels
will be tested.

At intervals, specimens of the oxidized fuel will be removed
and examined by appropriate techniques (X-ray diffraction,
ceramography, etc.). The results of these examinations will be
compared to pre-test characterization results. It is also
planned to examine the oxidized fuel using ion-probe and TEM
techniques currently being developed at QA Level III under
activity D-20-49. When appropriate techniques are established
for these methods, they will be upgraded to QA Level I and
performed as a part of this activity.
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3.3.2.3 Schedule : Begin End

Oxidation tests of spent In progress 11/90
fuel and UO; using a thermo-
gravimetric apparatus

Oven-oxidation tests of spent In progress 3/90
fuel and UOy

3.3.3 Corrosion and release tests on cladding and assembly
materials

The testing done in this area has several purposes:
1) evaluate the corrosion and failure rate of cladding;

2) determine the rate of release of radionuclides‘from
claddings;

3) determine the rate of release of radionuclides from
assembly hardware parts.

The rate at which cladding fails in the repository will, in
part, determine the release rate of radionuclides from the
enclosed fuel. In addition, both the cladding and other assembly
parts contain radionuclides and thus must be characterized with
respect to their corrosion and release characteristics. Because
of the different materials involved, work on cladding and
hardware have been separated into two different activities. Work
on the release of carbon-14 has been put into a third, separate
activity because, unlike other radionuclides of concern, it can
be released in gaseous form as CO,. Because of this, the types
of tests required to characterize the inventory and release of
carbon-14 are quite different than those used for the other
radionuclides.

3.3.3.1 Corrosion/degradation/release tests on Zircaloy and
stainless steel cladding. D-20-46.

Background and previous work

Work in this activity has two related purposes: to deter-
mine the rate at which cladding failure can be expected under
repository conditions; and to measure the groundwater-mediated
release of radionuclides from cladding. The work to date in this
area has been limited to scoping experiments conducted at QA
Level III (activity D-20-49) that were designed to develop test
methods and test parameters that will be used in QA Level I
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tests. This was done to maximize the amount of useful data for
licensing that could be obtained for a given funding level.

An overview of the matrix of experiments to determine ~
Zircaloy cladding degradation rate is given in Smith (1985).
The choice of specimen types to be evaluated is discussed in
Smith (1984a). Several failure modes are being considered:
stress corrosion cracking (SCC); generalized corrosion; hydride
embrittlement; and hydride reorientation. The rationale for the
saelection of these mechanisms for study is given in the report on
potential cladding failure mechanisms by Rothman (1984). No work
on cladding materials other than Zircaloy has been performed at
the time of this writing. Neither have detailed studies been
performed on the release of radionuclides from various cladding
materials.

Planned work

Beginning in FY 1987, work on the failure of Zircaloy
cladding by generalized corrosion, SCC, and stress rupture will
be upgraded to QA Level I. The results of these tests will be
used to model the failure rate of cladding in the repository.
The generalized corrosion test will also provide information of
the release .of radionuclides from cladding. Work on the effect
of hydrides on cladding strength is in the planning stages.

3.3.3.2 Corrosion/releasa tests on assembly hardware. D-20-47.
Background and planned work L

As noted abovae, the non-fuel assembly hardware such as
springs, spacers, etc. are a significant reservoir of certain
radionuclides, especially nickel isotopes and carbon~-14. Since
these radionuclides have the potential for release by means of
dissolution and/or corrosion of the hardware, it will be neces-
sary to conduct tests to determine the release rate of radio-
nuclides from this portion of the waste form. At the time of
this writing, work in this area has not yet begqun.

As a part of this Investigation, a series of tests to
determine the release rate of radionuclides from assembly
hardware will be conducted. The test procedures and environ-
mental conditions have not been established yet; however, the
tests will likely resemble the saturated and unsaturated test
methods used in the dissolution/leach tests of spent fuel
(activities D-20-42 and D-20-43). Corrosion work carried out as
part of the container material selection process may be applic-
able to some of the materials used as assembly hardwara. This
may aid in reducing the amount of new experimental work necessary
to characterize the release from this source. Initial experi-
ments to optimize procedures will be carried out at QA Level III

19



under activity D-20-49. That activity will feed into this one
according to the schedule in section 3.3.3.4.

3.3.3.3 Carbon-14 inventory and release tests. D-20-48.
Background and planned work

Unlike other radionuclides present in the spent fuel waste
form during the controlled release period, which require the
presence of liquid water for transport, carbon-14 can be released
as gaseous CO,. It appears that approximately half of the
carbon-14 inventory of the waste form is associated with the
cladding and of that, some fraction is available for relatively
rapid release as CO; by oxidation in air (Van Koynenburg %t al.,
1984; 1986). The only available data on the release of 1%co, in
air is from a single cask test conducted for the Dry Storage
Program. More data are clearly needed to define the inventory,
distribution, and release characteristics of carbon-14.in the
spent fuel waste form.

No work has been conducted in this activity to date.
Development of an experimental setup to etch sequential layers
from the outer surface of cladding segments and measure the
carbon-14 released is currently underway as part of activity
D-20-49. As shown in section 3.3.3.4, this work is scheduled to
be transferred to this activity later this year. Testing at QA
Level I under this activity will then begin.

The test mentioned above, using an etchant to remove
sequential layers of cladding material, will provide information
on the radial distribution of carbon-14 in the cladding. A
second test, also scheduled to start this year, will involve the
exposure of cladding segments to air at elevated temperature.
The quantity of carbon-14 that is evolved as CO; will be meas-
ured. By conducting tests at different temperatures, the
temperature coefficient of release can be determined.

Both tests will utilize cladding material that spans the
range of known variability in reactor type, burnup, amount of
crud deposits, and other variables that may influence the
inventory or release of carbon-14.
3.3.3.4 Schedule Begin End

Conduct corrosion/degradation/ In progress 9/89
release tests on Zircaloy and
stainless steel cladding

Conduct corrosion/release tests 12/88 12/90
on assembly hardware

Conduct carbon~14 release tests 8/87 12/89
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3.3.4 Planning and experimental design ~

Many of the tests performed under activities D-20-42 through
D-20-48 require a certain amount of initial experimentation to
determine the best way to conduct the test. In addition, there
are many experimental protocols and examination techniques that,
though potentially applicable to the problems being investigated,
have never been tried under the conditions relevant to the NNWSI
Project spent fuel testing program. This activity is intended to
provide a mechanism whereby new experimental techniques can be
evaluated with respect to their applicability to a particular
test and their ability to provide useful information. This
activity provides a mechanism for maintaining maximum flexibility
in adapting procedures to the NNWSI testing program while
maintaining the cost-effectiveness of the program. Those
techniques that are examined under this activity and are judged
useful or valuable will then be upgraded to QA Level I and used
in the other experimental activities. It is likely that some of
the techniques tried will not work and will never be used in
other activities.

3.3.4.1 Technique development for advanced test planning and
design. D=20-49.

Background and previous work

Several activities include tests and/or techniques that have
already been "cycled through" this activity. These include the
several tests in Zircaloy corrosion activity (D-20~46). Each of
the Zircaloy experiments is documented in a test plan (Smith,
1984b; 1986a,b) and each will be or has been documented in a
final report (e.g. Smith, 1987). Current experiments being
conducted under this activity are:

Evaluation of ion probe techniques for determining the
location and amount of oxygen uptake during spent fuel
oxidation experiments (for activities D-20-44 and D=-20-45).

Development of TEM and STEM techniques for examining fuel
structure and phase relations on very fine scale (for
activities D-20-42, D-20-43, D-20-44, and D-20-45).

Development of techniques to determine the spatial distri-
bution of carbon-14 in the spent fuel waste form (especially
the cladding), and its release characteristics (for activity
D-20~48).
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Development of an unsaturated test method for dissolution
testing of spent fuel (for activity D-20-43).

Development of techniques for saturated dissolution testing
of oxidized spent fuel (for activity D-20-42).

All of these experiments are likely to be yield test methods
that will be incorporated into the appropriate QA Level I
activities given in parentheses above. At that time, the QA
Level III experiments will be documented in written reports and
the work conducted under this activity will cease.

Planned work

New experiments will be initiated under this activity as
potentially useful techniques are discovered. It is anticipated
that this activity will continue throughout the life of the
entire spent fuel testing program; however, as the program
matures, the number of experiments that will be performed under
this activity will decline greatly. All work in this activity
will be conducted at QA Level III.

3.3.4.2 Schedule Begin End

Technique development for advanced In progress 4/91
test planning and design

3.4 Generate Models for Release from Spent Fuel

3.4.1 Introduction

The primary means of release of radionuclides from the spent
fuel waste form is by means of liquid water contacting the fuel
in a breached container. There is the possibility of the release
of some fraction of the carbon-14 in the waste form as gaseous
CO,, a process that does not require the mediation of liquid
water. As input to the waste package performance assessment
model, the spent fuel waste form testing Investigation will, in
collaboration with the performance assessment task, generate and
validate a model for the release of radionuclides from the spent
fuel waste form under repository conditions. The cutput of the
modeling activities is expected to be a combination of functional
relationships and look-up tables that can be incorporated into
the performance assessment model.
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3.4.2 Generate models for release of radionuclides from the
spent fuel waste form. D-20-50.

Background and planned work ~

The purpose of this activity is to design and use models for
the release of radionuclides from the spent fuel waste form based
on the scenarios identified in Information Need 1.5.3. The model
will consist of several sub-models: a sub-model for the release
of radionuclides from spent fuel, cladding, and assembly hard-
ware; a sub-model for cladding performance; and a sub-model for
the oxidation of UO,.

In order to extrapolate the results of laboratory time scale
tests to times relevant to the repository, it will be necessary
to develop an understanding of the physical and chemical mech-
anisms involved in all significant processes affecting the waste
form. It is recognized that it may not be possible to. identify
unique mechanisms for all the operant processes. In these cases,
an analysis will be performed to determine the sensitivity of the
model to the assumption of the different mechanisms. For
licensing, the most pessimistic, and hence most conservative,
relevant assumptions will be used.

By far the most important sub-model that will be developed
is the one that predicts the rate of radionuclide release from
the spent fuel, cladding, and assembly hardware. This model will
include at least six components:

1. Elements whose release is controlled by the matrix
dissolution rate.

2. Elements present in part in the pellet-cladding gap and
which are available for rapid release.

3. Elements present in part on grain boundaries and which
may show an enhanced release rate.

4. Elements contained in the fuel cladding.

5. Elements contained in stainless steel or other materials
used in assembly components.

6. Elements prasent in any part of the waste form that can
be released in a gaseous form (such as carbon-14) and which
do not require thae mediation of liquid water for their
releases.

Items 1 through 3 above may be a function of the fuel oxidation
state; hence, the necessity for the development of a sub-model
for predicting how the fuel will oxidize as a function of time.
Since the presence of intact cladding will prevent the release of
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radionuclides from items 1 through 3 above, a sub-model for the
failure rate of the cladding as a function of time will also be
necessary for the proper description of the performance of the
waste form.

The output of this activity will be the composition of
fluids (including gasses) that issue from a failed waste package
as a function of time. The geochemical modeling code EQ3/6
(Wolery, 1979; 1983; 1987) will be used extensively as the basis
for calculating the composition of the radionuclide-bearing
liquid water that exits a failed container. These analyses will
involve a combination of equilibrium and kinetic calculations.
It is likely that additional computer codes will need to be
developed to serve as pre~ and post- processors to EQ3/6; the
extent to which these are necessary will be determined by future
EQ3/6 development and the nature of the performance assessment
scenarios identified in the resolution of Information Need 1.5.3.
Current plans for EQ3/6 code development (EQ3/6, 1986). include a
major item that is required for the realistic modeling of spent
fuel in a failed container: the development of a flow-through
model in which a stationary reacting assemblage (the waste form
and container) reacts with successive packets of water.

3.4.3 Screen data for incorporation into release model.
D-20-51.

Background and planned work

There is extensive literature on the mechanisms of the
dissolution and oxidation of UO,;, both irradiated and unirradi-
ated. These data may be of use in the development of the release
model for the spent fuel waste form. All data generated outside
of the NNWSI Project will be screened in this activity, as well
as the data that are gathered under the QA Level III activities,
D-20-40 and D-20-41. The objective will be to establish the
accuracy and precision of this data and to insure that the spent
fuel release model uses only accurate and verifiable data. It is
anticipated that the release mocdel will be based predominantly on
data generated within the NNWSI Project under QA Level I ac-
tivities. This activity allows the large body of outside data to
be used to corroborate and support the NNWSI Project data. 1In
addition, this activity allows important data and idea generated
outside of the NNWSI Project to be used in the model.

