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1.0 PBro and Wivec 

1.1 Reuatory 

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 envircrent and to project these determinations over the time scale of interest 
in demonstrating first, the containment of the waste, and second, the 
controlled 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 medcanisms will operate in the repository environment. In 
addition, several candidate metal barrier materials are presently under 
crsideration, and a large effort in this plan is directed toward providirn information that will be used as the basis in selecting the material for the 
license application waste package design. A brief discussion of how the 
current list of candidate materials developed can be found in Section 7.0.  

The information generated in this plan will be used to show that the waste package meets the contairment requirements of 10 CFR 60 .113. In addition, the 
information is used, in part, to derostxate the waste package retrievability 
requiremets in 10 CFR 60.111 (b). Along with information generated in the plans for waste form testing (both spent fuel and glass waste forms), the information from this plan will serve as a component in determining the source term for sismsesnent modeling. R It-r--thiIs-- ýk 

proidethewase pckaeneivic t -task-Vith information describing critical enviixretal parameters and how they affect the container material pJo , thu ind tIN a to be _ te lwlh 1oratory s ' 
pnerfoigatince, & ý r, v bUfreitc.wl c nprtwr e.- imathe ',urce term in the calculation of long term cumulative 
releases. Miese calculations form part of the estimates of releases to the 
accessible envircnient required for 40 CFR 191.13 (cumulative releases after 
10,000 years) and for completion of the site evaluation process required for 10 
CFR 960.3-1-5 (cumulative releases after 100,000 years).  

The Metal Barrier Selection and Testing Scientific Investigation Plan 
addresses the following information needs: 

Issue 1.4: Will the wste package meet the performance objective for 
octairur* as required by 10 CFR 60.113? 

IN 1.4.1 Waste packa 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 
degradaticn of the container material 

Through irput 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 
(Performanc assessment for contalment objectives); 1.5.4 and 1.5.5 
(Performanc assessment for controlled release objectives); 1.10.1 and 1.10.2
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(Waste package desig 2.6.1 (Preclosure design crit. a concerned with materials, handling, and identification), 4.3.1 (Waste package prahiction technology), and 4.5. 1 (Waste package costs).  

1.2 Metal Barrier Selection and Tstir Activities 
Gn d by SCP investioatins 

The investigations and activities of the three 1.4 Information Needs (IN) from the Site Characterization Plan (SCp) are grouped as fol1os: (1) IN 1.4.1 is Concerned with characterization of the as-fabricated and as-emplaced waste package container; (2) IN 1. 4.2 is concerned with characterization of the waste package container after emplacement (hence the mphasis on different degradation modes); and (3) IN 1.4.3 is anen• d with modeling to predict the rates of these different degradation modes.  

There is not a one-to-one correspodence between the full set of investigations and activities listed under the above INs and the activities described in this Scientific Investigation Plan (SIP) for the Metal Barrier Selection and Testing Task (WBS 1.2.2.3.2). This situation occurs because the 1.4 Issue and subsumed Information Needs ei. to resolve containment issues, while the content of this SIP is addressed specifically to the metal barrier, whidc is not the only engaered Ontainment barrier. Thus, the investagations and activities associated with the properties of a ceramic liner in IN 1.4.1, 1.4.2 and 1.4.3 as an alternative waste package design are discussed in the SIP for "other materials" (WB 1.2.2.3.3). The Metal Barrier SIp is Centered around laboratory testing, develcpit of models to predict resistance to various degradation modes, and characterizing the properties of the candidate metals and alloys as materials of Construction. The dcaracteristics of the processes for actually fabricating the container and ccWstmucting 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 obvious need for close co-operation between the activities for these different WBS elewent SIPs, hence the identification of integration activities 
between the appropriate plans.  

Althcijh the Metal Barrier SIP has several features analogous. to those found in the SIPs- for '±araterizing the spent fuel aid the borosilicate glass waste forms (WB 1.2.2.3.1), thexe are tw, unique features of the Metal Barrier SIP that distinguish it and influence the couse of the Planned activities.  These features are: 
(1) the procs for specifying which of the several candidate materials will be selected for the license application design. In order to arrive at a defensible selection process, many of the activities muist be onducted in parallel for the different candidate materials. This means that a nur of activities will be carried out to a level to provide neede information for the selection Proces, but that the full suite of activities will be ccmpleted only for the candidate material that is selected for the license application design.  
(2) xud information on characterizing the caididate metals =aes from the open literature and from various commercial surces, including potential vendors for the container material. T information often derives fr= nn-sr/uclear applications. Unlike information on other materials that are part of the waste Package (e.g. borosilicate glass or uraniu.. dioxide fuel elmmts), the source of information are largely outside the control of the DOE, NRC, or other govemental agencies.
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ThIs has inportant cp" ity assurance inplicaticnswteadtotemtro 
possible souroes of information and the cczmpleteness of the docmntaticn.  
Because a strong argument for the selected container material will be built. an 
previous and mcssful uses of the material in other engineering applications, 
it is vital to use available info0 ation on performance of the candidate 
materials. Therefore, a considerable effort is involved in determining what 
previously published information in the teohnical literature is relevant and 
applicable to the present work.  

MLtaL BARRIER MWK WnLfl4E FF0 SCP 

Note: The asterisked (*, **) investigations and activities frum the SCP 
(as listed below) are = discussed in the Metal Barrier Selection and 
Testing SIP. Discussions of these will be found in the SIP for Design, 
Fabrication and Prototype Testing (item marked *), and in the SIP for Other 
Materials (items marked **).  

Info Investi
Need Sation Activity 

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

1.4.1.1 Integrate design and materials information 

(m1tal coptainer) 

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 contalrnr 

*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 cmtainer with a ceramic liner) 

**1.4.1.2.1 Feasibility evaluation of 
fabricating a ceramic-line 
waste packag 

1.4.2 Material properties of the ontainer 

1.4.2.1 Selection of the container material for the 
license application dign 

1.4.2.1.1 Establiswnt of selection criteria 
and their weigting factors 

1.4.2.1.2 Material selection

3



Info Investi
Need 9ation Activity 

1.4.2.2 Degradation modes affecting candidate c0PPer-base 
container materials 

1.4.2.2.1 Assessment of degradation modes in 
copper-base materials 

1.4.2.2.2 Metallurgical aging and phase stability 

1.4.2.2.3 Low tezperature oxidation 

1.4.2.2.4 General aqueous corrosion 

1.4.2.2.5 Hydrogen entry and embrittlealent 

1.4.2.2.6 Pitting, crevice, and other 
localized attack 

1.4.2.2.7 Stress corrosion cracking 

1.4.2.2.8 Other potential degradation modes 

1.4.2.3 Degradation modes affecting candidate austenitic 
container materials 

1.4.2.3.1 Assessment of degradation modes in 
austenitic materials 

1.4.2.3.2 Metallurgical aging and Phase 
transformations 

1.4.2.3.3 Low temperature oxidation 

1.4.2.3.4 General aqueous corrosion 

1.4.2.3.5 Intergranular attack and intergranrlar 
stress corrosion cracking 

1.4.2.3.6 Hydrogen entry and embrittlement 

1.4.2.3.7 Pitting, crevice, and other 
localized attack 

1.4.2.3.8 T-arwmrAnlar stress corrosion cracking 

1.4.2.3.9 Other potenti degradation modes 

**1.4.2.4 Degradation modes affecting the ceramic liner 

**1.4.2.4.1 Assessment of the degradation des 
affecting the ceramic liner 

**1.4.2.4.2 laboratory test plan for ceramic 
liner materials

4



Info InvestiU 
Need Otimn Activity 

1.4.3 scenarios and models needed to predict the rate of degradation 
of the ontainer material 

1.4.3.1 Models for ccaer and coxper alloy degradation 

1.4.3.1.1 Metallurgical aging and phase stability 

1.4.3.1.2 Low temperature oxidaticn 

1.4.3.1.3 General aqueous corrosion 

1.4.3.1.4 Hydrogen entry and erbrittlement 

1.4.3.1.5 Pitting, crevice and other 
localized attack 

1.4.3.1.6 Stress corrosicn 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 toixerature 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 erbrittlement 

1.4.3.2.6 Pittirn, crevice, ard other 
localized attack 

1.4.3.2.7 Trarugraýnular stress corrosion cracking 

1.4.3.2.8 Other potential demradati odes 

**1.4.3.3 Models for ceramic material degradation 

**1.4.3.3.1 Dissolution of alumina 

**1.4.3.3.2 Loss of fature tca•mess 

At the present time, the NWSI Project is cotidering the tedcnological 
feasibility of producing a ceramic-lined metal coutainer as a waste package 
design option. In such a case, the icrq-term container performance function 
would largely be taken by the ceramic material with the ftwcticn of the metal 
to be largely limited to the handling and eimplacai 1t orations. If the 
Project were to choose this option, then nuch of the work discussed in this SIP 
would be truncated.
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1.3 Activitv Grounii for the Metal Brrier Selecti ad Testim- Si 

For this plan, certain of the above activities group together naturally 
because of parallel efforts (e.g. model develcpnent for the various degradation 
modes in each alloy system; laboratory test plans Corresqxnlin to each 
degradation mode) and because these grouped activities have the same determired 
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 

Metal Barrier Perfornce Wodeli, (See sections 2.3 and 3.3) 

E-20-16 Develcpnert of models for degradation modes, mechanical 
properties, and miarotcte 

E-20-20 Integration of models for selected material 

E-20-21 Performance parameter studies 

E-20-25 Validation of model 

Mea are efrac etn s•••cin 2.4 and 3.4)

E-20-17 Experimental technique develqcpent 

E-20-18 Parametric studies of metal degradation and micros ructure 

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

E-20-23 License application support tests 

Desiqn Pr~oerties of the Metal Barrier (see sections 2.5 and 3.5) 

E-20-14 Coordination with package design 

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

The numters assigned to these thirteen activities are in approximate 
chronological sequence as can be seen in Figure 2 in Section 5.0 'Schedule and 
Milestones'.

6
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The following lh" is a cross reference between I activities frcm the SCP 
Information Needs of _.sue 1.4 and the activities desclribed in this plan. The 
titles of the activities are given in the preceding lists. There is not a 
one-to-one correspondence, and not all of the activities from this plan are 
included, because E-20-13 is a preciarssor to other work in this plan and does 
not directly correspond to activities in the Information Needs.

SIP Sections SIP Activity NUMer SCP Activity NUmber

___t1. 4. 1.1. 1 
_ E-20-24 1.4.1.1.2 

2.5 and 3.5 1.4.1.1.3 S1.4.1.1.4 

E-20-14 1.4.1.1.5 
1.4.1.1.6

2.2 and 3.2 SE-20-15 1.4.2.1.1 
(E-20-19 1.4.2.1.2

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 

E 20-17 1.4.2.2.7 
2 3E-20-18 1.4.2.2.8 

2.4 ad 3.4 JE-20-22 1.4.2.3.1 
E-20-23 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

E-20-16 
E-20-20 

2.3 and 3.3 E-20-21? 
E-20-25)

1.4.3.1.1 
1.4.3.1.2 
1.4.3.1.3 
1.4.3.1.4 
1.4.3.1.5 
1.4.3.1.6 
1.4.3.1.7 
1.4.3.2.1 
1.4.3.2.2 
1.4.3.2.3 
1.4.3.2.4 
1.4.3.2.5 
1.4.3.2.6 
1.4.3.2.7 
1.4.3.2.8
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1.4 Inforpation Fl4 (
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 

advanced waste package design work and to test the selected material(s) to 
provide adequate data for models oncerning the lcng-term chemical and 
metallurgical stability of the material (s) under anticipated conditions and a reasonable number of credible but unanticipated ccnditics. The present list 
of candidates are AISI 304L, AISI 316L, and Alloy 825 in the "austenitic' 
family and OA• 102, CDA 613, and CDA 715 as copper-base materials.  

As illustrated in Figure 1, information from sources outside this plan is 
reuired 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 from NNWSI-sponsored work on metal barrier investigatiors, 
NNWSI-sponsored work on the near-package environment, work on other material 
components of the waste package and engineered barriers (including borehole 
liners, cemnts, and grouts), performnce assessnnt scenarios, and geocemical 
modeling (to derive the physical and chemical environment surrounding the waste 
package container). Another input will be the use of the BQ3/6 code in the 
selection process.  

Another source of "information" from cutside the Metal Barrier Selection 
and Testing task is in the box labeled 'Working onstraints, in Figure 1.  
These include the performance requiraemnts established by the various Federal 
regulations, the assessment of the repository environment 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 (Ccn~eptual 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 some of the environmental features can be "engineered" to create more 
favorable conditicrs to prolong the container lifetime. A good example of 
engineering the environrment 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 configuring the repository with a suitable heat load per unit area. As part of the NNWI strategy to deostrate the containment 
objectives, the waste package container (metal barrier), the waste form, and the engineered enviroment are jointly considered as the "cUotntimw 
barrier". Tiis strategy is mare fully explained in the discussion of the 
resolution of Issue 1.4 in (Capter 8 of the SCP. The regulatory requirements, 
the waste package design requirements and the repository environment assessent 
(including ways to engineer the environent to eatanc the waste package 
performace) are viewed as constraints, because they establish sa limits on 
what must be accouplished in the activities in this plan.
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As seen in Figur , the activities in this plan i 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 cop•er-base alloys. The three austenitic alloys are irca-base (stainless 
stels) 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 teoperatures. These materials are widely used 
in industrial and structural applicatiorn; a major reason for their use is good 
corrosion resistance in many different kirds of envirormnts, although the 
candidate materials differ on the limits of envirc t coditicrm in which 
they can be succssfully used. In the most general cosiderations of 
materials, all of the candidate materials are reasonably simple in 
microstructure (no intentional seccrdary phases for hardening), althoug there 
are important differences among the candidates on this point. Wile 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 
some deoxidizing elements (in the 100's to 1000's pp range) to make the 
material more readily weldable and to prevent formation of internal copper 
coides. Thus the words "alloy" and Imaterial" are used intexchargeably and 
synmously 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 authritative sour•es 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 environment. This model will be onfirmed by laboratory tests. In effect, those elements of the plan above the "selection" 
•-tivity in Figure 1 are directed toward making that selection. Those 
activities below the "selection" are directed toward validation of the long 
term performarnc model of the metal selected. When this task is coapleted, the 
validated model will become a portion of the overall repository performance 
assessnent model used to support dvanced designs aid the license application.

9



Two other waste p rage tasks that have substanti interaction with the Metal Barrier Selection and Testing Task are shown in Figure 1: the Waste Packge Design, Fabrication and Prototype Testing Task and the Waste Package Performanc Assessment Task. 7here must be interaction between the Metal Barrier Selection and Testing wrk and the work in these two tasks to provide coordinatico as the work evolves. This is to insure that the metal barrier selected will be compatible with the design and fabrication features being researched (and vice versa), and that the degradation models developed in this task will mesh when needed with the overall performance model. The output from this task will be: 1) the selection of one (or two) alloys, a description of mechnical and microstrctural 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 Assessnt 
Task.  

Information fron some additional waste package tasks (not shown explicity in Figure 1) influences the course of activities in the Metal Barrier Selection and Testing Task. To a lesser extent, information from the Metal Barrier Selection and Testing Task is used in these tasks but does not have a primary influence on the course of work planned in them. Information about the envirorment near the container surface comes fran the Envirorment Task and is shown in Figure 1 as one of the "Information Inputs" and one of the 'Working Constraints". The primary coen1 is the environment outside the container, but in a few instances there is concern about the environnent inside the container. This information is important in analyzing the degradation modes 
for the candidate materials.  
Information derived in the Metal Barrier Task on corrosion of candidate materials influences the Environment Task and also the Waste Form Testing Task. Corrosion products formed during the long-term degradation of the container will influence the waste package environment (particularly if the products are smAiwhat soluble and can be transported) and may degrade the performance of the waste form. Te "oumpatibility" of the package container and the waste form is proposed as one of the factors in selecting the container material. Output from the Metal Barrier Selection and Testing Task on corrosion product formation is one of many factors that goes into the EQ3/6 geocdemical code, shown in Figure 1 as the Performance Assessment Task.

