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“~estimat the source term in the calculation of long term cumilative

1.1 Requlatory Requirements

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
envimmﬁarﬁtopmjectﬂmedetemjmtimswermetimscaleofintemt

in demonstrating first, the contairment of the waste, and secord, the
cartrolled release of radioisotopes. 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.
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 develoaped can be found in Section 7.0.

In

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 demaonstrate the waste package retrievability

requirements in 10 CFR 60.111 (b). Along with information generated in the
plans for waste form testing (both spent fuel and glass waste gorms), the

information from this plan will serve as a camponent in determining the source
term for repository performance assessment modeling. /Resulty fram this work

provide the waste package ervirormént task with information describing
critical envirormental parameters and how they affect the container material
performance, thus indicating areas to be

ing the exploratory shaft'

investigations more, the Infarmation will contribite, in part, toward

releases. These calculations form part of the estimates of releases to the
accessible envirorment required for 40 CFR 191.13 (cumilative releases after
10,000 years) and for campletion of the site evaluation process required for
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 waste package meet the performance cbjective for
containment as required by 10 CFR 60.113?

IN 1.4.1 Waste package design features that affect the
performance of the container.

IN 1.4.2 Material properties of the container.

IN 1.4.3 Scenarios and models needed to predict the rate of
degradation of the container material

Through 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

10

(Performance assessment for controlled release abjectives); 1.10.1 and 1.10.2

1



(Waste package desig  2.6.1 (Preclosure design crity .a concerned with
materials, handling, and identification), 4.3.1 (Waste package production
technology), and 4.5.1 (Waste package costs) .

1.2 iviti

degradation modes); and (3) IN 1.4.3 is concerned with modeling to predict the

1.4.1, 1.4.2 and 1.4.3 as an altermative 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

ing the waste package are, therefore, discussed in the SIP for "Design,
Fabrication, and Prototype Testing" (WBS 1.2.2.4). Thus, some of the
activities discussed in IN 1.4.1 more logically fall into that SIP. There is
the dbvious 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
fourd in the SIPs for characterizing the spent fuel and the borovsilicate 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 plamned activities.
These features are:

activities will be carried cut to a level to provide needed information for the
selection process, but that the full suite of activities will be camleted only
for the candidate material that is selected for the license application design.



This has important o ity assurance implications wit! egard to the mmber of
possible sources of information and the campleteness of the documentation.
Because a strong argument 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
materjals. Therefore, a considerable effort is involved in determining what
previously 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 pot discussed in the Metal Barrier Selection and
Testing SIP. Discussions of these will be found in the SIP for Design,
Fabrication and Prototype Testing (items marked *), and in the SIP for Other
Materials (items marked #**).

Info Investi-

Need gation 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 and materials information
(metal container with a ceramic liner)

**1.4.1.2.1 Feasibility evaluation of
fabricating a ceramic-lined
waste 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 _qation Activity

1.4.2.2 Degradation modes affecting candidate copper-base
container materials

1.4.2.2.1

1.4.2.2.2

1.4.2.2.3

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 aqueous corrosion

Bydrogen entry and embrittlement

Pitting, crevice, and 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 oxidation
General agquecus corrosion

Intergramular attack ard intergramilar
stress corrosion cracking

Hydrogen entry and embrittlement

Pitting, crevice, and other
localized attack

Transgramlar stress corrosion cracking
Other potential degradation modes

**1.4.2.4 Degradation modes affecting the ceramic liner

**1.4‘2.4.1

**1.4.2.4.2

Assessment of the degradation modes
affecting the ceramic liner

Iaboratory test plan for ceramic
liner materials



Info Investi-
Need gation Activity

1.4.3 Scenarios and models needed to predict the rate of degradation
of the container material

1.4.3.1 Models for oopper and copper alloy degradation
1.4.3.1.1 Metallurgical aging and phase stability
1.4.3.1.2 Low temperature oxidation

1.4.3.1.3 General aqueocus corrosion
1.4.3.1.4 Hydrogen entry ard embrittlement

1.4.3.1.5 Pitting, crevice and other
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 degradation

1.4.3.2.1 Metallurgical aging and phase
transformations

1.4.3.2.2 Low temperature oxidation
1.4.3.2.3 General aqueous corrosion

1.4.3.2.4 Intergranular attack and intergranular
stress corrosion cracking

1.4.3.2.5 Hydrogen entry and embrittlement

1.4.3.2.6 Pitting, crevice, and other
localized attack

1.4.3.2.7 Transgramular 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
**]1.4.3.3.2 Ioss of fracture toughness

At the present time, the NNWSI Project is comsidering 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 SIP
would be truncated.
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1.3 Activity Groupis _for the Metal Barrier 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.

Metal Barrier Selection Process (see sections 2.2 and 3.2)
E-20-13 Degradation mode surveys
E-20-15 Establishment of criteria for metal barrier selection
E-20-19 Metal barrier selection

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 -
Metal Barrier Performance Testing (see sections 2.4 and 3.4)
E-20-17 Experimental technique development
E-20~18 Parametric studies of metal degradation and microstructure
E-20-22 Development of plans for license application support tests
E-20-23 License application support tests
i es o see and 3.
E-20-14 Coordination with package design

E-20-24 Determination of mechanical and microstructural
properties of metal

The mumbers assigned to these thirteen activities are in approximate
chronological sequence as can be seen in Fiqure 2 in Section 5.0 ‘Schedule and
Milestones’.
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The

plan.

There is not a
plan are
plan ard does

- activities from the SCP

SCP Activity Murber
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{

E-20-24
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{

SIP Activity Number

is a cross reference between

-ssue 1.4 and the activities described in this

£

ivities are given in the preceding lists.
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1.4 Information Floi <

The goals of metal barrier selection and testing are to select one (or
(two) material(s) from the present list of six candidates that will be used for
advancedwastepadmgedesignworkardtotwttheselectedmterial(s) to
provide adequate data for models concerning the long-term chemical and
metallurgical stability of the material(s) under anticipated corditions and a
reasonable number of credible but unanticipated conditions. The present list
of candidates are AISI 3041, AISI 316L, and Alloy 825 in the "austenitic"
family and CDA 102, CDA 613, and CDA 715 as copper-base materials.

As jllustrated in Figure 1, information fram sources outside this plan is
required for several of the activities of this plan. These outside sources,
labeled as ‘Information Input’, include previously published information in the
technical literature on the degradation modes of the candidate materials,
previous results fram NNWSI-sporisored work on metal barrier investigations,
NNWSI-sponsored work on the near-package enviromment, work on other material
camponents of the waste package and engineered barriers (including borehole
liners, cements, ard grouts), performance assessment scenarios, and geochemical
modeling (to derive the physical ard chemical envirorment swrrourding the waste
package container). Another input will be the use of the EQ3/6 code in the
selection process.

Another source of "information" from outside the Metal Barrier Selection
arﬁThstirgtaskisinﬂxebmtlabeled'Workirgcu'straints'inFiguml.
These include the performance requirements established by the various Federal
regulations, the assessment of the repository envircmment before and after
emplacement of the waste packages (including the DOE-NRC approved definitions
of anticipated and unanticipated processes and events), and the preliminary
design requirements (Conceptual Design Level). A unique feature of the Yucca
Mountain site is that the repository will be located in the unsaturated zone,
above the permanent water table. An important advantage of this location is
that same of the environmental features can be "engineered" to create more
favorable conditions to prolang the container lifetime. A good example of
engineering the envirorment is to maintain the temperature at the container
surface above the unrestrained boiling point of water for as long as possible
on a large majority of the waste packages. This is done by considering the
heat load per package and confiquring the repository with a suitable heat load
per unit area. As part of the NNWSI strategy to demonstrate the contairment
objectivs,memstepadagecmtaimr(metalbarrier),ﬂ:emstefom,arﬂ
the engineered enviromment are jointly considered as the “contairment
barrier". This strateqy is more fully explained in the discussion of the
resolution of Issue 1.4 in Chapter 8 of the SCP. The requlatory requirements,
the waste package design requirements and the repository envirorment assessment
(including ways to engineer the envirorment to enhance the waste
performance) are viewed as constraints, because they establish same limits on
what must be accamplished in the activities in this plan.



As seen in Figun , 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 and
three copper-base alloys. The three austenitic alloys are iron-base (stainless
steels) and 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 these 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 applications; a major reason for their use is good
corrosion resistance in many different kinds of envirorments, although the
candidate materials differ on the limits of envirormental 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 candidates on this point. While a
high-purity copper is one of the candidate materials, this material, too, can
be regarded as a dilute alloy. In fact, it may be desirable to add or retain
same deoxidizing elements (in the 100’s to 1000’s ppm range) to make the
material more readily weldable and to prevent formation of intermal copper
oxides. Thus the words "alloy" and "material™ are used interchangeably and
synonymously 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 corrosion models, corrosion data,
existing literature, and evaluations from authoritative sources in the metals
industry. After the selection of the alloy(s), the activities concentrate on
generating a validated model for the material (s)
performance in the repository emvirorment. 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 model of the metal selected. When this task is completed, the
validated model will become a portion of the overall repository performance
assessment model used to support advanced designs and the license application.



Two other waste g =age tasks that have substantia interaction with the
Metal Barriir Selectiimtiand am'l‘esting'ms.kare shown in Figure 1: the Waste
Package Design, Fabrication Ptototype'xbstiquaskarﬂﬂmeWastePadcage
Performance Assessment Task. There must be interaction between the Metal
BazrierSelectimandTestirgworkmﬂﬂ\emrkintlnsemtaslstoprwide
coardination as the work evolves. This is to insure that the metal barrier
selected will be compatible with the design and fabrication features being
raseazdxed(arﬂviceversa),axﬂttatﬂmedegmdatimmdelsdevelopedmuﬁs
taskwillmaﬁhwhenneededwithﬂ)eaverallperfomamemdel. The output from
this task will be: 1) the selection of one (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 conditions provided to the Performance Assessment
Task.

Information from some additional waste package tasks (not shown explicity
in Figure 1) influences the course of activities in the Metal Barrier Selection
ard Testing Task. To a lesser extent, information fram the Metal Barrier
Selectimardthstirghskisusedinthesetaskshtdoamthaveaprimary
influenceonthecourseofmrkplam\edintlm. Information about the
enviromment near the container surface cames fram the Enviromment Task and is
slminFigurelasoneofthe"InformtimIerts"andmeofﬂme"Worki.rg
Constraints". The primary concern is the envirorment outside the '
mtinafewinstanoesthereisoanernabaxtumeenviramanthsidethe
cantainer. This information is important in analyzing the degradation modes
for the candidate materials.

Information derived in the Metal Barrier Task on corrosion of candidate
mterialsinfluemasﬂmenwixunentmskarﬂalsothevhstemmmtjng
Task. Corrosion products formed during the long~term degradation of the
container will influence the waste package envirorment (particularly if the
pxndmtsaresanewtntsolublearﬂmnbetxarsported)ardmaydegrademe
performance of the waste form. The "compatibility" of the package container
arﬁﬂuemstefomispmposedasaaofttefacto:sinselectﬁgthecmtairer
material. Ol.rtputfrantheMetalBarrierSelectimand'IhﬁtirgTaskm
corrosion product formation is one of many factors that goes into the BQ3/6
geodmi@lcode,shodninﬁg\nelasthePerfommeAssmmtmsk.

10



Figurc 1

Metal Barrier Sclection and Testing Information Flow
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The rationale for the four work areas and thirteen activities listed in
Section 1.2, and their QA level assigmments are discussed in this section.

2.1 Introduction

The work in this plan is the content of WBES element 1.2.2.3.2 (Metal
Barrier Selection and Testing) and is concerned with the long-term models to
predict the mechanical and microstructural properties of the container
material, and the rates of occurrence ard 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 from previous experience with the candidate materials, so that
the starting point for model development comes fram cbservation, measurement
and understanding of those envirommental, mechanical, and metallurgical factors
that influeroetmsedegradatimmd&sinthecontextoftherepository
setting. Laboratory work is centered around quantifying these degradation
modes in the time periods generally available for laboratory testing (pericds
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
development by predicting to progressively longer time periods what is expected
to occur and then actually conducting experiments or tests over those time
periods 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 conditions in
order to approach the anticipated envirormmental conditions as a limit (where
the same phenomenon occurs in progressively longer time periods). As needed,
the models are modified in accordance with the results from 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 documentation for a license application design metal barrier. 2s
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
requirements of these other efforts, and to keep the effort of this Scientific
Investigatimﬂandirectedtmxdﬂmesamegoalsasﬂneo&;erprogram
elements. o



2.2 Metal Barier Sclection Process (

These activities describe the process for selecting one 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 anocther. An
initial set of ’survey papers’, each of which assesses the importance of
particular degradation modes to a family of alloys, will provide a framework
far evaluating the performance of candidates in the selection process. The
selection process includes the documentation and review requirements for metal
barrier selection.

vi - 3 ti

The ‘Degradation mode surveys’ (E-20-13) are a consolidation of available
information related to the expected performance of the two families (copper-
base and 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 compare degradation rates of the
container material over long time periods. The degradation modes are defined
as chemical or mechanical processes (and sametimes cambinations of these) that
penetrate the metal structure and ultimately perforate 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 and 8 of the SCP dealing with metal barriers and in
several texts on corrosion of metals ~ see Section 7.0 of this SIP.

The rate of perforation of the metal container and the number of containers
perforated are important factors in demonstrating the performance of the waste
package for contaimment and of the engineered 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 objectives. The rationale 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 Mountain waste container to assess the prospects for repository
performance. Thirteen cambinations of alloy family and degradation modes have
been identified for assessment. Campletion of these surveys will provide
documented statements of potential alloy performance, which will serve as the
input to the selection process. The data assessed will also provide imput to

This activity (E-20~13) will be conducted at QA Level III. The container
material selection criteria (E~20-15) and the selection process itself
(E-20~19) will be conducted 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 comes from the open technical literature, which does not have
a QA level associated with it.
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The criteria for selection of a metal barrier alloy(s) for advanced work
mst be developed, reviewed, and 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
acceptedbyaprocessofpeerreviewaxﬂoamqtasprwldedforintheq.lallty

Assurance Program Plan (QAPP) of the Nuclear Waste Management Program (NWMP).

This activity will be conducted at QA Level I. The reason for this level
assigment 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
aansiderable slip in the project schedule. This fact alone would make the
material selection and selection criteria level 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 1I.

Activity E-20-19 Metal barrier selection

’Metal barrier selection’ will-be performed in activity E-20-19. Input for
the selection will come fram the performance models developed in this task and
described in section 2.3, fram 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 and coment. The rationale for selecting the barrier
material (s) before the campletion of model development 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
camplete 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 assigmment 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
caposition of the peer review panel for the two activities, amd (C) to
doame?:gitmeselwtimcriteriaardﬂ)eselectimpmcssassepamtz
activities.
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In sumary, the fhree activities for the Metal Bairier Selecticn Process
Area are: :

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, and 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 development 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 models for degradation modes, mechanical
properties and microstructures’ will serve two primary purposes. One purpose
of this activity is to provide support for the selection process. Degradation
models, primarily related to the corrosion resistance of the materials but
occasionally concerned with retention of fracture toughness, are based on
established electrochemical and metallurgical principles. These models
addmsstrnsemdesdeanedinpoxtanttolmgtemperfomameasguidedbyﬂ)e
degradation modes surveys, described in Section 2.2. Data input will include
the metallurgical literature (especially that which is related to corroeion),
and previous NNWSI experimental work. Closely related to modeling the degrada-
tion modes are modeling activities for characterizing the mechanical and
micmstncumalprcpertiesofﬂ)eas-fabrimtedcmtaimrmﬂﬂndwgesﬂnt
will occur (’aging phencmena’) as a function of time in the repository.



For the secaond purpose of this activity, those mcéels 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
performance 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 some time after the selection

process (see Figure 2).

The models for degradation modes can be broken into ’sub-models’; in some
@sasﬂﬁsisanadvantagebe@amesateaspe:tsofmedegradatimpmcsswnl
be more amenable to modeling than other aspects. One example is that the
detection of a sensitized microstructure in austentic stainless steels ard
nickel-base materials is more readily modeled than the envirommental aspects of
intergranular attack and intergrarmular 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
carrosion cracking in copper 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
ernviromment (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 assigmment is that the individual models themselves are not
directly part of the license data base (Level I), nor is the general
’integration’ of the models into a single performance model. QA Level III
parametric studies (E-20-18) support development of these models (discussed in
Section 2.4). The activity on model develogment (and model integration) does
not have a major impact on project schedules or on design phases to conduct
camparisons of altermatives (criteria for Ievel II 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.