Data generated outside of the NNWSI Project will be col-
lected and analyzed to determine if it is consistent with
comparable NNWSI Project data. If it is not, an examination of
all applicable data sets will be made to determine the origin of
the discrepancy. Though it is not currently anticipated that
outside data will be a critical part of the spent fuel waste form
release model, if such data are found to be critical to the
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model, the NNWSI SOP-03-03 (DOE, 1986) for using non-NNWSI
Project data will be implemented.

It is likely that some of the data used in the release modeT”
will require a peer review to establish their validity. Simi-
larly, peer review is likely to be the only way to validate some
of the concepts and interpretations made use of in the model.

The procedures for conducting such a review are given in
033-NMWP~P-2.2 of the Quality Assurance Program Plan for the
NNWSI Project (Lawrence Livermore National Lab., 1987).

The most important aspect of this activity is the comparison
of NNWSI Project data to that collected outside of the Project.
This comparison is designed to ensure that the Project will be
able to affirm during the licensing process that the spent fuel
release model is consistent with all applicable data. When there
are inconsistencies in the data, as is probably inevitable, an
assessment of the possible causes of the discrepancy will be
prepared. In the case of the NNWSI Project data being improperly
collected, interpreted, or applied, this activity allows the
problems to be resolved and new data obtained under one of the
data collection activities. A formal mechanism for this screen-
ing process will be established in conjunction with the Glass
Waste Form Task. '

3.4.4 Finalize and validate spent fuel release model.
D=20-=52.

Background and planned work

Validation of the spent fuel waste form model will be done
in two stages. First, the model will be developed in parallel
with the experimental work and will be tested for its ability to
describe accurately the experimental results. Some additional
tests on simpler systems than that represented by the waste form
itself may be necessary to validate the model properly. Second,
the results of long-term modeling will be compared with ex-
trapolations and with natural analogues if appropriate analogues
can be identified. Even if exact analogues cannot be found in
nature, it is likely that even dissimilar natural systems will
provide a means of at least testing the validity of the prin-
ciples used in the fuel model. The second part of the validation
effort will test both thae validity of the model and determine
whether the experimental work has examined all the important
chemical processes and interactions that may occur over long
periods of time. Thus, the final model development will actually
be conducted under this activity. This will most likely involve
simply a "fine tuning" of the model developed under Activity
D-20-50.

Becausae the geochemical modeling code EQ3/6 will be a
fundamental part of the spent fuel release model, validation
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activities for that family of codes will be established in
conjunction with other users of the codes. The validation areas
are: ‘

1. Database. Critical database items will be reviewed
under the data screening activity
(D=20-51).

2. Code Operation. A series of benchmark code runs will be
established for EQ3/6 to test major
operations common to all applications.

3. Experiment Matching. The spent fuel model must accurate-
ly predict the results of laboratory
testing.

4. Natural Analogues. To determine if the EQ3/6 code
accurately predicts the behavior of
actinide-~bearing systems, it will be
used to model natural uranium-rich
deposits in contact with groundwater.

3.4.5 Schedule Begin End
Generate models for the release In progress 10/92
of radionuclides from the spent
fuel waste form

Screen data for incorporation 6/87 10/92
into release model

Finalize and validate spent fuel 10/87 10/93
release model
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4.0 Application of Results

The information provided by this Investigation will provide
the source term for radionuclide release from waste packages
containing the spent fuel waste form. This information will be
used by the waste package performance assessment task to model
the performance of the waste packages under repository con-
ditions. The information obtained by this Investigation directly
addresses the following Information Needs:

Issue 1.5: Will the waste package and repository engineered
barriers meet the performance objective for
radionuclide release as required by 10-CFR-60.1137

1.5.1 Waste package design features that affect the rate
of radionuclide release.

1.5.2 Material properties of the waste forms. .

1.5.3 Scenarios and models needed to predict the rate of

radionuclide release from the waste package and
engineered barrier systen.

Through input to the above Information Needs, this Investigation
will also provide data that is required to resolve Information
Needs 1.4.4, 1.5.4, and 1.5.5, and Issues 1.1, 1.4, 1.9, 1.10,
and 1.1.1.

The spent fuel information will also be used to develop the _
source term in the calculation of cumulative releases of radio-
nuclides to the accessible environment for 10,000 years as
required in order to comply with EPA regulation 40-CFR-191.13.

It will also be used as part of the source term for cumulative
release calculations for 100,000 years after disposal in the site
evaluation process required by 10-CFR-960.3-1-5.
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5.0 Schedules and Milestones

S.1 Discussion and Assumptions

The schedule for individual activities has been identified
in section 3.0. The overall schedule for this Investigation is
tied to two other schedules: the information required for the
construction and use of the waste package performance assessment
code (currently scheduled completion date: 6/92, with interim,
partial code packages due on 9/87 and 7/89); and the need to
complete the documentation required for the Draft Environmental
Impact Statement (EIS), which is currently scheduled for publica-
tion in 10/93.

As noted in section 3.0, the current schedule calls for the
start of long-term confirmation tests in mid-1990 to mid-1991.
At the present time, it is impossible to predict what these tests
will involve; their content will depend upon the results of the
tests conducted over the next four years and the results of
Exploratory Shaft testing. If the current schedule holds, an
addendum to this Scientific Investigation Plan will be issued
that will cover the activities involved in the long-term confir-
mation tests.

This schedule was prepared according to the reference case
funding levels in the FY1989 WPAS. Reductions in the funding
levels would result in slippage in the milestones and schedules.
The timely completion of milestones in other areas can also
affect the schedule of this Investigation. (1) The container
material must be selected according to the scheduled milestone of
9/88. If a container material other than austenitic stainless
steel is chosen, then some slippage could occur while testing of
waste form behavior in association with the container material is
conducted under activities D-20-42, D-20-43, D=-20-46, D-20-47,
and D-20-4%. (2) If the results of exploratory shaft testing,
other materials testing, and waste package environment testing do
not support the current estimates of the package environment, as
described in the SCP, schedule slippage concomitant with the
degree of discrepancy will occur.
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5.2 Schedule
Start End

Integrate spent fuel waste form In Progress 6/92
information provided by vendors,
utilities, and other sources.
D=20-40.
Integrate NNWSI Project waste In Progress 6/92
package and repository design
information. D-20-41.
Saturated, semi-static dissolution In Progress 5/92
tests of spent fuel and UO,.
D=-20-42.
Unsaturated dissolution tests of 12/89 12/91
spent fuel and UO,. D=20-43.
Oxidation tests of spent fuel and In Progress 11/90
U0, using a thermogravimetric
apparatus. D-20-44.
Oven-oxidation tests of spent fuel In Progress 3/90
Corrosion/degradation/release In Progress 9/89
tests on Zircaloy and stainless
steel cladding. D=20-46.
Corrosion/ralease tests on 12/88 12/90
assembly hardwarae. D=-20-47.
Carbon-14 inventory and release 8/87 12/89
tests., D-=20-48.
Technique development for test In Progress 4/91
planning and design. D=-20-49.
Generate models for ralease of In Progress 10/92
radionuclides from the spent fuel
waste form. D=20-50
Screen data for incorporation into 6/87 10/92
release model. D-20-51.
Finalize and validate spent fuel 10/87 10/93

release model. D-=20-52.
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5.3 Milestones

Number Title Date

P0O1 Report on release rate testing of Spent Fuel in 12/86
J-13 water at 85°C. (D-20-42)

R205 Final report on release rate testing of spent 9/87
fuel in J-13 water at 85°C. (D-20-42)

P11l Initiate dissolution testing of partially 12/87
oxidized spent fuel. (D-20-42 and D-20-45)

P250 Start parametric dissolution tests of spent 11/87
fuel. (D-20-42)

M269 Complete fuel testing for advanced conceptual 9/88
design. (D-20-42 through D-20-46, D-20-48)

M006 Report on results of spent fuel dissolution 7/89
tests using partially oxidized fuel. (D-20-42)

P257 Model long-term expected performance of waste 8/89
form under repository conditions. (D=-20-50)

pP251 start long-term fuel oxidation confirmation 4/90
tests. (D-20-44 and D=-20-45)

MO1l1 Final report on Zircaloy corrosion. (D=20-46) 5/90

P252 Start long-term Zircaloy corrosion confirmation 6/90
tests. (D-20-46 and D-20-48)

P253 Hardware release testing complete. (D-20-47) 1/%1

P254 Fuel oxidation tests using TGA complete. 5/91
{D-20-44)

P255 Start long-term fuel dissolution confirmation 5/91
tests. (D-20~42 and D-20-43)

P201 Final report on the oxidation rate and mechan- 9/91
ism of spent fuel oxidation. (D-20-44, D-20-45,
D=~20-50)

P256 Spent fuel testing for draft EIS complete. 6/92

(D-20-42 through D-20-49)
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Mo12 Model long-term expected performance of spent 10/92
fuel waste form under repository conditions to
Support draft EIS (D-20-50 through D-20-52) —

P258 Documentation for draft EIsS complete. (all 10/93
activities)
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6.0 List of Test Plans to Support this Study Plan

6.1 Previously Issued Test Plans

Test plan for spent fuel cladding containment
credit tests., C. N. Wilson (HEDL TC=-2353-2).

Test plan for Series 2 spent fuel cladding
containment credit tests., C. N. Wilson (HEDL
TC-2353-3).

Zircaloy spent fuel cladding electrochemical
scoping experiment., H. D. Smith (HEDL TC-2562).

Technical test description of activities to
determine the potential for spent fuel oxidation
in a tuff repository., R. E. Einziger
(HEDL=-7540) .

Zircaloy cladding corrosion degradation in a
tuff repository: initial experimental plan., H.
D. Smith (HEDL-7455, Rev. 1).

Test plan for Series 2 thermogravimetric
analyses of spent fuel oxidation., R. E.
Einziger and R. E. Woodley (HEDL-7556).

"C-ring" stress corrosion cracking scoping
experiment for Zircaloy spent fuel cladding., H.
D. Smith (HEDL-7546).

Zircaloy spent fuel cladding electrochemical
corrosion experiment at 170°C and 120PSIA H,0.,
H. D. Smith (HEDL-7545).

Test plan for Series 3 NNWSI spent fuel
leaching/dissolution tests., C. N. Wilson
(HEDL-7577).

Test plan for long-term, low-temperature

oxidation of spent fuel, Series 1., R. E.
Einziger (HEDL-7560).
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6.2 Additional Test Plans Scheduled

completion d:

Test plan for parametric dissolution tests of 10/87
spent fuel.

Addendum and amendments to TGA oxidation test 10/87
plan.

Test plan for NNWSI Zircaloy corrosion tests. 11/87
Test plan for dissolution tests of partially 12/87
oxidized fuel (NNWSI Series 4).

Test plan for carbon-14 inventory and release 1/88

tests. .

Test plan for release tests on assembly hard- 2/88

ware.

Plan for data screening, and model generation, 2/88

testing and validation for spent fuel release.

Additional test plans or addenda and amendments to the above
test plans will be issued should the need arise.

~—
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STeP

10.

1l.

0-20-40

CHECKL]ST FOR ASSIGNING QUALITY ASSURANCE LEVELS

CHARACTERISTIC
Oces the item or activity involve or affect public radiologic
alt.h and safety? Yes N

'Does the item or activity involve waste isclation?
© Yes -

&
Does the item or activity involve or affect retrievability?
Yes

&) —
Is the intended purpose of this activity to provide data for.
@ucense application? _ Yes -

L ]

Can a failure of the item or activity cause a failure of a

QA Level I item, or irretrievadble loss of QA Level I data?
Yes

{r@ -

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,
@g)ocuremnt or construction? Yes -

0

Can the item or activity have a major impact on non-radioclogical
l @occupational health and safety? Yes -

\J

Q

If the item or activity were to fail or is performed
inadequately could repository workers be exposed to radiation
or radioactive contamination levels in excess of the limits
expressed in 10CFRe07? Yes .

|}
Does the item or activity have a major impact on the

non-radioclogical operation, reliability, or maintainability of
engineered systems, structures, or components? Yes L

| &
Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis

of alternatives? Yes .
! ‘

Can the item or activity cause major cost overrun or schedule
slippage? Yes ™

; LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".

LEVEL

II

II

II

11

II



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Integrate Spent Fuel Waste Form Information provided by vendors,

Utilities, and other sources \/

ACTIVITY NO.: D-20-40

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY-TG-AC[.
WORK OONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 1S, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level I1I.

...............................................................................