10



Figure 1 
Metal Barrier Selection and Testing Information Flow
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2.0 Rationale for cjS&&@d Activites a it v 

Ihe rationale for the four work areas and thirteen activities listed in 
Section 1.2, and their QA level assignments are discussed in this section.  

2.1 Introducti 

The work in this plan is the coxntent of WBS element 1.2.2.3.2 (Metal 
Barrier Selection and Testinq) and is concerne with the long-term models to 
predict the mechanical and microstnrcta properties of the container 
material, and the rates of occxurrence and rates of propagation for the 
different possible degradation modes. In most cases, the envirornmntal, 
mcanical, 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 from observation, measurent 
and urderstarding of those environmental, mechanical, and metallurgical factors 
that influence these degradation modes in the context of the repository 
setting. Laboratory work is centered armid quantifying these degradation 
modes in the time periods generally available for laboratory testing (periods 
ranging from several hours to a few years). The general purpose of this 
laboratory work is to determine the rates of the different degradation modes as 
they relate to the physical, dhmical, and mechanical properties of the 
container material and its surroudings. Confidence is gained in the model 
development by predicting to progressively longer time periods what is expected 
to occr 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 phenomenon 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 envirormental corditions as a limit (where the same phernon 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 doumentation for a license application design metal barrier. As noted above, this task will also interface with two others: waste package 
design and performance assesment. It* intent of these interface activities is to insure that the results of this task are coxpatible with the results and 
requirements of these other efforts, and to kmep the effort of this Scientific 
Investigation Plan directed tazard the saxe goals as the other program 
elemnts.
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2.2 Metal Barrier Sd0 ctign r a(

Miese 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 ccapare candidate materials with one anoher. An 
initial set of 'survey papers', each of which assesses the inportan-e of 
particular degradation modes to a family of alloys, will provide a frammrk 
for evaluating the performanoe of candidates in the selection process. The 
selection proes includes the documentation and review regairements for metal 
barrier selection.  

Activity E-20-13 Degradation id srveye 

The 'Degradation mode surveys' (E-20-13) are a ccnsolidation of available 
information related to the expected performanoe of the two families (cqpper
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 ocepare degradation rates of the 
cxrtainer material over long time periods. The degradation modes are defined 
as diceical or meanical prooesses (and sometimes ccmbinaticts 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 umrber of ocrtainers 
perforated are important factors in demonstratinl the performance of the waste 
package for ontairment and of the engineered barrier system for controlled 
release. The goal is to determine for each candidate alloy whidc degradation 

des are insignificant, which are potentially significant, and which appear to 
limit an alloy in meeting the performance objectives. Te 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 Yucxa Mjntain waste oxntainer to assess the prospects for repository 
performance. TMirteen crbinations of alloy family and degradation modes have 
been identified for assesa-. Ccmpleticn of these surveys will provide 
docmented stataments of potential alloy performanc, which will serve as the 
irpat to the selection process. 7 data assessed will also provide iript to 
model develqmn..  

This activity (E-20-13) will be arducted at QA Level III. The attainer 
material selection criteria (E-20-15) and the selection pxroess itself 
(E-20-19) will be acted at Level I. 1kTever, the survey informatlc that 
is used in the selection is not directly tied to the lioense application data, 
whidc will be generated after the container material selection. 'Th prpose of 
the survey information is to guide the work that will be followd ance the 
selection is made. Mxh of the basic information to be used in the survey of 
degradation modes from the open tecmical literature, whidh does not have 
a Oh level associated with it.
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Activity E-2o-3t --tablishmt of Criteria for M'~al Barrier Selection 

The criteria for selection of a metal barrier alloy(s) for advane wrk 
mist be developed, reviewed, and approved. Activity E-20-15 'Establishment of 
criteria for metal barrier selection" is the process of defining those 
criteria. nie rationale for this work is that a metal barrier material cannot 
properly be dcsen until the criteria for selection are established and 
accepted by a process of peer review and comment as provided for in the Quality 
Assuranc Program Plan (QAPP) of the Nuclear Waste Managent Program (N' P).  

This activity will be conducted at CA Level I. The reason for this level 
assigrment 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 inportant project milestone, and its delay would cause 
considerable 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 I.  

Activity E-20-19 Metal barrier selecti'D 

'Metal barrier selection' will be performed in activity E-20-19. Inmpt for 
the selection will c frcin the performance models developed in this task and 
described in section 2.3, from the degradation surveys described above, and 
fram the parametric studies described in section 2.4. The selection will be 
based on the criteria described in activity E-20-15, and will also be subject 
to peer review and comment. The rationale for selecting the barrier 
material(s) before the cumpletion 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 ca'didates can be examined to a level that determines which ones are 
caoservatively 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). M)9Jh more work is then required to 
complete the lcng term performance model and validate it with testing. This 
larger effort, which is reqired for repository performance assessrnt but nrt 
for material selection, can then be focused on the selected alloy(s).  

This activity is assigned QA Level I. he rationale for this assigrment is 
the same as that given for the previous activity on the selection criteria, 
because the material selected and the defese of the selection are a 
fudamntal 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 
seqn of the two activities, (B) to allow a possible change in the 
coxposition of the peer review panel for the two activities, and (C) to 
document the selection criteria and the selection process as separate 
activities.
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In suamry, the Wars activities for the Metal Ba~v-'cer Selection Process 
Area are: 

Activity No. Name OA 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 Performazc Modli M 

These activities are directed tcwani producing models of material 
deradaticn 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 assessint task. Model develcpnt work will be conducted at QA 
Level III. The models will be validated at Level I and data for parameters 
ceitral to the model will be collected at Level I.  

Activity E-20-16 Develcwnt of i-mdels for degrdaton modes. nechanist 
properties and micrcstmctures 

Activity E-20-16 'Develcpment of models for degradation modes, mecanical 
properties and microstctures' will serve tw 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 
occasicnally ccerned with retention of fracture touhness, are based on 
established electrocheical and metallurgical principles. 7hese models 
address those modes deemed iqxxotant to long term performance as guided by the degradation modes surveys, described in Section 2.2. Data irpit will include 
the metallurgical literature (especially that which is related to corrosion), 
and previous NNWSI experimental work. Closely related to modeling the degrada
tim modes are mo•deling activities for characterizirg the mechanical and ricroetnutural properties of the as-fabricated oontainer and the changes that 
will oocur ('aging hencumena') as a function of time in the repository.
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For the second pirpose of this activity, those m"tds applicable to the 
selected alloy will be further developed and integrated into a lorg-term metal 
barrier performance assesent model to be validated and used by the repository 
perfomarce assessment task in the advanced design and licensing phases. The 
rationale is to develop individual degradation mode models for all of the 
proessess which miust be cornidered in the selection activity, then cobine 
those models which are relevant to produce a unified performance assess-mnt 
model for the oxutainer. gus, the model development activity begins before 
container material selection and continues for same time after the selection 
process (see Figure 2).  

The models for degradation modes can be broken into 'Isb-models'; in some 
cases this is an advantage because sane aspects of the degradation process will 
be more amenable to modeling than other aspects. One example is that the 
detection of a sensitized microstructure in austentic stainless steels and 
nickel-base materials is more readily modeled than the envirorental aspects of 
intergranular attack and intergranular stress corrosion cracking. Another 
example is that ammoia formation (such as by radiolysis of atmospheric gases) 
is more readily modeled than the metallurgical or mechanical aspects of stress 
corrosion cracking in copper and ccper-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 
errviron nnt (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 assigrment 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 development (and model integration) does 
not have a major impact on project schedules or on design phases to conduct 
compariscns of alternatives (criteria for Level II assignment). 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. MIhe validation will 
be made according to results of key performanc parameter studies (E-20-21.1) 
and with data generated un=er license application support tests (E-20-23).  
Both E-20-21.1 and E-20-23 are CA Level I activities.  

Activity E-20-20 and R-20-20.1 Intmation of models for selected t 

The 'Integration of models for selected material' activity (E-20-20 and 
E-20-20.1) follows the previous development phase and the alloy selection.  

sdegradation models vftldi apply to the alloy(s) selected must be 
integrated with the design features and repository environment information to 
produce a long term performance model of the waste package. The reason for 
this 'integration' activity is that more than one degradation model can owir 
at a time. The model associated with aging effects in the container, including 
the ma&•anical and microstructral property changes associated with these, and 
the model associated with low temperature oxidation of the container are 
applicable from the time the container is emplaced in the repository, uhile 
many of the other models (especially those associated with aqueos corrosion 
phenomena) are applicable to certain time periods or when certain conditions 
occur in the repository.

16



nhe environment 4 xird the container will change SL h time, and waste packages at different locations in the repository will experience different environmental cmnitions. The o rtainers theelves will be produced over a 25-30 year period of time, and will canceivably have same variation in composition and microstructure. All of these factors will determine when a given model is *in effect' and when it is not.  

This activity is split into two parts with different QA levels because nxti of the work to integrate the models does not support license application directly but is the process of getting the performance model working ocrrectly. Thus activity (E-20-20) is assigned QA Level III for the same reasons given for assigning the model development activity (E-20-16) Level III. The primary purpose of the integration is to 'allocate' among the several models over what portion of time and over what portion of container population the individual models are applicable. The portion of this activity which is assigned QA level I (E-20-20.1) involves preparation of the parametric data from E-20-21.1 and predictions of cotainer performance. Ths will be used to support the licerse application and other critical progranmatic decisions in other tasks such as container design and fabrication where the metal barrier performance is important. fhe parametric data for this activity cares from 
E-20-21.1 which is also QA level I.  

Activity E-20-21 and E-20-21.1 Performance paAmeter stu-ies 

'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 IM paametric 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 carplete the individual degradation models. The word 'key' is used here because the parameters that will be studied are those that are identified as being important because of their strong influence on those degradation modes that are determined to be central in predicting container lifetimes in the time periods of concern. Identification of these key parameters comes after container material selection and after the model development work has indicated which parameters have the greatest sensitivity toward the process being modeled (activities E-20-18 and E-20-16). 7his 'Performance parameter studies* activity may include data collection from outside the project and certification of this data acxordixg to the apropriate quality assuance provisions to allow its use to directly suort level I work; this activity ray also include 
laboratory tests. Te~sts would be performed under this activity if the were not direct perforumn tests, such as those in activity E-20-23.  

This activity is split into two parts with different QA levels because some of the information required for model integration (E-20-20) is of a geeral nature and does not directly support either the model validation or the license application design, and some of the information does support these level I activities. 7he first portion of the activity, E-20-21, whidch is assigned QA Level III, supplies information on all of the physical, demnical, metallurgical, and medcanical 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 mozs Kdel integration rather than general dwvelopment. The second portion of this activity is E-20-21.1 and is assigned OA Level I. 7he rationale for this assigrnent is that this activity directly supplies input required for completion 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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data base. Activity 20-21.1 classifies information ýth regard to its 
inportancie and reviews and certifies information needed for QA Level I activities. Documentation of these decisions becomes a cetral factor in ompleting the modelig work in the Metal Barrier Selection and Testing Task.  

Activity E-20-25 Validation of umo~el 

'Validaticn of model' (E-20-25) will validate the interated metal barrier degradation model by comparison to QA Level I test data. As described earlier, the model will be based on accepted electrochemical and metallurgical principles. The rationale is to verify that the model is phenomenologically 
correct by cmparison to laboratory tests which map a parameter space in corrosion envirorment and time. Demonstration that the model accurately predicts the results of these tests will be used to validate the model for use in the Repository Performance Assessment. If suitable natural analogs can be found, they will be used to erhanoe the validation of the time parameterization. The peer review process may also be used to support model validation.  

This activity is assigned QA level I, because the results of the validation will be a critical part of the data submitted in support of the license 
application.  

In summazy, 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 prqerties, and 
microstructure.  

E-20-20 Integration of models for selected III E-20-20.1 material I 

E-20-21 Performance parameter studies III 
E-20-21.1 Performance parameter studies I 

E-20-25 Validation of model I 

It should be noted here that detailed model develcpw•t and validation plans cannot be provided until after the material selection process is 
completed.
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2.4 Metal Barrier N mance 

laboratory testing of metal barrier performanc is required for three 
reasons. First, in the time leading up to selection of one (or two) alloys, 
experiments will provide data to the degradation modeling effort and will help 
guide the selection process. After selection, there will be a need for QA 
level I input into the d radaticon models as they are consolidated into a 
crtainer performanc model. Finally, tests will be needed to provide support 
for validation of the metal barrier model over a range of repository-relevant 
parameters.  

Activity E-20-17 Exoimental tectniqge domelc*,n

Activity E-20-17 is 'Experimental techique development'. Custom 
laboratory tests are likely to be needed. Standard corrosion test procures 
should be adequate for nost general material surveys and scne of the model 
development support. However, to precisely onaform to the modes of degrada
tion experienced in a repository environment, and to vary the parameters of 
tests in the same way that the models vary parameters, custom tedcniques, 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 some experimental techniques.  
Examples of same tedcniques that my be employed are discussed in Section 
3.4.1.  

The work in this activity will be conducted at Qh Level III. This is truly 
experimental work. There is some technlogical risk involved in undertaking 
this kind of work in that not all of the prcmised advances in techniques will 
necessarily give useful results. On the other hand, there are considerable 
benefits to be gained if mechanistic arguments can be succssfully 
made about how fundamental electrochemical and metallurgical processes operate, 
in order to make the unique lcrq-range dcaracterization 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 remd practices develcped by 
professicnal organizatior such as ASIM, NAM and others. These tests have 
widespread use and acceptance; hwevr, aceptance 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 ccrcerned 
with selection of test methoft to use in generating the license application 
data. The result of work performed in activity E-20-17 is to determine whether 
soe of these advanced techiques should be included in those Level I 
activities.  

Activity E-20-18 Parametric -studies of metal Qegradtion and 

During the develcp~m of modra ict mde models described in Section 2.3 
corrosion data will be required that are not available from other sourcs or 
are unique to Yucca Mountain repository conditicrs. These will fall under 
activity E-20-18 'Parametric degradation studies'. The rationale is to provide 
the container material selecticn and mol development activities in a timely 
meraner.
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]he behavior of the q tairer material depends on sevi I physical, chemical, 
metallurgical, and mem nical parameters; identification of whidh of these 
parameters are the central or key os to predicting the performa under 
repository conditions is needed to proceed toward generating meaningful data 
for the license application. This activity begins before selection of 
ontainer materials for avanced design work and continues until the selection 
process is copleted. After selection of a container material, information 
gathering and key parameter identification is continued under activity E-20-21.  

This activity will be corducted at Q& Level III. The information that 
comes out of this activity will not be used directly in the license 
application, but it will identify those parameters that will be used in 
generating the QA Level I work in activities E-20-21.1, E-20-22, and E-20-23.  

Activity E-20-22 Development of plans for license alicatia• 
2Xport tests 

After selection of an alloy(s) for advanced design work, a set of QA Level 
I tests must be planned in conjunction with the model integration work of 
Section 2.3 to allow eventual validation of the metal barrier performance 
model. Such tests cannot be crducted until a ccqn-ehensive set of test plans 
has been prepared, reviewed, and accepted. Preparation of these plans in 
activity E-20-22 'Develcpmernt 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 Level 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 becomes 
available, for example, from activity E-20-17 on technique develcpyent or from 
activities E-20-21 and E-20-21.1 on parametric investigations.  