The ’Integration of models for selected material’ activity (E-20-20 and
E-20-20.1) follows the previous development phase amd 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 lang term performance model of the waste package. The reason for
this ‘integration’ activity is that more than one degradation model can occur
at a time. The model associated with aging effects in the container, including
the mechanical and microstructural property changes associated with these, and
the model associated with low temperature axidation of the container are
applicable fram the time the container is emplaced in the repository, while
many of the other models (especially those associated with aqueous corrosion
phencmena) are applicable to certain time periods or when certain conditions

occur in the repository.
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This activity is split into two parts with different QA levels because much
ofﬂxemrktointegrateﬂremdelsdoesmtsuppoxtlicenseapplimtim
directlymtistheprocssofgettingtheperfornmmcemdelwo
carrectly. Thus actiyit}" (E-20-20) is assigned QA level III for the same

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) involves preparation of the parametric data
fram E-20-21.1 amd predictions of cantainer performance. This will be used to
support the license application and other critical programmatic decisions in
other tasks such as cortainer design and fabrication where the metal barrier

Activity E-20-21 and E-20-21.1 Performance parameter studies

'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 involves gathering key parametric
input for the integrated metal barrier model, and 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 camplete
the individual degradation models. The word 'key’ is used here because the
paranetersthatwillbestuiiedaretlnsethatamidentifiedasbemg
inportantbecauseofﬂxeirstxu'ginﬂuexwemthosedegradatimmdesﬂntam
determined to be central in predicting container lifetimes in the time periods
of concern. -Identification of these key parameters cames after container
material selection and after the model development work has indicated which
paxanetezshaveﬂmegreatastsersitivitytmmthepmcssbeirgmdeled
(activities E-20-18 and E-20~16). This ‘Performance parameter studies’
activity may include data collection from outside the project and ge:tificztim
ofthisdataaccozdirgtoﬂ;ea;pmpriateq.nltyas&namepxwisastoallow
its use to directly support Level I work: this activity may also include
laboratory tests. 'l’estswuuldbeperformedmﬂerthisactivityiftheym
not direct performance tests, such as those in activity E-20-23.

misactivityissplitintobmpartswithdiffemntmlevelsbemsesme
of the information required for model integration (E-20-20) is of a
nature and does not directly support either the model validation or the 1icense
application design, and same of the information does support these 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 some 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
develorment. 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 input required for campletion of the performance model (E-20-20.1 and
E-20-25), QA Level I activities that will be used in the license application
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‘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 ard metallurgical
principles. The rationale is to verify that the model is phenomenclogically

predictstherasultsoftl’met&stswillbeusedtovalidatethenbdel for use
in the Repository Performance Assessment. If suitable natural analogs can be
found, theywillbeusedtoenhanceﬂ)evalidatimofmetimpammteriza-
tion. The peer review process may also be used to support model validation.

This activity is assigned QA Ievel I, because the results of the validation
willbeacriticalpartofthedatasuhnittedinsn.qaportofthelicezse
application.

In summary, the activities under the Metal Barrier Performance Modeling
area are:

Activity No. Name QA Level
E-20-16 Development of models for degradation III
modes, mechanical properties, and
microstructure
E-20-20 Integration of models for selected II1
E-20-20.1 material I
E-20-21 Performance parameter studies IIT
E-20-21.1 Performance parameter stidies 1
E-20-25 Validation of model I

It should be noted here that detailed model development and validation
plans canmnot be provided until after the material selection process is
campleted.



2.4 Metal Barrier P’ xmance Testing ‘

Laboratory testing of metal barrier performance is required for three
reasons. First, in the time leading up to selection of ane (or two) alloys,
aq:eriwtswillprwidedatatoﬂndegradatimmdelimeffurtmﬂwﬂlhelp
guide 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
cantainer performance model. Finally, tests will be needed to provide support
for validation of the metal barrier model over a range of repository-relevant

parameters,

s

vi - 7 techni

Activity E-20-17 is ‘Experimental technique development’. Custom
laboratory tests are likely to be needed. Standard corrosion test procedures
should be adequate for most general material surveys and scme of the model
development support. However, to precisely conform to the modes of degrada-
tion experienced in a repository envirornment, and to vary the parameters of
tests in the same way that the models vary parameters, custam techniques, using
recent advances in electrochemical and surface sciences, may be required. To
measure the slight degradations experienced in the relatively benign
envirorments expected in experiments and tests performed within reasonable time
scale, enhanced sensitivity is required in same experimental techniques.
Examples of same techniques that may be employed are discussed in Section
3.4.1.

The work in this activity will be conducted at QA Ievel III. This is truly
experimental work. There is same technological risk involved in
this kind of work in that not all of the pramised advances in techniques will
necessarily give useful results. On the other hand, there are considerable
benefits to be gained if mechanistic arquments can be successfully
made about how fundamental electrochemical and metallurgical processes operate, '
in order to make the unique long-range characterization and performance
predictions required for nuclear waste disposal. The bulk of the work
undertaken in activity E-20-23 (License application support tests) will likely
use standard test procedures and recommended practices developed by
professional organizations such as ASTM, NACE and others. These tests have
widespread use and acceptance; however, acceptance of new kinds of tests by
professional organizations is a slow process. 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
sanegiiﬂmeadvamedtedmiqmslmldbeimhﬁedmﬂmelmll
activities.

During the development of degradation mode models described in Section 2.3
corrosion 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
marmer.



]Jhe behavior of the ¢~ tainer material depends on sewW 1 physical, chemical,
metallurgical, and mewsanical parameters; identificaticn of which of these
parameters are the central or key anes to predicting the performance under
repositary conditions is needed to proceed toward generating meaningful data
for the license application. This activity begins before selection of
cantainer materials for advanced design work and contimues until the selection
process is campleted. After selection of a container material, information
gathering and key parameter identification is continued under activity E-20-21.

This activity will be conducted at QA ILevel 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 Ievel 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
support tests

After selection of an alloy(s) for advanced design work, a set of QA level
I tests mist 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 carmot be conducted until a camprehensive set of test plans
has been prepared, reviewed, and accepted. Preparation of these plans in
activity E-20-22 ‘Development of plans for license application support tests’
includes a review and comment 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, fram activity E-20-17 on technique development or from
activities E-20-21 and E~20-21.1 on parametric investigations.

jivi -20-23 License lication tests

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,
and 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 envirament 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 enviramments
will produce measurable degradation in accessible times to validate models of
the degradation process. Monitoring the decrease in the degradation kinetics
as the envirament terds 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 Level I. The reason for this assigmment is that this
activity will generate license application design data.
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Insmnnary,the{ -ivities in the Metal Performance Testing area are:

Activity No. Name QA Level
E-20~17 BExperimental technique development IIT
E-20-18 Parametric degradation studies III
E-20-22 Development 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
canpleted.

2.5 Design Properties of Metal Barrier

This area camprises those properties of the metal barrier (as it is
designed to be used in a waste package) that affect material selection and
performance. These include the temperature and radiation field due to the
radioactive decay, physical and 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 internal
precipitates both in the weld metal and the base metal. There are two
activities in this area.

vi ] tion with desi

The first activity in this area is ‘Coordination with package design’
(E-20-14). The rationale behind this activity is to ensure continued
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
required to assure that the metal barrier selection and package design do not
progress independently and end up with incampatible requirements.

This activity will be conducted at QA Level III as there is no license
application design data being generated in the activity. This activity will
continue throughout the active period of this SIP; the activity is not directly
linked to any particular important scheduled milestone. However, this activity
does serve 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 determine ’‘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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This activity is concermed 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 integration, and testing
to produce license application data and validation of the performance model
deperd on an accurate characterization of these key properties. This activity
is closely linked with the Design, Fabrication, and Prototype Testing Task
because the cantainer 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
stidies (E-20-18, E-20-21 ard E-20-21.1). Additionally, from the point of view
of fabricating, closing, and inspecting the container, there are certain
desirable mechanical and microstructural properties, and these considerations
must also weigh in the final material specifications.

Information from this activity will ultimately be used, in part, for
establishing acceptance criteria for the waste package container. This
information is provided to the Design Task and ultimately to those areas of the
NNWSI Project respansible for the waste package manufacturing and handling
facilities. Nearly all testing techniques for mechanical or microstructural
properties are destructive. Therefore, a major contribution from this activity
will be a technical basis for establishing a sampling program to assure that
the finished container meets the specifications. Possible approaches to
achieve this end are more fully explained in IN 1.4.1 of the SCP.

This activity will be conducted at QA Level I. The characterization amd
documentation of these properties serve as a basis for mich of the modeling and
testing work from which long-term performance behavior predictions are
derived. Characterization of the starting conditions is a crucial point in
establishing the validity of the predictions, and this meets the criterion for
Level I (data for license application).

In summary, the activities under the grouping of Design Properties of the
Metal Barrier are: ‘

Activity No. Name QA Level
E-20-14 Coordination with package design III
E-20-24 Determination of mechanical and I

microstructural properties of
selected metal barrier material
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3.0 Descyiption of * ts, Models, and Apalyses (
3.1 Introduction

The thirteen activities defined in Sections 2.1 - 2.4 are described in the
following sections. For those activities in which previous NNWSI work has been
performed, that work is described. An autline of the work planned under this
Investigations Plan is included, as is the expected schedule. Detailed test,
model, ard analysis plans which will ultimately be required by this
Investigation are listed in Section 6.0.

3.2 Metal Barrier Selection Process
3.2.1 Degradation mode surveys (E~20-13)

This activity is an analysis of all the degradation modes that are believed
to pose a potential performance threat to one or more of the candidate metals
for the container. These surveys will be a set of papers summarizing available
information addressing whether any particular mode of degradation can be active
under Yucca Mauntain corditions, under what conditions it would be active, and
what measures could be taken to avoid degradation. The surveys will become a
baseline of information used to evaluate which degradation modes must be
pursued in advanced tests and which can be eliminated from further
cansideration because they will not be active under postulated repository
corditions. ’mesurveyswillalsosxpporttheselecticnpm,wherethey
will provide input into a QA level I assessment of the degradation modes. That
assessment will then be used to narrow the field of candidate metals to one or
two. Itise:q:ectedmatsanecmﬁidatswillhavemmpotentialdegmdatim
threats than others. Selection criteria may favor those candidates that have
few or no active degradation modes. A final application of the surveys will be
ash'pmtoﬂuepadagenesignmsktoassistmevaluatﬁgd%ignissmwhidx.
could reduce or enhance the activity of degradation modes. :

The candidate metals can be divided into two distinct alloy families,
austenitic (iron-base and nickel-base) and copper-base. These families respord
Quite differently to the same enviromment. Because of this natural grouping,
the assessments will be cambinations of degradation mode and alloy family.
While the fundamental mechanisms for corrosion resistance are similar within a
family of alloys, individual members can exhibit substantial differences in
behavior in certain envirorments. The comnon modes of envirormental
degradation can also be grouped into similar categories. Not all degradation
categories apply to both alloy families, because same types of corrovsion are
not active with ane of the families. Thirteen cambinations of degradation mode
ard metal family have been identified that are at least conceivable under
repository conditions. There is also a category of ‘cther’ to allow continued
survey of possible modes that appear remote now but that future investigations
in this and other project tasks may reveal to be more important. Identified in
this ‘cther’ category are (1) additional mechanical degradation modes (e.g. low
temperature creep) occurring at slow rates over long pericds of time at the
modestly elevated temperature in the repository and (2) the possibility of
greatly enhanced corrosion degradation modes ococourring because of substantial
modification of the chemical erwirorment by micro-organisms either native to
the repository site or introduced during the construction and operational
periods.

23



( vey papers to be prepared FY87 FY88.

General Corrosion and Oxidation - Copper-base alloys. (FY87)

ILocalized Corrveion - Copper-base alloys. (FYs8)

Stress Corrosion Cracking - Copper-base alloys. (FY-88)

Hydrogen Effects - Copper-base alloys. (FY87)

Phase Stability and Ageing - Copper-base alloys. (FY87)

Other Degradation (Creep) - Copper-base alloys. (FY87)

General Corrosion and Oxidation - Austenitic alloys. (FY87)

Localized Corrosion - Austenitic alloys. (FYss)

Transgranular Stress Corrosion Cracking - Austenitic alloys. (FYss)
ar Stress Corrosion Cracking - Austenitic alloys. (Fyss)

Hydrogen Effects - Austenitic alloys. (FY87)

Phase Transformation and Ageing - Austenitic alloys. (FY87)

Other Degradation -Austenitic alloys. (FYss)

3.2.2 Establishment of criteria for metal barrier selection (E-20-15)

The cbjective of this activity is the development of a methodology to
select the container material from the list of candidate materials. A peer
review group will be formed as provided for under the NWMP - QAPP (033-NWMP-P
2.2) to review this methodology and its use in arriving at the final material
choice.

The following list is a preliminary list of the criteria for selecting a
cantainer material for the license application design and will serve as input
to this activity:

1. Will the material meet the performance allocated to the container in
achieving the contaimnment abjectives (substantially camplete
cortaimment under anticipated processes and events occurring in the
repository)?

a. Resistance to oxidation.

b. Resistance to general agqueous corrosion.

c. Resistance to envirommentally accelerated cracking (stress
corrosion cracking and hydrogen embrittlement).

d. Resistance to pitting, crevice, or other localized attack.

e. Demonstration of adequate mechanical properties.

f. Resistance to mechanical embrittlement.

2. Can the performance of the material under repository conditions be
adequately predicted? .

a. Predictability of physical and chemical properties of
as-emplaced container.

b. Existence of models to explain and predict degradation
phenamena, or ability to develop such models.

c. Existence of models to extrapolate laboratory data relating to
degradation phencmena to repository time scales and conditions,
or ability to develop such models.
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3. Will the ca iner material interact favorab. with other
caponents?

a. Interactions with waste form.
b. Interactions with borehole liner.
c. Interactions with the package enviromment.

4. Can a container be made of this material?

a. Fabricability of container body.
b. Weldability of container ("closeability" if a norwelded
closure) .

C. ‘"Inspectability" of closure.

5. Are the container material and process for fabricating it
practicable?

a. Availability of container material.

b. As-fabricated container costs.

C. Quality control requirements (and costs).
d. Repository handling costs.

6. How can confidence in the selection be gained?

a. Previous engineering applications of the material.
b. Available data base on the material.
C. Favorable (or unfavorable) experiences with the material.

Weighting factors for each of the preceding criteria (and any others
chosen) will need to be established. It is expected that the previcusly listed
criteria in 1, 2 and 4 will have the heaviest weighting, but all of the
criteria have same importance. One approach is to assign a maximm mmber of
points to each item in the criteria list and a minimm mumber for each item
that the material must pass. As a rather extreme example, it does no good to
have a highly corrosion resistant material that cannot be fabricated and
closed.

Where appropriate and available, examples of methods that have success-
fully been used to predict longer term behavior of materials from short-time
laboratory or field tests will be used. Examples may derive from atmospheric
corrosion testing, marine corrosion testing, underground testing, chemical
process industry testing, or miclear and fossil fuel power plant testing.
These examples will provide information for scme of the items listed in 1, 2
ard 6.
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Development of thae selection criteria, weightings, and organization of the
peerreviewgmzparemeitanstobecmpletedinthisactivity. The Nevada
Nuclear Waste Storage Investigations (NNWSI) Project will use its own staff amd
consultants to develop the selection criteria and weighting factors. The
selectimcriteriaarﬂmightingswillﬁmbemiwedbyﬁnpeermviw
panel as per the Quality Assurance Program Plan. Following revision, if
necessary, tmcriteriawillbeusedtoass&ﬁmew'didatematerialsard
select a material or materials in activity E~20-19. The peer review panel will
consist of approximately seven individuals with backgrourds in different areas
of metallurgy and materials science and with different work experiences to
achieve a balance of viewpoints and perceptions.