LEVEL OF QA 111
CITE "YES™ ITEM ON LOGIC DIAGRAM None
QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN JA Yes 033-NwP-R 3A.0
CONTROL 38 No Good professional practices

apply
4.0 PROC. DOC Yes 033-NwMP-P 4.0 Rev. 0
CONTROL
5.0 INSTR., No Good professional practices
PROCS, OWGS apply
7.0 CTL OF PR | Yes 033-NwP-P 7.0 Rev. 0 \
MATERIALS
8.0 1.D. & CTL No Good professional practices
OF MATERIALS apply
9.0 CONTROL No Good professional practices
OF PROCESSES apply
10.0 No Good professional practices
INSPECTION apply
11.0 TEST No Good professional practices
CONTROL apply & no tests performed
12.0 CTL OF No Good professional practices
M&T EQIP apply
13.0 HANDLING, No Good professional practices
STOR. & SHIP. apply
14.0 INSP. TEST No Good professional practices
& OPER. STAT. apply
19.0 SOFTWARE No Good professional practices

QA

apply



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SMEET

N Date of the Meeting: May 8, 1587

Meeting Attendees: MHenry Shaw
vVirginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Integrate Spent Fuel Waste Form
Information provided by vendors,
Utilities, and other sources

D-20-40
S.1.P. ldentification: Scientific Investigation Plan for
NNWSI wBS Element 1.2.2.3.1.L

Spent Fuel Waste Form Testing

Additional Comments:

Level of Quality Assurance Il

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

: Yifor Pl Al A TONs 674

asy/ Leader Date NWMP Deputy Program \.séder Date
’ for QA

%zf@i% & /347 4 W </s /57
1 Projeat Léader " ‘Date NWMP Leader Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WIT

/«Zi?%:"///%? S B ! /;/u‘.

Pro ject Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NWMP QA FILE
N
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1.

10.

11.

Y

L4

0-20-41

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS
 CHARACTERISTIC

Does the item or activity involve or affect public radiologic
ngalth and safety? Yes

B
>

Does the item or activity involve waste isolation?

&
l . Yes

@
v

Does the item or activity involve or affect retrievability?

l Yes -

Is the intended purpose of this activity to provide data for

l(f:>1cense application? Yag .

Can a failure of the item or activity cause a failure of a
QA Level 1 item, or irretrievable loss of QA Level I data?

Yes
(® -

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,

@fffurement or construction? Yes
)

®

B

Can the item or activity have a major impact on nnn-radiological

Qr occupational health and safety? Yas _
(No) -

If the item or activity were to fail or is performed

inadequately could repository workers be exposed to radiation

or radiocactive contamination levels in excess of the limits

L pressed in 10CFR&07? Yes -
No

Does the item or activity have a major impact on the
"non-radiological operation, reliability, or maintainability of
engineered systems, structures, or components? Yes _

Dces the item or activity involve a design phase for which the

of alternatives? Yes _
(No

Can the item or activity cause major cost overrun or schedule
lippage? Yes _
®

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NQ".

principle purpose is to conduct a comparative technical analysis

LEVEL

II

II

II

I

I



NwMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Integrate NNWSI Project Waste Package and Design Information

ACTIVITY NO.: D-20-41

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPL; T0 ;CE-
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.
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LEVEL OF QA 111
CITE "YES™ ITEM ON LOGIC DIAGRAM None
QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A Yes 033-NWMP-R 3A.0
CONTROL 38 No Good professional practices

apply
4.0 PROC. DOC. No Good professional practices
CONTROL apply
5.0 INSTR., No Good professional practices
PROCS, DWGS apply
7.0 CTL OF PUR No Good professional practices
MATERIALS apply
8.0 1.D. & CTL No Good professional practices
OF MATERIALS apply
9.0 CONTROL No Good professional practices
OF PROCESSES apply
10.0 No Good professional practices
INSPECTION apply
11.0 TEST No Good professional practices
CONTROL apply & no tests performed
12.0 CTL OF No Good professional practices
M & T EQUIP . apply
13.0 HANDLING, No Good professional practices
STOR. & SHIP. apply
14.0 INSP. TEST No Good professional practices
& OPER. STAT. apply
19.0 SOFTWARE No Good professional practices

QA

apply



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 19587

Meeting Attendees: Henry Shaw
Virginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Integrate NNWSI Project waste Package
and Design Information
D-20-41

S.1.P. Identification: Scientific Investigation Plan for
NNWS1 WBS Element 1.2.2.3.1.L°
Spent Fuel wWaste Form Testing

Additional Comments:

Level of Quality Assurance I11

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

S R ) R WY

Tasy’ Leader Date NWMP Deputy Pgrodram Leader Date
for QA
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0-2C-382
CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS
STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiologic
health and saf  y? Yes L 1
A -
2. tOoes the item or activity involve waste isolation?
@ - Yes - I
' . .
3. Does the item or activity involve or affect retrievability?
l Yes - I
4. Is the intended purpose of this activity to provide data for -
a license application? s @
No e
S. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level I data?
) Yes L I
¢ No
6. Does the activity involve a decision phase which is to be
conducted immegiately prior to application for a NRC license,
procurement or construction? Yes > 1
1 No
7. Can the item or activity have a major impact on non-radiological
1 or occupational health and safety? Yes - II
No
8. If the item or activity were to fail or is performed
inadequately could repository workers be exposed to radiation
or radiocactive contamination levels in excess of the limits
expressed in 1OCFR60? Yes - I
NoO
'
9. Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
engineered systems, structures, or components? Yes e 11
i No
10. Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis
of alternatives? Yes _» IT
l No
11. Can the item or activity cause major cost overrun or schedule
slippage? Yes . 11
No

L LEVEL TII WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Saturated, Semi-Static Dissolution Tests of Spent Fuel and LD,

ACTIVITY NO.: D-20-42

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY ;5 ;lI-
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 1§, 17,
18, 21, and 22 apply to work done at Quality Assurance tevel III.
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QAPP.
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CONTROL the contractors
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PROCS, DWGS the contractors
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7.0 CTL OF PR Yes Yes 033-NWMP-P 7.0 Rev. 0 As implemented in
MATERIALS the contractors
QAPP
8.0 1.D. & CTL No Yes 033-NWMP-R 8.0
OF MATERIALS Rev. 0
9.0 CONTROL No No No special processes involved
OF PROCESSES
10.0 No Yes 033-NwMP-R 10.0
INSPECTION Rev. 0
11.0 TEST No Yes . 033-NwMP-R 11.0
CONTROL Rev. 1
12.0 CTL OF No Yes 033-NwWMP-R 12.0
M& T EQUIP . Rev. O
13.0 HANDLING, No Yes 033-NWMP-R 13.0
STOR. & SHIP. Rev. 0
14.0 INSP. TEST No Yes 033-NwMP-R 14.0
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Meeting Attendees: Henry Shaw
virginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Saturated, Semi-Static Dissolution
Tests of Spent Fuel and UO7
D-20-42

S.1.P. Identification: Scientific Investigation Plan for
NNWST WBS Element 1.2.2.3.1.L
Spent Fuel Waste Form Testing

Additional Comments:

Level of Quality Assurance I

.~ APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

%f 414} fifez fﬂfm JRMs 645

/a%.eader’ Date NWMP Deputy Program‘Céader Date
for QA

hae x Llarls 4/3/27 & MW 675/
MYWST Project LUedder !

Date NWMP Leader v Date

AFTER NWMP LEADER APPROVAL RETURN TO NwMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

/Q%”/‘/f/ \Sa-w- %Q»‘M n/s/e?

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NwWMP QA FILE



0-20-43

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

STEP CHARACTERISTIC . LEVEL
1. Does the item or activity involve or affect public radiologic
1healtn and safety? Yes _ 1
2. Ooes the item or activity involve waste isolation?
- Yes I
|® -
3. Does the item or activity involve or affect retrievability?
Yas I
l NG\ -
4, Is the intended purpose of this activxty/;n\provxde data for - -
l a license application? [Yes - (1,
5. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level I data?
1 Yas - I
5. Does the activity involve a decision phasa which is to be
conducted immediately prior to application for a NRC license,
procurement or construction? Yes - I
No
7. Can the item or activity have a major impact on non-radiological
l or occupational health and safety? Yes o 11
No -
8. If the item or activity were to fail or is performed
inadequately could repository workers be expaosed to radiation
or radioactive contamination levels in excess of the limits
expressed in 10CFRéQ? Yes - I
No
)
9. Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
engineered systems, structures, or components? Yes _ 1I
No
Y
10. Oces the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis
of alternatives? Yes - I
No
]
11. Can the item or activity cause major cost overrun or schedule
slippage? Yas - 11
No

' LEVEL III WHEN ALL THE ANSWER TQ ALL QUESTIONS ABOVE IS "NQ".



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

ACTIVITY: Unsaturated Dissolution Tests of Spent Fuel and UO,

ACTIVITY NO.: D-20-43
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY T0 ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 1§, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 1

CITE "YES™ ITEM ON LOGIC DIAGRAM 4

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
LLNL PNL/HEDL LLNL PNL/HEDL

3.0 DESIGN 3A Yes Yes 033-NwMP-R 3A.0 As implemented in

CONTROL 38 No Not & design activity. the contractors
QAPP.

4.0 PROC. DOC. Yes Yes 033-NWMP-P 4.0 Rev.0 As implemented in

CONTROL the contractors
QAPP.

5.0 INSTR., No Yes As implemented in

PROCS, OWGS the contractors
QAPP

7.0 CTL OF PUR Yes Yes 033-NWMP-P 7.0 Rev. 0 As implemented in

MATERIALS the contractors
QAPP

8.0 1.D. & CTL NO Yes 033-NWMP-R 8.0

OF MATERIALS ' Rev. O

9.0 CONTROL No No No special processes involved

OF PROCESSES

10.0 No Yes . 033-NWMP-R 10.0

INSPECTION Rev. O

"11.0 TEST No Yes 033-NWMP-R 11.0

CONTROL Rev, 1

12.0 CTL OF No Yes 033-NWMP-R 12.0

M&T EQUIP Rev. O

13.0 HANDLING, No Yes 033-NWMP-R 13.0

STOR. & SHIP. Rev. O

14.0 INSP. TEST No Yes 033-NwMP-R 14.0

& OPER. STAT. Rev. 0

19.0 SOFTWARE No No No software development

QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1587

Meeting Attendees: Henry Shaw
vVirginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Unsaturated Dissolution Tests of Spent
Fuel and UG,
0-20-43

S.1.P. ldentification: Scientific Investigation Plan for
NNWST wBS Element 1.2.2.3.1.L
Spent Fuel Waste Form Testing

Additional Comments:

Level of Quality Assurance 1

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

L2 PALT LT Dudls /0757

NwMP Deputy Pfogram Leader Date
for QA

Gl 22wl 41307 7 Mg 4/5/57
SI Projec€ Leader Date NWMP Leader Date

AFTER NwMP LEADER APPROVAL RETURN TO NwMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

d o sty N B e

Pro ject Sponsor . Date Project Sponsor Quality Manager Oate

RETURN TQ LLNL NwMP QA FILE



0-25-
CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS
STEP CHARACTERISTIC
1. Does the {tem or activity involve or affect public radiologic
lhealth and safety? Yes L
2. Does the item or activity involve waste isolation?
16{) . Yes R
3. Does the item or activity involve or affect retrievability?
1@;} Yes N

4, Is the intended purpose of this activity to provide data for
a license application? ves
No g

5. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level I data?

Yes -
l No o

6. Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,
procurement or construction? Yes ™
NO

7. Can the item or activity have a major impact on non-radiological

1 or occupational health and safety’ Yes _
No o

8. If the item or activity were to fail or is performed
inadequately could repository workers be exposed to radiation
or radioactive contamination levels in excess of the limits
expressed in 10CFR607 Yes -

No
]

S. Does the item or activity have a major impact on the
non-radiclogical operation, reliability, or maintainability of
engineered systems, structures, or components? Yes .
No

L

10. Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis
of alternatives? Yes -

No

11. Can the item or activity cause major cost overrun or schedule
slippage? Yes ™
No

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".