Activity E-20-23 License a=xlication surport tests 

The most intensive laboratory work in this task is in activity (E-20-23) 
'License application support tests'. Tese 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 
performnce. The rationale behind these tests will be to test the alloy(s) 
chosen over a range of enviroaxt and time oxmbinations to provide data for 
use in specially designed tests for validatirg the integrated perfo m odel 
of the metal barrier, as desribed in activity E-20-25. Severe envrirm its 
will n measurable degradation in accessible times to validate models of 
the de'radation process. Moitoring the decrease in the degradation kinetics 
as the environmet tends toward that in the repository will provide validation 
of the time parameterization in the models. Iog 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 assignment is that this 
activity will generate license application design data.
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In summary, the L A.vities In the Metal Performar > Testing area are: 

Activity No. Name QA Peval 

E-20-17 Experimental temnique development III 

E-20-18 Parametric degradatio u stdies 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 

cumpleted.  

2.5 Desiin Epgcveies of Metal Barrier 

This area cxmprises 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 ccntainer and the loads that it will 
experience, and microstrwtural characteristics such as grain size and internal 
precipitates both in the weld metal and the base metal. There are two 
activities in this area.  

Activity E-20-14 Coordination with Ime dign 

The first activity in this area is 'Coordination with package design' 
(E-20-14). The raticrale behind this activity is to ensure continued 
information exdhange with the package design task. Examples of the kinds of 
information exdcanqe are given in Secticm 3.5.1. This co-ordination is 
required to assure that the metal barrier selection and package design do not 
progress independently and en up with tle 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 througout the active period of this SIP; the activity is not directly 
linked to any particular iqxotant sdhedkaed milestone. Iowver, 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). Infonation flows back from this activity to identify which of 
the acal and microetructural properties are central to making performance 
predictions (activity E-20-24).
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v 4 Deteamination of mehanical ( A microstnictural 
= eties of the selected metal barrier material 

Ths activity is coerned with characterization and documentation of the 
important dm ical and microstnictural properties of the selected container 
material in the as-fabricated and as-euplaced condition. Many of the 
activities conoerie with survey of degradation modes, identification of key 
perfornce-related parameters, model development and intAgration, and testinq 
to produce license application data and validation of the performance model 
depend on an accurate diaracterization of these key properties. nds activity 
is closely linked with the Design, Fabrication, and Prototype Testing Task 
because the container fabrication process and the welding or other closure 
process have a significant influence on the mechianical and micro
structural properties. Exanples 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 deee important from the model develop
ment and integration activities (E-20-16 and E-20-20) and the parametric 
studies (E-20-18, E-20-21 and E-20-21.1). Additionally, from the point of view 
of fabricating, closing, and inspecting the container, there are certain 
desirable mechanical and microstrwcural properties, and these considerations 
must also weigh in the final material specifications.  

Information from this activity will ultimately be used, in part, for 
establishinr acceptance criteria for the waste package container. This 
information is provided to the Design Task and ultimately to those areas of the 
NNWSI Project responsible 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 tecnical basis for establishing a sampling program to assure that 
the finished ocntainer meets the specifications. Possible approaches to 
achdeve this end are more fully explained in IN 1.4.1 of the SCP.  

This activity will be coducted at 0A Level I. The characterization and 
d=Oentation of these properties serve as a basis for nudh of the modeling and 
testing work frn which lonr-term perfonrance behavior predictions are 
derived. Characterization of the start 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 sumary, the activities under the grouping of Design Properties of the 
Metal Barrier are: 

Activity No. Name O Level 

E-20-14 Coordinatian with package design III 

E-20-24 Determination of mechanical and I 
micr•st ural properties of 
selected metal barrier material
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3.0 ~~~~t, ?l.adAav

3.1 

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

3.2 Metal Barrier Selgction 

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 addressin whether any particular mode of degradation can be active 
under Yucca Montain ccrditions, urder 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 frcm further 
conideration because they will not be active under postulated repository 
conditions. The surveys will also support the selection process, where they 
will provide input into a QA level I assessment of the degradaticn modes. That 
a smesnt will then be used to narrow the field of candidate metals to one or 
two. It is expected that some ca-didates will have more potential degradation 
threats than others. Selection criteria may favor those candidates that have 
few or no active degradation moes. A final application of the surveys will be 
as input to the Package Design Task to assist in evaluating design issues which 
could reduce or enhance the activity of d tion modes.  

The candidate metals can be divided into two distinct alloy families, 
austenitic (ircrr-base and nickel-base) and ocper-base. These families respond 
quite differently to the same environment. Because of this natural grouping, 
the assessmnts will be combinaticri of degradation mode and alloy family.  
While the framental mechanisms for corrosion resistance are similar within a 
family of alloys, individual members can ehdibit substantial differences in 
behavior in certain envirorsents. e comm des of evironmental 
degradation can also be grouped into similar categories. Not all dedatio 
categories apply to both alloy families, because saie types of corrosion are 
not active with one of the families. Thirteen comrbinations of degradation mode 
and metal family have been identified that are at least conceivable under 
reP.sitory cnXditiciu. 7hmre is also a category of 'other' to allow continued 
survey of possible mode that ear remote now but that future investigations 
in this and other project tasks may reveal to be more important. Identified in 
this 'other' category are (1) additional mechanical degradation modes (e.g. low 
tperature creep) occurring at slow rates over lon peridds of time at the 
modestly elevated teuperature in the repository and (2) the possibility of 
greatly enhanced corrosion deradation ocdcs ocurring because of substantial 
modification of the chemical envircment by micro gi either native to 
the repository site or ntradue during the construction and operational 
periods.
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( vey papers to be prepared FY81 FY88.  

Genral Corrosion and Oxidation - Coper-base alloys. (FY87) 
loclized Corrosion - coer-base alloys. (FY88) 
Stress corrian Cracking - CQper-base alloys. (FY-88) 
Hydro~gen Effects - COP~er-base alloys. (FY87) 
Phase Stability and Ageirg - COPer-base alloys. (FY87) 
Other Degradation (Creep) - CQer-baSe alloys. (FY87) 

General Corrosicn and Oxidation - Austenitic alloys. (FY87) 
Localized Corrosion - Austenitic alloys. (FY88) 
Transgranular Stress Corrosion Cracking - Austenitic alloys. (FY88) 
Intergranular Stress Corrosion Cracking - Austenitic alloys. (FY88) 
Hydrogen Effects - Austenitic alloys. (FY87) 
Phase Transformation and Ageing - Austenitic alloys. (FY87) 
Other Degradation -Austenitic alloys. (FY88) 

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

The objective of this activity is the develocwnt 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 nWP - QAPP (033-NM-P 
2.2) to review this methodology and its use in arriving at the final material 
chice.  

The following list is a prelMI y list of the criteria for selectirg a 
cxrtainer material for the license application design and will serve as irqxt 
to this activity: 

1. Will the material meet the performarne allocated to the containr in 
achieving the oxitairmrnt objectives (substantially ccmplete 
contairnent under anticipated processes and events occurring in the 
repository)? 

a. Resistance to oxidation.  
b. Resistance to general aqueous corrosion.  
c. Resistance to envirmnetmally acclerated cracding (stress 

corrosion crackirg and hydrogen embrittlemwt).  
d. Resistainc to pitting, crevice, or other localized attack.  
e. Dmwtraticn of adequate mectanical properties.  
f. Resistance to uhanical embrittlement.  

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

a. Predictability of physical andc dnmical properties of 
as-emplaced container.  

b. Dxsteic of mdels to explain and predict dadation 
#wenomena, or ability to develop sudc models.  

c. Existence of models to extrapolate laboratory data relating to 
degradation Fhencuena 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 
oxmponents? 

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

4. Can a container be made of this material? 

a. Fabricability of container body.  
b. Weldability of container ("closeability" if a nonwlded 

closure).  
c. "Inspectability" of closure.  

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

a. Availability of container material.  
b. As-fabricated ocntainer costs.  
c. Quality control reuirements (and costs).  
d. Repository handling costs.  

6. How can confidence in the selection be gained? 

a. Previous engineering applicaticr 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 weightinr, but all of the 
criteria have some importance. One approach is to assign a maxiuhm rber of 
points to each item in the criteria list and a minim= number for each item 
that the material must pass. As a rather extreme exuple, 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 suss
fully been used to predict loner term behavior of materials from short-time 
laboratory or field tests will be used. Exanples may derive frcm atmoeric 
corrosion testing, marine corrosion testing, underground testing, chemical 
proess industry testing, or r/lear and fossil fuel power plant testing.  
These exanples will provide information for sme of the items listed in 1, 2 
and 6.
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Develcpment of ths aelection criteria, wig)*in, and organization of the peer review group are the items to be completed in this activity. 2* Nevada Nuclear Waste Storage Investigations (NSI) Project will use its own staff and consultants to develop the selection criteria and weighting factors. ¶he selection criteria and weightings will then be reviewed by the peer review panel as per the Quality Assurance Program Plan. Following revision, if necessary, the criteria will be used to assess the candidate materials and 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. Te 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. NNVSI 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, NNM I parameter studies, and existing literature information. There will be two coponents to the decision. First, each candidate will be examined to assure that its performance meets the minimum requirements, allowing a conservative margin for uncertainties. Second, it is proposed that a 'quantitative figure of merit' tedcnique be used, in which each candidate alloy is judged on the established criteria. The quantitative scores, multiplied by the established weighting factors, are sunued to provide the ranking total for the alloy. The selection process will be documented in a report on alloy selection. A peer review panel will be convened to review the report. It is expected that the same panel used for activity E-20-15 will be used for this review, but same additions might be made to address critical decision points.  The selection, after review, revision if needed, and approval by the review group, shall be used to guide subsequent performance onfirmation tests and degradation model develcpnent. Me 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 wrk.
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3.3 Metal Barrier A onrmance 1H949lim 

3.3.1 Develzgnt of models for mtion noxmes. m-c al r ei•es.  
and micrastructure (E-20-16) 

The analyses performed under this activity are directed toward proding a 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 inportant for each candidate material in the repository envirumental and thermal setting. The models will be preliminary in nature bemuse of the large 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 environmnt.  

Prediction of the long-term performance of the metal barrier under repository coxniitions requires that all significant degradation mechanisms be identified and the probability of their ocaurreio be quantified. For all 
degradation modes that might be significant, a physical-chemical model must be developed that will allow extrapolation of data gathered in the laboratory to the times and ccrnitions relevant to the repository. In many cases, the analysis to determine whether the degradation mode might occur requires the same model that will allow prediction of loug-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 condition of the containers as a function of time for both anticipated processes and events and 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 
much greater detail to be provided in the laboratory test plan to be written 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 porticr of 
these models that apply to the alloy(s) selected will be used in activity 
E-20-20.  

A fundamental element that trans all the modeling of degradation modes 
that have se dcemical features is a mdel for the orroion potential.  Various envfrcental parameters in the aqueous pase (e.g. j, dissolve 
oxyen and other gasses, cation speciation, anion speciation, radiolytically produced species as wll as temperature) influence the corrosion potential.  
Metallurgical parameters (e.g. alloy cxzposition and phases - Including the 
effects of strain and prior fabrication history on these) also influence the corrosion potential. Wile more difficult to measure experimentally, the cxrpt of corrosion potential also exists under "dry" oxidation oiditias.  
The potential wider dry conditions might be apr-imated by deling the potential under conditions of a thin electrolyte layer as a function of 
thickness, and then letting the thickness approach zero. Initiation and 
propagation of non-uniform corrosion modes are gverned by "critical 
potentials", so that models for these modes are based on the values of the
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critical potentials i itive to the corrosion potenti . The values of the critical and corrosion potentials will change with time as nvircrum*tal and 
metallurgical conditions in the repository and in the container material 
dkange. Many of the details depend on the material that is selected for the 
advanced designs.  

Models for predicting critically susceptible microstrucurw for the onset 
of ncn-uniform corrosion modes (e.g. sensitization in stainless steels and nickel-base materials) are derived from considerations of the metallurgical 
reaction kinetics. Miese follow fran nicleation-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 (atao movements in the crystal 
matrix). Also, the reaction kinetics to form the carbide can become rate controlling at low temperatures. Models for sigma phase formation (a brittle phase) are based on nucleation and growth kinetics and will be developed by a 
similar approach. Scme metallurgical reactions that are of interest (because 
the transformation products are brittle and are usually more prone to stress corrosion aid/or hydrogen embrittlement) are diffusionless (e.g., martensitic 
reactions in stainless steels and possibly in aluminum bronze), and the 
Modeling approadc is therefore different. Martensitic reactions are usually 
considered in the ctext of critical temperatures to begin the transformation and to omplete the transformation. High strains greatly increase the critical 
temperatures, so that they can coincide with the repository taiperatures for the more susceptible materials (304L). Models for these are built upon the effect of temperature, strain, and alloy composition with evidence for the 
formation being resolution by optical microscopy.  

The extent to which the modeling activities will be carried out depends on the material selected for advanced designs and the results of degradation mode assesrents for the materials and different degradation modes being cosidered.  

3.3.2 !Ltxtion of models for selected material (E-20720 and B-20-20.1) 

The analyses of this activity follow those of the preceding one (E-20-16) 
and the metal barrier selection step (E-20-19). 7his activity involves taking 
those degradation mode models that are relevant to the selected alloy, 
ompleting tha, and integrating tham with required irVA from activity E-20-21 and E-20-21. 1 concerning the material and r eository conditicns to pridce performance predictions for the metal barrier. This activity will interfac 

with the Performance sawit 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. Te are described in general terms in Ompter 8 of the SCP (Information Need 1.4.2) and will be detailed in the individual test and analysis plans to be written for the material(s) selected for the advanced designs. Particularly in the case of localized corrosion and stress corrosion 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 Prrmaeter sromltJiies (E-20-21 and Ef -2.11 

ihe oh Level III portion of this activity (E-20-21) consists of information 
collection and tests to support the develqcment 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 continules those experiments from E-20-18 which 
apply to the selected alloy to assist model develcpient. 7he 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. Low temperature oxidation 
3. General aqueous cor-osion.  
4. Intergranular attack and intergranular stress corrosion cracking.  
5. Hydrogen entry and embrittlement.  
6. Pitting, crevice, and other localized attack.  
7. Transgranalar stress corrosion crackirn.  
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 ccmpleticn and integration of degradaticn 
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 complete (E-20-16), the alloy(s) for advand 
design work is dhsen (E-20-19), and model integration (E-20-20) is ready to 
c noe. Until that time, the parametric information needs for this task will 
not be known. lTen 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 
(austenitic materials) and such as rates and concentrations of nitric acid or 
ania formation (oc xer-base materials). The data will be used in the 
develcpment and integration of the perfommarKo ndel (E-20-20. 1) but are not 
distinct validation tests (E-20-25).  

3.3.4 Validation of model (E-20-251 

-his activity will conduct CA level I metal barrier material tests and 
compare the results with the predictions of the degradation odel. The purpose 
is validation of the mWe for long term waste packge performance 
predictions. Substantial variance of the model from the test results must be 
investigated, and explained. A procs will monitcr the results 
and review the validation. Input I this activity will be the long term 
material perfohance model from E-20-20.1 and the test results frn E-20-23.
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3.4 Zetal BaXrier, ,ra e .PeJW

3.4.1 Eaperimental teMd~aQe develcet (E-20-17) 

This activity involves the development of cuasto laboratory techniques for 
de-adatian testing and examination of metal barrier candidates. It involves 

bohanalyses of reqdxieimnts and existing techniques andi laboratory testing to develop techniques. one portion of this activity will be an ongoing review of 
the experimental requirements for metal barrier testing. As the investiga
ticn progresses, there may be an evolution of test req!ire•ents, 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 
teciniques will be made to determine whether the need is already filled.  
Established techniques that are required but not already available to the NNWSI 
program will be cbtained, either by installing and developing expertise at LLNL 
or by contract to other laboratories with established capabilities. It is 
possible that needs will be identified that are not met by established 
tecniques. In this case, an effort will be made to develop the required 
capability either at LINL or at a contractor facility. The wrk unier this 
activity will be done at QA level III. Ik4ever, any techniques developed here 
that will be used for activities E-20-21.1 or E-20-23 will have QO Level I 
procedures written for them.  