3.2.3 Metal barrier selection (E-20-19)

This activity is the actual metal barrier selection step. The selection
process will consist of applying the selection criteria to the list of
candidate materials. As part of the process an assessment of degradation modes
will be made for each material based on the survey papers from activity
E-20-13. NNWSI Project personnel and consultants will perform the selection.
Input will be the selection criteria and weighting factors from the previous
activity, the degradation mode surveys from the first activity, consultant
reports, NNWSI parameter studies, and existing literature information. There
will be two companents to the decision. First, each candidate will be examined
to assure that itsperfomamemeetstheminimmquire:em:s, allowing a
conservative margin for uncertainties. Second, it is proposed that a
‘quantitative figure of merit’ technique be used, in which each candidate alloy
is judged on the established criteria. The quantitative scores, multiplied by
the established weighting factors, are summed to provide the ranking total for
the alloy. meselectionprocasswillbedoumentedinarq:ortmalloy
selection. A peer review panel will be canvened to review the repoart. It is
e:q:ectedthatthesamepanelusedforactivityE-ZO—lSwillbeusedforthis
review, but some additions might be made to address critical decision points.
The selection, after review, revision if needed, and approval by the review
group, shallbeusedtoguidesubseq.xentperfomamecmfimtimtstsard
degradation model develogment. The selected metal barrier material(s) and its
physical, mechanical, and microstructural properties will also be used by the
waste package design task as input into the advanced design work.
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set of models for any degradation modes to which the container may be
susceptible. The set of models will cover all degradation modes considered to
be important for each candidate material in the repository envircrmental and
thermal setting. ‘memdelswillbepreliminaxyinmumbeczuseofthelarge
effort required to make them exhaustive, and because of the limited application
required of these models before the selection step. Those models relevant to
the selected alloy(s) will be further developed after selection, as described
in activity E-20-20. This activity will also develop models to predict the
mechanical properties and microstructure of the container material in the
repository envirorment.,

Prediction of the long-term performance of the metal barrier under
repository conditions requires that all significant degradation mechanisms be
identified and the probability of their occurrence be quantified. For all
degradation modes that might be significant, a physical-chemical model mist be
developed that will allow extrapolation of data gathered in the laboratory to
thetin&sarﬂocrﬂitimsmlevantmthereposito . In many cases, the
amlysistodetemimvmemermedegmdatimmdemightocamm@imme
same model that will allow prediction of long-term behavior. Thus, in this
activity analyses are included that both assess the relevance of particular
degradation processes and develop models to describe their action under
repository conditions. The tools that are developed under this activity will
be used in the Performance Assessment Task to predict the cordition of the
omtaj:exsasaﬁmctimoftimeforbcthanticipatedpmardevamsard
for other, low probability cases for which source term data are requested by
that Task.

The modeling activities discussed in this activity and the laboratory
experiments discussed in E-20~18 are closely related. They are both described
in fairly basic terms in Chapter 8 of the SCP (Information Need 1.4.3) with
Mgmaterdetailtobepxwidedinthelaboratorytastplantobevmitten
for the activities. The results of this activity will be used in the selection
of the alloy(s) for advanced work (activity E-20-19), and those portions of
these models that apply to the alloy(s) selected will be used in activity
E-20-20.

Aﬁmdmnentalelanmttlattnmoemsallthamdeumotdegradatimmds
that have same chemical features is a model for the corrosion .
Varicusawimrwrtalpazmtersintheaq.xewsphase (e.g. pH, dissolved
oxygen and other gasses, cation speciation, anion speciation, radiolytically
produced species as well as temperature) influence the corrosion potential.
Metallurgical parameters (e.g. alloy composition and phases — including the
effects of strain and prior fabrication history on these) also influence the
corrosion potential. while more difficult to measure experimentally, the
concept of corrosion potential also exists under "dry" axidation conditions.
'mepotentialmﬂerdrycaﬂitiasmightbeapprmdmtedbymdelingﬁn
potentialmﬂerconditionsofathinelectrolytelayerasatmctimof
thickness, and then letting the thickness approach zero. Initiation and
propagation of non-uniform corrosion modes are governed by “critical
potentials®, so that models for these modes are based on the values of the
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critical potentials { 1tive to the corrosion potenti! . The values of the
critimlarﬂcorrosimpatmtialswilldlarqewimtimasewimwmuwﬂ
metallurgical conditions in the repository and in the container material
change. Many of the details depend on the material that is selected for the
advanced designs.

Models for predicting critically susceptible microstructures for the onset
of non-uniform corrosion modes (e.g. sensitization in stainless steels and
nickel-base materials) are derived from considerations of the metallurgical
reaction kinetics. These follow from nucleation-and-growth models based on
diffusion of the critical component (diffusion of chromium to react with
carbon). Particularly at the relatively low temperatures of interest in the
repository, models mist consider both high~diffusivity paths (grain boundaries,
dislocations) and low-diffusivity paths (atom movements in the crystal
matrix). Also, the reaction kinetics to form the carbide can becamne rate
controlling at low temperatures. Models for sigma phase formation (a brittle
phase) arebasedmmcleatimarﬂgmthkinetimarﬂwﬂlbedevelopedbya
similar approach. Same metallurgical reactions that are of interest (because
the transformation products are brittle and are usually more prone to stress
corrosion and/or hydrogen embrittlement) are diffusicnless (e.g., martensitic
reactions in stainless steels and possibly in alumimm bronze), and the
modeling approach is therefore different. Martensitic reactions are usually
considered in the context of critical temperatures to begin the transformation
and to camplete the transformation. High strains greatly increase the critical
temperatures, so that they can coincide with the repository temperatures for
the more susceptible materials (304L). Models for these are built upon the
effect of temperature, strain, and alloy camposition with evidence for the
formation being resolution by optical microscopy.

‘mea:ta)ttomidmﬂ:emdelingactivitieswillbemiedam&pemsm
the material selected foradvanceddesigrsardtherwﬂtsofdegradatimmde
assessments for the materials and different degradation modes being considered.

3.3.2 Integration of models for selected material (E-20-20 and E-20-20.1)

The anmalyses of this activity follow those of the preceding one (E-20-16)
and the metal barrier selection step (E-20~19). This activity involves taking
tlnsedegradatimmdemdelsﬂataremlevanttomeselectedalloy,
campleting them, and integrating them with required input from activity E-20-21
and E-20-21.1 concerning the material and repository conditions to provide
performance predictions for the metal barrier. This activity will interface
with.the Performance Assessment Task to produce container performance models
consistent with the needs of that Task.

The work of this activity is closely related to the information gathering
and laboratory testing activities of E-20-21, E~20~21.1 and E-20-23. They are
described in general terms in Chapter 8 of the SCP (Information Need 1.4.2) ard
willbedetailedinﬂaeirxiividualtestarﬂanalysisplarstobewrittam for
the material(s) selected for the advanced designs. Particularly in the case of
localized corrosion and stress corroeion cracking, there is a considerable need
to select detailed test methods as well as materials, and this selection is
best left until after the final material is selected.
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3.3.3  Performance. rameter studies (E-20-21 and E/ =-21.1)

The QA Level ITI portion of this activity (E-20-21) consists of information
collection and tests to support the development of degradation models but which
do not support the validation and license application. This activity serves a
role after the selection step similar in nature to the role of activity E-20-18
before selection. This activity contimues those experiments from E-20-18 which
apply to the selected alloy to assist model development. The experiments can
be divided into eight categories of degradation, and can be further divided
naturally into the two families of candidate alloys (austenitic and
copper-base). The eight categories are:

1. Metallurgical aging and phase transformations.

2. lLow temperature oxidation

3. General aquecus corrosion.

4. Intergramular attack and intergramular stress corrosion cracking.
5. Hydrogen entry ard embrittlement.

6. Pitting, crevice, and other localized attack.

7. Transgramilar stress corrosion cracking.

8. Other potential degradation modes

The QA Level I portion of this activity (E-20-21.1) consists of information
collection and tests to support the completion and integration of degradation
models including any data which supports the validation (E-20-25) or the
license application design. Details of this activity will not be available
until the preliminary models are camplete (E-20-16), the alloy(s) for advanced
design work is chosen (E-20-19), and model integration (E-20-20) is ready to
camnence. Until that time, the parametric information needs for this task will
not be known. When appropriate, analysis and or test plans will be prepared
and reviewed to assure that the parametric input into the metal barrier
performance model is adequate and accurate. This activity is a QA Level I
analog of activity E-20-18 and will gather or generate data on critical issues
such as chromium diffusion, phase stability, and chloride ion effects
(atstenitic materials) and such as rates and concentrations of nitric acid or
ammonia formation (copper-base materials). The data will be used in the
development and integration of the performance model (E-20-20.1) but are not
distinct validation tests (E-20-25).

3.3.4 Valida : =

This activity will conduct QA level I metal barrier material tests and
the results with the predictions of the degradation model. The purpose
is validation of the model for long term waste package performance
predictions. Substantial variance of the model from the test results must be
investigated, and explained. A process will monitor the results
and review the validation. Imput ' activity will be the long tem
material performance model fraom E-20-20.1 and the test results fram E-20-23.
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This activity involves the development of custom laboratory techniques for
degradation testing and examination of metal barrier candidates. It involves
bcthamlysesofreqairantsarﬂadsﬁrqtedmiqmaﬁlabommzytwtirqto
develop techniques. One portion of this activity will be an ongoing review of
theexperimentalrequizm:em;sformetalbaxriertastirg. As the investiga-
tion progresses, there may be an evolution of test requirements, since they are
dependent upon the results of activities E-20-13, E~20-19, and E-20-16. As
these experimental requirements are identified, an assessment of existing
tedmiqueswillbenadetodeterminevhemerthereedisaheadyfﬂled.
Established techniques that are required but not already available to the NNWSI
program will be obtained, either by installing and developing expertise at LINL
or by contract to other laboratories with established capabilities. It is
possible that needs will be identified that are not met by established
techniques. 1In this case, an effort will be made to develop the required
capability either at LINL or at a contractor facility. The work under this
activity will be done at QA level III. However, any techniques developed here
that will be used for activities E-20-21.1 or E-20-23 will have QA Level I -
procedures written for them.,

Examples of experimental requirements that may lead to developmental work
include:

1) use of microelectrodes to measure and monitor electrochemical potentials
in small areas. A great deal of technical literature is concerned with
measurement of electrode kinetics as a function of statically or
dynamically applied electrochemical potentials. On this basis, potential
regions are established. These regions are bounded by so~called ‘critical
potentials’ that govern where particular kinds of corroeion can occur. In
conventional electrochemical techniques, potentials are measured on areas
with a linear dimension of approximately 1 mm, while advanced techniques
allow potential measurements on area with linear dimensions of 10
micro-meters, and considerably less in the most advanced techniques (about
30 nano-meters). This advancement permits an experimenter to monitor the
potential distribution that would occur around a freshly initiated crack,
crevice, pit, or other surface feature an a corroding metal surface.
Conventional electochemical techniques will complement the microelectrode
work.

2) use of advanced microanalytical techniques to measure and monitor the
concamitant enviromental chemical concentration gradients along with the
electrochemical potential gradients existing in a crack, crevice, pit or
other surface feature on a corroding metal surface. Such techniques
involve selective ion probes or intense light sources.
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3) use of advanci microscopic tedudqmtoinve(s.xgatedmmocaurirg
in the metal or alloy. These techniques include advancements in
amtxansnissimelectrmmicmsoqyytoexamima:ﬂmlyzevexysmll
precipitates, transformation products, or other microstructural features of

interest. With the latest "state of the art" microscopes, resolution to 10 -

Angstroms (and lower) is possible. Resolution of these small particles is
inportant in establishing credibility of metallurgical models (e.q.
sensitization in stainless steels; martensitic transformations in stainless
steel and possibly alumirum bronze) proposed for predicting changes in the
container material with time.

4) use of advanced surface and analytical techniques to investigate the
chemical and structural camposition of protective films and layers on
corroding metal surfaces. From this information, the kinetics of film
formation and re-formation when broken can be determined. Of possible
irrbezmt‘amadvaxbanem:s insmmﬁngtmnnelizgelecttmmicroscopyto

The intent in developing the above techniques is to allow examination of
grain boundaries, arrays of dislocations, sub-critical size precipitates, local
anocdes and cathodes, and other fundamental factors in elucidating the
mechanisms for corrosion and other degradation modes. These advanced
tedmiqu&saretohe\sedincmjmwtimwimm%tablishedaxﬂcawentiaal
corrosion test methods (as discussed in the next section)

3.4.2

'Baewrkinthisactivitywillbegklevellne:qaerimtstoprwide
specific corrosion data needed throughout the model development phase, and to
act as input to the selection process. Those studies to be used in the
se.lectimprocssareneededinﬂ)eneartem(mw-ss). Scame of these are
cxrrently planned and should begin soon. Examples of these near term studies
include:

Identification of the sensitization rate~determining step in
austenitic stainless steel at low temperatures (Cr diffusion within grains,
Cr diffusion alang dislocations, rate of carbide formation, etc.) amd
develop a means to show this microscopically.

Determine the lowest critical chloride ion concentration (lowest
critical potential) that will cause 1) pitting, 2) crevice,
3) tramqramlarso:inthethreeausteniticalloysanidevalopmeansto
demonstrate this.

Verification that a high radiation field will not cause a high
oxidation or general corrosion rate, or onset of SCC by ammonia formation,

in copper-base materials.
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A substantial am| t of previous work has been dof by the NNWSI Project on
experiments to examine these issues in relevant enviromments. A variety of
experiments were conducted at lawrence Livermore National Laboratory fram 1982
to 1986. Additional experimental work was conducted at several contractor
sites (Pacific Narthwest Laboratory, Westinghouse Hanford Co., Chio State
University, San Diego State University, University of Minnesota, ard the
University of Florida). These are described in a general way in the Site
Characterjzation Plan (Section 7.4.2) and some of the reports from these
experimental activities are cited in Section 7.0 of this SIP. Several
additional reports are in preparation. These reports will serve as input to
the ’‘Degradation mode surveys’ of activity E-20-13.

The candidate materials in the NNWSI Project are regarded as corrosion
resistant materials, as opposed to corrosion allowance materials. This means
that the oxidation and general corrosion rates for the candidate materials in
all the anticipated enviromments (and in many of the credible, although
unanticipated, environments) during the containment and isolation periads are
sufficiently low that perforation of the container wall in the time periods of

The more serious concemns for container failure during the time periods of
ﬁrter&staretmotherconnsimmdnslistedabcveasmllasnetallmgi@l
aging and transformation reactions leading to structures that are brittie or
more subject to localized corrosion and stress corrosion modes. Many of the
advanced techniques listedinthepreviwssectimamplamedtobeusedfor
the purpose of investigating under what conditions these corrosion modes are
initiated and propagated. The bulk of this activity is analysis of the rates
of initiation and propagation, as they apply to the envirommental ccndltiors

repository. lLocalized corrosion, stress corrosion, and hydrogen embrittlement
have important statistical camponents, related to the distribution of
ervirommental, metallurgical, and strain conditions from point to point, and
the manifestation of these isadistrihmimintheramofattackbyﬂme
modes.,
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As discussed und\ activity E-20-16 ‘Development L models for degradation
modes, mechanical properties, and microstructure’, the fundamental “tie line"
between the different degradation modes is the relatimship between critical

for the initiation and propagation steps of the different mcdes of
localized and stress corrosion and the electrochemical corrosion potential.
Measurement of the corrosion potential and the various critical potentials is
the key link between the modeling and performance activities. This means that,
for example, a series of pre-cracked stress corrosion cracking tests will be
canducted on a suitable fracture mechanics-type of specimen at different
applied potentials in a given set of otherwise constant enviroment
caditions. The crack propagation rate will then be measured as a function of
time and applied potential. The critical potential for initiation of
measurable crack growth is then determined. Other pieces of information, such
as the crack propagation rate, the crystallographic path, contimuity or
discontinuity of the propagation, and tendency toward crack branching, will be
used eventually to estimate the time~to-failure of a container. Several
metallurgical parameters can be introduced into the test series to indicate the
effects of key microstructural parameters such as degree of sensitization
(stainless steels) or alumimum segregation (alumirum bronze) on the crack
propagation rate and critical potential. The effect of mechanical factors such
as stress intensity and size of the plastic zone on crack propagation and
critical potential can also be cbtained from the same series of experiments.
Thus, a single set of experiments (with parameters well chosen and with a high
degree of sensitivity to crack growth measurements) can yield an impressive
amount of information that can be used to predict failure rates. Also, all
three of the basic factors (susceptible microstructure, aggressive enviromment,
critical stress) needed in determining stress oorrosicn susceptibility will be
present in the test series.