LEVEL

II

II

II

II

II



ACTIVITY: Oxidation Tests of Spent Fuel and U0, using a TGA

ACTIVITY NO.: D-20-44

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TOOAEE-
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 1
CITE "YES™ ITEM ON LOGIC DIAGRAM 4
QA ELEMENT APPLIES IF NO - JUSTIFICATION T
IF YES - LIST NEEDED PROCEDURES
LLNL PNL/HEOL LLNL PNL./HEOL
3.0 DESIGN 3A Yes Yes 033-NwMP-R 3A.0 As implemented in
CONTROL 38 No Not a design activity. the contractors
QAPP.
4.0 PROC. DOC. Yes Yes 033-NWMP-P 4.0 Rev.0 As implemented in
CONTROL the contractors
QAPP,
5.0 INSTR., No Yes As implemented in
PROCS, DWGS the contractors
QAPP
7.0 CTL OF PUR Yes Yes 033-NwP-P 7.0 Rev. 0 As implemented in
MATERIALS the contractors
QAPP
8.0 1.0. & CTL No Yas 033-NwMP-R 8.0
OF MATERIALS Rev. 0
9.0 CONTROL No No No special processes involved
OF PROCESSES
10.0 No Yes 033-NwMP-R 10.0
INSPECTION Rev. Q
11.0 TEST No Yes _ 033-NWMP-R 11.0
CONTROL Rev. 1
12.0 CTL OF No Yes 033-NWMP-R 12.0
M& T EQUIP Rev. O
13.0 HANDLING, No Yes 033-NwMP-R 13.0
STOR. & SHIP. Rev. O
14.0 INSP. TEST No Yes 033-NWMP-R 14.0
& OPER. STAT. Rev, O
19.0 SOFTWARE No No No software development

QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Henry Shaw
virginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Oxidation Tests of Spent Fuel and
U0, using a TGA
D-20-44

S.1.P. ldentification: Scientific Investigation Plan for
NNWSI WBS Element 1.2.2.3.1.L-
Spent Fuel Waste Form Testing

Additional Comments:

Level of Quality Assurance 1

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

2 ZZM/ TRubs &2/57

NWMP Deputy Rrogram Leader Date
\for QA

"Date NwMP Leader Y Date

: 8
iz L . 44t & T L/5/85

AFTER NwP LEADER APPROVAL RETURN TO NwMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

/%M”“‘%; \Sa,w, & W n /s /y?

Project Sponsor Date Project SponsorvQuality Manager Date

RETURN TO LLNL NwMP QA FILE



0-20-45

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

STEP CHARACTERISTIC LEVEL -~
1. Does the item or activity involve or affect public radiologic
health and safety? Yes -~ I
5 >
2. Does the item or activity involve waste isolation?
lé:) . Yos . I
3. Ooces the item or activity involve or affect retrievability?
Yas I
|® -
4. Is the intended purpose of this activity tg provide data for -
a license application? Yes) - <::>
No
5. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level I data?
Yes I
»
b No
6. ODoas the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,
procurement or construction? Yes . I —
No
4
7. Can the item or activity have a major impact on non-radiological
1 or occupational health and safety? Yes . I1
No
8. If the item or activity were to fail or is performed
inadequately could repository workers be exposed to radiation
or radiocactive contamination levels in excess of the limits
expressed in 10CFR&0? Yes - II
NO
1]
9. Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
engineered systems, structures, or components? Yes - II
No
 J
10. Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical amalysis
of alternatives? Yes - II
No
11. Can the item or activity cause major cost overrun or schedule
slippage? Yes - 1I
No "\.,.//

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

D R T A R T D W R T W W D Y D TR T e T W W D WD T A T G A W A D D W G G e R b G W TR A SR D D D W W W Ok W D W W W W

ACTIVITY: Oven Oxidation Tests of Spent Fuel and UOp

ACTIVITY NO.: 0-20-45
DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR 1I. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 1

CITE “YES™ ITEM ON LOGIC DIAGRAM 4

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
LLNL PNL/MHEDL LLNL PNL7REDL

3.0 DESIGN 3A Yes Yes 033-NWMP-R 3A.0 As implemented in

CONTROL 38 No Not a design activity. the contractors
QAPP.

4.0 PROC. DOC.  Yes Yes 033-NWMP-P 4.0 Rev.0 As implemented in

CONTROL the contractors
QAPP,

5.0 INSTR., No Yes As implemented in

PROCS, DWGS the contractors
QAPP

7.0 CTL OF PUR Yes Yes 033-NWP-P 7.0 Rev. 0 As implemented in

MATERIALS ’ the contractors
QAPP .

8.0 1.0. & CTL No Yes 033-NWMP-R 8.0

OF MATERIALS Rev. O

9.0 CONTROL No No No special processes involved

OF PROCESSES

10.0 No Yes 033-NWMP-R 10.0

INSPECTION Rev. O

11.0 TEST No Yes 033-NWMP-R 11.0

CONTROL . Rev. 1

12.0 CTL OF No Yes 033-NwMP-R 12.0

M& T EQUIP Rev. O

13.0 HANDLING, No Yes 033-NWMP-R 13.0

STOR. & SHIP. Rev. 0

14.0 INSP. TEST No Yes 033-NWMP-R 14.0

& OPER. STAT. Rev. O

19.0 SOFTWARE No No No software development

QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1587

Meeting Attendees: Henry Shaw
virginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Oven Oxidation Tests of Spent fuel and
ud,
D-20-45

S.I.P. Identification: Scientific Investigation Plan for
NNWST wBS Element 1.2.2.3.1.L
Spent Fuel waste Form Testing

Additional Comments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

o=, Sfr PR T OMs SF

eader Date NwMP Deputy Progfam Leader Date
for QA

Date NWMP Leader Date

] éVéé!?’ 4:557(' IQE:L_.fzf:u;ZQ’ é%/<§'//1? 7

AFTER NWMP LEADER APPROVAL RETURN TO NwMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

a 7/ Yst— 1 hf> \X,,M ’(%Q_.J.-.,Q u/;'m

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NWMP QA FILE



STEP

10.

1l.

®
|
|
|

D-20-46

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

CHARACTERISTIC

Does the item or activity involve or affect public radiologic
alth and safety? Yes L

Does the item or activity involve waste isolation?
- Yes

v

©

Oces the item or activity involve or affect retrievability?
Yes _

& "

Is the intended purpose of this activity to provide data for
a license applicatisn? e _
No o

Can a failure of the item or activity cause a failure of a
QA Level 1 item, or irretrievable loss of QA Level I data?
Yes

-

No

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,

procurement or construction? Yes >

No

Can the item or activity have a major impact on non-radzologxcal
or occupational health and safety? Yes _

No e

If the item or activity were to fail or is performed
inadequataly could repository workers be exposed to radiation
or radicactive contamination levels in excess of the limits
expressed in 10CFR&0? Yes .
No

Does the item or activity have a major impact on the

non-radiological operation, reliability, or maintainability of

engineered systems, structures, or components? Yes A_
No o

Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis

of alternatives? Yes -
No

Can the item or activity cause major cost overrun or schedule
slippage? Yes -
No

LEVEL TII WHEN ALL THE ANSWER TO ALL QUESTIONS ABOYE IS "NO".

LEVEL

II

II

II:

II

11



NwMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
ACTIVITY: Cgrroiionloegradation/Release Tests on Zircaloy and Stair-xi;;;;;;;r
Cladding

ACTIVITY NO.: D-20-46

DATE: May 8, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 1
CITE "YES™ ITEM ON LOGIC DIAGRAM 4
QA ELEMENT APPLIES IF NO - JUSTIFICATION T
IF YES - LIST NEEDED PROCEDURES
LLNL PNL/HEDL LLNL PNL/HEDL
3.0 DESIGN 3A Yes Yes 033-NWMP-R 3A.0 As implemented in
CONTROL 38 No Not a design activity. the contractors
QAPP.
4.0 PROC. DOC. Yes Yes 033-NWMP-P 4.0 Rev.0 As implemented in
CONTROL the contractors
QAPP.
5.0 INSTR., No Yes As implemented in
PROCS, DWGS the contractors
QAPP
7.0 CTL OF PUR Yes Yes 033-NwWMP-P 7.0 Rev. 0 As implemented in
MATERIALS the contractors
QAPP
8.0 1.0. & CTL No Yes 033-NwMP-R 8.0
OF MATERIALS Rev. 0
9.0 CONTROL No No No special processes involved
OF PROCESSES
10.0 No Yes 033-NwMP-R 10.0
INSPECTION ‘ Rev. 0
11.0 TEST No Yes ' 033-NWMP-R 11.0
CONTROL Rev. 1
12.0 CTL OF No Yes 033-NWMP-R 12.0
M& T EQUIP Rev. O
13.0 HANDLING, No Yes 033-NwMP-R 13.0
STOR. & SHIP. Rev. 0
14.0 INSP. TEST No Yes 033-NWMP-R 14.0
& OPER. STAT. Rev. 0
19.0 SOFTWARE No No No software development



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: May 8, 1987

Meeting Attendees: Henry Shaw
virginia Oversby
Larry Ramspott
Ron Schwartz

Name(s) and Number(s) of Activity: Corrosion/Degradation/Release Tests on
Zircaloy and Stainless Steel Cladding
D-20-46

S.I1.P. Identification: Scientific Investigation Plan for
NNWSI WBS Element 1.2.2.3.1.L
Spent Fuel Waste Form Testing

Additional Comments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

Tl = by Bl A Ttes S
k Xeader Date NWMP Deputy Prdgram Leader Date
for QA
= Rage Z Twrlp 6/3/57 4 W é//g7
NMWSI Projeot Leader Date NWMP Leader Date

AFTER NWMP LEADER APPROVAL RETURN TO NNMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

//%’ ”//7 \SOW '@ O-HIL./Q WAL,

Progect Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NWMP QA FILE



0-20-47

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiologic
l alth and safety? Yes - I
o >
2. Does the item or activity involve waste isolation?
l - Yes I
(o) "
3. Does the item or activity involve or affect retrievability?
Yes
|6 - :
4, Is the intended purpase of this activity ,g_grovxde data for
1 a license application? “Yes _ (’;\j
- \._-/
5. Can a failure of the item or activity cause a failure of a
l QA Level I 1tem or irretrievable loss of QA Lavel I data?
Yes - I
5. Does the activity involve 3 decision phase which is to be
conducted immediately prior to application for a NRC license,
procurement or construction? Yes - 1
No
7. Can the item or activity have a major impact on non-radiological
1 or occupational health and safety? Yes - II
Na
8. If the item or activity were to fail or is performed
inadequately could repository workers be exposed to radiation
or radioactive contamination levels in excess of the limits
expressed in 10CFR60? Yas - Il
No
Y
9. Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
engineered systems, structuress, or components? Yes . 11
‘ NO
10. Does the item or activity involve a design phase for which the
principle purpose is to conguct a comparative technical analysis
of alternatives? Yas - II
No
]
11. Can the item or activity cause major cost overrun or schedule
slippage? Yes . II
No
' LEVEL II1 WHEN ALL THE ANSWER TO ALL QUESTIGONS ABQVE IS "NQ".



NwMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

T D D W T T R T G A S S D s S5 D S D A AP D Y S D Tk G D e D YD U R T P D Y e D A OS NP TE AR P  w w w  .

ACTIVITY: Corrosion/Release Tests on Assembly Hardware

ACTIVITY NO.: D-20-47
DATE: May 8, 1987

D S A D S D D D L P D D D W WD n A P D W D S D R YD A D e e T WD S D D D W e Yh A G R U D A D A T W A D G T D D W A S T 4D D e A W W WP eR

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSURANCE LEVEL 1 OR II. Elements 1, 2, 11, 15, 1l¢, 17,
‘18, 21, and 22 apply to work done at Quality Assurance Level III.

- D T T D W D D D b R D D S W D R T D D P R D D Y D S R D D e D S P P A D S N G W e R D R S R R A P P R W S W R A W S W

LEVEL OF QA 1
CITE ™YES™ ITEM ON LOGIC DIAGRAM 4
QA ELEMENT APPLIES IF NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES
LLNL PNL/HEDL LLNL PNL/HEDL
3.0 DESIGN 3A Yes Yes 033-NWMP-R 3A.0 As implemented in
CONTROL 38 No Not a design activity. the contractors
QAPP,
4.0 PROC. DOC. Yes Yes 033-NWMP-P 4.0 Rev.0 As implemented in
CONTROL the contractors
QAPP.
5.0 INSTR., No Yes As implemented in
-PROCS, DWGS the contractors
QAPP
7.0 CTL OF PUR Yes Yes 033-NwMP-P 7.0 Rev. 0 As implemented in
MATERIALS the contractors
QAPP
8.0 1.0. & CTL No Yes 033-NwWMP-R 8.0
OF MATERIALS Rev. O
9.0 CONTROL No No No special processes involved
OF PROCESSES
10.0 No Yes 033-NwMP-R 10.0
INSPECTION Rev. O
11.0 TEST No Yes ) 033-NWMP-R 11.0
CONTROL Rev. 1
12.0 CTL OF No Yes 033-NWMP-R 12.0
M& T EQUIP Rev, O
13.0 HANDLING, No Yes 033-NwMP-R 13.0
STOR. & SHIP. Rev. D
14.0 INSP. TEST No Yes 033-NWMP-R 14.0
& OPER. STAT. Rev. O
19.0 SOFTWARE No No No software development

QA



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

"~
Date of the Meeting: May 8, 1987
Meeting Attendees: Henry Shaw
virginia Oversby
Larry Ramspott
Ron Schwartz
Name(s) and Number(s) of Activity: Corrosion/Release Tests on Assembly
Hardware
0-20-47
S.1.P. ldentification: Scientific Investigation Plan for
NNWSI wBS Element 1.2.2.3.1.L
Spent Fuel waste Form Testing
Additional Comments:
Level of Quality Assurance I
APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION \//
AL AL T RAMs 6455
Date NWMP Deputy Pfogram Leader Date
for QA
s zlets itz A Mg ? L/5/5
SI Projeé¢t Léader ” Date NWMP Leader v Date

AFTER NWMP LEADER APPROVAL RETURN TO NWMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY TO TASK LEADER

AL sty N\ Bid e

Project Sponsor Date Project Sponsor Quality Manager Date

RETURN TO LLNL NwMP QA FILE



STEP

10.