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

1) use of microelectrodes to measure and monitor electrochmical potentials 
in small areas. A great deal of technical literature is concerned with 
measuraent of electrode kinetics as a function of statically or 
dynamically applied electrochiemical potentials. Cni this basis, potential 
regions are established. hese regions are bounded by so-called 'critical 
potentials' that govern where particular kinds of corrosion can occur. In 
conventional electrochmical techniques, potentials are measured an areas 
with a linear dimension of approximtely 1 mm, while advanced techniques 
allow potential measurt nts an area with linear dimensions of 10 
micro-meters, and ccosiderably less in the most advanced techniques (about 
30 nano-meters). This advancemnt permits an experimenter to monitor the 
potential distributicn that would oc=ur around a freshly initiated crack, 
crevice, pit, or other surface feature an a corroding metal surface.  
Q21venticral electod-Amical techniques will orzplement the microelectrode 
work.  

2) use of advanced microanalytical techniques to measure and monitor the 
cx itant environmental chmical occrentration gradients alon with the electrochemical potential gradients existing in a crack, crevice, pit or 
other surface feature an a oorroding metal surface. Such techniques 
involve selective ion probes or inten•e light sources.
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3) use of advanc microscoic techniques to ne .ate dharres occurir in the metal or alloy. These techniques include advanczemnts in scanning and transmission electron micrcsccpy to examine and analyze very aall precipitates, transformation products, or other microsUtural features of interest. With the latest "state of the art" microe-c4, resolution to 10 Anstrams (and lower) is possible. Resolution of these mall particles is important in establishing credibility of metallurgical models (e.g.  sensitization in stainless steels; martensitic transformaticon in stainless steel and possibly aluminum brcnze) proposed for predicting changes in the oantainer material with time.  

4) use of advanced surface and analytical techiques to investigate the dcemical and structural composition 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 interest are advawc~mmnts in scanning tunneling electron microscopy to examine m situ surfaces exposed to aqueous enviroments, and spectroswcic ellipscmetric tecniques to investigate in situ the structure and growth kinetics of passive film. More conventional in vacuo techniques, e.g.  Auger electron spectroscopy and ESCA tecniques, will be used to supplement 
the in situ techniques, as needed.  

The intent in developing the above techniques is to allow examination of grain bomcdaries, arrays of dislocations, sub-critical size precipitates, local anodes and cathodes, and other fundamental factors in elucidating the mechanism for corrosion and other degrodation modes. These advanced techniques are to be used in conjunction with more established and conventional 
corrosion test methods (as disacssed in the next section) 
3.4.2 Parametric Stwies of metal d@ -adation and micOstrMCtre (E-20-18) 

The work in this activity will be QA level III experiments to provide specific corrosion data needed throuhout the model develcpuert piase, and to act as irpit to the selection process. Those studies to be used in the selection process are needed in the near term (FY 87-88). Some of these are currently planned and should begin soon. Emanples of these near term studies 
irnlude: 

Identification of the sensitization rate-deteininng step in austenitic stainless steel at low teqperatures (Cr diffusion within grains, Cr diffusion along dislocations, rate of carbide formation, etc.) and develop a means to show this uicrosoopically.  

Determine the lowest critical chclride ion cuxmitration (lowest critical potential) that will cause 1) pitting, 2) crevice, 3) tranegranular SOC in the three austenitic alloys and develop means to 
d-ixr trate this.  

Verification that a high radiation field will not cause a high oxidation or general corrosion rate, or onset of SCC by ammnia formation, 
in copper-base materials.
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A substantial am' t of previous work has been do( by the WNMI Project on experiments to em~ine these issues in relevant eivfroerts. A variety of experiments were •cted at laWrerc Livermre National Laboratory frum 1982 to 1986. Additional exprimental work was conducted at several ocrntractor sites (Pacific Northwest Laboratory, Westim)lose Hanford Cb., Cthio State University, San Diego State University, University of Minnesota, and the University of Florida). These are described in a general way in the Site Characterizaticn 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 irput to the 'Dg-radaticn mode surveys' of activity E-20-13.  

The candidate materials in the NNWSI Project are regarded as corrosion resistant materials, as cPsosed to corrosion allowcne materials. This means that the oxidation and general corrosion rates for the candidate materials in all the anticipated envirmwnts (and in many of the credible, althco4i unanticipated, ernvirornts) during the contairenmt and isolation periods are sufficiently low that perforation of the container wall in the time periods of cern by these mai•anis is very inprobable. Hawever, these modes will occur contimnuusly frum the time of emplacment, and they are of interest in establishing the backrourd conditions (includin the dharacterization of protective films and their c±nige with time) for the metal surface.  

The more serious cncrerns for container failure during the time periods of interest are the other corrosion modes listed above as well as metallurgical aging and transformation reactions leading to structures that are brittle or more subject to localized corrosion and stress corrosion modes. Many of the advanced tec ques listed in the previous section are planned to be used for the purpose of investigating under what conditions these corrosion modes are initiated and prqpagated. The bulk of this activity is analysis of the rates of initiation and propagation, as they apply to the envirountal conditicrs (including temperature and radiation fields) and the population of caotainers (including their fabrication history and mechanical stress distribution).  These ccditicns will not be uniformly distributed on the surface of a given container and will vary among the population of euplaced cxntainers in the repository. Localized corrosion, stress corrosion, and hydrogen embrittlement have important statistical coqnrents, related to the distribution of environmental, metallurgical, and strain conditiuns from point to point, and the manifestation of these is a distribution in the rate of attack by these 
odes.
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As discussed uw-F'T activity E-20-16 'Develcpnt L Moels for dWgradation 
modes, med-Anical properties, and microstructure', the rurdmaita1 "tie line" 
between the different degradaticnodes is the relationship between critical 
potentials for the initiation and propagation steps of the different modes 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. Ths means that, 
for exanple, a series of pre-cracked stress corrosion cracking tests will be 
corducted on a suitable fracture mechanics-type of specimen at different 
applied potentials in a given set of otherwise constant envirnment 
coiitions. 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 pie of information, such 
as the crack propagation rate, the crystallographic path, cantinuity 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 micrcstnicural parameters such as degree of sensitization 
(stainless steels) or alurinIim segregation (aluminum bronze) on the crack 
prcpagation rate and critical potential. M1e effect of mecianical factors such 
as stress intensity and size of the plastic zone on crack propagation and 
critical potential can also be obtained 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 measurments) 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 environment, 
critical stress) needed in e stress corrosion susceptibility will be 
present in the test series.  

3.4.3 Development of plans for license aplication support tests (E-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 environments. 7he plans for those 
tests mist be sufficient to provide the data needed to model the performance of 
the metal barrier. These plans will be develcped by NNWSI pers=oel and 
c09trac 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 input to the plans, are cumplete, and 
results are available fram the early portincs of E-20-17 and E-20-18. Sme 
exuples of tests that • follow are sensitive weight loss cupon tests, 
crevice tests (with controlled crevice gap sizes), and constant load stress 
corrosion tests (on both smooth and pre-cracked specimens). In several caes, 
these will be designed as "null tests", where the prediction is that no 
measurable effect should occur. The credibility of the null tests is 
established on the sensitivity of the measurment and the time over which the 
tests are conducted. It is impcssible to dca, trate lcng-term predictions on 
null tests al , but null tests ccoducted in accordance with a credible model 
that predicts no effect should add substance to the demonstration.
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3.4.4 Liongg T arian r tet (E-20-23m ( 
This activity is the QA level I performance testing of the selected metal barrier. After the candidate alloys have been found to meet minimum Performance requirents and have been ranked against e another, one (or two) alloy(s) will become the selected metal barrier material(s) for advanced design work (see activity E-20-19). Mie job of this investigation beyond that point is to concentrate on this selected alloy to produce a validated model for its long term Performance in the Yucca Mountain envirorment and to produce the data reguired by the model to predict that performance. Data required for the model to support the license application is the product of this activity. The previous activity (E-20-22) describes the preparation of the plans for these tests. Details of the tests will not be available until cuopletion of the plans. Note that data used specifically for the model validation (activity E-20-25) will be produced in activity E-20-25.  

Until completion of the metal barrier selection process, the description and goals of these tests cannot be finalized. It is expected that the tests will include both anticipated repository service environment and material conditions which should yield null 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.  

Exarples of types of tests which m be selected are: 

weight loss coupon tests (general aqueous corrosion and oxidation, also indicates pitting and other localized attack), crevice cell corrosion tests, slow strain rate tests (stress corrosion cracking), constant load stress corrosion tests, corstaft deformation stress corrosion tests (C-rings, U-bends, bent beam), fracture mechanics tests (stress corrosion and hydrogen embrittlement), electrochemical polarization tests (general and localized corrosion), various stress corrosion tests at constant applied potentials, localized and stress corrosion tests in irradiated environments, "scratch" potential or other tests to indicate the mechanical and electrochemical breakdown of passive finms, straining electrode tests (film ruture and repassivation kinetics in analysis of localized and stress corrosion analyses), hydrogen permeation tests, double cantilever beam tests (hydrogen embrittlement and stress corrosion cracking susceptibility), corrosion tests using AC iupedance techniques (general corrosion for determining passive film characteristica), muiltiple sanple techniques using stochiastic analysis (probability for localized corrosion), scannig electr-ode Imzing (localized pH and other dmiical cwnes in seqestered regions), analysis of e.ect diic&l noise (pitting frequency), in situ Ranan spectrosoopy (speciation in passive films particularly on cper-base alloys to shoxw selective leachin), low-angle X-ray (coidation films), stress wave emission (discontinuity of stress corrosion crack prcpagation), ion chroaitography (determination of anicns and cations in solution), and bard gap 
m e (identify film species).  

Other possible tecniques of an advanced nature are discussed under activity E-20-17.
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3.5 Design Ergggerti of Metal Barrie

3.5.1 Coordination with MrJOa design (E-20-141 

This activity is the interaction and informaticn 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. Mvere are many potential impacts, both beneficial 
and adverse, that these two tasks could have on each other. lbe Metal Barrier 
Selection and Testing Task interfaces with several other tasks (as indicated in 
Figure 1); these interfaces are handled by communication between the affected 
Task leaders. However, the interface with the Design, Fabrication, and 
Prototype Testing Task is regarded as the most important cre, and therefore 
warrants a special activity.  

Some 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 composition (particularly 
in micro-constituents) play an important role in detemninig the weldability of 
different candidate materials and may influerne (and improve) the corrosion 
performance of the material. The metallurgical and microstnutural features of 
the weld are inportant parameters in selecting a technique for non-destructive 
evaluation of the weld. The dcoice 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 relaticonhip between composition (and its variations in the welded 
region and heat affected zone), microstructure, residual stress, and the 
susceptibility to the forms of corrosion (localized corrosion, stress corrosion 
cracking) that are important in limitirn the container integrity. Furthermore, 
the processes for fabricating and closing the oontainer are viewed as having an 
important influence on metallurgical reactions (such as phase transformaticro 
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 operatiors in the repository also need to be 
considered in establishing the long-tern container performane, since these 
operations may impart soe degree of surface defects and contamination on the 
container. Some aspects of the repository design work (not a responsibility of 
ILL, but closely monitored by the Waste RPakg Design Task) also influnce the 
perfornce of the container. Thwse include the eplaent geometry, areal 
power loading of containers, and the behole liner configuration. Also, the 
choice of cements, grouts, or other materials to suort the borehole liner 
need to be reviewed as to their effect (favorable or unfavorable) on the 
ctainer material perfnMne.  

It is, therefore, the function of this activity to review all of the issues 
aid activities of the two tasks, document their interaction, and insure 
cimmunication of that interaction. Information will be gathered from the 
design task under this activity, sorted by h Level and application, and passed 
on to other activities of this plan. No specific tests or analyses are planned 
for this activity.
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3.5.2 t=natJ± f &* dwia and .iMechanica iz-crties of metal 

This activity provides information about the mechanical and microstructural 
ccrndition of the contaiser material at the time of emplacement. After the container material and the fabrication and closure processes have been selected 
this activity will determirn 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 performare 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 pase distribution, 
grain size, inclusion ctent, and previous plastic deformation. 7he effect of the strain rate on the maecanical properties is also needed. Rile individual 
mechanical properties are listed above, the entire stress-strain relationship 
merits attention in order to enable one to evaluate the toughness of the material when subjected either to low strain rate or to high strain rate processes during handling or that can later develop in the containment period.  

Because the microstructure is intimately related to fabrication process 
variables and, in same cases, to relatively small ccmpositional variaticr, this dependence will be dcuiented. The microstructures of the fusion zne and 
heat-affected zones around the weld mist also be characterized; 
characterization of these deperds strcrxly on the welding process variables, 
and in some welding processes, on the ccmposition of the filler materials. The 
microstructural features of iuportance include the following: 

1. Primary ases, present and their distribution.  
2. Se=xnary phases and evidence of precipitation reactions.  
3. Segregation effects.  
4. Grain size and distriution of grain size.  
5. Evidence of preferred orientation.  
6. Identification and distribution of imnetallic inclusions.  

nie time at elevated temperature (during the container fabrication and closure 
process) is in tal in dtemining the above features.
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4.0 AM1lication of I (

The activities of this investigation directly address Issue 1 .4 of the Site 
Characterization Plan. The primary applications of the results will be: 1) to 
select a material(s) for advanced design work for use by the Waste Packge 
Design Task, and 2) to provide a validated model (and data for use by the 
model) of that material's lcng-term behavior in the repository envirornent to 
the Performanc Assessen Task. lhe seoonIary application of the results is 
to indicate what charges (if any) the presence of the metallic container 
produces on the package and repository envircruent. These changes would be 
incorporated into the BQ3/6 geochemical code and its subsequent use in 
establishirg performance of other waste package compcnents. The information, 
test results, and models obtained 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 
performancKe.  

2. To establish mavningful laboratory test corditicns for activities 
disssed urder the grouping 'Metal Barrier Performance Testing'.  
Results from these tests inp•t into the models for the different 
degradation modes. These test conditions specify the enviriomental, 
metallurgical and strain corditions that govern the susceptibility to 
certain forms of localized corrosion, stress corrosion cracking, and 
hydrogen erbrittlement (those forms of corrosion are expected to be 
Most important in limitirg the container lifetime in the time periods 
of concern in dfimstratirg contairment and controlled release). For 
same of the candidate alloys, projections of microstructures that may 
develop over the long-tem contairment period are important because of 
either potential embrittlement problems or greater susceptibility to 
different corrosion modes. Analysis of the expected as-fabricated, 
as-welded (or otherwise assembled), as-erplaced struture serves as 
the basis for beginnirg these projecticr.  

3. To form part of the basis for materials selection for final waste 
package designs, and to oceplete that selection. The selection 
proM is discussed in activities E-20-15 and E-20-19. As discussed 
in section 3.2.2, it is anticipated that the perfomance under 
expected re itory caiditiais, the predictability of the Aer M, 
and the fabricability of the material will be the paramunt criteria, 
but cotideratio of mechanical and physical properties plus other 
practical CoXuideratic my be expected to play an lportant role in 
the selection process. An important part of the fabricability and 
weldability issues relates to whethr or not unfavorable 

ct~anica1-microstruc±1ra1 features are produced in an otherwise 
resistant material.  

4. To form a basis for establishing any additional specificaticr on the 
cxmposition and cal properties of the candidate materials 
beyond the normal industry specifications.
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5. To provide q(' - ance in selecting the iutr'- processes for forming, Joining, and hndling the ctainer. " Oese results will 
further serve as input to information needs under Issues 2.1 
(Opticns for retrievability), 2.6 (Preclomire design criteria) 4.3 (wate package proMdction tecmnology), and 4.5 (Waste packge costs).  