3.4.3 of f licati rt -20-22

The purpose of this activity is to produce the test plans for the long term
tests of metal barrier performance. After the selection process has chosen one
(or two) metal alloys for advanced work, tests will be required to determine
the behavior of that metal in a variety of envirorments. The plans for those
tests must be sufficient to provide the data needed to model the performance of
the metal barrier. These plans will be developed by NNWSI persomnel and
contractors as a QA level I task.

Detailed preparation of these plans will not be possible until activities
E-20-13 and E-20~19, that serve as imput to the plans, are canmplete, and
results are available from the early portions of E-20-17 and E-20-18. Scme
examples of tests that might follow are sensitive weight loss coupon tests,
crevice tests (with controlled crevice gap sizes), and constant load stress
corrosion tests (on both smooth and pre-cracked specimens). In several cases,
these will be designed as "mull tests", where the prediction is that no
measurable effect should occur. The credibility of the mull tests is
established on the sensitivity of the measurement and the time over which the
tests are comducted. It is impossible to demonstrate long-term predictions on
ni1ll tests alone, but mill tests conducted in accordance with a credible model
that predicts no effect should add substance to the demonstration.
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wark (see activity E-20-19). The Job of this investigation beyond that point
is to concentrate on this ected alloy to produce a validated model for its
1ag'temperfomarneinﬂxe¥\ncamm1nerwimmentardtopmd.neﬂmedata

Until campletion of the metal barrier selection process, the description
ard goals of these tests cannot be finalized. It is expected that the tests
will include both anticipated repository service enviromment and material
corditions which should yield mull results for material degradation, and more
aggressive conditions which should yield a result predictable by the
performance model. Material conditions include simulated or actual weld
microstructures, as well as representative base metal conditions.

Ebanplesoftypesoftestswhidlm_gg;beselectedare:

of passive films, straining electrode tests (film rupture and
repassivation kinetics in analysis of localized amd stress corrosion
analyses), hydrogen permeation tests, double cantilever beam tests
(hydrogen embrittlement and stress corrosion cracking susceptibility),
corrosion tests using AC impedance techniques (general corrosion for
determining passive film characteristics), miltiple sample techniques
using stochastic analysis (probability for localized corrosion),
scarning electrode imaging (localizedwarrld:herdmitzldaargsin
sequestered regions), analysis of electrochemical noise (pitting
frequency), in situ Raman Spectroscopy (speciation in passive films
particularly on copper-base alloys to show selective leaching),
low-angle X-ray (oxidation films), stress wave emission (discontimity
of stress corrosion crack propagation), ion chroma
(determination of anions and cations in solution), and band gap
measurements (identify £ilm species) .

Other possible techniques of an advanced nature are discussed under

activity E-20-17.
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This activity is the interaction and information interface between the
metal barrier task and the package design task. The purpose of this activity
is to provide an ongoing analysis of the interaction between the decisions and
information gained by the Metal Barrier Selection and Testing task and the
Waste Package Design task. There are many potential impacts, both beneficial
and adverse, that these two tasks could have on each other. The Metal Barrier
Selection and Testing Task interfaces with sewveral other tasks (as indicated in
Figure 1); these interfaces are handled by camminication between the affected
Task leaders. However, the interface with the Design, Fabrication, and
Prototype Testing Task is regarded as the most important ane, and therefore
warrants a special activity.

Same examples of these Metal Barrier-Design interactions include the
criteria of /fabricability’ and ‘weldability’ for the container material
selection. In many cases, small changes in the alloy camposition (particularly
in micro-constituents) play an important role in determining the weldability of
different candidate materials and may influence (and improve) the corrosion
performance of the material. The metallurgical and microstructural features of
the weld are important parameters in selecting a technique for non-destructive
evaluation of the weld. The choice of the methods used for fabricating and for
welding the metal container (or other closure method) are important
considerations in evaluating the performance of the container material, because
of the close relationship between camposition (and its variations in the welded
region and heat affected zone), microstructure, residual stress, and the
susceptibility to the forms of corrosion (localized corrcsion, stress corrosion
cracking) that are important in limiting the container integrity. Furthermore,
the processes for fabricating and closing the container are viewed as having an
important influence on metallurgical reactions (such as phase transformations
and precipitation of carbides and other phases) in the metallurgically
metastable candidate materials. Non-welded closure methods also have important
implications in the corrosion performance of the closure region.

Handling and emplacement operations in the repository also need to be
considered in establishing the long-term container performance, since these
operations may impart some degree of surface defects and contamination on the
container. Some aspects of the repository design work (not a responsibility of
LIL, but closely monitored by the Waste Package Design Task) also influence the
performance of the container. These include the emplacement gecmetry, areal
power loading of containers, and the borehole liner configuration. Also, the
choice of cements, grouts, or other materials to support the borehole liner
need to be reviewed as to their effect (favorable or unfavorable) on the
container material performance.

It is, therefore, the function of this activity to review all of the issues
and activities of the two tasks, document their interaction, and insure
cammunication of that interaction. Information will be gathered from the
design task under this activity, sorted by QA Level and application, and passed
an to other activities of this plan. No specific tests or analyses are planned
for this activity.
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3.5.2  Detemminatic” f mechanical and microstructuy _properties of metal
{E=20-24)

This activity provides information about the mechanical and microstructural
condition of the container material at the time of emplacement. After the
container material and the fabrication and closure processes have been selected
this activity will determine those material properties that affect the
performance of the container, and in many cases set limitations on the
acceptable range of those properties. This information will be used as input
to the performance model and will also be used by the Package Design Task. The
results of this activity may also form a set of specifications and tolerances
for material production, fabrication, and closure.

The principal mechanical properties of interest are the following:

1. Yield strength.

2. Ultimate tensile strength.

3. Elongation (or other measure of ductility, such as reduction in
area).

4. Modulus of elasticity.

5. Impact strength (or other measure of fracture toughness) .

Knowledge of the effect of metal fabrication processing and inter-
relationships between mechanical properties and microstructural properties is
also required. This includes the effect of such factors as phase distribution,
grain size, inclusion content, and previous plastic deformation. The effect of
the strain rate on the mechanical properties is also needed. While individual
mechanical properties are listed above, the entire stress-strain relationship
mritsattaxtiminordertoenablea;etoevaluatemetmgmssofﬂme
materialvhensubjectedeithertolwstrainmteortohighstminmte
processes duringhardlirgorﬂmatmnlaterdevelcpinthecmtairmmtperiod.

Because the microstructure is intimately related to fabrication process
variables and, in same cases, to relatively small campositional variations,
this dependence will be doaummented. The microstructures of the fusion zone and
heat-affected zones around the weld must also be characterized;
characterization of these depends strongly on the welding process variables,
and in some welding processes, on the camposition of the filler materials. The
microstructural features of importance include the following:

1. Primary phases present and their distribution.

2. Secondary phases and evidence of precipitation reactions.
3. Segregation effects.

4. Grain size amd distribution of grain size.

5. Evidence of preferred orientation.

6. Identification and distribution of normetallic inclusions.

The time at elevated temperature (during the container fabrication and closure
process) is influential in determining the above features.
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4.0 mj.gng:_qr_l_.glg (

The activities of this investigation directly address Issue 1.4 of the Site
haracterization Plan. The primary applications of the results will be: 1) to
select a material(s) for advanced design work for use by the Waste Package
Design Task, and 2) to provide a validated model (and data for use by the
model) of that material’s long-term behavior in the repository envirorment to
the Performance Assessment Task. The secondary application of the results is
to indicate what charnges (if any) the presence of the metallic container
produces on the package and repository enviramment. These changes would be
incorporated into the BEQ3/6 geochemical code ard its subsequent use in
establishing performance of other waste package camponents. The information,
test results, and models abtained in this investigation will also be applied in
several other ways:

1. To provide, along with a considerable amount of information supplied
by the Design, Fabrication, and Prototype Testing Task, a description
of the "as-emplaced" container for use in predicting repository
performance.

2. To establish meaningful laboratory test comditions for activities
discussed urder the grouping ‘Metal Barrier Performance Testing’.
Results from these tests input into the models for the different
degradation modes. These test conditions specify the enviramental,
metallurgical and strain conditions that govern the susceptibility to
certain forms of localized corrosion, stress corrosion cracking, and
hydrogen embrittlement (those forms of corrosion are expected to be
most important in limiting the container lifetime in the time periods
of concern in demonstrating contaimment and controlled release). For
same of the candidate alloys, projections of microstructures that may
develop over the long-term contaimment period are important because of |
either potential embrittlement problems or greater susceptibility to \
different corrosion modes. 2Analysis of the expected as-fabricated,
as-welded (or otherwise assembled), as-eamplaced structure serves as
the basis for beginning these projections.

3. To form part of the basis for materials selection for final waste
package designs, and to camplete that selection. The selection
process is discussed in activities E-20-15 and E-20-19. As discussed
in section 3.2.2, it is anticipated that the performance under
expected repository conditions, the predictability of the performance,
ard the fabricability of the material will be the paramount criteria,
but considerations of mechanical and physical properties plus other
practical considerations may be expected to play an important role in
the selection process. An important part of the fabricability and
weldability issues relates to whether or not unfavorable
mechanical-microstructiral features are produced in an otherwise
resistant material.

4. To form a basis for establishing any additional specifications on the
camposition and mechanical properties of the candidate materials

beyord the normal industry specifications.
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To provide ¢ iameinselectingtheir:h,xstr{ processes for
forming, joining, and handling the container. These results will
further serve as input to information needs under Issues 2.1
(Options for retrievability), 2.6 (Preclosure design criteria) 4.3

(Waste package production technology), and 4.5 (Waste package costs).

Tbccupleteoertainelementsofmewastepac)agedesignmidaare
materials-dependent. Most waste package design features, at the

To camplete considerations in several repository design-related
options. These include a decision on whether the containers are
emplaced horizontally or vertically in the boreholes, and the use ard
configuration of borehole liner materials (cwrrently it is suggested
to use camparable materials for the container and borehole liner to
eliminate any galvanic corrosion effects). Also, the emplacement and
operational activities in the repository may be partly influenced by
the container material selected, to insure that projections on its
performance are not campromised.

prmvidetothewastepadcageenvimmenttaskadescriptimofthe
corrosimpmductsthatareexpectedtofominmenear-package
enviromment. These species may influence the performance of other
wast:epackageoa:ponentsardareofinterstinasswsingthe
modification to the natural enviromment caused by degradation of the
waste package container.
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5.0 Schedule and Mil :ones {

A schedule of the approximate start and campletion dates for the thirteen
different activities discussed in this SIP is given in Figure 2.

The milestones for the work in the Metal Barrier Selection and Testing WBS
Element (1.2.2.3.2) are given in the table below with campletion dates
indicated.

Milestone Milestone

number level Deliverable Date

M265 Metal barrier material selected 30 Sept 88
(E-20-19)

P259 Test plan for metal barrier license 30 Jan 89
application data acquisition (E-20-22)

P260 Initiate license application testing 30 June 89
program (E-20-23)

P261 Caplete data acquisition to support 30 June 92

draft EIS performance calculations
(E-20-23)

P262 Provide input to waste package 30 Sept 92
performance assessment task to
support draft EIS (E-20-25)

PO40 Final report on axidation/corrosion
performance of selected cantainer
material to support draft EIS 1 Oct 93

Cantimied work beyond the scope of this investigation plan

pP263 Develop test plans for long-term
- confirmatory testing 30 Mar 93

* Milestone listing and mumbering is consistent with the reference case for
FY-89 budget requests (March 1987).
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Figure 2
Metal Barrier Selection and Testing Actlvity Time Line .

E-20-13 Degradation mode surveys

E-20-14 Coordination with package
design

E-20-15 Establishment of criteria for
metal barrier selection

E-20-16 Developmeant of models for
degradation modes, mechanical
Properties, and microstructyre

E-20-17 Experimental technique
development

E-20-183 Parametric studies of metal
degradation and microstructure

E-20-19 Metal barrier selection
E-20-20 Integration of models
E-20-20.1

E-20-21 Performance parameter
studies :

E-20-21.1

E-20-22 Development of plans for
license application support tests

E-20-23 License application support
tests

E-20-24 Determination of mechanical
and microstructural properties of metal

E-20-25 Validation of model
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6.0 List of Test Plz’ _to Support this Scientific I/ cigation Plan

The following test ard analysis plans will describe in detail the
activities forming this investigation:

Metal barrier selection review plan 1/88 ¢
Metal barrier test plan (for selected material) 1/89

Metal barrier degradation model development and
integration plan (for selected material) 3/89

Metal barrier performance model validation plan 1/90

The test plan and plan for model development and integration depend very
much on which material is selected in 1988 for advanced design work. Plans for
testing and medeling are centered around the appropriate and applicable
degradation modes for the different candidates, so that it is not possible to
give many details until the material selection is campleted. However, it is
envisioned that each of the plans listed above will be completed in stages, the
initial stage being an umbrella plan that covers the broad aspects of the
planned activities. This will be followed by more detailed plans for testing
and modeling that will cover particular aspects, such as pitting corrosion,
crevice corrosion, or stress corrosion.
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7.0 History of Metal” Irier Capdidate List (

'nmsetofmaterjalsselectedascaxﬁidataforwastepadmgeoamamersin
themffrepositozyhasmﬁergaxesmeevolutimwerthecazseofthemmﬂ
project, and it is helpful to briefiy review the history of candidate
selection.

In late 1982 the NNWSI Project selected a repository horizon in the Topopah
Spring member of the Paintbrush Tuff. This horizon lies in the unsaturated
zone, well above the permanent water table. Initially, the NNWSI project
selected AISI 304L stainless steel as its reference material ard a relatively
thin-walled dasig:} for its containers. A mumber of factors contributed to

the water table. Therefore, thick walls would not be necessary for the
prevention of buckling, as is the case for most other proposed deep geologic
sites. This situation seemed to lend itself to use of a thin, corrveion
resistant material rather than a thicker, corrosion allowance material.

selected AISI 304L stainless steel as the reference material for borosilicate

The process by which AISI 304L stainless steel was selected as the
reference material also resulted in the selection of three other altematives:
AIST 321, AISI 316L, and Alloy 825. These were chosen for their increased
resistanoetopartiwlartypesofoon'osim, should this be found necessary
after more detailed testing, particularly if extensive contact with an aqueous
ptxasewasfamdtobelikely, oriftheenviromentumxedmttobem
severe than anticipated.

was rather sparse, the 17 tmﬂimteswereranhedarﬂrestutedintheselectim
of the four austenitic alloys AIST 304L, 321, 316L, and alloy 825 for further



, (

In 1984 at the re,.est of OCRM, NMWSI began to investigate the feasibility
of using copper-base materials for waste package containers. After
consultation with the Copper Development Association, Inc. and the
Imternational Copper Research Association, Inc., three copper-base materials
were selected for further consideration: CDA 102 (oxygen-free copper), CDA 613
(alumiram bronze), and CDA 715 (70-30 copper-nickel). OCopper-base materials
appeared to offer several potential advantages. First of all, among the
available engineering metals, copper alone is able to co-exist
thermodynamically with water (under same conditions). The driving force for
corrosion and oxidation is thus smaller for copper than for materials such as
Fe-Cr-Ni alloys that depend on passive film formation for their corrosion
resistance. localized amd stress-assisted forms of corrosion are thus
generally less severe for copper-base materials. Evidence for survivability of
copper materials can be seen in the existence of native copper deposits and in
copper and bronze artifacts recovered fram the ruins of earlier civilizations.

aAncther potential advantage of the copper-base candidates is the simpler
microstructures campared to the austenitic materials. Unlike iron, copper has
no phase transformations. Thus the phase stability of copper-base materials
appears to be of a lesser concern than it is with the iron-base austenitic
materials.