1.

8
|
|
|

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

CHARACTERISTIC LEVEL

Dces the item or activity involve or affect public radiologic
alth and safety? Yes N I

Does the item or activity involve waste isolation?

Yes I
®

Does the item or activity inveolve or affect retrievability?

v

GS:> Yes _ I
Is the intended purpose of this activity rovide data for
a license application? Ye . C::>

No

Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss af QA Level I data?
Yes I

v

No

Ooes the activity involve a decision phase which is to he
conducted immediately prior to application for a NRC license,

procurement or construction? Yes - I
No

Can the item or activity have a major impact on non-radiological

or occupational health and safety? Yes _ II
No -

If the item or activity were to fail or. is performed

inadequately could repository workers be exposed to radiation

or rtadiocactive contamination levels in excess of the limits

expressed in 10CFR60? Yes - II
No

Oces the item or activity have a major impact on the

non-radiological operation, reliability, or maintainability of
engineered systems, structures, or components? Yes _ Iz
No .

Does the item or activity invalve a design phase for which the
principle purpose is to conduct a comparative technical analysis

of alternatives? Yes - II
Na

Can the item or activity cause major cost overrun or schedule
slippage? - Yes - II
No

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABQVE IS "NO".



NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

T VR 5 D AR W R DR A G T TR A T R G T S T Y G W D G W D WP T G TD OD W T e P P A D S W U P Y W S e - -

ACTIVITY: Carbon 14 Inventory and Release Tests

ACTIVITY NO.: D-20-48
DATE: May 8, 1987
QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPL; TO-;EE-
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 18, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 1

CITE "YES™ ITEM ON LOGIC OIAGRAM 4

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
LLNL CONTRACTCR

3.0 DESIGN 3A Yes " 033-NWMP-R 3A.0 As implemented in

CONTROL I8 No Not a design activity. the contractors
QAPP,

4.0 PROC. DOC. Yes 033-NWMP-P 4.0 Rev.0 As implemented in

CONTROL the contractors
QAPP,

5.0 INSTR., Yes 033-NWMP-P 5.0 Rav.l As implemented in

PROCS, OWGS 033-NwMP-P 5.1 Rav.0 the contractors

033-NWMP-P 5.2 Rev.0 QAPP

7.0 CTL OF PUR Yes 033-NWMP-P 7.0 Rev. 0 As implemented in

MATERIALS the contractors
QAPP

8.0 1.D. % CTL " Yes 033-NWMP-R 8.0 Rev. O

OF MATERIALS

9.0 CONTROL No No special processes

OF PROCESSES

10.0 - Yes 033-NwMP-R 10.0 Rev. O

INSPECTION :

11.0 TEST Yes 033-NwWMP-R 11.0 Rev. Q
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CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiolegic
lth and safety? Yes - I

& '
2. Does the item or activity involve waste isoclation?

QED - Yas - I
3. 'Does the item or activity involve or affect retrievability?

1{55} Yes - I
4. Is the intended purpose of this activity to provide data for

llcense application? Yes ' I

-

g @r

n a failure of the itam or activity causs a failure of a
A Level I item, or irretriesvable loss of QA Lavel I data?
Yes I

>

@ ¢

conducted immediately prior to application for a NRC license,
procurement or construction? Yes o b¢

>

Can the item or activity have a major impact on non-radiological
'@5 occupational health and safety? Yas - II
&8

5. l Doas the activity involve a decision phase which is to be

8. If the item or actlvxty were to fail or is performed

inadequataly could repository workesrs be exposed to radiation

or radicactive contamination levels in excess of the limits

expressad in 10CFR&Q7? Yes _ I

>

9. Coes the item or activity have a major impact on the
non-radioleogical operation, reliability, or maintainability of
engineared systems, structures, or components? Yas _ IT

Y .
10. Does the item or activity involve a design phasa for which the
principle purpose is to conduct a comparative technical analysis

of alternatives? Yas - II

11. Can the item or activity cause major cost overrun or schedule

@ppage? Yas . I

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".
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CONTROL the contractors
QAPP.
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MATERIALS the contractors
QAPP
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OF MATERIALS
9.0 CONTROL No No special processes involved
OF PROCESSES
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M & T EQUIP
13.0 HANOLING, No Good professional practices apply
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CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity invelve or affect public radiaelegic
health and safety? Yes - I
1w
2. Does the item or activity involve waste isolation?
- Yes o I
‘N -
 {
3. Ooes the item or activity involve or affect retrievability?

Yes N I
l ") -

Is the intended purpose of this activity to provide data for
icense application? Yes ' I

-

q_._.___

Can a failure of the item or activity cause a failure of a

QA Level I item, or irretrievable loss of QA Level I data?
, E Yes I

i
.t

Does the activity invalve a decision phase which is to be
conducted immediately prior to application for a NRC license,
(ff;:urement or construction? Yes - I

No

7. Can the item or activity have a major impact on non-radiological
1(ff)occupatiqnal health and safety? Yes - II

No

8. If the item or activfty were to fail or is performed
inadequately could repository workers be exposed to radiation
or radicactive contamination levels in excess of the limits

eipressed in 10CFRe0? Yes - II
 {

S. Does the item or activity have a major impact on the
non-radiclogical operation, reliability, or maintainability aof
iigineered systems, structures, or components? Yes _ II

oy
-

10. Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis

@g)alternatives? Yes - II

11. Can the item or activity cause major cost overrun or schedule

@ppage? Yes -

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABQVE IS "NO".
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Wasta Form

ACTIVITY NO.: 0-20-50

DATE: May 8, 1387

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 1§, 17, 18, 21, AND 22 APPLY TO ALL-
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, ll, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

LEVEL OF QA 111
CITE "YES"™ ITEM ON LOGIC DIAGRAM None
QA ELEMENT APPLIES IF NO - JUSTIFICATICON

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A Yes 033-NwMP-P 3A.0
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CHECKLIST FCR_ASSIGNING QUALITY ASSURANCE LEVELS

n—

STEP CHARACTERISTIC LEVEL -
1. Does the item or activity involve or affact public radiologic

lhealth and safety? Yas - I
2. Does the item or activity invelve waste isolation?

’ - Yas I

®

\4
3. Does the item or activity invalve or affect retrievability?
Yas I
|® -
4. Is the intended purpose of this activity to provide data for .
1 3 license application? Yes> I,
—— - 5\ g
S. Can a failure of the item or activity cause a failure of a
l QA Level I item, or irretrievable loss of QA Lavel I data?
Yes I
6. Does the activity involve a decision phase which is to be
corductad immediately prior to application for a NRC license,
procurement or construction? Yes - I
Na
7. Can the item or activity have a major impact on non-radiological
l or occupaticnal health and safety? Yas _ 11
No -
8. If the item or actzvity were to fail or is performed
inadequataly could repository workers be exposed to radiation
or radicactive contamination levels in axcess of the limits
axpressed in 10CFR&Q7? Yas - II
No
Y
9. Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
engineered systems, structures, or compcnents? Yes . II.
No
 /
10. Doces the item or activity involve a design phasa for which the
principle purpose is to conduct a comparative technical analysis
of alternatives? Yas - II
No
11. Can the item or activity cause major cost overrun or schedula
slippaga? Yas - Il
No

LEVEL I1I WHEN ALL THE ANSWER TO ALL QUESTIONS ABQVE IS "NO".
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CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

CHARACTERISTIC
Ooes the item or activity involve or affect public radiologic
lhealth and safety? Yes L
Does the item ar activity involve waste isolation?
+ Yes .
&o !

'

Does the item or activity involve or affect retrievability?

@ Yes -

Is the intended purnose of this activity to provide data for
a license application? e
No '

.

Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level I data?
Yes

-

No

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,
procurement or construction? Yes .
No

Can the item or activity have a major impact on non-radiological
or occupational health and safety? Yes .
No -

If the item or activity were to fail or is performed
inadequately could repository workers be exposed to radiation
or radiocactive contamination levels in excess of the limits
expressed 1n LOCFR&Q? Yes -

Na

Does the item or activity have a major impact on the
non-radiclogical operation, reliability, or maintainability of
engineered systems, structures, or components? Yes .
No .

Does the item or activity involve a design phase for which the
principle purpose is te conduct a comparative technical analysis

of alternatives? Yes L

NQ

Can the item or activity cause major cost overrun or schedule
siippage? Yes -
No

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".
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LEVEL OF QA 1
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CONTROL
5.0 INSTR., No No drawings or procedures
PROCS, OWGS
7.0 CTL OF PUR Yes 033-NWMP-P 7.0 Rev. Q
MATERIALS
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9.0 CONTROL No No special processes
OF PROCESSES
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QA
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ACTIVITY: Validate the Spent Fuel Releasa Model
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QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 158, 17, 18, 21, AND 22 APPLY TO ALL
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18, 21, and 22 apply to work done at Quality Assurance Level III.
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LEVEL OF QA
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D D e D A R P T e D TR N R D YD S R WD N YR O D D AR G WD S D D S T D U W A A A ol N D R D G D D D R P WD P A SD P R YD D AR A W D D R D D W W

QA ELEMENT APPLIES IF NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES

3.0 DESIGN 38 Yas 033-NWMP-R 3A.0

CONTROL 38 No Not a design activity.

4.0 PROC. DOC. Yes 033-NwMP-P 4.0 Rav.0

CONTROL

5.0 INSTR., Yes 033-NwMP-P 5.0 Rev.l

PROCS, DWGS 033-NwvP-P 5.1 Rev.0
033-NwMP-P 5.2 Rev.0

7.0 CTL OF PUR Yes 033-NWMP-P 7.0 Rev. 0

MATERIALS

8.0 1.D. & CTL ' Yes 033-NWMP-R 8.0 Rev. O

OF MATERIALS

9.0 CONTROL No No processes apply

OF PROCESSES .

10.0 Yas 033-NwMP-R 10.0 Rav. 0

INSPECTION

11.0 TEST Yas 033-NWMP-R 11.0 Rev. 0

CONTROL

12.0 CTL OF Yes 033-NWMP-R 12.0 Rev. G

M&T EQIP 033-NWMP-P 12.2 Rev. 0

13.0 HANDLING, Yes . 033-NwMP-R 13.0 Rev. O

STOR. & SHIP. 033-NwMP-P 13.1 Rev. O

14.0 INSP. TEST Yes 033-NwMP-R 14.0 Rev. O

& OPER. STAT.

19.0 SOFTWARE Yes 033-NWMP-R 19.0 Rev. O
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1.0 Purpose and Objectives

1.1 Regulatory Requirementg

The purpose of the work outlined in this plan is to determine the rate at
which the metal barrier will be degraded by its interaction with the repository
envirorment and to project these determinations over the time scale of interest
in demonstrating first, the contairment of the waste, and second, the
controlled release of radioisctopes. Several degradation mechanisms of the
metal barrier are possible, and a significant effort in this plan is directed
toward providing information which will be used in determining which of the
several degradation mechanisms will operate in the repository envirorment. 1In
addition, several candidate metal barrier materials are presently under
consideration, and a large effort in this plan is directed toward providing
information that will be used as the basis in selecting the material for the
license application waste package design. A brief discussion of how the
current list of candidate materials developed can be fourd in Section 7.0.