7. To Ocmplete certain elements of the waste package design idmich are 
materials-deperdent. Most waste package design features, at the caxtual level, are not sensitive to whicd material is eventually selected. At the advanced design stage, detail on the selected 
material and processes for producing and handling the cxrtainer is needed. These results are input into Information Need 1.10.2.  

8. To ccaplete consideraticos 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 and configuration of borehole liner materials (currently it is suggested 
to use ocmparable materials for the cottAinrr and borehole liner to eliminate any galvanic corrosion effects). Also, the euplacment and operational activities in the repository may be partly influenced by 
the container material selected, to insure that projections on its 
performance are not ccmprumised.  

9. To provide to the waste package envirormnt, task a description of the corrosion products that are expected to form in the near-package 
env Yrment. These species may influence the performance of other waste package cxvponents and are of interest in assessing the modification to the natural environent caused by degradation of the 
waste package coainer.
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5. 0 hScgue and Mi-I

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

7e milestones for the work in the Metal Barrier Selection and Testing WES 
Element (1.2.2.3.2) are given in the table below with ccapletion 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 Couplete data acquisition to sumport 30 June 92 
draft EIS performanc calculatiorn 
(E-20-23) 

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

P040 Final report on coidation/corrosion 
performance of selected cotainer 
material to support draft EIS 1 Oct 93 

Cctxiued work beyond the sce of this investigation plan 

P263 Develop test plans for lrm-tenu 
confirmatory testing 30 Mar 93 

* Milestcne listing and rrimering is consistent with the reference case for 
FY-89 budget reqets (Mardi 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 Development of models for 
degradation modes, mechanical 
properties, and microstructure 

E-20-17 Experimental technique 
development 

E-20-18 Parametric studies of metal 
degradation and microstructure 

E-20-19 Metal barrier selection 

E-20-20 Integration of models 

E-20-201 

E-20-21 Performance parameter 
studies 

E-20-21.1 

E-20-22 Development of plans for 
license applicatlon 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

1987 1988 1989 1990 1991 1992 
6 9 12 3 6 9 12 3 6 9 12 3 6 9 12 3 6 9
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6.0 List of Test Ple to 2UM= this Scientific In- "a4  tion P1 

The following test and analysis plans will describe in detail the 
activities formlng this investigation: 

Metal barrier selectio review plan 1/88 

Metal barrier test plan (for selected material) 1/89 

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

Metal barrier performance model validation plan 3/90 

The test plan and plan for model development and integration depend very 
muxh cn which material is selected in 1988 for advanced design wrk. Plans for 
testing and modeling 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 ompleted. However, it is 
envisioned that each of the plans listed above will be cxmpleted in stages, the 
initial stage being an umbrella plan that coers 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 oQ !.. xr-er Candidate Li•st

The set of materials selected as candidates for waste pacjkgex containers in the tuff repository has u.dergr. scra evolution over the ouurse of the NNWSI Project, arid it is helpful to briefly review the history of camnidate 
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 NNM I project selected AISI 304L stainless steel as its reference material and a relatively thin-walled design for its containers. A number of factors contributed to these choices. First of all, it was known that there wuld be no significant lithostatic or hydrostatic pressure on the containers if emplaced in tuff above 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, oorroicn resistant material rather than a thicker, corrosion allowance material.  Secordly, the Defense Waste Processing Facility at Savannah River had already selected AISI 304L stainless steel as the reference material for borosilicate glass pour canisters for its defense waste. It appeared likely at that time (and has since been established as policy by the federal government) that defense waste and commercial waste wuld be emplaced in the same repository.  NNMSI's initial proposal was thus to use the pour canisters as the metal barriers for defense waste, and to fabricate containers of the same material (AISI 304L stainless steel) for the spent fuel. Past experience with austenitic stainless steels in bot air and dry steam enviroments had been very satisfactory, and it appeared that this material would serve well in the unsaturated tuff envirome at temperatures above the boiling point.  

The process by which AISI 304L stainless steel was selected as the referene material also resulted in the selection of three other alternatives: AISI 321, AISI 316L, and Alloy 825. These were hosen for their increased resistance to particular types of corrosion, should this be found necessary after more detailed testing, particularly if extensive oontact with an aqueous phase was found to be likely, or if the envircament turned out to be more severe than anticipated.  

This candidate selection process involved the coamariscn of 17 conercial alloys according to the criteria of machanical properties, weldability, corrosion resistanc, and cost. In the absence of enough detailed information to establish relative weights for these four criteria, all four were onsidered to be equally important. Using available corrosion data, which in some cases was rather sparse, the 17 candidates were ranked and reaslted in the selection of the four austenitic alloys AISI 304L, 321, 316L, and alloy 825 for further 
onsideration.  

As the project Proceeded it beam clear that the AISI 304L stainless steel Of the borosilicate glass Pour canisters wo~uld have been subjected to a thermal history that might lead to sensitization of the material to intergrarular stress corrosion cracking and that differential thermal expansion &urinq cooling of the poured glass and the canister would pit the canister walls into hoop tension, aggravating this situation. It was therefore decided to modify the waste package design for the glass waste forms to include an outer =tAir surru n the po canister. The �mal history and th stress state in this orntainer could be better ciotrolled, so as to redc the threat of intergranular stress corrosion cracking.
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In 1984 at the ree,,-st of OCRN, NNWSI began to investigate the feasibility 

of using ccper-base materials for waste package ontainers. After 
conultation with the copper Develomnt Association, Inc. and the 
International Ogper Research Association, Inc., three oper-base materials 
w selected for further consideration: CDA 102 (cxygen-free copper), CDA 613 
(aluminm broze), and CA 715 (70-30 oopper-nickel). opper-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 cxiditions). 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 
reistarc. Localized and stress-assisted form of corrosion are thus 
generally less severe for coper-base materials. Evidence for survivability of 
copper materials can be seen in the existence of native cper deposits and in 
copper and bronze artifacts recovered from the ruins of earlier civilizations.  

Another potential advantage of the copper-base candidates is the simpler 
microstructures ccmpared to the austenitic materials. Unlike iron, copper has 
no phase transformaticrs. Its the guase stability of crper-base materials 
appears to be of a lesser concern than it is with the iron-base austenitic 
materials.  

After it was decided to include coper-base materials as candidates for 
further consideration, it became necessary to reduce the nmbter 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 
oansideration 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. Ths 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% aluinihum bronze CD 613, 
and 70-30 ccper-nickel CA 715. Within this field of candidates we thus have 
materials based upon three different metals: iron, nickel (essentially), and 
cx~per. We have corrosion-resistant materials, and we also have car (CDA 102) 
that can be viewed in some respects as a crrosion allowance material (CDK 102 
woAauld likely be used with a greater wall thickness than the others, anyway, 
bemuse of its lwer strength).
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8 .0 Aýt i

The content of this SIP complements material prepared for Chapter 7 (Section 7.4.2) and am•pter 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 reviewd the choice of candidate materials, preliminary analyses of degradation 
Sfor 

the materials in the context of the Yucca Mountain repository enviroment, and the results of experimental activities (mostly corrosion testing activities). The Chapter 8 material covered the information flow to and from other waste package and repository task elements and outlined the work to be done in the next several years. The material in this SIP breaks down 
this work into discrete activities.  

A reference list for some related publications by selected subject areas is given below. This is by no mens an exhaustive source on the subject, but is 
given as a guide for further reading.  

1. Materials Selection 

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

E. W. Russell, R. D. MoCright and W. C. O'Neal, "Containment Barrier Metals for High-Level Waste Packages in a Tuff Repository", Lawrenc-Livermore Laboratory 
Report UCRL 53449, October, 1983.  

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

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

Further reading on principles in selectin stainless steels and nickel-base 
alloys is found in: 

A. J. Sedriks, Corrosion of Stainless t C1apter 2, Jon Wiley and Sons, 
New York (1979) 

Ozmer-base materials ware added as candidate materials to the NNwII Project, 
and the rationale for their addition was discussed in: 

R. D. MCright, "FY-S5 Status Report on Feasibility Assessnt of Coper-Base Waste Packge CQontainer Materials in a Tuff Repository", Iawrence-Livermore 
Laboratory Report UCID 20509, (September, 1985) 

A very informative discussion of many engineering materials and their potential 
application as nuclear waste cotainers is found in: 

K. NuttalU and V. F. Urbanic, "An Assessment of Materials for NUclear Fae Immobilization Containers", Ataoic Energy of Canada, Ltd., report AECL-6440, 
(Septenmoer, 1981)
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2. D§dation NMof'

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

K. G. Fontana and N. D. Greene, oroio ie• 2rd edition, 
Mc;raw-Hill, New York (1977). A new edition of this is due to be published 
this year.  

L. L. Shreir (editor), 0jn, N nes-Buttersworth, Lcnido and Bstcon 
(1976). This is in many ways, the text on the subject aid is very complete in 
its treatment of the penomenology and preventive measures. It is a thick 
two-volume set; volume 1 is on metal/enviircuent reactions and is the one most 
applicable to the present work.  

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

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

3. o-rrosion Test Results 

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

M. C. Juhas, R. D. MoCright, and R. E. Garrison, "Corrosion Behavior of 
Stressed and Untressed 304L Specimens in Tuff Repository Environmental 
Conditios", Lw e-Livermore laboratory Report UCRL 91804, (November, 1984) 

R. S. Glass, G. E. Overturf, R. A. Van Klioynenburg, and R. D. McCright, "Gamma 
Radiation Effects on Corrosion: Electrodwnical Mechanisms for the Aqueous 
Corrosion Processes of Austenitic Stainless Steels", coScie So 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", Lawrenc-Ivermore 
Laboratory Report UCI 20847 (Septeer, 1986) 

R. E. Westerman, S. G. Pitmn, and J. H. Haberman, "Corrosion Testing of Type 
304L Stainless Steel in Tuff Groudater Envircrints", Pacific Northet 
laboratory Rqot M-5829 (Mardi, 1987) (in review) 

Sau t h o r i t a t i v e s o r c o n c o r r o s i o n t e s t m e t h o d s i s : 

W.H. Ailor, Handbook on Corrosion TestgLr and Evaltion, John Wiley and Scrs, 
Ne York, (1971).
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4. MJa--lirW Activitir

he model of sersitization of stainless steel is discusse in: 
T. A. Mozhi, W. A. T. Clark, K. Nishimoto, W. B. Jdumscr, and D. D. Maakmad, "'he Effect of Nitrogen on the Sensitization of AISI 304 Stainless Steel", Q, vol. 41, p.555 (October, 1985) 
T. A. Mozhi, H. S. Betrabet, V. Jagannathan, B. E. Wilde, and W. A. T. Clark, "Ibenmodyrnic Modeling of Sensitization of AISI 304 Stainless Steel Containinr Nitrogen", Scripta Metallurqiccl, vol. 20, p. 723, (May 1986) 

The model of corrosion potentials is discussed in: 
M. Urquidi-Macokrald, D. D. Macdonald, and S. Lenhart, "Mathematical Models for the Redox Potential and Corrosion Potentials for High-Level Nuclear Waste Canisters in Tuff Envircrunts", SRI Report PYD-8292 (February, 1987) (in 
review)
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CDJOKLIS "OR ASSIGNING QUALITY ASSU*ANC £VELS 

STEP CHARACTERISTIC LEVEL 

1. Does the item or activity involve or affect public radiologic 

b5 lth and safety? Yes I 

2. Does the item or activity involve waste isolation? 
Yes I 

3. Does the item or activity involve or affect retrievability? 
Yes 

4. Is the intended purpose of this activity to provide data for 

icense application? Yes 

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

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

6. Does the activity involve a decision phase which is to be 

conducted immediately prior to application for a NRC license, 
curement or construction? Yes 

7. Can the item or activity have a major impact on non-radiological 

0  occupational health and safety? Yes II 

8. If the item or activity were to fail or is perforned 

inadequately could repository workers- be exposed to radiation 

or radioactive contamination levels in excess of the limrits 

expressed in 1OCFR60? Yes I 

9. Does the item or activity have a major impact on thee 

non-radiological operation, reliability, or maintainability of 

engineered systems, structures, or components? Yes 11 

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

slippage? Yes II 

LEVEL III WHEN ALL THE AfSWER TO ALL QUESTIONS ABOVE IS "NO".  
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Meeting Attendees: L. Rampsott, R.  

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

Co-ordination with Package Design 

S.I .P. Identification: 

E-20-1 4 

Additional Corpments:

Schwartz, V. Oversby, W. Halsey, D. McCright

Level of Quality Assurance Il

APPROVE LEVEL OF QUALITY ASSURAN4CE DETEF04INATION

Date 

tsq.i LP.oer--

iz-Deputy Date~,• eae 

for Q 

W-9 Leade

AFTER t,'P LEADER APPROVAL RETURN 'TO WW- DEPUTY PROGRAY. LE1*YER FOR QA W.- I 

COPY T0 TASK LE-AR

Project Sponsor Date 

RETURJ' 10 LLNL t-rJWP QA FILE

Project Sponsor Qual ty Manager Date

FIGURE 20.0.3

A-14-1

Date of the Meeting:

Uece"Kitl 444, L-JIVI-I

((



0_N3--F-P 20.U U

CHECKLIS- OR ASSIGNING QUALITY ASSURAN ý .VELS 

STEP OARACIERISTIC LEVEL 

I. Does the item or activity involve or affect public radiologic 

health and safety? Yes I 

2. Does the item or activity involve waste isolation? 
Yes I 

3. Does the item or activity involve or affect retrievability? 

0 Yes I 

4. Is the intended purpose of this activity to provide data for 

0 license application? 
Yes 

I 

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

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

Yes I 

6. Does the activity involve a decision phase which is to be 

conducted immnediately prior to application for a NRC license, 

Q curement or construction? Yes I 

7. Can the item or activity have a major impact on non-radiological 

( occupational health and safety? Yes II 

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 

G ressed in 1OCFR60 Yes 1 

9. Does the item or activity have a major impact on the 

non-radiological operation, reliability, or maintainability of 

'ineered systems, structures, or components? Yes 1I 

10. Does trie item or activity involve a design phase for which the 

principle purpose is to conduct a comparative technical analysis 

a aternatives? Yes 11 

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

-Slipage? Yes II 

LEVEL III WHEN ALL Tt' AXSWER TO ALL QUESTIONS ABOVE IS "NO".  

FIGURE 20.0.1



NWHP QUALITY ASSURANCE ELEMENT ASSIG*NT" 
---------------------------------------------------------------------

ACTIVITY: Co-ordination with Package Design 

ACi1VITY NO.: E-20-14 
OATE: June 12, 1987 

---------------------------------------------------------

QUALITY ASSURA._4CE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY 10 ALL 
WORK DONE AT QUALITY ASSURANCE LEVEL I OR I1. Elements 1, 2, 11, 15, 16. 17, 
18, 21, and 22 apply to work done at Quality Assurance Level III.  