After it was decided to include copper-base materials as candidates for
further consideration, it became necessary to reduce the mumber of the other
candidates in order to bring the scope of the testing program within the range
of available resources. It was decided to eliminate AISI 321 from further
consideration because AISI 316L offers the same benefits as AISI 321, as well
as additional ones, so that the range of qualities has been preserved within
the austenitic family. This decision leads us to the present six candidates
for the metal barrier: AISI 304L and 316L stainless steels, high-nickel
austenitic alloy 825, axygen-free copper CDA 102, 7% alumimm bronze CDA 613,
and 70-30 copper-nickel CDA 715. Within this field of candidates we thus have
materials based upon three different metals: iron, nickel (essentially), and
copper. We have corrosion-resistant materials, and we also have ane (CDA 102)
that can be viewed in some respects as a corrosion allowance material (CDA 102
would likely be used with a greater wall thickness than the cthers, anyway,
because of its lower strength).
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(Section 7.4.2) and Chapter 8 (Issue 1.4 and Information Needs 1.4.1-1.4.5) of
the SCP that are currently undergoing final review by the NNWSI Project Office
and the DOE Office of Geological Repositories. The material in chapter 7
reviewed the choice of candidate materials, preliminary analyses of degradation
nndsforthemterialsinthecmtextofthehmmmainr@ository
erviromment, and the results of experimental activities (mostly corrosion
testing activities). The Chapter 8 material covered the information flow to
axﬂfranoﬂmerwastepadcagemﬁmpositorytaskeleremsarﬂmuimdmemrk
to be done in the next several years. The material in this SIP breaks down
this work into discrete activities.

A reference list for same related publications by selected subject areas is
given below. 'misisbymmeansanemaustiveswmemthesubject,mtis
given as a guide for further reading.

1. terials ecti

The first paper gives the rationale used to select the first candidate
materials (austenitic materials) for the NNWSI Project.

E. W. Russell, R. D. McCright and W. C. O’Neal, "Contairment Barrier Metals for
High-level Waste Packages in a Tuff Repository", Lawrence-Livermore Laboratory
Report UCRL 53449, Octcber, 1983,

This work was followed up with additional explanation on corrosion
cansiderations by:

R. D. McCright, H. Weiss, M. C. Juhas, and R. W. Logan, "Selection of Candidate
Canister Materials for High-Level Nuclear Waste Contairment in a Tuff
Repository", Lawrence-livermore Laboratory Report UCRL 89988, (November, 1983)

Further reading on principles in selecting stainless steels and nickel-base
alloys is fourd in:

A. J. Sedriks, Coryosion of Stainless Steels, Chapter 2, John Wiley and sons,

New York (1979)

: Ocppeb-basemterialsmmaddedascarﬂidatemterialstomeMIiject,

ard the rationale for their addition was discussed in:

R. D. McCright, “FY-85 Status Report on Feasibility Assessment of Copper-Base
Waste Package Container Materials in a Tuff Repository®, lLawrence-Livermore
Laboratory Report UCID 20509, (September, 1985)

Avezyinformtivedismssimofmnymgmeerirgnaterialsmﬂﬂxeirpotamial
application as mxclear waste containers is found in:

K. Nuttall and V. F. Urbanic, "An Assessment of Materials for Nuclear Fuel

Imncbilization Containers®, Atamic Energy of Canada, Ltd., report AECI~6440,
(September, 1981)
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2. Dearadation Modes (

Several good texts exist that discuss corrosion modes and causative factors.
The ones that we most frequently refer to are:

M. G. Fotana and N. D. Greene, Qorrosion Engineering, 2nd edition,
McGraw-Hill, New York (1977). A new edition of this is due to be published
this year.

L. L. Shreir (editor), Qorrosion, Newnes-Buttersworth, London and Boston
(1976) . This is in many ways, the text on the subject and is very camplete in
its treatment of the phenamenology and preventive measures. It is a thick
two—volume set; volume 1 is on metal/envirorment reactions and is the one most
applicable to the present work.

An older text, but ane which is chock full of information and contains lots of
engineering data (most newer texts concentrate more on explaining mechanisms),
is:

F. L. IaQue and H. R. Copson, Corrosion Resistance of Metals and Alloys, 2nd
edition, Reinhold Publishing Co., New York, (1963)

3. Co i

Same reports from NNWSI-sponsored work that have been used in establishing
preliminary analyses on important degradation modes are:

M. C. Juhas, R. D. McCright, and R. E. Garrison, "Corrosion Behavior of
Stressed and Unstressed 304L Specimens in Tuff Repository Envirormental
Conditions", lLawrence-Livermore laboratory Report UCRL 91804, (November, 1984)

R. S. Glass, G. E. Overturf, R. A. Van Konynenburg, and R. D. McCright, "Gamma
Radjation Effects on Corrosion: Electrochemical Mechanisms for the Aquecus
Corrosion Processes of Austenitic Stainless Steels", Corrosion Science, vol.
26, p. 577 (August, 1986)

C. F. Acton and R. D. McCright, "Feasibility Assessment of Copper-Base Waste
Package Container Materials in a Tuff Repository", Lawrence-Livermore

Laboratory Report UCID 20847 (September, 1986)

R. E. Westerman, S. G. Pitman, and J. H. Haberman, "Corrosion Testing of Type
304L Stainless Steel in Tuff Groundwater Envirorments", Pacific Northwest
Laboratory Report PNL~5829 (March, 1987) (in review)

The authoritative source on corrosion test methods is:

o, JchnWiley and Sons,

e N

W.H. Ailor' HANCL
Rew Yark, (1971).
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4. Modeling Activitie,
The model of sensitization of stainless steel is discussed in:

T' A. mmi’ w. Al T' clark' KQ Niﬂﬂm' w. B. Jdm’ am D. D' Wld'
"The Effect of Nitrogen on the Sensitization of AISI 304 Stainless Steel",
Corrosion, vol. 41, p.sss (Octcber, 1985)

T. A. Mozhi, H. S. Betrabet, V. Jagannathan, B. E. Wilde, and W. A. T. Clark,
"Thermodynamic Modeling of Sensitization of AIST 304 stainless Steel Containing
Nitrogen", Scripta Metallurgical, vol. 20, p. 723, (May 1986)

The model of corrosion potentials is discussed in:
M. Urquidi-Macdonald, D. D. Macdonald, and S. Lenhart, "Mathematical Models for
the Redox Potential and Corrosion Potentials for High-Level Nuclear Waste

Canisters in Tuff Envirorments", SRI Report PYD-8292 (February, 1987) (in
review)
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Quality assurance level assigrment sheets.

- Level of quality assurance assigmment approval sheets
- Checklists for assigning quality assurance levels

- NWMP Quality assurance element assigrments
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LEVEL OF QUAL,(Y ASSURANCE LEVEL ASSIGNMENT ~ PROVAL SHEET

Date of the Meeling: June 12, 1987

Meeting Attendees: L. Ramspott, R. Schwartz, V. Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
Degradation Mode Surveys

S.1.P. ldentification:
£-20-13

Additional Comments:

Level of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

R ate NWMP Depuly JProgram Leader Date
“Tas Llﬂm for QA

M_g@m . W 6/50/47
K> Project fLead te NwMP Leader 4 Date

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

/ .y \S
St S, b7 ol3e k>
Project Sponsor Date Project Sponsor Quglity Manager Date

RETURN TO LLNL NwWMP QR FILE

FIGUWRE 20.0.3
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CHEOKLIE  “OR ASSIGNING QUALITY ASSURANC  EVELS

STEP CHARACTERISTIC LEVEL
) Does the item or activity involve or affect public radiologic
falth and safety? Yes e 1
2. Does the item or activity involve waste isolation?
- Yes 1
< No) : ’
3. Does the item or activity involve or affect retrievability?
Yes 1
)
4. 1s the intended purpose of this activity to provide data for
fcense application? Yes 1
No
S. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level 1 data?
Yes 1
6. Does the activity involve a decision phase which is to be
conducted irmediately prior to application for a NRC license,
-njocurement or construction? Yes 1
7. Can the item or activity have a major impact on non-radiological
ar occupational health and safety? Yes 11

6

8. 1f 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 11

Yy T

Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of

engineered systems, structures, or components? Yes 1
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 11
11. Can the item or activity cause major cost overrun or schedule

slippage? Yes 11

LEVEL 111 WHEN ALL THE ANSWER TO ALL QUESTIONS ABIVE 1S "NO".

FIGURE 20.0.1

A~13-2
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m&g QUALITY ASSURANCE ELEMENT ASSIGweNT

.--——-—-—----—-----—-—-—--------—----——--—----------------‘------—-----..---—‘--

ACTIVITY: Degradation Mode Surveys

ACTIVITY NO.: E-20-13
DATE : June 12, 1987
QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 13, 16, 17, 18, 21, AND 22 APPLY TO ALL
WORK DONE AT QUALITY ASSLRANCE LEVEL 1 OR I1. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level I111.

.-----------------——-----..---_--------------------------------—---------------.

LEVEL OF QA 111

CITE ®YES" 1TEM ON LOGIC DIAGRAM

.---.—.--------‘-—----—---—--‘------—-—-----‘—----_---‘-------——--—-—---------.

QA ELEMENT APPLIES 1F N0 - JUSTIFICATION

1F YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A yes 033-NWMP-R 3.0 part A
CONTROL 38 no good professional practices apply
4 0 PROC. DOC. yes 033-NwMP-P 4.0 Rev O
CONTROL
5.0 INSTR.,
PROCS, DWGS : no good professional practices apply
7 0 CTL OF PR yes ’ 033-NWMP-P 7.0 Rev 0
MATERIALS
80 1.0. &L o good professional practices apply
OF MATERIALS
9.0 CONTROL
OF PROCESSES no _ good professional practices apply
10.0 [1] 1" 1" "
INSPECTION ne
11 0 TEST " " " "
CONTROL ne
12.0 CTL OF no " " " "
M & T EQUIP
13.0 HN\'D‘LXNG, no . . " " L1 "
STOR. & SHIP.
lh 0 INSP. TEST no " " " “
& OPER. STAT. ’
éz.o SOFTNAR[ no L1} 1°® " "

------—------_--_--—--_..-—_-—--—-—-------—-----—_-—---_-----—--———_-_--------.
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LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Oate of the Meeting:

June 12, 1987

Meeting Atlendees: | pampsott, R. Schwartz, V. Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
Co-ordination with package Design

S.1.P. 1dentification:
E-20-14

additional Comments:

Level of Quality Assurance 111 .

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

VA Ty Wzﬂ;
Date NwMP Deputy (Bregram Leader Date

Task Lecder for QA
. T fmen T~ Y 7
N> Project/ies te NwvP Leader Date

AFTER NwMP LEADER APPROVAL RETURN T0 NwvP DEPUTY PROGRAM. LELDZR FOR QA WITH
COPY 10 TASK LEADER -

/aé%//ﬁ«//ggz_ S Bladod elsfe

(4
Project Sponsor 7/ opate Project Sponsor QueiAty Manager  Date

RETURN TO LLNL NP QA FILE

FIGURE 20.0.3

A-14-1
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CHECKLIS! OR ASSIGNING QUALITY ASSURANCE SVELS

stee CHARACTERISTIC

10.

11

Does the item or activity involve or affect public radiologic
health and safely? Yes :

-

Does the item or activity involve waste isolation?
Yes
No

©

Does the item or activity involve or affect retrievability?
Yes

9

he intended purpose of this activity to provide data for
cense application? Yes

Is
1
No

[ el g

Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Ltevel 1 data?
Yes

©

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,

@urement or construction? Yes
No

Can the item or activity have a major impact on non-tadiological
@occupational health and safety? Yes

1f the item or activity were to fail or is performed
inadequately could repssitory workers.be exposed to radiation
or radioactive contamination levels in excess of the limits

es sed in 10CFR607 Yes

Does the item or activity have a major impact on the

non-radiological operation, reliability, or maintainability of
Qﬁinaerec} systems, structures, or components? Yes

No

g

Does the item or activity involve a design phase for which the
principle purpose is to conduct 2 comparative technical analysis
nf alternatives? Yes

()

. Can ths item or activity cause major cost overrun or schedule

ippage? Yes

LEVEL I11 WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "HO".

FIGURE 20.0.1

A-14-2
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NWMP QUALITY ASSURANCE ELEMENT ASSTGNMENT

- - T R B RN E GG RE PR R PP RS EEAEEEEEREEREREEEEEESEESnanesee oSS

ACTIVITY NO.: E-20-14 . ‘
DATE: June 12, 1987 . -
QUALITY ASSURANCE ELEMENTS 1, 2, S5, 6, 15, 16, 17, 18, 21, AND 22 APPLY 1O ALL
WORK DONE AT QUALITY ASSURANCE LEVEL I OR 11. Elements 1, 2, 11, 15, 16, 17,

18, 21, and 22 apply to work done at Quality Assurance Level III.

. -~ - - 1 W e A 4 GV G TH We e Wh R U b Gm wn S e e R Y AR R S W R W R B R W S GBS T AR A T e W R e A W e

LEVEL OF QA 111

CITE *"YES"™ 1TEM ON LOGIC OIAGRAM

— . . o - Yn = e . TP W = - - D W W e e e AP AR e e Gr e WD Gh A W WS n R e O W A e B T T T TR R A TR A S S T SS Ge ae

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A yes 033-NWMP-R 3.0 part A
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 apply
PROCS, DWGS
7.0 CTL OF PR yes 053-NWMP-P 7.0 Rev 0
MATERIALS
8.0 1.D. & CTL no good professional practices apply
OF MATERIALS
9.0 CONTROL no " " " 1
OF PROCESSES
10.0 no 0" L] L1} (1)
INSPECTION
11.0 TEST
CO'HROL no " (1] " "
12.0 CTL OF
M & T EQUIP no v " " "

13.0 HANDLING,
STOR. & SHIP. no s " (1] "

- - - A T W e R S e e e NS WD A T Ve W AS G R AD SE GE S 6 T WD M S W W G G- W S W G T D AR R e R A e S e e e
- — - = = . S W M = Gp e R G A W e A - - e e - S A T T e Y MR G T R R M W = e e e

- - -~ - — > > W - - ——— e W = WP e W W A = = A= e = L R R AR A e e e

FIGURE 20.0.2
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LEVEL OF QUAL'  ASSURANCE LEVEL ASSIGRMENT A OVAL SHEET

Date of the Meeling: June 12, 1987

Meeting Attendees: L. Rampsott, R. Schwartz, V. Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity: Establishment of Criteria. for Metal Barrier
Selection

S.1.P. Identification:
E-20-15

Additional Comments:

Level of Quslity Assurance 1

APPROVE LEVEL OF QUALITY ASSURANCE OETERMINATION

L LendNlegd /57 T A AT Al 6/27%

/ pate NP Deput w—Pfogram Leader
"Ta,s,é ALa for QA
e Projecg Lezder ate Nw¥” Leader Date

AFTER NavP LEADER RPPROVAL RETURN 10 NaMP DEPUTY PROGRAM LEADZIR FOR QA WITH
CO”Y 10 TASK LEADEIR

Ad I Mty e Rhdd et

Pro ject Sponsor "Date Project Sponsor Qua}ity Manager Dste

RETURN TO ULNL t2 QA FILE

FIGURE 20.0.3

A-15-1



CHECKLIS™ SOR ASSIGNING QUALTTY ASSURANCK CEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiologic
(E;Slth and safety? Yes . 1
2. Does the item or activity involve waste isolation?
‘I!I.P Yes , 1
3. Does the item'or activity involve or affect retrievability?
Yes 1
4. Is the intended purpose of this activity to provide data for
a license application? .@ @
No :
S. Can a failure of the item or activity cause a failure of a
QA Level 1 item, or irretrievable loss of QA Level 1 data?
Yes 1
No
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 1
No
7. Can the item or activity have a major impact on non-radiological
or occupational health and safety? Yes 11
No
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 11
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 11
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 11
No

11. Can the item or activity cause major cost overrun or schedule
slippage? Yes 11
No

LEVEL I11 WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".
FIGURE 20.0.1

A-15-2
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ACTIVITY: Establishment of Criteria for Metal Barrier Selection

ACTIVITY NO.: E-20-15

DATE: June 12, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY T0 ALL
WORK DONE AT QUALITY ASSME LEVEL I OR 11. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level Ill;

- T e Dt e fa e S e e YR G TR W R D G A W T A G AL SR A P G G G G e T e G e - S A TR S R R G W PR W A5 R D W G W W G e A e

LEVEL OF QA 1
CITE *YES" ITEM ON LOGIC OIAGRAM 4
QA ELEMENT APPLIES IF NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEOURES
3.0 DESIGN 3A yes 033-NWMP R 3.0 part A
CONTROL 3B . no no design work involved
4.0 PROC. DOC yes 033-NwWMP P 4.0 Rev 0
CONTROL
S 0 INSTR.,
PROCS, DdGS yes : 033-NWMP P 5.0 Rev 0
7 0 CTL OF PR
MATERIALS yes 033-NWMP P 7.0 Rev O
8.0 1.D0. & CTL :
Of MATERIALS no this is a paper study
5.0 CONIROL T
OF PROCESSES no this is a paper stud)
10.0 . T
INSPECTION no this is a paper study
11.0 TEST T T T
CO:TTROL no this is a paper study
12.0 CILOF T
M & T EQUIP no this is a paper study
13.0 HANDLING, )
STOR. & SHIP. no this is a paper study
14.0 INSP. TEST o
& OPER. STAT. no this is a paper study
éz -0 SOFTWARE no this is a paper study

FIGWRE 20.0.2

A-15-3



LEVEL OF QUAL: ASSURANCE LEVEL ASSIGNMENT Al OVAL SHEET

Oate of the Meeting: ;... 17, 1987

Meeting Attendees: | punnsort, R. Schwartz, V. Oversby, W. Halsey, D. McCrigh.