The information generated in this plan will be used to show that the waste
package meets the contaimment requirements of 10 CFR 60.113. In addition, the
information is used, in part, to demonstrate the waste package retrievability
requirements in 10 CFR 60.111 (b). Alarg with information generated in the
plans for wasta form testing (both spent fuel and glass waste forms), the
information from this plan will serve as a camponent in determining the source
term for repository performance assessment modeling. Results from this work
will provide the waste package enviroment task with information describing
critical envirormental parameters and how they affect the container material s
performance, thus indicating areas to be examined during the explcoratery shaft
investigations. Furthermore, the information will contribute, in part, toward
estimating the source term in the calculation of long term cumilative
releases. These calculations form part of the estimates of releases to the
accessible envircmment recuired for 40 CFR 191.13 (cumlative releases after
10,000 years) ard for campletion of the site evaluation process required for 10
CFR 960.3-1-5 (cumilative releases after 100,000 years).

The Metal Barrier Selection and Testing Scientific Investigation Plan
addresses the following information needs:

Issue 1.4: Will the wasta package meet the performance cbjective for
coantairment as recuired by 10 CFR 60.113?

IN 1.4.1 Wastae package design features that affect the
performance of the container.

IN 1.4.2 Material properties of the container.

IN 1.4.3 Scenarios amd models needed to predict the rate of
degradation of the container material

Thraxh input to the above information needs, the work covered by this plan
will also provide data used to address information needs 1.4.4 and 1.4.5

(Performance assessment for contaimment objectives); 1.5.4 and 1.5.5 o
(Performance assessment for controlled release cbjectives); 1.10.1 and 1.10.2 —
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(Wastepackaqedalg: 2.6.1 (r’rte::lcsunecieslgn<:z'1.to~ .a concerned with
materials, handling, and identification), 4.3.1 (Waste package production

technology), and 4.5.1 (Waste package costs).
1.2 Metal Barrier Selection and Testing Activities
Grouped by SCP_Investigations

The investigations and activities of the three 1.4 Information Needs (IN)
fram the Site Characterization Plan (SCP) are grouped as follows: (1) IN 1.4.1
is concerned with characterization of the as-fabricated and as-emplaced waste
package container; (2) IN 1.4.2 is concerned with characterization of the waste
package container after emplacement (hence the emphasis on different
degradation modes); and (3) IN 1.4.3 is concerned with modeling to predict the
rates of these different degradation modes.

There is not a one-to-one correspondence between the full set of
investigations and activities listed under the above INs and the activities
described in this Scientific Investigation Plan (SIP) for the Metal Barrier
Selection and Testing Task (WBS 1.2.2.3.2). This situation occurs because the
1.4 Issue ard subsumed Information Needs exist to resolve contaimment issues,
while the content of this SIP is addressed specifically to the metal barrier,
which is not the only erngineered contaimment barrier. Thus, the investiga-
tions and activities associated with the properties of a ceramic liner in IN
1.4.1, 1.4.2 ard 1.4.3 as an altemative waste package design are discussed in
the SIP for "other materials" (WBS 1.2.2.3.3). The Metal Barrier SIP is
centered around laboratory testing, development of models to predict resistance
to various degradation modes, and characterizing the properties of the
cardidate metals and alloys as materials of construction. The character-
istics of the processes for actually fabricating the container and construct-
ing the waste package are, therefore, discussed in the SIP for "Design,
Fabrication, and Prototype Testing" (WBS 1.2.2.4). Thus, same of the
activities discussed in IN 1.4.1 more logically fall into that SIP. There is
the cbvious need for close co-operation between the activities for these
different WBS element SIPs, hence the identification of integration activities
between the appropriate plans.

Although the Metal Barrier SIP has several features analogous to those
found in the SIPs for characterizing the spent fuel and the borosilicate glass
waste forms (WBS 1.2.2.3.1), there are two unique features of the Metal Barrier
SIP that distinguish it and influence the course of the planned activities.
These features are:

(1) the process for specifying which of the several candidate materials will be
selected for the license application design. In order to arrive at a
defensible selection process, many of the activities must be conducted in
parallel for the different candidate materials. This means that a mumber of
activities will be carried out to a level to provide needed information for the
selection process, but that the full suite of activities will be campleted only
for the candidate material that is selected for the license application design.

(2) mxch information on characterizing the candidate metals cames from the open
literature and from various cammercial sources, including potential vendors for
the container material. The information often derives from non-nuclear
applications. Unlike information on other materials that are part of the waste
package (e.g. borosilicate glass or uranium dioxide fuel elements), these
sources of information are largely outside the control of the DOE, NRC, or

other govermmental agencies.



This has important @ ity assurance implications witl egard to the mumber of
possible sources of information and the camwpleteness of the doaumentation.

Because a strang argqument for the selected container material will be built on
previous and successful uses of the material in other engineering applications,

it is vital to use available information on performance of the candidate
materials. Therefore, a considerable effort is involved in determining what
previcusly published information in the technical literature is relevant and
applicable to the present work.

METAL BARRIFR WORK OUTLINE FROM SCP

Note: The asterisked (*, **) investigations and activities from the SCP
(as listed below) are npot discussed in the Metal Barrier Selection ard
Testing SIP. Discussions of these will be fourd in the SIP for Design,
Fabrication and Prototype Testing (items marked *), and in the SIP for Other
Materials (items marked ##),

Info Investi-
Need qation Activity

1.4.1 Waste package design features that affect the performance of .
the container

1.4.1.1 Integrate design and materials information
(metal container)

1.4.1.1.1 Mechanical properties

1.4.1.1.2 Microstructural properties
*1.4.1.1.3 Physical properties

*1.4.1.1.4 State of stress in the container

*1.4.1.1.5 Characterization and inspection
of weld integrity

*1.4.1.1.6 Characterization of the container
surface

*%1.4.1.2 Integrate design ard materials information
(metal container with a ceramic liner)

*%1.4.1.2.1 Feasibility evaluation of
fabricating a ceramic-lined

wasta package
1.4.2 Material properties of the container

1.4.2.1 Selection of the container material for the
license application design

1.4.2.1.1 Establishment of selection criteria
and their weighting factors

1.4.2.1.2 Material selection



Info Investi-
Need _gation Activity

1.4.2.2 Degradation modes affecting candidate copper-base
container materials

1.4.2.2.1

1.4.2.2.2
l.4.2.2.3
1.4.2.2.4
1.4.2.2.5

1.4.2.2.6

1.4.2.2.7

1.4.2.2.8

Assessment of degradation modes in
copper-base materials

Metallurgical aging and phase stability
Low temperature oxidation

General aqueocus corrosion

Hydrogen entry and embrittlement

Pitting, crevice, ard other
localized attack

Stress corrosion cracking
Other potential degradation modes

1.4.2.3 Degradation modes affecting candidate austenitic
container materials

1.4.2.3.1
1.4.2.3.2

1.4.2.3.3
1.4.2.3.4
1.4.2.3.5

1.4.2.3.6
1.4.2.3.7

1.4.2.3.8
1.4.2.3.9

Assessment of degradation modes in
austenitic materials

Metallurgical aging and phase
transformations

low temperature axidation
General agqueocus corrosion

Intergramular attack and intergramilar
stress corrosion cracking

Hydrogen entry and embrittlement

Pitting, crevice, and other
localized attack

Transgramilar stress corrosion cracking
Other potential degradation modes

*%]1.4.2.4 Degradation modes affecting the ceramic liner

*%].4.2.4.1

*%]1.4.2.4.2

Assessment of the degradation modes
affecting the ceramic liner

laboratory test plan for ceramic
liner materials



Info Investi-
Need __aation Activity

1.4.3 Scenarios ard models needed to predict the rate of degradation
of the container material

1.4.3.1 Mcdels for copper ard copper alloy degradaticn
1.4.3.1.1 Metallurgical aging and phase stability
1.4.3.1.2 Low temperature cxidation
1.4.3.1.3 General aquecus corrosion.
1.4.3.1.4 Hydrogen entry and embrittlement

1.4.3.1.5 Pitting, crevice and cther
localized attack

1.4.3.1.6 Stress corrosion cracking
1.4.3.1.7 Other potential degradation modes
1.4.3.2 Models for austenitic material deqradation

1.4.3.2.1 Metallurgical aging and phase
transformations

1.4.3.2.2 low temperature axidation
1.4.3.2.3 General aguecus corrosion

1.4.3.2.4 Intergramular attack ard intergramlar
stress corrosion cracking

1.4.3.2.5 Hydrogen entry and embrittlement

1.4.3.2.6 Pitting, crevice, amd cother
localized attack

1.4.3.2.7 Transgranular stress corrosion cracking
1.4.3.2.8 Other potential degradation modes
*%1.4.3.3 Models for ceramic material degradation
*%]1.4.3.3.1 Dissolution of alumina
**].4.3.3.2 1lcss of fracture toughness

At the present time, the NNWSI Project is considering the technological
feasibility of producing a ceramic-lined metal container as a waste package
design option. In such a case, the long-term container performance function
would largely be taken by the ceramic material with the function of the metal
to be largely limited to the handling and emplacement operations. If the
Project were to choose this option, then much of the work discussed in this STP
woauld be truncated.



y

1.3 Activity Groupi. _for the Metal Barrjer Selecti. and Testing SIP
For this plan; certain of the above activities group together naturally
because of parallel efforts (e.g. model development for the various degradation
modes in each alloy system; laboratory test plans corresponding to each
degradation mode) and because these grouped activities have the same determined
quality assurance levels. These groupings define the activities of the Metal
Barrier Selection and Testing task as described in this SIP.
ier Sel on Process (see sections 2.2 3.2

E-20-13 Degradation mode surveys

E-20-15 Establishment of criteria for metal barrier selection

E-20-19 Metal barrier seiectim

. .3

E~-20-16 Development of models for degradation modes, mechanical
properties, and microstructure

E-20~-20 Integration of models for selected material
E-20-21 Performance parameter studies
E-20-25 Validation of model
ier ormance see_sect .4 and 3.4
E-20-17 Experimental technique development
E-20-18 Parametric stixdies of metal degradation and microstructure
E-20-22 Develcyment of plans for license application support tests
E-20-23 License application support tests

E-20-14 Ooordination with package design

E~-20-24 Determination of mechanical and microstructural
properties of metal

The mmbers assigned to these thirteen activities are in approximate
chrorological sequence as can be seen in Figure 2 in Section 5.0 ‘Schedule and

Milestones’.
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plan.
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activities from the ScP
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The following 1li-
Information Needs of _ssue 1.4 and the activities described in this
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1.4 Information Flx

metallurgical stability of the material (s) under anticipated conditions and a
reasonable mmber of credible but unanticipated corditions. The present list
of candidates are AIST 304L, AISI 316L, and Alloy 825 in the “austeniticM
family and CDA 102, CDA 613, and CDA 715 as copper-base materials.,

As illustrated in Figure 1, information from sources cutside this plan is
required for several c¢ the activities of this plan. These outside sources,
labeled as ’/Information Input’, include previously published information in the

liners, cements, and grouts), perfomameassessrmsoemrios, and geochemical
modeling (toderivethemysicala:ﬂdmicalemimmentmmrdj:gthewaste
package container). Amﬂxerirpxtwillbetheuseofthemyecodeinthe
selection process.

package
performance) are viewed as constraints, because they establish same limits on
what must be accamplished in the activities in this plan.



As seen in Figur , the activities in this plan . . naturally divided into
two parts, separated by the selection step. Up until this selection the work
covers all six initial candidate metals, including three austenitic alloys amd
three copper-base alloys. The three austenitic alloys are iron-base (stainless
steels) ard nickel-base (alloy 825) with the primary phase (austenite) being a
face-centered cubic structure in all alloys. The copper-base alloys are also
face—centered cubic in structure. All of thesa materials are hardened by )
solute additions or by cold work; all of the materials possess considerable
ductility over a wide range of temperatures. These materials are widely used
in industrial and structural applicaticns; a major reasen for their use is good
corrosion resistance in many different kinds of enviromments, although the
cardidate materials differ on the limits of envirommental conditions in which
they can be successfully used. In the most general considerations of
materials, all of the candidate materials are reasonably simple in
microstructure (no intentional secondary phases for hardening), although there
are important differences among the cardidates on this point. while a
high-purity copper is cne of the candidate materials, this material, too, can
ba regarded as a dilute alloy. In fact, it may be desirable to add or retain
same decxidizing elements (in the 100’s to 1000’s ppm range) to make the
material mere readily weldable and to prevent formaticn of internal copper
oxides. Thus the words "alloy" and "material" are used interchangeably and
syncnymously in this SIP.

Criteria for selecting the material(s) or alloy(s) for use in the final
design must be decided upon, and an information base prepared to support these
criteria. This information base includes corrvsion models, corrosion data,
existing literature, and evaluations from authoritative sources in the metals

. After the selection of the alloy(s), the activities concentrate on
generating a validated model for the material(s)
performance in the repository envirorment. This model will be confirmed by
laboratory tests. In effect, those elements of the plan above the "selection"
activity in Figure 1 are directed toward making that selection. Those
activities below the "selection" are directed toward validation of the long
term performance medel of the metal selected. When this task is campleted, the
validated model will become a porticn of the overall repository performance
assessment model used to support advanced designs and the license application.