---------------------------------------------------------

LEVEL OF QA III 

CITE "YES" ITEM ON LOGIC OIAGRAM 
---------------------------------------------------------

QA ELEMENT APPLIES IF NO - JUSTIFICATION 
IF YES - LIST NEEDED PROCE(DRES 

---------------------------------------------------------

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-NWIP-P 4.0 Rev 0 

CONTROL 
---------------------------------------------------------

5.0 INSTR., no good professional practices apply 

PROCS, DWGS 
---------------------------------------------------------

7.0 CTL OF PUR yes 033-NtIP-P 7.0 Rev 0 

MATERIALS 
---------------------------------------------------------

8.0 I.D. & CTL no good professional practices apply 

OF MATERIALS 
---------------------------------------------------------

9.0 CONTROL no I I 

OF PROCESSES 
-----------------------------------------------------

10.0 no 
INSPECT ION 
-----------------------------------------------------

11.0 TESI 
COtNTROL no t to is 

-------------------------------- - ---------------------

12.0 CIL OF 
M & 7 EQUIP no to it 

----------------------------------------- ---------------

13.0 HA'4DLING, 
STOR. & SHIP. no 

---------------------------------------------------------

14.0 INSP. TEST 
& OPER. STAT. no I "i 

---------------------------------------------------------

19.0 SOFTWARE 
QA no 14 It 9t 

S-----------------------------------

FIGURE 20.0.2

A-14-3



OVAL S•EETEASSURANCE LEVEL ASSIG14-.N1 A(

Date of the Meeting: June 12, 1987 

Meeting Attendees: L. Ramnpsott, R. Schwartz, V..Oversby, K. Halsey, D. McCright 

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

S.I.P. Identification: 

E-20-15 

Additional Comments:

Level of Quality Assurance 

APPROVE LEVEL OF QUALITY ASSURA4CE DETEW-INATION

- / ~Da't 

1•IeProje ~k-lec• ,! bate

for QA 

R@A Leader Date

AFTER NM.? LEADCER APPROVAL RETURN 10 N,• DE-P-TY PROGRA.-. LEADER FOR QA WITH 

CORY 10 TASK LE:i:,0R

Project Sports.r DFte 

RETLIM4 TO ILLNL ttot? QA FILE

Project Sponsor Quaity Manager Date

F I CRE 20.0.3

A-15-1

LEVEL OF QUAL'~.



C)-(O(LIS, VOR ASSIGNING QUALITY ASS.PAJJf 'QýLS 

STEP CKARACTERISTIC 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? 
Yes 

3. Does the item or activity involve or affect retrievability? 
Yes 

4. Is the intended purpose of this activity to provide data for 

a license application? 
No 

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

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

No 

6. Does the activity involve a decision phase which is to be 

conducted Inmsediately 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 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 1OCFR60? 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 II 
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 1I 

No 

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

slippage? Yes II 
No 

LEVEL III Wr(EN ALL THE ANSWER 1O ALL QUESTICK4S ABOVE IS "NO".  

FIGURE 20.0.1

A-15-2



NWW ALITY ASSURANCE ELE•WN ASSIG14-..." 

ACTIVIIY: Establishment of Criteria for Metal Barrier Selection 

ACTIVITY NO.: E-20-1S 
DATE: June 12, 1987 
--------------------------------------------------------------------------------
QUALITY ASSURA4CE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL 
WORK DONE AT QUALITY ASSURANCE LEVEL I OR IU. Elements 1, 2, 11, 15, 16, 17, 
18, 21, and 22 apply to work done at Quality Assurance Level IlI.  
----------------------------------------------------------------------------
LEVEL OF QA I 

CITE *YES" ITEM ON LOGIC DIAGRAM 4 
--------------------------------------------------------------------------------

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

--------------------------------------------------------------------------------
3.0 DESIGN 3A yes 033-h1WP R 3.0 part A 
CONTROL 3B no no design work involved 

---------------- ---------------------------------------------------------------
4.0 PROC. DOC. yes 033-Nh1IP P 4.0 Rev 0 
CO;INTROL 

--------------------------------------------------------------------------------
5.0 INSTR., 
PROCS, DWGS yes 033-N`WNP P 5.0 Rev 0 

--------------------------------------------------------------------------------
7.0 CTL OF PUR 
MATERIALS yes 033-hW4P P 7.0 Rev 0 

--------------------------------------------------------------------------------("•'' 8.0 1.D. & CIL 

OF MATERIALS no this is a paper study 
----------------------------------------------------------------------------

9. 0 CONTROL no this is a paper study 
OF PROCESSES 
----------------------------------------------------------------------------
10.0 no this is a paper study 
INSPECT ION 
---------------------------------------------------------------------------
11.0 TEST no this is a paper study 
COri ROL 

12.0 CIL OF no this is a paper study 
W. & T EQUIP 
--------------------------------------------------------- -------------------

13.0 HK,"'LING, no this is a paper study 
STOR. & SHIP.  
----------------------------------------------------------------------------
14.0 INSP. TEST no this is a paper study 
& OPER. STAT.  

19.0 SOFTW-IRE no this is a paper study 
QA 
-----------------------------------------------------------------------------

FIGURE 20.0.2 

A-15-3



LEVEL OF QUALJ ASSUPR4CE LEVEL ASSIGNMENt Ai DVAL S4IET

Date of the Meeting: June 12, 1987 

Meeting Attendees: L. Rampsott, R. Schwartz, V. Oversby, 1. Halsey, D. McCrigl,

Name(s) and Nuriber(s) of 

Mechanical 

S.I.P. Identification: 

E-20- 16 

Additional Cofmments:

Level of Quality Assurance

Activity: Development of Models for Degradation Modes, 
Properties, and Microstructures

III

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION'

T~ch~r•--_•=:L•,, I Dte"

#VrojeciLea-D

AFTER t.IP LEAf.fR APPROVAL RETURUN TO 
COPY TO TASK LEADER

t Deputy e,6gra- Leader Date 

for QA

Oete

t¢I.'? DOEPFJTY PROGRAm: LE-AXR FOR QA WITH 

Project Sponsor Qu4ity m'.anager Date

RETURN TO LLNL tP? QA FILE

FIGURE 20.0.3

A-16-1

W Y,.-P. Leade r' [te



C1-ECKL FOR ASS1(4ING QJUALITY A•SSUF P 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? 
Yes 

3. Does the item or activity involve or affect retrievability? 

SYes 

4. Is the intended purpose of this activity to provide data for 

. icense application? 
Yes 

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

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

6. Does the activity involve a decision phase which is to be 

conducted irrnediately prior to application for a NRC license, 
caourement or construction? Yes 

7. Can the item or activity have a major impact on non-radiological 

occupational health and safety? Yes I1 

8. If the item or activity were to fail or is perforied 
inade~quately could repository workersbe exposed to radiation 

or radioactive contamination levels in excess of the limits 

Syressed in 1OCFR60? Yes II 

9. Does the item or activity have a major impact on the 

non-radiological operation, reliability, or maintainability of 

G ineered systems, structures, or corVonents? Yes Ii 

10. Does the iterr or activity involve a design phase for which the 

principle purpose is to conduct a coiparative technical analysis 

o5 alternatives? Yes II 

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

slippage? Yes Ii 

LEVEL III WNE.', ALL THE Ai!SWLR TO ALL QUESTIONS ABOVE IS "NO".  

FIGURE 20.0.1

A-I 6-2



uw JALIuY ASSURANCE ELEWMN ASSId .N" 

ACTIVITY: Development of Models for Degradation Modes, Mechanical Properties, and 

Microstructures 
ACTIVITY NO.: E-20-16 
DA7E: June 12, 1987 

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

WORK DONE AT QUALITY ASSURANCE LEVEL I OR I. Elemnents 1, 2, 11, 15, 16, 17, 

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

CITE "YES" ITEM ON LOGIC DIAGRAM 
---------------------------------------------------------

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

---------------------------------------------------------------------
3.0 DESIGN 3A yes 033-hNW)P R 3.0 part A 

CONTROL 3B no no design work- good professional pract 

------------------------------ pp -------

4.0 PROC. DOC.  
CONTROL yes 033-N".P P-4.0 Rev 0 

---------------------------------------------------------------------
5.0 INSTR., 
PROCS, DWGS no good professional practices apply 

---------------------------------------------------------------------
7.0 CTL OF PUR 
MATERIALS yes 033-NWh'P P-7.0 Rev 0 

---------------------------------------------------------------------
8.0 I.D. & CTL 
OF MMATERIALS no good professional practices apply 

---------------------------------------------------------------------
9.0 CONTROL no 
OF PROCESSES 
------------------------------------------------------------------------
10.0 ,, 
If.6ECT ION' no 
-----------------------------------------------------------------
11.0 TEST ,, ,, 
CO".'ROL no 
---------------------------------------------------------------------
12.0 CIL OF , , ..  
P. & 7 EQUIP 

no 

- -------------------------------------------------------- -------------------

13.0 H•AN'DLING, 
SiOR. & SHIP. no 
---------------------------------------------------------------------
14.0 INSP. TEST , 
& OPER. STAI. no 
---------------------------------------------------------------------
19.0 SOFTWARE , , ,, 
QA_ no 

FIGURE 20.0.2 

A-16-3



OIVAL SI-.E1AsStRANc LEVEL ASIt?1N+I

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: 

Experimental Technique Development 
S .H-• Identi£fication: 

-17 

Additional Comments: 

Level of Quality Assurance TT 

APPROVE LEVEL OF QUALITY ASSLR"4CE DETERINATTION 

Date NWXP Deputy ogra- Leader '•"•:'L ; L'_,•.-for QA

o ýProje:' Lead• D ate 

AFTER NWIP LEI-R APPRVAL RETLR4 T0 

COPY 10 1AS.K E.ADE'R 

Project Sponsor e

WIMP Leader Date 

tw..4I? DEPUTY PROGRIA.- L.:.O-CR FOR QA WVTH 

~/ SL3 C ,o/ /7 
s ity manager Date 

Project Sponsor Qu- ty Mngr Dt

RETIURN 10 LU;L tt.w? QA. FILE

FIGLRE 20.0.3

A-17-1

LEVEL OF QUALT



U.)3-N*t1'-1' ZU.U

OC{KLIS7T R ASSIGNING QUALITY ASSMURtA VELS 

STEP CHARACTERIS7 IC LEVEL 

1. Does the item or activity involve or affect public radiologic 
th and safety? Yes.  

2. Does the item or activity involve waste isolation? 
Yes 

3. Does the item or activity involve or affect retrievability? 
Yes I 

4. Is the intended purpose of this activity to provide data for 
aicense application? Yes 

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

Q Yes 

6. Does the activity involve a decision phase which is to be 
conducted immediately prior to application for a NFK license, 
ar5 curement or construction? Yes 

7. Can the item or activity have a major impact on non-radiological 
qfccupational health and safety? Yes I1 

8. If the item or activity were to fail or is perforred 
inadequately could repository workers, be exposed to radiation 
or radioactive contamination levels in excess of the. limits 

, essed in IOCFR60? Yes II 

9. Does the item. or activity have a major impact on the 
non-radiological operation, reliability, or maintainatility of 
anineered systems, structures, or components? Yes II 

10. Does the item or activity involve a design phase fo: which the 
principle purpose is to conduct a comparative tect-'.ical analysis 

aIternat ives? Yes II 

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

LEVEL III WWEN ALL TI* ANSWER TO ALL QUESTIM6 ABOVE IS "140".  

FIGURE 20.0.1

A-17-2

U CA-4- A A -4 , A W V%.-



NWHP IWUALITY ASSURANCE ELEMENT ASSIGPMHJ-" 

ACTIVITY: Experimental Technique Development 

ACTIVITY NO.: E-20-17 
DATE, 

----------------------------------------------------------------

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 III.  
---------------------------------------------------------------------
LEVEL OF QA Ill 

CITE "YES" ITEM ON LOGIC DIAGRAM 
---------------------------------------------------------

QA ELEMENT APPLIES IF NO - JUSTIFICATION 
IF YES - LIS1 NEEDED PROCEDURES 

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

CONTROL 3B no no design work- good professional pract 

-------------------------------------------- IPX----------apL 

4.0 PROC. DOC.  
CONTROL yes 033-NhMP P-4.0 Rev 0 

5.0 INSTR., 
PROCS, cWGS no good professional practices apply 

7.0 CTL OF PUR 
MATERIALS yes 033-N.MP P-7.0 Rev 0 

8.0 l.D. & CTL 
OF MATERIALS no good professional practices apply 

9.0 CONTROL no, ,, 
OF PROCESSES 

10.0 
INSPECT ION no it 

11.0 TEST Yi g33-NM.P, R 11.0 Rev 0, 
CO'..TROL 

12.0 CIL OF good professional practices apply W & I EQUJIP no 

13.0 HANDLING, of It It to 
STOR. & SHIP. no 

14.0 INSP. TEST 
& OPER. STAI. no 

19.0 SOFTWARE 
QA no It 

F ICI RE 20.0.2 

A-17-3



ASSURANCE LEVEL ASSIG*ENI At OVAL SHEET

Date of the Meeting: June 12, 1987 

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

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

Parametric Studies of Metal Degradation and Microstructure 

S.I.P. Identification: 

E-20-18 

Additional Comments:

Level of Quality Assurance III

AIP•ROVE LEVEL OF QUALITY ASSRPANCE 0ETERINATION'

Ai ee ate 

ii~* L01/r7

Date
NV44P Deputy 
for QA

Leader

J, /ý/,g 7

AFTER It,.'?ý LEADER APPROVAL RETURMJ 10 t•NOW DER'JTY PROGRAM LEADER FOR QA WITH 

CODY O 1ASK LE•A•ER

Project Sponsor Date 

RETuRN'. TO LLNL "01,9 QA FILE

Project Sponsor JueLity tF.nager Date

FIGURE 20.0.3

A-18-1

LEVEL OF QA(

Dat e



0334h~t*'4' z1.U

CHED(LIS OR ASSIGNING QUALITY ASSURANC LVELS 

STEP CHARACTERISTIC LEVEL 

1. Does the item or activity involve or affect public radiologic 
ith and safety? Yes 

2. Does the item or activity involve waste isolation? 
I Yes 

3. Does the item or activity involve or affect retrievability? 

SYes 

4. Is the intended purpose of this activity to provide data for 

a license application? Yes 

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

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

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

5 curement or construction? Yes I 

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

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 

essed in 1OCFR60? Yes 11 

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

,ineered systenrs, structures, or components? Yes II 

10. Does the item or activity involve a design phase for which the 

principle purpose is to conduct a comparative technical analysis 
of alternatives? Yes IT 

11. Can the item or activity cause major cost overrun or schedule 
" page? Yes II 

LEVEL Ill WWEN ALL THE ANSWER TO ALL QUESTION'S ABONE IS "NO".  

FIGURE 20.0.1

A-18-2

U VcLcliutzi 44d,



033-NW4'-P 20.0 0 December 24. 1986 10 13 

NMIP QUALITY ASSURANCE ELEMENT ASSIGtNT" 

ACTIVITY: Parametric Studies of Metal Degradation and Microstructure 

ACTIVITY NO.: E-20-18 
DATE: 

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

CITE *YES" ITEM ON LOGIC DIAGRAM 
---------------------------------------------------------

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

---------------------------------------------------------------------
3.0 DESIGN 3A yes 033-NWHP R 3.0 part A 
CONTROL 3B no no design work- good professional prac" 
---------------------------------------------- app-t -----

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 PUR 
MATERIALS yes 033-NWMP P-7.0 Rev 0 
--------------------------------------------------------------------
8.0 I.D. & CTL 
OF MATERIALS no good professional practices apply 
--------------------------------------------------------------------
9.0 CONTROL 
OF PROCESSES 
------------------------- -----------------------------

10.0 
INSPECT ION no " "t 
----------------------------------------------------

11.0 TEST yes O33-NhMP Rll.O Rev 0 
CO:,,ROL F&" t " I 

-----------------------------------------------------------------------------------
12.0 CTL OF good professional practices ajply 
M & T EQUIP no g p s pp 

--------------------------------------------------------------------
13.0 HALING.  
STOR. & SHIP. no " 

---------------------------------------------------------

14.0 INSP. TEST 
& OPER. STAT. no " "" 

-----------------------------------------------------------------------------------
19.0 SOFTWARE 
QA no I 

--------------------------------------------------------

FIGURE 20.0.2 

A- 18-3



ASSURANCE LEVEL ASSID-.ENT A tOVAL S-EEl

Date of the Meeting: June 12, 1987 
Meeting Attendees: L. Rmpsott, R. Schwartz, V..Oversb', W. Halsey, D. McCright 

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

Metal Barrier Selection 

S.I.P. Identification: 

E-20-19 

Additional Comments:

Level of Quality Assurance I

APPROVE LEV•L OF QUALITY ASSURANCE DETERWINATI(ON

;eeh n!:= Ar a Le' Date 

174,k Lroe

mo%' Project. letdet I MIL e

NW1 Deputy Pr ranm Leader Date 
for QA

tIA.P Lea de 7 Date

AFTER tV.IP LEADER APPROVAL RETL•,N TO NN'.- DEPUTY PROCRA., LEAYER FOR QA WITH 
COPY 70 1ASIK LE4_•R

Project Sponsor Date Project Sponsor QuAlity Kanager Date

RETURN TO LLNL tN.-P? QA FILE

FIGURE 20.0.3

A-19-1

LE VE L OF QUA_.