Name(s) and Number(s) of Activity: poyejopment of Models for Degradation Modes,
Mechanical Properties, and Microstructures

S.1.P. ldentification:
E-20-16

Additional Comments:

Level of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION {

L L/ lpt-Gih7 Zi A A T Dbl 6/2%/5
W { pate: NP Deputy gra- Leader Date

Task fetaxt e for QA

%‘_Z%a__ﬁ%‘zﬁ7 é M ‘A’/f*z
%P ProjecyfLes te NeMP Leader 7 le

AFTER NwMP LEADER APPROVAL RETURN TO NeMP DEPUTY PROGRAM LERDER FOR QA WiTH
COPY TO TASK LzalkR

/éZ[L\///A »’g{a‘é{? \\M Bladod o/s/e7

Projecl Sponsor Project Sponsor Quadity Mznager Date

RETURN T0 LLNL NaP QA FILE

FIGUWRL 20.0.3

A-16—-1



NS AT . -

CHECKL? ~_FOR ASSIGNING QUALTTY ASSURAY ~_LEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiologic
lth and safety? Yes ‘ 1
2. Does the item or activity involve waste isolation?
.I Yes ' 1
3. Does the item or activity involve or affect retrievability?
@ Yes I
a. 1s the intended purpose of this activity to provide data for
icense application? Yes 1
S. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level 1 data?
Yes 1
6. Does the activity involve a decision phase which is to be
conducted immediately prior to application for a MNRC license,
nrocurement or construction? Yes 1

G

7. Can the item or activity have a major impact on non-radiological
occupational health and safety? Yes 11

8. 1f 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

ressed in 10CFR607? Yes 11

S. Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
@ineered systems, structures, or components? Yes 11
10. Does the item or activity involve a design phase for which the

principle purpose is to conduct 2 comparative technical analysis

alternatives? Yes 11
No

11. Can the item or activity cause major cost overrun or schedule
slippage? Yes 11

LEVEL 111 WHEW ALL THE AMSWEIR TO ALL QUESTIONS ABOVE 1S5 T"NOT™.
_#

FIGURE 20.0.1
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ACTIVITY: peyelopment of Models for Degradation Modes, Mechanical Properties, and
Microstructures
ACTIVITY NO.: g_20-16

DATE:  gyne 12, 1987

.---—_—-_---—-—--———-------_—_—-—--~-----—-—-----------—-----—--—---—---------—.

QUALITY ASSURANCE ELEMENTS 1, 2, s, 6, 15, 16, 17, 18, 21, AND 22 APPLY T0 ALL
WORK DONE AT QUALTITY ASSURANCE LEVEL 1 OR 11. €Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level I11.

.----—-—------—-------—---.._----_-—----—--—----_-----------—------------------.

LEVEL OF QA 111

CITE *"YES"™ ITEM ON LOGIC DIAGRAM

----—----———-—----_--—--------—---——--—--—-——---

PR e et od

QA ELEMENT APPLIES 1F NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEOURES
3.0 DESIGN A yes 033-XWMP R 3.0 part A
CONTROL 3B no no design work- good professional pract
.............................................................. APRLY e
4.0 PROC. DOC.
CONTROL yes 033-NKMP P-4.0 Rev O
5.0 INSTR.,
PROCS, DWGS no good professional practices apply
7.0 CTL OF PUR
MATERIALS yes ' 033-NkMP P-7.0 Rev O
8.0 1.0. & CTL B
OF MATERIALS no good professional practices apply
9.0 CO‘\.TRDL no " ” LT 1 T-
Of PROCESSES
LoomoTTTTITTTT T
INSPECTION no " " " "
T
CO‘:TRDL no ” AL 1" "
ST
¥ & T EQUIP no v " o "
o e, T T
STOR. & SHIP no " b B "
14.0 INSP. TEST h
& OPER. STAT no " " " "

—-_——_—-___-_____-_-_---—-——_-—--—---—----_-—-—-—~-—--—----—-------_-------—--.

FIGURE 20.0.2

aA-16-3
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LEVEL OF QUALY  ASSURANCE LEVEL ASSIGNMENT Af OVAL SHEET

Date of the Meeling: ... 32, 1987

Meeting Attendees: L. Rampsott, R. Schwartz, V. _Oversb}‘. w. Halsey, D. McCright

Name(s) and Number(s) of Activity:

Experimental Technique Development
s.]1.P. ldentification:
2:56-15

Additional Comments:

Level of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

e 1 Yele]

3te NwMP Deputy ogra- Leader Date
Tas kb Aeaolern for QA
=< . M £/50,/7
Proje:-{/Ledder Date NwMP Leader Date

AFTER Nw¥P LE"'*’R AP?F:“\'A‘ RETURN TO NP DEPUTY PROGRAM LULZR FOR QR WiTH
COPY T0 TASK L= 40%

/a/ %//%2 P?X_%Mv BL [aﬁ fof3: /87

Project Swansor “ Date oject Sponsor Quejity Manager Date

RETURN TO LUK NaM? QR FILE

FIGUWRE 20.0.3

A-17-1
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STepP

11.

CHECKLIST' R ASSIGNING QUALITY ASSURANCE  VELS

CHARACTERISTIC

Does the item or activity involve or affect public radiologic

@th and safety? Yes

Does the item or activity involve waste isolation?

@ Yes

Does the item or activity involve or affect retrievability?

@ _ Yes

Is the intended purpose of this activity to provide data for

icense application? Yes

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,
I ocurement or construction? Yes

Can the item or activity have a major impact on non-radiological
@ccupational health and safety? Yes
No

I1f the item or activity were to fail or is perforwed
inadequately could repository workers.be exposed to radiation .
or radioactive contamination levels in excess of th:s limits

@ressed in 10CFR60? Yes

Does the item or activity have a major impact on the
non-radiclogical operstion, reliability, or maintzinsbility of
gineered systems, structures, or components? Yes

©

Does the item or activity involve a design phase for which the
principle purpose is to conduct a comparative technical analysis

& alternatives? Yes

Can the item or activity cause major cost overrun or schedule

ippage? Yes
No

LEVEL T11 WHEN ALL THE ANSWER TO ALL QUESTIONS ABIVE 1S "tO~.
A ——

FIGURE 20.0.1

aA-17-2

LEVEL

11

11

11

11

11
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( .
NWMP QUALTTY ASSURANCE ELEMENT ASSIGNMLNT

- - . - - - - On P S T T AT TS L WD S B A G M S e A W WP D T D N R W e P e e WS TR R M YR T S W MR T W TR R e e e W e e e

ACTIVITY: Experimental Technique Development

ACTIVITY NO.: E-20-17

pale :

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY 10 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 I11.

- A A G TR R G s e A m A e G R A T D S G GE A e S G n G TR N G G P A A A Y R G W e G A S TR W R e > TR T D P T WD W W e e e

LEVEL OF QA 111

CITE "YES" ITEM ON LOGIC OIAGRAM

- e Y . W T e G T A T s e WD T G D R W S G D W G A AR W Y e TR R W L S D T AR T P WP W W R D W T R T G A D W W D e e G e e W e

QA ELEMENT APPLIES IF NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN  3A  yes 033-NWMP R 3.0 part A
CONTROL 3B no no design work- good professional pract
e e m e e mem e mee e e e eemmemmemm—————eeemee—emm————————— Apply oo ___
4.0 PROC. DOC.
CONTROL yes 033-NWMP P-4.0 Rev 0
5.0 INSTR., . .
PROCS, DWGS no good professional practices apply
7.0 CTL OF PWR
MATERIALS yes 033-NWMP P-7.0 Rev 0
8.0 1.D0. & CTL . <
OF MATERIALS no good professional practices apply
9-0 CONTROL no " n " "
OF PROCESSES
10‘0 ] " 1"
INSPECTION no " '
11.0 TEST o 11 Rew o

-NWMIL R 11.0 Rev O "
COHTROL YR 033-NKMR 0 Rev 0
’];2&01‘:;'60?2 no good professionzal practices apply
13.0 HANDLING, " o .
STOR. & SHIP. no "
14.0 INSP. TEST B o o
- & OPER. STAT. no "

19.0 SOFTWARE
QA no " ” ” "



LEVEL OF QUAL{  ASSURANCE LEVEL ASSIGNMENT A OVAL SHEET

Date of the Meeting: 4 .. 12 1987

Heeting Attendees: L. Rampsott, R. Schwartz, V. QOversby, W Halsey, D. McCrig

Name(s) and Number(s) of Activity:

Parametric Studies of Metal Degradation and Microstructure
S.1.P. ldentification:

E-20-18

Additional Comments:

tevel of Quality Assurance I11

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

(it oty Botf et TPl 5%

edder Date
Téck Lader for Qa

A2 £A° 87
Project 2ie NV Leade;

AFTER NP LEADER APPROVAL RETUIRN 10 NeMP DEPUTY PROGRAM LEADER FOR QA wWiTH
CO°y 10 TASK LEADER :

%%//AM e

Project Sponsor Date Project Sponsor Quaiity Manager Date

RETURY TO LLHL NwvP QA FILE

FIGURE 20.0.3

A-18-1
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CHECKLIS OR ASSIGNING QUALITY ASSURANC EVELS

STeP CHARACTERISTIC
1. Does the item or activity involve or affect public radiologic
1th and safely? Yes -
No .
2. Does the item or activity involve waste isolation?
1!!!'» Yes
3. Does the 1tem'or activity involve or affect retrievability?
‘III' Yes
4. 1s the intended purpose of this activity to provide data for
a license application? Yes
S. Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level 1 data?
<
6. Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,
urement or construction? Yes
7. Can the item or activity have a major impact on non-radiological
ii occupational health and safety? Yes
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
pyxpressed in 10CFR607? Yes

@

9. Does the item or activity have @ major impact on the
non-radiological operation, reliability, or maintzinability of
engineered systems, structures, or components? Yes

&)

10. . Does the item or activity involve a design phsse for which the
principle purpose is to conduct 2 comparative technical analysisc
of alternatives? Yes

11 Can the item or activity cause major cost overrun or schedule

ippage? Yes
No

LEVEL 111 WHEN ALL THE ANSWER TO ALL QUESTIONS ABIVE IS "NO™.
M

FIGURE 20.0.1

A-18-2

LEVEL

11

11

11

11

I1
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ya

NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

.-------—---—------------------—--------------------o---——--—--------_-—--. -on o=

ACTIVITY: Parametric Studies of Metal Degradation and Microstructure

ACTIVITY NO.:E-20-18
DATE :

----------c——-——---—--————-_---—--——-—g---------..--_-------—-----—----——-------

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 Il. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level I1I.

.------------—-—---------——-—---—------—-----------------—-------—----- - -

LEVEL OF QA I11

CITE "YES" ITEM ON LOGIC DIAGRAM

_------------_------—---—-—-------------------_---_---_-----------------------.

QA ELEMENT APPLIES 1F NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEOURES
;-6-?&.5;(;1 ) 3A yes _ 033:-NW-§I.P"R. .3:...0. -p.a-r.t“A ...........
CONTROL 38 no no design work- good professional prac:
.............................................................. Apply ...
4.0 PROC. DGC.
CONTROUL yes 033-NWMP P-4.0 Rev O
5.0 INSTR., . . ]
PROCS, DWGS no good professional practices apply
7.0 CTL OF PUR
MATERIALS yes 033-NWMP P-7.0 Rev 0
8.0 1.0. & CTL . .
OF MATERIALS no good professional practices apply
9.0 CG\'TRDL no (1] 114 1" "”
OF PROCESSES
10.0
INSPECTION no " " " "
11.0 TEST yes 033-NwMP R11.0 Rev 0 “
CONTROL R
12.0 CTL OF good professional pragtices apply
M & T EQUIP no !
13.0 HANDLING, , \
STOR. & SHIP. no " " ) '
14.0 INSP. TEST :
& OPER. STAT. no " " " "
19.0 SOFTWARE N “ “ "
QA no

FIGURE 20.0.2



LEVEL OF QUAL.  ASSURANCE LEVEL ASSIGNMENT A (OVAL SHEET
Date of the Meeling: June 12. 1987

Meeting Attendees: ; pagpiott, R. Schwartz, V. Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
Metal Barrier Selection

S.1.P. Identification:
E-20-19

Additional Comments:

Level of Quality Assurance 1

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

Rttt Gy oo e T ks 67575

rea L Date NwMP Deputy Prgdram Leader Date
Task Lode for Q4
= 7 . W £/3/57

| S ie NeMFP Leader Date

AFTER NwHP LEADIR APPROVAL RETURK TO NwMP DEPUTY PROGRAY LEADER FOR Q4 WITH
CORPY 10 TASK LEADER

W{Z—/% //4/4‘7 T BLAA )i

Project Sponsor Date Project Sponsor Quglity Manager  Date

RETURN TO UNL t«4” QA FILE

FIGURE 20.0.3

A-19-1
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CHECKL] FOR ASSIGNING QUALITY ASSURAN _ LEVELS

STEP CHARACTERISTIC
1. Does the item or activity involve or affect public radiologic
lth and safety? Yes »
2. Does the item or activity involve waste jsolation?
. Yes
3. Does the item or activity involve or affect retrievability?
Yes
®
4. 1s the intended purpose of this activity Lo provide data for
a license application?
No
S. Can a failure of the item or activity cause 3 failure of a
QA Level I item, or irretrievable loss of QA Level 1 data?
Yes
No
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
or occupational health and safety? Yes
NO
8. 1f the item or activity were to fail or is performed

inadequately could repository workers.be exposed to radiation
or radicactive contamination levels in excess of the limits

expressed in 10CFR60? Yes
No
9. Does the item or activity have a major impact on the

non-tadiological operation, reliability, or maintainsbility of
engineered systems, structures, or components? Yes

NO

10. Does the item or activity involve a design phase for which the
principle purpese 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 111 WHEWN ALL THE AHSWER TO ALL QUESTIONS ABJVE 15 "NOT™.

FIGURE 20.0.1

A-19-2

4o

LEVEL

11

11

11

11

11
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MW QUALITY ASSURANCE ELEMENT ASS! MENT

- - - T S R YR M M Th e @b @n Gh S G WD A e e G e e e S M e e up S D W G L R AR T P e A A e O G TR S TR B N AR W e S W W e T A W Se s = e e e

ACTIVIVY: Metal Barrier Selection

ACTIVITY NO.:  E-20-19
OATE: June 12, 1987

" - = - - A e S e W R e e A W W TP e e e = S P G G N e W S e .t e e e T e e e .

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY 1O ALL
WORK DONE AT QUALITY ASSLRANCE LEVEL I OR 11. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level 111.

- G e Gn P G W T R A G T W WD A B n - = . = e W= G G N e 4n G D e D N P W R N W R R Sk A R G wm W W e W e oe e O s v W

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 3A yes 033-NWMP R 3.0 part A

CONTROL 3B no no design work involved

4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev O

CONTROL

gRgngngcé yes 033-NwMP P 5.0 Rev 0

7 0 CTL OF PR

MATERIALS yes 033-NWMP P 7.0 Rev O

8 0 I.0. & CTL

OF MATERIALS no this is a paper stuly

grOngggggs no this is a paper stud

10 o

INSPECTION no this is 2 paper stud

éé.‘?RQESTA no this is a paper study

12 0 CTL OF .
: tus)

~ & 1 EQUIP no this is z paper stu<)

13 0 HANDOLING, .