- Two other waste [ :age tasks that have substantiz teraction with the
MetalBarrig:Selectima:ﬂThstirgmskamsrminFigumlztheWaste
Package Design, Fabrication and Prototype Testing Task and the Waste Package

researched (and vice versa), and that the degradation models developed ii.rrxgthis
taskwillmshmxenneededwiththecverallperformamemodel. The output from
this task will be: 1) the selection of cne (or two) alloys, a description of
mechanical and microstructural properties, and performance confirming tests,
provided to the Design Task; 2) validated models to describe the behavior of
the material under repository corditions provided to the Performance Assessment
Task.

for the candidate materials.
Information derived in the Metal Barrier Task on corrosion of candidate
materials influernsthenwimth'raskarﬁalsothe%sterom i

pmductsamscnematsolublemﬂcanbetxarspozted) and may degrade the
performance of the waste form. The "campatibility" of the package container
a:ﬂmewastefomispmposedasmeofﬂnfactorsinselectmgtheminer
material. o.rtpxtfxuntheuetalaa.zrierSelectimarﬂTatthaskm
corrosion product formation is one of many factors that goes into the BQ3/6
geodmicalcode,stmninFigmelasthePerfomanceAssasmntmsk.
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Metal Barrier Sclection and Testing [aformation Flow

Figurc 1

Working coastraints Information Input .
Regulatory Repository Preliminary Existing NNWSI Previous
performance eavironment package literature contractor NNWSI
requircment assessment design information evaluaticns work
Establishment Degradation
of criteria for mode surveys.
Deaval t metal barriee
of madels for selection. (E-20-13)
degradatioa -
B odes, (E-20-15) QA-TII
mechanical
properties and QA1 .
Fu'crosuuctum T T Coordination
I 1) with package
(E-20-16) Parametric Experimental design.
studies of technique
QA-IIl deg/struc. development. (E-20-19)
| (E-20-18) (E-20-17) QA-II
: QA-II QA-H
:P:rforman§= ‘ z P )
Ass;:ssuk:cnl H Metal barrier selection. | | Task
(E-20-19) QA-1
Integration of Performance Development of
| models for parameter plans for license
selected studies. applicatioa tests.
material.
(E-20-21) (E-20-22) —
(E-20-20) Determination|
QA-II QA-1 of mechanical
QA- ] and
Performance { icrostructur
Iategration of parameter License properties of
models for studies. application tests. metal.
selected
material. (E-20-21.1) (E-20-3) (E-20-29)
(E-20-20.1) QA-1 QA-1 QA-I
QA-I i
Validatioa of model.
. (E-20-25) QA-l
1 B
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2.0 Rationale for S« cted Activities and Quality As: _ance Level
Assiarments

The rationale for the four work areas and thirteen activities listed in
Section 1.2, and their QA level assigrmments are discussed in this section.

- 2.1 Introduction

The work in this plan is the content of WBS element 1.2.2.3.2 (Metal
Barrier Selection and Testing) amd is concerned with the long-term models to
predict the mechanical and microstructural properties of the container
material, and the rates of occurrence and rates of propagation for the
different possible degradation modes. In most cases, the envirormental,
mechanical, and metallurgical factors that cause the different degradation
modes are known froam previous experience with the candidate materials, so that
the starting point for model develomment cames fram cbservation, measurement
and urderstarding of those envirommental, mechanical, and metallurgical factors
that influence these degradation modes in the context of the repository
setting. laboratory work is centered around quantifying these degradation
modes in the time periods generally available for laboratory testing (periods
ranging from several hours to a few years). The general purpose of this
laboratory work is to determine the rates of the different degradation modes as
they relate to the physical, chemical, and mechanical properties of the
container material and its surroundings. Confidence is gained in the model
develcpment by predicting to progressively longer time periods what is expected
to occur ard then actually conducting experiments or tests over those time
periocds to confirm the prediction. The rationale of this approach is to begin
the laboratory activities in more highly aggressive conditions than expected
(where the phenamenon under investigation is accelerated to occur in a short
period of time) and then to reduce the aggressiveness of the conditiaons in
order to approach the anticipated envirommental conditions as a limit (where
the same phenamenon occurs in progressively longer time periods). As needed,
N the models are modified in accordance with the results fram the laboratory

work.

In parallel with modeling and laboratory activities, this task will also
select one (or two) materials for advanced study from the preliminary list of
candidates. This selection process provides a dividing line between broad-
based preliminary screening activities and the detailed final activities
producing doaumentation for a license application design metal barrier. As
noted above, this task will also interface with two others: waste package
design and performance assessment. The intent of these interface activities is
to insure that the results of this task are campatible with the results and

of these other efforts, and to keep the effort of this Scientific
Investigation Plan directed toward the same goals as the other program
elements.



2.2 Metal Barrier S ction Process

These activities describe the process for selecting cne or two materials
for advanced design and performance testing. A set of criteria for material or
alloy selection is needed to campare candidate materials with one ancther. An
injtial set of ’survey papers’, each of which assesses the importance of .
particular degradation modes to a family of alloys, will provida a framework ~
for evaluating the performance of cardidates in the selection process. The
selection process includes the documentation and review requirements for metal
barrier selection.

N4 - dati e

The ’‘Degradation mode surveys’ (E-20-13) are a consolidation of available
information related to the expected performance of the two families (copper-
base ard austenitic) of candidate alloys with respect to each particular mode
of degradation (e.g. localized corrosion). The surveys will specifically
concentrate on documentation of data needed to campare degradation rates of the
container material over long time periods. The degradation modes are defined
as chemical or mechanical processes (and sametimes combinations of these) that
penetrats the metal structure and ultimately perforata it. The reason for
separating the processes into the different modes is that the penetration
follows different propagation patterns. These modes are explained more fully
in the parts of Chapter 7 ard 8 of the SCP dealing with metal barriers ard in
several texts cn corrosion of metals - see Section 7.0 of this SIP.

The rate of perforation of the metal container and the mumber of containers
perforated are important factors in demonstrating the performance of the waste
package for contairment ard of the ergineered barrier system for controlled
release. The goal is to determine for each candidate alloy which degradation
modes are insignificant, which are potentially significant, and which appear to
limit an alloy in meeting the performance cbjectives. The raticnale for this .,
activity is that a great deal of information is available on metal performance,
but it must be evaluated and applied to the specific case of a metal barrier in
a Yucca Mauntain waste container to assess the prospects for repository
performance. Thirteen combinations of alloy family and degradation modes have
been identified for assessment. Completion of these surveys will provide
docaumented statements of potential alloy performance, which will serve as the
input to the selection process. The data assessed will also provide imput to
model development.

This activity (E-20~13) will be conducted at QA Iavel ITI. The container
material selection criteria (E-20-15) and the selection process itself
(E-20~19) will be corxiucted at level I. However, the survey information that
is used in the selection is not directly tied to the license application data,
which will be generated after the container material selection. The purpose of
the survey information is to guide the work that will be followed once the
selection is made. Much of the basic information to be used in the survey of
degradation modes cames from the open technical literature, which does not have
a QA level associated with it.

13



vi =-20=1_ Jstabl cri ia for Mecal ier Selection

The criteria for selection of a metal barrier alloy(s) for advanced work
mist be developed, reviewed, ard approved. Activity E-20-15 ‘Establishment of
criteria for metal barrier selection’ is the process of defining those
criteria. The rationale for this work is that a metal barrier material cannot
properly be chosen until the criteria for selection are established and
acceptedbyapmcssofpeerreviewardmne:tasprwidedformtheQ:alJ.ty

Assurance Program Plan (QAFP) of the Nuclear Waste Management Program (NWMP).

This activity will be conducted at QA lLevel I. The reason for this level
assigmment is that the selected material and the defense of its selection are
fundamental bases of the license application data base. The container material
selection is also an important project milestone, and its delay would cause
considerable slip in the project schedule. This fact alane would make the
material selection and selection criteria lLevel II, but the fact that the
primary intention of the activity is to provide the reasons for selecting the
material for the license application design makes the activity level I.

v - i ect

’Metal barrier selection’ will-be performed in activity E-20-19. Input for
the selection will came from the performance models developed in this task and
described in section 2.3, from the degradation surveys described above, and
fram the parametric studies described in section 2.4. The selection will be
based on the criteria described in activity E-20-15, and will also be subject
to peer review ard cament. The rationale for selecting the barrier
material (s) before the campletion of model develcopment and validation testing
is that much more time and effort are required for validation of the
performance model than for an informed and defensible selection. That is, a
variety of candidates can be examined to a level that determines which ones are
conservatively sufficient to meet the performance requirements, and to rank
them in terms of performance. That is all that is required at this level to
narrow the candidate list to one (or two). Much more work is then required to
caplete the long term performance model and validate it with testing. This
larger effort, which is required for repository performance assessment but not
for material selection, can then be focused on the selected alloy(s).

This activity is assigned QA level I. The rationale for this assigmnment is
the same as that given for the previous activity on the selection criteria,
because the material selected and the defense of the selection are a
fundamental part of the data that will be generated to support the license
application. The reasons that the criteria for selection and the selection
process itself are split into two activities are (A) to allow the timing
sequence of the two activities, (B) to allow a possible change in the
camposition of the peer review panel for the two activities, and (C) to
dguéimggitﬂaselwtimaibermmmselectimpmassepamte
activities.
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In sumary, the v oee activities for the Metal Bai _er Selection Process

Activity No. Name QA Level

~—’
E-20-13 Degradation mode surveys III
E-20-15 Establishment of criteria for metal I

barrier selection
E~-20-19 Metal barrier selection I

2.3 Metal Barrier Performance Modeling

These activities are directed toward producing models of material
degradation for use in the selection process, ard then integrating these
degradation models into a metal barrier performance model of the alloy(s)
selected, to be validated by laboratory tests and utilized by the repository
performance assessment task. Model develomment work will be conducted at QA
level III. The models will be validated at level I and data for parameters
central to the model will be collected at level I.

Activity E-20-16 ’Development of mcdels for degradation modes, mechanical
properties and microstructures’ will serve two primary purposes. One purpcse
of this activity is to provide support for the selection process. Degradation
models, primarily related to the corruvsion resistance of the materials but
occasionally concerned with retention of fracture toughness, are based on
established electrochemical and metallurgical principles. These models
address those modes deemed important to long term performance as gquided by the
degradation modes surveys, described in Section 2.2. Data input will include
the metallurgical literature (especially that which is related to corrosion),
and previcus NNWSI experimental work. Closely related to modeling the degrada-
tion modes are modeling activities for characterizing the mechanical and
microstructural properties of the as-fabricated container and the changes that
will occur (’aging phenamena’) as a function of time in the repository.



For the secard p  ose of this activity, those mo. s applicable to the
selected alloy will be further developed and integrated into a long-term metal
barrier performance assessment model to be validated and used by the repository
pexformance assessment task in the advanced design and licensing phases. The
rationale is to develop individual degradation mode models for all of the
processess which must be considered in the selection activity, then cambine
those models which are relevant to produce a unified performance assessment
model for the container. Thus, the model development activity begins before
container material selection and continues for same time after the selection

process (see Figure 2).

The models for degradation modes can be broken into ’‘sub-models’; in same
cases this is an advantage because same aspects of the degradation process will
be more amenable to modeling than other aspects., One exanple is that the
detection of a sensitized microstructure in austentic stainless steels and
nickel-base materials is more readily modeled than the envirormental aspects of
intergrarular attack and intergramilar stress corrosion cracking. Another
example is that ammonia formation (such as by radiolysis of atmospheric gases)
is more readily modeled than the metallurgical or mechanical aspects of stress
corrosion cracking in oopper and copper-base alloys. In both cases (sensitiza-
tion or ammonia formation), the process being modeled is the critical step in
the degradation mode and can be modeled with greater confidence because the
model is confined to either the container material (sensitization) or to the
enviroment (ammonia formation). This point is discussed further in Section
3.3.1.

This activity on model development is assigned QA level III. The reason
for this level assigment is that the individual models themselves are not
directly part of the license data base (Level I), nor is the general
'imtegration’ of the models into a single performance model. QA Level III
parametric studies (E-20-18) support develorment of these models (discussed in
Section 2.4). The activity on model development (and model integration) does
not have a major impact on project schedules or on design phases to conduct
camparisons of altermatives (criteria for level IT assigmment). However,
preparation of the integrated performance model for use in support of the
license application (E-20-20.1), the data to support it (E-20-21.1), and
validation of the model (E-20-25) are level I activities. The validation will
be made according to results of key performance parameter studies (E-20-21.1)
and with data generated under license application support tests (E-20-23).
Both E-20-21.1 and E~20-23 are QA Level I activities.