Aeýýl ýý



0 Luece,'m.ei 1 , 1±0

CHEOKLi FOR ASSIGNING QUALITY ASSURAW, LEVELS 

STEP GHARATERISTIC LEVEL 

1. Does the item or activity involve or affect public radiologic 

glth and safety? Yes 

2. Does the item or activity involve waste isolation? 
Yes 

3. Does the item or activity involve or affect retrievability? 
O0 Yes 

4. Is the intended purpose of this activity provide data for 

a license application? Ye 
No 

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

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

No 

6. Does the activity involve a decision phase which is to be 

conducted immediately prior to application for a WC 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 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 10CFR60? Yes II 

No 

9. Does the item or activity have a major impact on the 

non-radiological operation, reliability, or maintainability of 

engineered systens, structures, or components? Yes IT 

No 

10. Does the item or activity involve a design phase fo: which the 

principle purpose is to conduct a comparative technical analysis 

of alternatives? Yes IT 

No 

1I. Can the item or activity cause major cost overrun or schedule 

slippage? Yes II 
No 

LEVEL IlI WHEN ALL THE AtzSR TO ALL QUESTIONS ABZJVE IS "NO".  

FIGURE 20.0.1

A-19-2

033-hNoW-P 20.0



NWs" QUALITY ASSURANCE ELEMENI ASS,' KEN" 

ACT IVIY: Metal Barrier Selection 

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

---------------------------- I----------------------------
QUALITY ASSURA14E ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY To ALL 
WORK DONE AT QUALITY ASSURANCWE LEVEL I OR IT. Elements 1, 2, 11, 15, 16, 17, 
18, 21, and 22 apply to work done at Quality Assurance Level III.  
-------------------------------------------------------------------

LEVEL OF QA I 

CITE "YES" ITEM ON LOGIC DIAGRAM 4 
-------------------------------------------------------------------

QA ELEMENT APPLIES IF NO - 3USTIFICATIONx 
IF YES - LIST NEEDED PROCEDLRES 

-------------------------------------------------------------------
3.0 DESIGN 3A yes 033-Nh1MP R 3.0 part A 
CONTROL 3B no no design work involved 

"4.0 PROC. DOC. yes 033-I*•fP P 4.0 Rev 0 
CONITROL 
----------------------------------------------------------------------
5.0 INSTR., 
PROCS, DWGS yes 033-NWHP p 3.0 Rev 0 

7.0 CTL OF PUIR 
M.ATERIALS yes 033-hVTP P 7.0 Rev 0 

----------------------------------------------------------------------
8.0 I.D. & CTL 
OF MATERIALS no this is a paper study 

-------------------------------------------------------------------
9.0 C0•TROL 
OF PROC no this is a paper studdy OF PROCESSES 

---------------------------------------------------------
10. O no this is a paper stuudy INS•PECT ION 

------------------------------------------------------------------
1 1 O TEST CO-TEROL no this is a paper study 

----------------------------------------------------------------------
1.2.0 CIL OF 1 & O no this is a paper stud:" V & I EQUIP 

-------------------------------------------------- -------------------
13.0 HANDLlNZ, no this is a paper stu?".  
STOR. & SHIP.  
----------------------------------------------------------------------
14.0 lNSP. TES1 no this is a paper study 
& OKPER. STAT.  
----------------------------------------------------------------------
19-0 SOFTWARE no this is a paper stu-dy 
QA 
----------- ----------------------------------------------------------

FICGlaRE 20.0.2 

A-19-3



LEVEL OF QUALI. , ASSURANCE LEVEL ASS1GNMENT AF, ..OVAL SWEET 

Date of the Meeting: June 12, 1987 

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

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

Integration of Models for Selected Material 

S.I.P. Identification: 

E-20-20 

Additional Comments:

Level of Quality Assurance III 

APPROVE LEVEL OF QUALITY ASSURANCE DETEWIINATION

•o Projec'Xeade~r• -Date

AF-TER N4PLE.A_0•_R APPROVAL REIUPJV TO 
CZPY 10 TASK LEADER 

Project Sponsor Date

tWt Deputy l iram Leader Date 

for QA

NA01-le Leader
Date

t•-I [DEPUTY PROGRAM LEADER FOR QA WITH 

Project Sponsor Q•ality man'ager Date

RETURIN 1O LLUL t,'?,P QA FILE

FIGURE 20.0.3

A-20- 1



c, CKLIS( 0R ASSiGNING QUALITY ASS.MN x 
STEP CHARACTERISTIC LEVEL 

1. Does the item or activity involve or affect public radiologic 

- • lth and safety? Yes 

2. Does the item or activity involve waste isolation? 
Yes 

3. Does the item or activity involve or affect retrievability? 

0 
Yes 

4. Is the intended purpose of this activity to provide data for 

icense application? Yes 

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

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

Yes 

6. Does the activity involve a decision phase which is to be 

conducted'imTediately prior to application for a NRC license, 

"Ocurement or construction? Yes 

( 7. Can the item or activity have a major impact on non-radiological 

0  occupational health and safety? Yes II 

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 

essed in IOCFR60? Yes II 

9. Does the item or activity have a major impact on the 

non-radiological operation, reliability, or maintainatility of 

5 neered systems, structures, or components? Yes I 

10. Does the item or activity involve a design phase for which the 

principle purpose is to conduct a corparative technical analysis 

6 alternatives? Yes II 

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

§ ppage? Yes II 

LEVEL III WWHEN ALL THE ANSWER TO ALL QuESTIONS ABOVE IS "14".  

FIGURE 20.0.1

A-20-2



NW. QUALITY ASSURANCE E EWN1 ASSj .CN1 

ACTIVITY: Integration of Models for Selected Material 

ACTIVITY NO.: E-20-20 
DATE: June 12, 1987 
----------------------------------------------------------------------
QUALITY ASSFRA2CE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO ALL 

WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17, 

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

-----------------------------------------------------------------------
LEVEL OF QA III 

CITE "YES" ITEM ON LOGIC DIAGRAM 
---------------------------------------------------------

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

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

CONTROL 3B no no design work- good professional pra.  

------------------------------------- anp421--------

4.0 PROC. D0C.  
CO,'TROL yes 033-N'%NP P-4.0 Rev 0 

---------------------------------------------------------------------------
5.0 INSTR., 
PROCS, DWGS no good professional practices apply 

--------------------------------------------------------------------
7.0 CIL OF Pt* 
MATERIALS yes 033-NW)AP P-7.0 Rev 0 

-----------------------------------------------------------------------
8.0 1.0. & CIL 
OF tA.ATERlALS no good professional practices apply 

-----------------------------------------------------------------------

9.0 COtNTROL no 
OF PROCESSES 

10.0 ,, 
I tSPEC 1 IlIO 

no 

-----------------------------------------------------------------
11.0 TESl . , 
COq R OL no 
--------------------------------------------------------------------
12.0 CIL OF .. ...  
W & I EQUIP no 
----------------------------------------------- -------------------

13.0 HADLIN• .  
S7OR. & SHIP. no 
--------------------------------------------------------------------
14.0 INSP. TESI ,, 
& OPER. STA1. no 

- - --- ------- ------------------------------------------------ --- -------------

19.0 SOFTWAR.Z- .. .... ..  
QA no 

---- -----------------------------------------------------------------

FIGURE 20.0.2 

A-20-3



(,- 0 December 29ý k986

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 
S.I.P. Identification: 

E-20-20. 1 

Additional Comments:

Level of Quality Assurance

Selected Material (Level I)

I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

ep'ýnq/* 
TeAvca 49Le' Date 

-fiJM Poet Leader Date

NWMP Deputy Prograkleader Date 
for QA 

Nhfr4 Leader IFDate

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

Project Sponsor
4i4L

uat~e Project Sponsor Quality Manager Date

RETURN TO LLNL NWMP QA FILE

FIGURE 20.0.3 
A-20.1-1

033-~WM-P 20.0 11 13

Z6?/Z0//9"?



033-NMP-P 20.0 ( 0 December 2 1986 9 13

CHECKLIST FOR ASSIGNING QUALITY ASSURANCE LEVELS 

STEP CHARACTERISTIC LEVEL 

1. Does the item or activity involve or affect public radiologic 
.j5 1th and safety? Yes I 

2. Does the item or activity involve waste isolation? oYes I 

3. Does the item or activity involve or affect retrievability? 

o Yes 

4. Is the intended purpose of this activity rovide data for 
a license application? Yes) No0 

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

Yes 
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 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 lOCFR60? Yes II 
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 II 
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 II 
No 

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

LEVEL III WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".  

FIGURE 20.0.1

A-20. 1-2



033-~ -P 20.0 0 December 24, 1986 10 13 

N•4P QUALITY ASSURANCE ELEMENT ASSIGNENT 

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 TO ALL 
WORK DONE AT QUALITY ASSURANCE LEVEL I OR II. Elements 1, 2, 11, 15, 16, 17, 
18, 21, and 22 apply to work done at Quality Assurance Level III.  
----------------------------------------------------------------------
LEVEL OF QA I 

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 
--------------------------------------------------------------------
4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev 0 
CONTROL 

5.0 INSTR., 
PROCS, DWGS yes 033-NWMP P S.O Rev 0 

7.0 CTL OF PUR 
MATERIALS yes 033-NWMP P 7.0 Rev 0 

8.0 I.D. & CTL 
OF MATERIALS yes 033-NWMP R 8.0 Rev 0 

9.0 CONTROL 
OF PROCESSES yes 033-NWMP R 9.0 Rev 0 
----------------------------------- -----------------------------------
10.0 
INSPECTION no no inspections of hardware 
---------------------------------------------------------------
11.0 TEST yes 033-NWMP R 11.0 Rev 0 
CONTROL 

12.0 CTL OF yes 033-NWMP R 12.0 Rev 0 
M & T EQUIP 

13.0 HANDLING, yes 033-NWMP R 13.0 Rev 0 
STOR. & SHIP.  

14.0 INSP. TEST yes 033-NWMP R 14.0 Rev 0 
& OPER. STAT.  

19.0 SOFTWARE no no software development expected 
QA 

FIGURE 20.0.2 

A-20.1-3



LEVEL OF QUALITY ASSURANCE LEVEL ASSI1CI•I A•P ,OVAL S-.ET 
( 

Date of the Fleeting: June 12, 1987 

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

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

Performance Parameter Studies (Level III) 

S.I.P. Identification: 

E-20-21 

Additional Comments:

Level of Quality Assurance III 

APPROVE LEVEL OF QUALITY ASSURANCE DETEINATION

C•te
NW ?Deputy r 
for QA

N.vqv.P Leader 6 I Date

AFIER L.E-' E'-.)ER APPROVAL RETURNM TO 

COPY 10 7ASK ::ADNR 

Project S:.3nsor Bate

WN.? DEPUTY PROGR9, •.. LR FOR QA WIIH 

Project Sponsor Q-4ity Manager Date

RETUPJ4 TO LLU- tr-,2? QA FILE

FiG.R-- 20.0.3

A-21 -1



. -i ' 0.I - , -

CHECCKLSMT OR ASSIGNING QUALITY ASSURAW. EVELS 

STEP CHARACTERISTIC LEVEL 

I. Does the item or activity involve or affect public radiologic 

1Plth and safety? Yes 

Q~) 
2. Does the item or activity involve waste isolation? 

SYes 

3. Does the item or activity involve or affect retrievability? 
Yes 

4. Is the intended purpose of this activity to provide data for 
license application? Yes I 

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

Yes 

6. Does the activity involve a decision phase which is to be 
conducted immediately prior to application for a WRC license, 
_xcurement or construction? Yes 

( 7. Can the item or activity have a major impact on non-radiological 
o ccupational health and safety? Yes II 

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 
-xressed in IOCFR60? Yes II 

9. Does the item or activity have a major impact on the 

non-radiological operation, reliability, or maintainability of 

.ineered systems, structures, or components? Yes II 

10. Does the item or activity involve a design phase for which the 

principle purpose is to conduct a comparative technical analysis 

alternatives? 
Yes 

II 

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

LEVEL III WHEN ALL THE AJISWER TO ALL QUESTIONS ABOVE IS "W"_.  

FIGURE 20.0.1

A-21-2



( 
NIHi QUALITY ASSURANCE ELEMENT ASSIGNIt*NT" 

ACTIVITY: Performance Parameter Studies (Level III) 

ACTIVITY NO.: E-20-21 ,N 
DAJE:June 12, 1987 
---------------------------------------------------------------------

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

CITE OYES" ITEM ON LOGIC DIAGRAM 
--------------------------------------------------------

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 
------------------------------------------------ appy ......-
4.0 PROC. DOC.  
CONTROL yes 033-NhWiP P-4.0 Rev 0 
---------------------------------------------------------------------
5.0 INSTR., 
PROCS, DWGS no good professional practices apply 
---------------------------------------------------------------------
7.0 CTL OF PUR 
MATERIALS yes 033-NWNP P-7.0 Rev 0 
-----------------------------------------------------------------------
8.0 I.0. & CTL 
OF MATERIALS no good professional practices apply 
---------------------------------------------------------------------
9.0 CON.'TROL no 
OF PROCESSES 
----- --------------------------------- --------------------------
10.0 
INSPECT ION no " " 
------------------------------------------------------

11.0 TEST CO110RTL Ts 033-Nh.IP,,R 11.0 Rev 0 

12.0 CTL OF S& 
T EQUIP no i to 

-------------------------------------- ------------------

13.0 HA-DLING, 
STOR. & SHIP. no " " " 

--------------------------------------------------------

14.0 INSP. TEST 
& OPER. STAT. no It 

---------------------------------------------------------

19.0 SOFTWARE 
QA no " 
---------------------------------------------------------

FIGURE 20.0.2 

A-21-3



ASSURANCE LEVEL ASSIGNMENT At .VAL 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: 

Performance Parameter Studies (Level I) 

S.I.P. Identification: 

E-20-21. 1 

Additional Corments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURAICE DETER ,INAT'IN

ADa te

l~rA. I eaxeP-
No•, Deputy Fkram Leader Date 
for QA

Nw4,P Leader V Date

AFTER t.rAmP LEADR APPROVAL RETURN TO NW,? DEPUTY PROGRAM, LEADER FOR QA WITH 

COP) TO TASK LEA-DER

Project Sponsor Date Project Sponsor Quali~y.Manager Date

RETURN TO LLNL NWIAP QA FILE

FIGURE 20.0.3

A-21. I -1

Date

LEVEL OF QUALI

O- ateVF Pro jc/Le° #r



C2CEKLIST FOR ASSIGNING QUALITY ASSUAj I.EVELS 

STEP C*HARACTERIST IC LEVEL 

1. Does the item or activity involve or affect public radiologic 
Ith and safety? Yes I 

2. Does the item or activity involve waste isolation? 
Yes 

3. Does the item or activity involve or affect retrievability? 

SYes 

4. Is the intended purpose of this activity _Ja provide data for 
a license application? 
No 

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

Yes 
No 

6. Does the activity involve a decision phase which is to be 
conducted immediately prior to application for a NRC license, 
procurerent or construction? Yes 
No 

7. Can the item or activity have a major inpact on non-radiological ( 
or occupational health and safety? Yes IT 
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 I1 
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 IT 
No 

10. Does th= itemr or activity involve a design phase for which the 
principle purpose is to conduct a comparative technical analysis 
of alter-natives? Yes IT 
No 

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

LEVEL Ill WHEN ALL THE ANSWErR TO ALL QLESTIONS ABOVL- IS -NO".  