STOR. & SHIP. no this is a paper stul

l& 0 1IKNSP. TEST

& OPER. STAT. no this is a2 paper stu

éz -0 SOFTWARE no this is a paper stul:

FIGURE 20.0.2

A-19-3



. )
LEVEL Of QUAL{.. ASSURANCE LEVEL ASSIGNMENT AF. ..OVAL SHEET

Date of the Meeling: June 12, 1987

Meeting Attendees: ;| pappcott, R. Schwartz, V. Oversby, K. Halsey, D. McCrigh

Name(s) and Number(s) of Activity:
Integration of Models for Selected Material

S.1.P. ldentification:
E-20-20

Additional Comments:

tevel of Quality Assurance 111

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

R it il /11187 P T tes 477

" Date NP Deputy Rpgdram Leader
Task Lecder for QA
. M 6/ 2o/87
Ne”” Project (eads ate NeaMP Leader e

AFTER Nw4P LEA?R A?PRO\’AL RETURN 10 Nw™P DEPUTY PROGRAM LEADER FOR QA WITH
CO”Y 10 TASK

/a/’/%‘///] oo RO fod /o/#/:?

Pro ject Sponsor Date Project Sponsor Qfaluy Mansger Date

RETURN TO LLNL NP QA FILE

FIGURE 20.0.3

A-20-1



10.

11.

CHECKLIS™ “OR ASSIGNING QUALTTY ASSURANCS TEVELS

CHARACTERISTIC

Does the item or activity involve or affect public radiologic

@lth and safetly?

Does the item or activity involve waste isolation?

G

Does the item 'or activity involve or affect retrievability?

®

1s the intended purpose of this activity to provide data for

G

I license application?

Can a failure of the item or activity cause a failure of a
QA tevel 1 item, or jrretrievable loss of QA Level 1 data?

S

Does the activity involve a decision phase which is to be
conducted ‘immediately prior to application for a NRC license,

nrocurement or construction?

C

Can the item or activity hav
occupational health and safety?

&

Yes
Yes
Yes

Yes

Yes

Yes

Yes

1f 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

essed in 10CFR607

Q

Yes

Does the item or activity have a mzjor impact on the

non-radiological operation, reliability, or maintainability of
@neered systems, structures, or components?

Does the item or activity involve a design phase for which the
principle purpose is to conduct a corparative technical analysis

I alternatives?

Can the item or activity cause major cost overrun or schedule

ippage?

LEVEL 111 WHEN ALL THE ANSWER TO ALL QUESTIONS ABQVE 1S "NO".

~——-“

FIGURE 20.0.1

A-20-2

Yes

Yes

Yes

e a major impact on non-radiological

LEVEL

11

11

11

11

I1



MW QUALITY ASSURANCE ELEMEN] Ass{ AENT

.—-—.-----—-—---—_..._o--_----—-—-----—-—-------------———---—---—----—-------_---—-

ACTIVITY: . .
Integration of Models for Selected Material

ACTIVITY NO.:  E-20-20
DATE: june 12, 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 1I. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance tevel 111,

- - - - e = o Y T T WD M W S AR M M Am S S W G e - - - Y S M T e O A A G OGS YR WR W W 06 W m e

LEVEL OF QA 111
CITE "YES" 1TEM ON LOGIC DIAGRAM
QA ELEMENT APPLIES 1F NO - JUSTIFICATION

IF YES - LIST NEEDED PROCEOURES
3.0 DESIGN 3A yes ~ 033-NWMP R 3.0 part A
CONTROL 3B no no design work- good professional pra:
.............................................................. Apply (oo _____
4.0 PROC. OOC.
CONTROL yes 033-NWMP P-4.0 Rev 0
5.0 INSTR., )
PROCS, DWGS no . good professional practices apply
7.0 CIL OF PUR
MATERIALS yes 033-NWMP P-7.0 Rev 0
8.0 1.0. & CTL . . '
OF MATERIALS no good professional practices apply
5.0 COKRTROL no o “ n 1"

OF PROCESSES

.---------_-—_-_-_------..—-------_--—--—-_-—---—-----_--_-—--——---—-----—----_.

10.0 " :
INSPECT 10N no " " '
11.0 TEST . . N "
CO'TRIOL no
12.0 CTL OF N .
v & 1 EQUIP no " "
13.0 HANDLI%S, _ . "
STOR. & SHIP. no " "
14.0 INSP. TEST , . B y
& OPER. STAT. no '
19.0 SOFIWERS
oa no [ " " “

FIGURE 20.0.2

A-20-3
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LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET

Date of the Meeting: -June 12, 1987
Meeting Attendees: L. Rampsott, R. Schwartz, V. Oversby, W. Halsey, D. McCright
Name(s) and Number(s) of Activity:

Integration of Models for Selected Material (Level I)
S.I1.P. ldentification:

E-20-20.1

Additional Comments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

€Ot ol Yroft) Zohr < /a/&/g;

/ Date NWMP Deputy Prografrleader

Tack L ecdor for QA
4 W/D—L?-ﬁ? (7%—7-/ )= -R7
NaMP Pro ject Leader Date NwWMP Leader 7 Date

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

/4//;%' /44/7 \SM BW lo/ 30 /¢7

Pro ject Sponsor " Date Project Sponsor Quadity Manager Date

RETURN TO LLNL NwMP QA FILE

FIGURE 20.0.3
A-20.1-1
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CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiologic

‘lth and safety? Yes I
2. Does the item or activity involve waste isolation?

‘1{" Yes I
3. Does the item or activity involve or affect retrievability?

: Yes 1
4. Is the intended purpose of this activity te.provide data for

a license application? @ @

No .

5. Can a fajilure of the item or activity cause a failure of a

QA Level I item, or irretrievable loss of QA Level I data?
Yes I

No

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 1
No

7. Can the item or activity have a major impact on non-radiological
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 radioactive contamination levels in excess of the limits

expressed in 10CFR607? Yes 11
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 I1
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 11
No

11. Can the item or activity cause major cost overrun or schedule
slippage? Yes 11
No

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE 1S "NO".
FIGURE 20.0.1
A-20.1-2

Ly,
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NWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT

o o T - S - — . D W W W S W A T - W A W G AP T b W D G G S R W A TS G T A AR T W S A S R W R GE R Y e > -~

ACTIVITY: Integration of Models for Selected Material (Level I)

ACTIVITY NO.: E-20-20.1

DATE: June 12, 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, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level II1I.

e O = e . " R D D D P R W B T T N A A G G W ES G W= . S e S - AP A T G - - o o 8 -

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 033-NWMP R 3.0 part A
3A yes 2.0 p
CONTROL 3B no no design work
4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev 0
CONTROL
5.0 INSTR.,
PROCSr OWGS yes 033-NWMP P 5.0 Rev 0
7.0 CTL OF PUR
MATERIALS yes 033-NWMP P 7.0 Rev 0
8.0 1.0. & CTL
OF MATERIALS yes 033-NWMP R 8.0 Rev O
9.0 CONTROL
OF PROCESSES yes ) 033-NWMP R 9.0 Rev O
10.0 . .
INSPECTION no no inspections of hardware
1L.0 TEST TTTTyes T TTTTTTTTTTO3NWMP R 11.0 Rev O
CONTROL
12.0 CiL OF  yes  TTTTTTo33-NWMP R 12.0 Rev O
M & T EQUIP
13.0 HANDLING,  yes  033-NWMP R 13.0 Rev 0
STOR. & SHIP.
L4.0 INSP. TEST 3 yes  O33-NWMP R 14.0 Rev 0
& OPER. STAT. :
15.0 SOFTWARE 1 no " no software development expected

> = . - — - A S W > T B A A s B U N S D - L " P . P A D GS A T D S - — - — - -

FIGURE 20.0.2
A-20.1-3

13



LEVEL OF QUALITY ASSURANCE LEVEL ASSIGNMENT APPROVAL SHEET
4 .

(.

Date of the Meeling: ;... 37 1987

Meeting Attendees: Rampsott, R. Schwartz, V..Oversb)'. W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
Performance Parameter Studies (Level I1I)
s.1.P. ldentification:
E-20-21

additional Comments:

Level of Quali't.y Assyrance 111 .

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

) i) ERL AL 2/5,

Date NWMP Deputy aférc Leader te
Task. Lecder - for QA
= M 4M’7
2 Projz A Leddft le NwMP Leaderl Date

AFTER Nw™P LEZDER APPROVAL RETURN 10 NaMP DEPUTY PROGRAM (E20ER FOR QA WITH
COPY 10 TASK i ZADLR

ﬁézé?%’// ¢7 _A_a@b_ELjLL o [3e /g7
Project Spoasor Quzll

Project Szonsor Date j sf ity Manager Date

RETURN TO LLN_ ta4? Q8 FILE

FIGWRE 20.0.3

A-21-1



WS ivThie —H L\t o ~ e e~ — s wm g =

STeP

10.

11.

CHECKLISY 9R ASSIGNING QUALITY ASSURANC! EVELS

CHARACTERISTIC

Does the item or activity involve or affect public radiologic
health and safety? Yes )

Qs

Does the item or activity involve waste isolation?
Yes

®

Does the item.or activity involve or affect retrievability?

‘III’» Yes

1s the intended purpose of this activity to provide data for
1cense application? Yes

549

Can a failure of the item or activity cause a failure of a
QA Level I item, or irretrievable loss of QA Level 1 data?

Yes

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a NRC license,
nrocurement or construction? Yes

\

Can the item or activity have a major impact on non-radiological
occupational health and safety? Yes
No

I1f the item or activity were to fail or is performed
inadequztely could repository workers.be exposed to radiation
or radiosctive contamination levels in excess of the limits

ressed in 1OCFR607? Yes
< No )

Does the item or activity have a major impact on the

non-radiological operation, reliability, or maintzinsdility of
(:ff?neered systems, structures, or components? Yes

No

Does the item or activity involve a design phase for which the
principie purpose is to conduct a comparative technical analysis

lternat ives? Yes

Can the item or activity cause major cost overrun or schedule
slippage? Yes

LEVEL II1 WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE 15 "NOW.

FIGURE 20.0.1
A-21-2

LEVEL

11

11

11

IT

11
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{ . .
NwM- QUALITY ASSURANCE ELEMENT ASSIGNMENT

s--._--..-——---——_——-------_----—--—-—-————-----—----—-_----—--.---—--—----------—.

ACTIVITY: Performance Parameter Studies (Level 11I)

ACTIVITY NO.: E-20-21 < . N
DATE : June 12, 1987 :
QUALITY ASSURANCE ELEMENTS 1, 2, S, 6, 15, 16, 17, 18, 21, AND 22 APPLY 10 ALL
WORK DONE AT QUALITY ASSURANCE LEVEL 1 OR I1. Elements 1, 2, 11, 15, 16, 17,

18, 21, and 22 apply to work done at Quality Assurance Level I1I.

T e o 0 1 o e o i o o B o B0 or e 40 2 2 0 B 0 6k e W = b = B D o > S o 2o 0 e e e o o 0 e

LEVEL OF QA 199

CITE "YES" ITEM ON LOGIC OIAGRAM

e i i o 0 0 (e 00 0 0 0 00 0 (B D D . . i e e e e . - — D Wy D B L . - ———t - — " - - -~ —

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

3.0 DESIGN 3A yes 033-NwMP R 3.0 part A

CONTROL 3B no no design work- good professional pr
.............................................................. ARplY. L.
4.0 PROC. DOC.

CONTROL yes 033-NWMP P-4.0 Rev O

5.0 INSTR., . . :
PROCS, OWGS no good professional practices apply
7.0 CTL OF PUR

MATERIALS yes 033-NWMP P-7.0 Rev 0
............................................................................... {
8.0 1.0. & CTL ] ) '
OF MATERIALS no good professional practices apply
9.0 CONTROL no 1" " " t

OF PROCESSES

10.0 L] (14
INSPECTION no " " )

11.0 TEST A "
CO:TROL X&S 033-NwMP.R 11.0 Rev O

12.0 CIL OF __TTTTTTTTTTTTTTTTTTIT e 8003 professional practices apply
M & T EQUIP no " " " "
13.0 HANOLING, 5 i
STOR. & SHIP. no * "

14.0 INSP. TEST . .

& OPER. STAT. no ' "
- 19.0 SOFTWARE . .
QD‘ no 1" o t

T T T T S e o o o o o e e s ot . = o o = s > 5 = = > A - —— - - = = m > = = = - = = = - -

FIGURE 20.0.2

A-21-3



LEVEL OF QUALT  ASSURANCE LEVEL ASSIGNVENT Af VAL SHEET
Date of the Meeling: June 12, 1987
Meeting Altendees: | pampsott, R. Schwartz, V..Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
Performance Parameter Studies (Level I)

S.1.P. Identification:
E-20-21.1

Additional Comments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

V) /2 A7 74

Date NP Deputy

Technicatfrexthader
Task-L eeder for QA

. 7 éw 6/27
L= Projecy/ Lesgfr ate NwM> Leader © Date

AFTER NP LEADZR APPROVAL RETURN TO NwMP DEPUTY PROGRAM LEADER FOR QA WITH
COPY T0 TASK LEADER

C LAty N Rl el

Project Sponsor Date Project Sponsor Qualin~Manager Date

ram Leader

RETURN TO LINL NaP QA FILE

FIGURE 20.0.3

A-21.1-1



STEP

10.

11.

mzcxu%t FOR ASSIGNING QUALITY ASSURANCF ‘EVELS

‘\

CHARACTERISTIC

Does the item or activity involve or affect public radiologic

lth and safely? Yes

Does the item or activity involve waste isolation?
Yes

Does the item ’or activity involve or affect retrievability?

j Yes

1s the intended purpose of this activity tg provide data for
a license application? <
No
Can a failure of the item or activity cause a failure of a
QA tevel 1 item, or irretrievable loss of QA Level 1 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 radioactive contamination levels in excess of the limits
expressed in 10CFR&07 Yes

No

Does thz item or activity have a major impact on the
non-racdiological operation, reliability, or maintainability of
engineered systems, structures, or components? Yes

No

Does the item or activity involve a design phase for which the
principlie purpose is to conduct a2 comparative technical analysis
of alternatives? Yes

No

Can the item or activity cause major cost overrun or schedule

slippag=? Yes

No

LEVEL T1I WHEN ALL THE ANSWER TO ALL QUESTIONS ABIVE IS “"NO™.
FIGURE 20.0.1

A-21.1-2

LEVEL

11

11

11

11

I1
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MWMP QUALITY ASSURANCE ELEMENT ASSIGNMENT
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ACTIVITY: Performance Parameter Studies (Level 1)

gﬁé‘.’"" NO.: g 20-21.1
* June 12, 1987

@ = o > e T e B A L A A R e e S e ecccLST e EeeTeeSET S R e s mee e --

QUALITY ASSURANCE ELEMENTS 1, 2, S5, 6, 15, 16, 17, 18, 21, AND 22 APPLY 10 ALL
WORK DONE AT QUALITY ASSURANCE LEVEL 1 OR I1. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level I1I.

— - -~ " S "~ L W N - EEerT e eE e EEEER e TS SCC e s anoe e -e -

LEVEL OF QA 1
CITE *"YES" ITEM ON LOGIC DIAGRAM 4
QA ELEMENT APPLIES IF N0 - JUSTIFICATION

IF YES - LIST NEEDED PROCEDURES
3.0 DESIN 3A yes 033-NWMP R 3.0 part A
CONTROL 3B no no design work
4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev 0
CONTROL
5.0 INSTR., T
PROCS, DWGS yes 033-NWMP P 5.0 Rev 0
7.0 CTL OF PR o
MATERIALS yes 033-NWMP P 7.0 Rev 0
8.0 1.0, & CTL T T e
OF MATERIALS yes 033-NWMP R 8.0 Rev 0
5.0 COMROL T e
OF PROCESSES yes ) 033-NwMP R 8.0 Rev O
oo T
INSPECTION no no inspections of hardware
lLoTest T Ves T T33P R 110 Rev O
COtTROL
oo o T T es T O3 P R 12,00 Rev 0
M & T EQUIF
13.0 HRO_ING. 3 yes 777033 MM R 13.0 Rev 0
STOR. & SHIP.
16.0 1P, TesT yes 7033 NAP R 1.0 Rev 0
& OPER. STAT.
19.0 sorTwsRe 1 no T TTTTTTTTTTTTTTT o software development expected
Qa

FIGURE 20.0.2
A-21.1-3



LEVEL OF QUAL:  ASSURANCE LEVEL ASSIGNMENT A ROVEL SHEET

Date of the Meeling: June 12, 1987

Meeting Attendees: Rampsott, R. Schwartz, V. Oversby, N Hélsey, D. McCrigﬁ-

Name(s) and Number(s) of Activity:

Development of Plans for License Application Support Tes:s
S.1.P. ldentification:

E-20-22

Additional Comments:

Level of Quality Assurance 1 .