Activity E-20-20 and E-20-20.1 Inteqration of models for selected materjal

The ‘Integration of models for selected material’ activity (E-20-20 and
E-20-20.1) follows the previous development phase and the alloy selection.
Those degradation models which apply to the alloy(s) selected must be
integrated with the design features and repository envirorment information to
produce a long term performance model of the waste package. The reason for
this ‘integration’ activity is that more than ane degradation model can occur
at a time. The model associated with aging effects in the container, including
the mechanical and microstructural property charges associated with these, and
the model associated with low temperature axidation of the container are
applicable from the time the container is emplaced in the repository, while
many of the other models (especially those associated with aqueous corrosion
phenamena) are applicable to certain time periods or when certain conditions

ocaur in the repository.
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The envircment . ud the container will change w h time, and waste
packages at different locations in the repository will experience different
envirarmental corditions. The containers themselves will be produced over a
25-30 year periocd of time, and will conceivably have same variation in
caposition and microstructure. All of these factors will determine when a
given model is ‘in effect’ and when it is not. ),

This activity is split into two parts with different QA levels because mich
of the werk to inteqrate the models does not support license application
directly but is tha process of getting the performance model working
correctly. Thus activity (E-20-20) is assigned QA level III for the same
reasans given for assigning the model development activity (E-20-16) level
III. The primary purpose of the integration is to ‘allocate’ among the several
models over what portion of time and over what portion of container population
the individual models are applicable. The portion of this activity which is
assigned QA level I (E-20-20.1) irvolves preparation of the parametric data
from E-20~21.1 ard predictions of container performance. This will be used to
support the license application amd other critical programmatic decisions in
other tasks such as container design and fabrication where the metal barrier
performance is important. The parametric data for this activity comes from
E-20-21.1 which is also QA level I. :

v -20~ ~20~21. studi

’Performance parameter studies’ (E-20-21 and E-20-21.1) is an activity to
interface with the integration of the individual models (E-20-20 and
E=20-20.1), described above. This activity imvolves gathering key parametric
irput for the integrated metal barrier medel, ard guaranteeing that the metal
barrier model is consistent with the requirements of the repository performance
model. It will also provide any additional parametric data needed to conplete
the individual degradation models. The word ’‘key’ is used here because the ~
parameters that will be studied are those that are identified as being
important because of their strong influence on those degradation modes that are
determined to be central in predicting container lifetimes in the time pericds
of concern. Identification of these key parameters comes after container
material selection and after the model development work has indicated which
parameters have the greatest sensitivity toward the process being modeled
(activities E-20~-18 and E-20-16). This ‘Performance parameter studies’
activity may include data collection from cutside the project and certification
of this data according to the appropriate quality assurance provisions to allow
its use to directly support level I work; this activity may also includa
laboratory tests. Tests would be performed urder this activity if they were
not direct performance tests, such as those in activity E-20~-23.

This activity is split into two parts with different QA levels because same
of the information required for model integration (E=-20-20) is of a general
nature and does not directly support either the model validaticn cr the license
application design, and same of the information does support thesae level I
activities. The first portion of the activity, E-20-21, which is assigned QA
Level III, supplies information on all of the physical, chemical,
metallurgical, and mechanical parameters that have sams influence on metal
performance. It is similar in nature to activity E-20-18 but is focused on the
selected material and supports model integration rather than general
development. The second portion of this activity is E-20-21.1 and is assigned
QA level I. The rationale for this assigmment is that this activity directly
supplies irmput required for completion of the performance medel (E-20-20.1 ad
E~20~-25), QA level I activities that will be used in the license application
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data base. Activity 20-21.1 classifies information .th regard to its
importance and reviews and certifies information needed for QA level I
activities. Documentation of these decisions becames a central factor in
campleting the modeling work in the Metal Barrier Selection and Testing Task.

Activity F-20-26 Valjdation of model

’validation of model’ (E-20-25) will validate the integrated metal barrier
degradation model by comparison to QA level I test data. As described earlier,
the model will be based on accepted electrochemical and metallurgical
principles. The rationale is to verify that the model is phenamenclogically
correct by camparison to laboratory tests which map a parameter space in
corrosion enviromment and time. Demonstration that the model accurately
predicts the results of these tests will be used to validate the model for use
in the Repository Performance Assessment. If suitable natural analogs can be
found, they will be used to enhance the validation of the time parameteriza-
tion. The peer review process may also be used to support model validation.

This activity is assigned QA Level I, because the results of the validation
will be a critical part of the data sulmitted in support of the license
application.

In sumnary, the activities under the Metal Barrier Performance Modeling
area are:

Activity No. Name QA level
E-20-16 Develomment of models for degradation IIT
modes, mechanical properties, and
microstructure
E-20~20 Integration of models for selected III
E-20-20.1 material . I
E-20-21 Performance parameter studies I1I
E-20~-21.1 Performance parameter studies I
E~20-25 Validation of model I

It should be noted here that detailed model development and validation
plans camnot be provided until after the material selection process is
carpleted.
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2.4 Metal Baxrier Bx xmance Testing

Laboratory testing of metal barrier performance is required for three
reasons. First, in the time leading up to selection of one (or two) alloys,
experiments will provide data to the degradation modeling effort amd will help
guida the selection process. After selection, there will be a need for QA
level I input into the degradation models as they are consolidated into a ~r’
container performance model. Finally, tests will be needed to provide support
for validation of the metal barrier model over a range of repository-relevant
parameters.

N4 =-20~17 : ique deve

- Activity E-20-17 is ‘BExperimental technique develcrment’. Qustom
laboratory tests are likely to be needed. Standard corrosion test procedures
should be adequate for most general material surveys and same of the model
development support. However, to precisely conform to the modes of degrada-
tion experienced in a repository enviromment, and to vary the parameters of
tests in the same way that the models vary parameters, custom techniques, using
recent advances in electrochemical and surfaca sciences, may be required.
measure the slight degradations experienced in the relatively benign
exwuormentsexpectedmacperinentsardtatsperfomedwiﬂﬁn reasanable time
scale, enhanced sensitivity is required in some experimental techniques.
Exanples of same techniques that may be employed are discussed in Section
3.4.1.

The work in this activity will be conducted at QA level III. This is txruly
experimental work. There is same technological risk involved in undertaking
this kind of work in that not all of the prumised advances in techniques will
necessarily give useful results. On the cther hand, there are considerable
benefits to be qained if mechanistic arguments can be successfully
made about how fundamental electrochemical and metallurgical processes cperate, )
in order to make the unique long-range characterization and performance —
predictions required for muclear waste disposal. The bulk of the work
urdertaken in activity E-20-23 (License application support tests) will likely
use standard test procedures and recammended practices develcped by
professicnal crganizations such as ASTM, NACE and cthers. These tests have
widespread use ard acceptance; however, acceptance of new kinds of tests by
pmfassionalorganizaticrsisaslmms A good part of the effort in
activities E-20-22 and E~20-23 (both QA level I activities) will be concerned
with selection of test methods to use in generating the license application
data. The result of work performed in activity E-20-17 is to determine whether
same of these advanced technicues should be included in those level I
activities,

- ic es of meta t
microstyucture
‘During the develcpment of degradation mode models described in Section 2.3
corrosicn data will be required that are not available from other sources or
are unique to Yucca Mountain repository conditions. These will fall under
activity E-20-18 ’‘Parametric degradation studies’. The rationale is to provide

the container material selection and model development activities in a timely
manner.
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Jhe behavior of the ¢ tainer material deperds on sev¢ | physical, chemical,
metallurgical, and mewanical parameters; identification of which of these
pazanetezsamthgcmtmlorkeymtopredictirqtheperfomroemﬂe:
repository conditions is needed to proceed toward generating meaningful data
for the license application. This activity begins before selection of
container materials for advanced design work and contimies until the selection
process is campleted. After selection of a container material, information
qathering and key parameter identification is contimued under activity E-20-21.

This activity will be conducted at QA level III. The information that
cames out of this activity will not be used directly in the license
application, but it will identify those parameters that will be used in
generating the QA Level I work in activities E-20-21.1, E=-20-22, and E-20-23.

Activity E-20-22 Development of plans for license application.
suport tests

After selection of an alloy(s) for advanced design work, a set of QA level
I tests must be planned in conjunction with the model integration work of
Section 2.3 to allow eventual validation of the metal barrier performance
model. Such tests cannot be conducted until a camprehensive set of test plans
has been prepared, reviewed, ard accepted. Preparation of these plans in
activity E-20-22 ’Development of plans for license application support tests’
includes a review and camment process to ensure that the scope, accuracy and
precision of the tests will be adequate for performance confirmation.

This planning activity will be developed at QA level I. Documentation of
how decisions were reached with regard to selection of test methods and
selection of key parameters is needed to directly support the license
application data (criterion for lLevel I). As indicated in the information
flow diagram (Figure 1) and in discussions in the text on related activities,
the plans will be periodically revised as important new information becames
available, for example, from activity E-20~-17 on technique development or fram
activities E-20-21 and E-20-21.1 on parametric investigations.

ivi - ca S\

The most intensive laboratory work in this task is in activity (E-20-23)
’License application support tests’. These tests, as planned in the activity
described above, will be used to validate the metal barrier performance model,
ard will provide data to predict the expected long term metal barrier
performance. The rationale behind these tests will be to test the alloy(s)
chosen over a range of enviroment and time cambinations to provide data for
use in specially designed tests for validating the integrated performance model
of the metal barrier, as described in activity E-20-25. Severe enviromments
will produce measurable degradation in accessible times to validate models of
the degradation process. Monitoring the decrease in the degradation kinetics
as the environment tends toward that in the repository will provide validation
of the time parameterization in the models. Long time natural analogs, if
available, will allow further validation in the time parameter. This activity
will be conducted at QA ILevel I. The reason for this assigmment is that this
activity will generate license application design data.
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mamry,the;.ivitisinmemtalmrfommhgareaam:

Activity No. Name : QA level

E-20-17 Bxperimental technique develcpment III ~—r’
E-20-18 Parametric degradation studies III

E~-20-22 Develocpment of plans for license I

application support tests
E-20-23 License application support tests I

It should be noted here that detailed plans for activities E-20-22 and
E-20-23 cannot be developed until after the material selection process is
campleted.

2.5 Desion Properties of Metal Barrier

This area cooprises those properties of the metal barrier (as it is
designed to be used in a waste package) that affect material selection ard
performance. These include the temperature ard radiation field due to the
radicactive decay, physical ard mechanical properties of the metal, design
details such as thickness of the container and the loads that it will
experience, and microstructural characteristics such as grain size and intermal
precipitates both in the weld metal and the base metal. There are two
activities in this area.

\'$ - Coo \o des

The first activity in this area is ‘Coordination with package design’
(E~20-14) . The rationale behind this activity is to ensure contimmued
information exchange with the package design task. Examples of the kinds of
information exchange are given in Section 3.5.1. This co-ordination is
recuired to assure that the metal barrier selecticn and package design do not

progress indeperdently and erd up with incompatible requirements.

This activity will be conducted at QA level IIT as there is no license
application design data being generated in the activity. This activity will
contirmue throughout the active period of this SIP; the activity is not directly
linked to any particular important scheduled milestone. However, this activity
does serva to transmit information between the two tasks. Information from
analyses being performed in other activities (e.g. E-20-18, E-20-21, and
E-20-21.1) is used to detemine ‘key’ parameters (especially metallurgical
parameters). Information flows back from this activity to identify which of
the mechanical and microstructural properties are central to making performance
predictions (activity E-20-24).
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iv E~: 2 tion o ical 3 microstructural
ies of the metal ier material

This activity is concerned with characterization and documentation of the
important mechanical and microstructural properties of the selected container
material in the as-fabricated and as-emplaced condition. Many of the
activities concerned with survey of degradation modes, identification of key
performance-related parameters, model development and imtegration, ard testing
to produce license application data and validation of the performance model
depend on an accurate characterization of these key properties. This activity
is closely linked with the Design, Fabrication, and Prototype Testing Task
because the container fabrication process and the welding or other closure
process have a significant influence on the mechanical and micro-
structural properties. Examples of mechanical and microstructural properties
are given in Section 3.5.2. The particular properties that will be documented
in this activity are those that are deemed important fram the model develop-
ment and integration activities (E-20-16 and E-20-20) and the parametric
studies (E-20-18, E-20-21 and E-20-21.1). Addition<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>