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

(CLan TN ¢/l ‘ K T Dkics §/77

Teehmicat—hreateafer "'Date N&v® Deputy P
T‘% LW for QA
2. . W é/o/ﬁ
MP Projecy/Lezagi le NeMP Leader Date

AFTER NwWMP LEADIF APPROVAL RETURN TO NwP DEPUTY PROGRAM LEXDZR FOR QA WiTH
COPY 10 TASK LEATAR

o il sty N RS ) i

®roject Sponsor Date Project Sponsor Qgz_ity Manager Date

RETURN 1O LLNL Na? Q& FILE

FIGURZ 20.0.3



0)3-Nwv-P 20.0 0 December 24, 1986 9

STEP

10.

11.

©:

CHECKLT  FOR ASSIGNING QUALITY Assuw(\ C LEVELS

CHARACTERISTIC

Does the item or activity involve or affect public radiolegic

I i alth and safety? Yes :

Does the item or activity involve waste fsolation?
Yes

Does the item or activity involve or affect retrievability?
Yes

1s the intended purpose of this activity ta provide data for
a license application?
No

Can a failure of the item or activity cause a failure of a

QA Level 1 item, or irretrievable loss of QA Level'l data?
Yes

No

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a MRC license,

procurement or construction? Yes

No

Can the item or activity have a major impact on non-radiclogical
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 radioactive contamination levels in excess of the limits
expressed in 10CFR60? Yes

No

Does the item or activity have a major impact on the
non-racdiological 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 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 T11 WHEN ALL THE AMSWER TO ALL QUESTIONS ABIVE 1S "KO".
FIGURE 20.0.1

A-22-2

LEVEL

I1

11

11

I

11

13



NWh  QUALITY ASSURANCE ELEMENT Ass{\ ENT

.-_--_--....-_--__-__-....---_-_..-_---------..-..-----_--_,---—----—---_---_..__..---_.

ACTIVITY: Development of Plans for License Application Support Tests

ACTIVITY NO.: E-20-22

DATE: June 12, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY YO ALL
wORK DONE AT QUALITY ASSURANCE LEVEL 1 OR Il. Elements 1, 2, 11, 15, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level I11.

.-_-----_--.._--__-----—-----_-_---—--_--_--------_---------_-——-------,--_----.

LEVEL OF QA 1
CITE "YES" ITEM ON LOGIC DIAGRAM 4
QA ELEMENT APPLIES 1F NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A yes 033-NwMP R 3.0 part A
CONTROL 3B no no design work involved
4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev 0
CONTROL

_——---~—-_--_.._-....__—---_----—-————--—_-_---------—-------o--—-—-—-------_—---.

.--—_—-——--—--.._--—_------—--—-—----------——--—c-—--------—-----—-—------.

- - - - - ..__--------------—-------—---—-—_---—---—--------—_-----------—-—.

OF MATERIALS no this is a paper study
gFonggéggEs no this is a paper study
10.0 cL
. h ,
INSPECT 10% no this is a paper stud)
11.0 TEST
CCrITROL no this is a paper study
12.0 CiL Of ie i .
M & 1 EQUIP no this is a paper study
13.0 HANOLING S
S?Og A 23? no this is a paper study
14.0 INSP. TEST C .
t .
& OPER. SIAT. no his is a paper study
19.0 SOFTWAR: no this is a paper study

--——-—---..__-_--._.._—_-_-_--—_-—-----_—--_----—-———-----------—------_----_-_—_

FIGWRE 20.0.2

a-22-3
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LEVEL OF QUAL..Y ASSURANCE LEVEL ASSIG®ENT t[ ROVAL SHEET

Date of the Meeting: ;... 12, 1987
Meeling Attendees: , Rampsott, R. Schwartz, V. Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
License Application Support Tests
S.1.P. ldentification:

E-20-23

Additional Comments:

tevel of Quality Assurance 1

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

_@w’//f gl il e A T Dk 617

Date NwP Depuly Prégeé? Leader Date
Tht (el for o4
. gl b/50 /&7

NeM= Leade * Date

AFTER NaM2 LELDSR APPROVAL RETURN TO NeM? DEPUTY PROGRAM EADER FOR QA WITH
COPY TO TASH LIADLR

M%/MZ \L%EL—-\LJ jo/30 /%2

Project Smonsor Date Project Sponsor Q#lity Manager Date

RETURN 1O LLRL Nw2P QA FILE

FIGUREL 20.0.3

A-23-1
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STEP

1G.

11.

CHEOKLT  FOR ASSIGNING QUALITY ASSURANG .EVELS

CHARACTERISTIC

Does the item or activity involve or affect publlc radlologic

‘Ialth and safety? Yes

Does the item or activity involve waste isolation?
Yes

Does the item or activity involve or affect retrievability?

Yes
( No)

Is the intended purpose of this activity ta provide data for

a license application?

No

Can a failure of the item or activity cause a failure of a

QA Level 1 item, or irretrievable loss of QA Level-1 data?
Yes

No

Does the activity involve a decision phase which is to be
conducted immediately prior to application for a MRC 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 radioactive contamination levels in excess of the limits
expressed in 10CFR60? Yes

No

Does the item or activity have a major impact on the
non-radiological operation, reliability, or maintainability of
enginsered systems, structures, or components? Yes

No

Does the item or activity involve a design phzse 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 I11 WHEN ALL THE ANSWER TO ALL QUESTIONS ABIVE 1S "NO".
FIGURE 20.0.1

A-23-2

LEVEL

11

11

11

It

11



NW  QUALITY ASSURANCE ELEMENT ASS! MENT
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ACTIVITY: License Application Support Tests

ACTIVITY NO.: E-20-23

DATE : June 12, 1987

QUALITY ASSURANCE ELEMENTS 1, 2, S5, 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, 16, 17,
18, 21, and 22 apply to work done at Quality Assurance Level III.

- - AR - - . . e N T L R e D W M G R G R G A T G e e e G WD W e A e A 4 G R W G e WP W T W TR G e G R W W e SR e e e W M e e

LEVEL OF QA .
CITE "“YES™ ITEM ON LOGIC OIAGRAM 4
QA ELEMENT APPLIES 1F NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES
3.0 DESIGN 3A yes 033-NWMP R 3.0 part A
CONTROL 3B no ‘ no design work
4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev O
CONTROL
5.0 INSTR.,
PROCS, DWGS yes . 033-NWMP P 5.0 Rev 0
7 0 CTL OF AR
MATERIAL—S yes 033-NWMP P 7.0 Rev O
8.0 1.0. & CTL
OF MATERIALS yes 033-NWMP R §.0 Rev O
9.0 CONTROL h
OF PROCESSES yes ' 033-NWMP R 9.0 Rev O
10.0 ) o
INSPECTION no no inspections of hardware
1o 1esr TTTTTTTTTTYes TTTTTTTTTTTTTTTTTOS3-NMMP R 110 Rev O
COtTRIOL
oo or T e TS ME R 1200 Rev O T
M & T EQUIP
130 Mo e e T T s N R 1500 Rev @
STOR. & SHIF.
16.0 INSP. TEsT 3 yes T TTTTTTTTTOssNMP R 14.0 Rev O
& OPER. STAY.
19.0 soFtweaz 1 no T no software ?1}1?16}:}.1?&' expected
Q4

FIGURT 20.0.2

A-23-3



LEVEL OF QUALY  ASSURANCE LEVEL ASSIGNMENT AF VAL SHEET

Date of the Meeling: June 12, 1987

Meeting Attendees: ;| pgappsott, R. Schwartz, V. Oversby, W. Halsey, D. McCrigh’

Name(s) and Number(s) of Activity:

Determination of Mechanical and Microstructural Properties of Metals
S.1.P. ldentification:
E-20-24

Additional Comments:

tevel of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION
N

(L2 V] G/ Xkl A I Dkis 6722/

NwvP Deputy P - Leader Date

Tesk (osber for QA

WS> Frojecy/Lesd ate NP Leade‘ “Date

AFTER NwMP LEADSR APPROVAL RETURK T0O NwMP DEPUTY PROGRAM LEADER FOR Q4 wiTH
COPY T0 TASK LEADER

//4/7[ /%"////] \\a,.,w_, E,Q,“‘L_'l Jof3./§7

‘Project Sponsor Project Sponsor Queyity Manager Date

RETURN T0 LLNL Na? QA FILE

FIGURE 20.0.3

A-24-1



STEP

10.

11.

C?'EF‘"JST FOR ASSIGNING QUALITY ASSI®WNCE LEVELS

CHARACTERISTIC

Does the item or activity involve or affect public radiologic

Iialth and safety? Yes

Does the item or activity involve waste isolation?

‘8 Yes

Does the item‘or activity involve or affect retrievability?

Yes
|

1s the intended purpose of this activity to provide data for
a license application?
No

Can a failure of the item or activity cause a failure of a

QA Level I item, or irretrievable loss of QA Level 1 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 radioactive contamination levels in excess of the limits
expressed in 10CFR60? Yes

No

Doss the item or activity have a major impact on the
non-radiological operation, reliability, or maintzinability of
engineered systems, structures, or components? Yes

N2

Do2s 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

N5

LEVEL 111 WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE 1S "NO°.
FIGURE 20.0.1

A-24-2

LEVEL

11

11

11

11
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ACTIVITY: Determination of Mechanical and Microstructural Properties of Metals

ACTIVITY NO.:
OATE: June 12,

E-20-24

1987

e e e e - - e e S T T Y e e e e o e g T e e - - - -

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15,

16, 17, 18, 21, AND 22 APPLY T0 ALL
WORK DONE AT QUALTITY ASSURANCE LEVEL I OR 11.

Elementsl 2, 11, 15, 16, 17,

18, 21, and 22 apply to work done at Quality Assurance Level III.

o e - v Ve -k e G G D G G e D G we 4B T W N U W WS R S e G G Gm e AR e e TR AR G e L W e P P WS e R T G R e B e . e -

LEVEL OF QA

CITE "YES™ ITEM ON LOGIC OIAGRAM

- —— - = W " G e W WP W YD ED W R T WS W AR W R W W W R P WS N e W S G e A G e R G D A R R N G R e wm P e A A W A R W

1F N0 - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES

- — - . T G W W T TR N W e GE TE A G e W TR AR D WP YR TR WP W R W e G G R SR U TP AR W A e G B S T Gn R TR AR W T e W e AT G T Y e

CONTROL

033-NWMP R 3.0 part A
no design work

- D n . Gl W Y S - WY = GE e G T S W WD S W W W AR G AR FR AR e e Wm e A G we W e e P e A R T WP TP E SR R R e e W e G G R e P W W W R R e e e e

- — e W > S e - = Ve S W W e e S A T e S R G W G W NS S W W S T e e e e YD G WS AP A e e . e W - A Y W Y R e W dm e

5.0 INSTR.,
PROCS, DWGS

s o . - = M e P S e A G T A S G G e e G G e e = S e R SR R W e . T e P W= S R A M e = W - A e

7.0 CTL OF PUR
MATERIALS

- - " - . = W W e e S Gp AN W G G A S e Y G R L S L e S R T G A A A W e T T R S AR G P M e = R S e Am e R -

8.0 1.0. & CTL
OF MATERIALS

e = - - e 4% dm W Y W . e e W M S R L e e Y R e S R A e S 4D S W W e e e 4m Gh AP Wb e e . - -

9.0 CONTROL
OF PROCESSES

- v G — T e e = A A R Y A A R T R - e W W G AR T U e Y G6 e W A S dn 4m M dm e W - - - e - -

1C.0
INSPECTION

11.0 TEST
COJTRIC

. - e e e e e S T e e G G T - . G S SR D R G e T W e e A R R A S AR B S e W W R D e M e A e e M

12.0 CTL OF
¥ & T EQUIP

o o m o ma  em T T G e M e W wm P M R D G L S 4n R e e e T TR S M = T e A Yh R P D T e D e YE D A N S m W R e 4 M e e H e W A

13.0 HRMOLING,
STOR. & SHIP.

- . . - Gn e s m e e Gn e AR e em AN S S Ge E T S M M MG e G WP S e . T W e W - e = = . e W A . —

16.0 ISP, TEST
& OPTR. STAT.

A-24-

FIGURE 20.0.2

-
-



LEVEL OF QUALUV ASSURANCE LEVEL ASSIGNMINT APPROVAL SHEET

Date of the Meeting: June 12, 1987

Meeling Attendees: | panpsott, R. Schwartz, V. Oversby, W. Halsey, D. McCright

Name(s) and Number(s) of Activity:
Validation of Model

S.1.P. Identification:

E-20-25

Additional Comments:

tevel of Quality Assurance 1

APPROVE LEVEL OF QUALI'TY ASSURANCE DETERMINATION

i 11 el 7@.::{;@%%/(«%6/%

Tk leelsr— for QA
¢ oA W &/ be %7
P> Prgjecy/Lesdér ate NwM~ { eader 7 Date

AFTER Nw” LEADIR APPROVAL RETURN TO NwMP DEPUTY PROGRAM LERDER FOR QA WITH
CO”y TO TASK LEZDER

%}//%"///7 e Lt jofsofe?

Project Sponsor Date Project Sponsor Q{:zlity Manager Date

RETURN TO LLNL 247 QA FILE

FIGURE 20.0.3

A-25-1
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CHEOXLIS™ FOR_ASSIGNING QUALITY ASSURAIF LEVELS

STEP CHARACTERISTIC LEVEL
1. Does the item or activity involve or affect public radiologic
health and safety? Yes T 1
(Noif ; .
2. Does the item or activity involve waste isolation?
1'!:" Yes I
3. Does the item or activity involve or affect retrievability?
|‘II'D Yes I
4. 1s the intended purpose of this activity rovide 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 1 data?
Yes 1
No
6. Does the activity involve a decision phase which is to be
conducted inmediately prior to application for a No- license,
procurement or construction? Yes I
No
7. Can the item or activity have a ma jor impact on aor-radiological
or occupational health and safety? Yes - 11
No ' -
8. If the item or activity were to fail or is performe?

inadequately could repository workers. be exposed te radiation
or radioactive contamination levels in excess of the limits

expressed in 10CFR607 Yes 11
No

9. Does the item or activity have a ma jor impact on ths
non-racgiological operation, reliability, or maintzinsbility of
engineered systems, structures, or components? Yes 11
No

10. Does the item or activity involve a design phase fcr which the
principle purpose is to conduct a comparative tech-ical analysisc
of alternatives? Yes 11
No

11. Can the item or activity cause m3 jor cost overrun o: schedule
slippage? Yes 11
No ’

LEVEL T11 WHEN ALL THE ANSWER TO ALL QUESTIONS ABJVE IS "NO".
FIGURE 20.0.1
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ACTIVITY:

ACTIVITY NO.:
DATE: June 12,

SN AEE ’ .
NwMP QUALTTY ASSURANCE ELEMENT ASSIGNENT

E-20-25
1987

Validation of Model
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QUALITY ASSURANCE ELEMENTS 1, 2, S5, 6, 15, 16, 17,.18, 21, AND 22 APPLY TQ ALL

WORK DO*E AT QUALITY ASSURANCE LEVEL 1 OR I1.

Elements 1, 2, 11, 15, 16, 17,

18, 21, and 22 apply to work done at Quality Assurance Level I11.
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LEVEL OF QA

CITE "YES™ ITEM ON LOGIC DIAGRAM
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IF NO - JUSTIFICATION
IF YES - LIST NEEDED PROCEDURES
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3.0 DESIGN
CONTROL

033-NwMP R 3.0 part A
no design work
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4.0 PROC. DOC.
CONTROL
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5.0 INSTR.,
PROCS, OWGS

g g g R s e R b Rt R R

7.0 CTL OF PUR
HMATERIALS
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8.0 1.0. & CTL
OF MATERIALS

9.0 CONTROL
Or PRICESSES

10.0
INSPECTION
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11.0 TEST
CONNTROL

12.0 C1L OF
M& T OEQIP
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13.0 HOD_ING,
STOR. & SAli'.

. 14.0 INSP. TEST
" & OPER. STAT.

R.0 SOFTwWARD

FICURe

23.0.2