FIGURE 20.0.1

A-21. 1-2



U.,-•,,•-N w•-r ,t' .U U $.•: .,.S.. ,• ' 4dJI' 

NW1P QUALITY ASSURANCE ELEMENT ASSIG4NMENT 

ACTIVITY: Performance Parameter Studies (Level I) 

ACTIVITY NO.: E-20-21.1 
DATE: June 12, 1987 
----------- --------------------------------------------------------------

QUALITY ASSURANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY 70 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 Ill.  
----------------------------------------------------------------------

LEVEL OF QA I 

CITE *YES" ITEM ON LOGIC OIAGRAM _ 

--------------------------------------------------------

QA EL1EMNT APPLIES IF NO - JUSTIFICATION 
IF YES - LIS1 NEEDED PROCEDURES 

----------------------------------------------------------------------
3.0 DESIGN 3A yes 033-NMP R 3.0 part A 
CONTROL 3B no no design work 
-----------------------------------------------------------------------
4.0 PROC. DOC. yes 033-NWIMP P 4.0 Rev 0 

CONTROL 
----------------------------------------------------------------------
5.0 iNSTR., 
PROCS, DWGS yes 033-hNWP P 5.0 Rev 0 
---- --------- -----------------------------------------------------
7.0 CTL OF PUR 
MATERIALS yes 033-NWMP P 7.0 Rev 0 

----------------------------------------------------------

8.0 I.D. & CTL 
OF MATERIALS yes 033-hWMP R 8.0 Rev 0 
----------------------------------------------------------------------
9.0 CONTROL 
OF PROCESSES yes 033-NNMP R 9.0 Rev 0 

----------------------------------------------------------------------
10.0 
INSPECTION no no inspections of hardware 

11.0 TEST yes 033-hN'WMP R 11.0 Rev 0 

COt.'TROL 

12.0 CIL OF yes 033-NNIP R 12.0 Rev 0 

M & I EQUIP 
--------------------------------------------------- -------------------

13.0 HAN9;_LINC, yes 033-.XNIP R 13.0 Rev 0 

STOR. & SHIP.  

14.0 INSP. TEST yes 033-NhNIP R 14.0 Rev 0 

& OPER. STAT.  

19.0 SOF'TWARE no no software development expected 

QA 
...........------------------------------------------------------------

F1IG.URE 20.0.2 

A-21.1-3



ASSURANCE LEVEL ASSI1QN1 AW14- S*CEEI

Date of the Meeting: June 12, 1987 

Meeting Attendees: L. Rampsott, R. Schwartz, V. Oversby. K. Halsey, D. McCrig].  

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

Development of Plans for License Application Support Tes:s 

S.I.P. Identification: 

E-20-22 

Additional Comwents:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSLRANCE DETERMiINATION

leehmial 'ate 

1L 1-ee-1 Z

' Dbte

AFIER NOiP LEADEF APPROVAL RETR)4 T0 
CO"Y 10 TASK L•_ALDEAR

onsor Date

No. Deputy P-ffa,. Leader* Date 
for QA 

KAMP Leader Date 

N'%p DFEPJTY PROGAv'. LECY-R FOR QA WiTTH 

Project Sponsor Qja-:ty manager Date

RETURN." 10 LLNL NE%'? QA FILE

FI GtRE 20-0.3

A-22- I

Prject Sp(

LEVEL OF QUALIý

F•PPro jecVLeede,



033-Nti--P 20.0 0 Decerrier 24, 1986

CQECKLI FOR ASSIGNINGC QUALITY ASSULRA• VTIVELS 

STEP CHORACTERISTIC LEVEL 

1. Does the item or activity Involve or affect public radiologic 
Ith and safety? Yes 

2. Does the item or activity Involve waste Isolation? 

0 
Yes 

3. Does the item or activity involve or affect retrievability? 

SYes 

4. Is the intended purpose of this activityJ.n_.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 LevelI data? 
Yes 

No 

6. Does the activity involve a decision phase which is to be 
conducted immediately prior to application for a [K license, 
procurement or construction? Yes I 
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 lOCFR60? Yes II 
No 

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

engineered systems, structures, or components? Yes II 
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 I1 
No 

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

LEVEL III WHEN ALL THE A,-ZwR TO ALL QUESTIONS ABOVE IS "W".  

FIGURE 20.0.1

A-22-2

9 1L)



QUALITY ASSURANCE ELEtN1 ASS. .AENI" 

ACTIVITY: Development of Plans for License Application Support Tests 

ACTIVI1Y NO.: E-20-22 
DATE: June 12, 1987 

---------------------------------------------------
QUALITY ASSURPJ-4CE 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 Ill.  

-----------------------------------------------------------------------
LEVEL OF QA I 

CITE "YES" ITEM ON LOGIC OIAGRAM 4 

----------------------------------------------------------
QA ELEMENT APPLIES IF NO - 3USTIFICATION 

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-NWIIP P 4.0 Rev 0 

COTROL 
-----------------------------------------------------------------------
5.0 INSTR., 
PROCS, DWGS yes 033-NVMP P 5.0 Rev 0 

-----------------------------------------------------------------------
7.0 CTL OF PLR 
M',ATERIALS yes 033-NWMP P 7.0 Rev 0 

-------------------------------------------------- ---------------------

8.0 I.D. & CTL 
OF MATERIALS no this is a paper study 

----------------------------------------- 
- -----------

9.0 CONTROL no this is a paper study 
OF PROCESSES 

----------------- :--------------------------------------------- ------------

10.0 no this is a paper stud)' 
INSPECT I ON-, 

11.0 TEST 
CCO:'TROL no this is a paper study 

------------------------------------------------------------------------
12.0 CIL OF no this is a paper study 
M & 1 EQUIP 
------------------------------------------------------------------------
13.0 HA:NLINZ. no this is a paper study 
SiOR. & SHIP.  

--------------------------------------------------------------------
14.0 IN'SP. TEST no this is a paper study 
& OPER. STAT.  
---------------------------------------------- --------- -------------

19.0 SOFTWlARz no this is a paper study 
QA 
--- -------------- ----------------------------------------------------------

FIGUJRE 20.0.2 

A-22-3



LEVEL OF QUAL..Y ASSURANCE LEVEL ASSIDI-ENT k *,OVAL 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: 

License Application Support Tests 

S.I.P. Identification, 

E-20-23 

Additional Comments:

Level of Quality Assurance I 

APPROVE LEVEL OF QUALITY ASSURANCE DEIERXINATION

_r Date 

yFPPoj ec ,L~e-a-de-- i Oat e

,Not-0 -eputy Pra,. Leader Date 
for QA 

t^.? Leader V

AFTER NW•M.? LEAYC)R APPROVAL RETUR'N T0 tNON-? DP-JTiy PROGRAM: LEADER FOR QA WITH 

COPY TO TAS;' !..A9ER

Project Sponsor Date 

RETURN l0 10-L ?-tw.? QA FILE

Project Sponsor Qlity anager Date

FIGURE 20.0.3

A-23-1



U.))-1IirJ4 -1 d L .'.'I

COED(LI FOR ASSIGNING QUALITY ASSURAtrz .VELS 

STEP CHARACTERISTIC LEVEL 

1. Does the item or activity involve or affect public radiologic 

ch-lth and safety? Yes 

2. Does the item or activity involve waste isolation? 
Yes 

3. Does the item or activity involve or affect retrievability? 
SYes 

4. Is the intended purpose of this activity,;•ovide data for 

a license application? Yes 
No 

cI4 

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

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

No 

6. Does the activity involve a decision phase which is to be 

conducted immediately prior to application for a NtRC 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 II 
No 

8. If the item or activity were to fail or is perfor-md 

inadequately could repository workers. be exposed to radiation 

or radioactive contamination levels in excess of the limits 

expressed in 1OCFR60? 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 fo: which the 

principle purpose is to conduct a comparative technical analysis 

of alternatives? Yes II 
No 

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

.slippage? Yes II 
No 

LEVEL Ill WHEN ALL THE ANSWER TO ALL QUESTIONS ABOVE IS "NO".  

FIGURE 20.0.1

A-23-2

W



W. QUALITY ASSURANCE ELEMENT ASSI (ENI 

ACTIVITY: License Application Support Tests 

ACTIVITY NO.: E-20-23 
DATE: June 12, 1987 
- ------------------------------------------------- &-----------------

QUALITY ASS.RANCE ELEMENTS 1, 2, 5, 6, 15, 16, 17, 18, 21, AND 22 APPLY TO 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.  
---------------------------------------------------------------------------------
LEVEL OF QA I 

CITE "YES" ITEM ON LOGIC OIAGRAM d 

QA ELEMENT APPLIES IF NO - JUSTIFICATION 
IF YES - LIST NEEOED PROCEDU.RES 

---------------------------------------------------------------------------------
3.0 DESIGN 3A yes 033-NWMP R 3.0 part A 
CONTROL 3B no no design work 
----------------- ---------------------------------------------------------------
4.0 PROC. DO-. yes 033-N*HP P 4.0 Rev 0 

CONTROL 
---------------------------------------------------------------------------------
5.0 INSTR., 
PROCS, OWGS yes 033-N%?MP P S.O Rev 0 
--------------------------------------------------------------------------------
7.0 CTL OF PLFR 
MATERIALS yes 033-NWMP P 7.0 Rev 0 
---------------------------------------------------------------------------------

- 8.0 I.D. & CTL 
OF MATERIALS yes 033-N41P R 8.0 Rev 0 

--------------------------------------------------------------------------------
9.0 CONTROL 
OF PROCESSES yes 033-NWIP R 9.0 Rev 0 

---------------------------------------------------------------------------------
10.0 
I NSPECT ION" no no inspections of hardware 

--------------------------------------------------------------------------- 
11.0 TEST yes 033-NMIP R 11.0 Rev 0 

CO,,'T RL 
---------------------------------------------------------------------------------
12.0 CIL OF yes 033-NW•Mr R 12.0 Rev 0 

M & I EQUIP 

1.3.0 1#'DI.-, yes 033-N"Ph R 13.0 Rev 0 

STOR. & SHIP.  
-------------------------------------------------------------------------------
14.0 INSP. TEST yes 033-N*tIP R 14.0 Rev 0 

& OPER. STAl.  

19.0 SOfrlW'-tW no no soft'aare developraent expected 

QA 
...................---------------------------------------------------------------

FIGURE 20.0.2 

A-23-3



ASSLpAN4CE LEVEL ASSI-'t-N1 AF W)VAL S'-fEl

Date of the Meeting: June 12, 1987 

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

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

Determination of Mechanical and Microstructural Properties of Metals 

S.I.P. Identification: 
E-20-24 

Additional Comments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETEWiINATION

tiovci Projec•T-eae ' at e

for QA 

"Cert 

NAOO'i? Leader Dt

AFIER 9Mi.P LEA_.ER APPROVAL RETLPRN TO W%9i DEPJTY PROGRA." LE*XR FOR Q' WlITH 

COPY TO TASK LtAZER

Project Sponsor L ••'((FIe 

RETUR14 10 LL'L "oe-'? QA FIL.E

Project Sponsor Quagity manaoer Date

FIGURE 20.0.3

A-24-1
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CHEC"'.IST FOR ASSIGNING QUALITY ASStW'CE LEVELS 

STEP CHAACTERISTIC LEVE:L 

1. Does the item or activity involve or affect public radiologic 

health and safety? Yes I 

2. Does the item or activity involve waste isolation? 
Yes I 

3. Does the item or activity involve or affect retrievability? 
Yes I 

4. Is the intended purpose of this activity rovide data for 

a license application? (D No 

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

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

No 

6. Does the activity involve a decision phase which is to be 

conducted immediately prior to application for a WRC 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 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 IOCFR60? Yes II 
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 Ii 

N:D 

10. D3es the item or activity involve a design phase for which the 

principle purpose is to condict a comparative technical analysis 

of alternatives? Yes ii 

No 

I1. Can the item or activity cause major cost overrun or schedule 

slippage? Yes 11 

No 

LEVEL Ill WHEN ALL THE AýWWR TO ALL QUESIlICS ABDVE IS "NO".  

FIGURE 20.0.1
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t QUALITY ASSU.RANCE ELEM[N1 A- )WIENT 

ACTIVITY: Determination of Mechanical and Microstructural Properties of Metals 

ACTIVITY NO.: E-20-24 
DATE: June 12, 1987 

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

LEVEL OF QA I 

CITE "YES" ITEM ON LOGIC DIAGRAM 

QA ELEMENT APPLIES IF NO - 3USTIFICAIION 
IF YES - LIS1 NEEDED PROCEDURES 

3.0 DESIGN 3A yes 033-NMP R 3.0 part A 
CNrTROL 3B no no design work 

4-.0 PROC. DOC. yes 033-h'WP P 4.0 Rev 0 
CON.TROL 

5.0 INSTR., 
PRW.S, D'GS yes 033-NW"MP P S.0 Rev 0 

7.0 CTL OF PUR 
MATERIALS yes 033-NWIP P 7.0 Rev 0 

----------------------------------------------------------------------
8.0 I.D. & CTL 
OF •AITERIALS yes 033-NWMP R 8.0 Rev 0 

9.0 CO`TROL 
OF PRXCESSES yes 033-NW1"IP R 9.0 Rev 0 

10.0 
IKSPECI ION no no inspections of hardware 

11.0 TEST yes 033-NWIP R 11.0 Rev 0 

CO'R..TRO 

12.0 CTL OF yes 033-NWNP R 12.0 Rex 0 
V & 1 EQUIP 

13.0 HKkDLI.,:_--, yes 033-.N14P R 13.0 Rev 0 

SiOR. & SHIP.  

14.0 INSP. TEST yes 033-NW..IP R 14.0 Rev 0 

& OPER. STA1.  

19.0 SO.fTWARE no no software developnent expected 

F IGURE 20.0.2 
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LEVEL OF QUALIIY ASSURA4CE LEVEL ASSl(NM(NI APPP0VAL SHEET

oate of the Meeting: June 12, 1987 

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

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

Validation of Model 

S.I.P. Identification: 

E-20-2S 

Additional Comments:

Level of Quality Assurance I

APPROVE LEVEL OF QUALITY ASSURANCE DETERMINATION

i e&.iciiý_ý Date 

TRcA_ uclxz-

V.? ProijELesi

�?SZ.7( 77DhJ�
1MDeputy P(t$'0'a-, Leader Date 

for QA 

,7 
Kwý? Leader Date

AFTER N'WýtP LEAYPR APPROVAL RETURN TO Nh?,P DEPUTY PROZ;RA4X LEADER FOR 0A WITH 

COP- TO TASK LEi-fR

Project Sponsor Date 

RETIUNJ TO LWLL t,?-'AP QA FILE

Project Sponsor 0ality Mnager Date

FIGURE 20.0.3
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O{CXLIK " FOR A1SSIGING QUALITY ASSURer LEVYELS 

STEP c(ARCTERISTJIC LEVEL 

1. Does the item or activity involve or affect public radiologic 
d lth and safety? Yes .  

2. Does the item or activity involve waste isolation? o 
Yes 

3. Does the item or activity involve or affect retrievability? o 
Yes 

4.. Is the intended purpose of this activity.A-%_provide data for 
a license application?Ye T 
NoQ2 

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

Yes No 

6. Does the activity involve a decision phase which is to be 
conducted immediately prior to application for a NR: license, 
procurement or construction? Yes 
No 

7. Can the item or activity have a major impact on no.-radiological 
or occupational health and safety? Yes II 
No 

8. If the item or activity were to fail or is perforr*
inadequately could repository workers. be exposed te radiation 
or radioactive contamination levels in excess of the limits 
expressed in IOCFR6O? Yes IT 
No 

9. Does the item or activity have a major impact on the 
non-radiological operation, reliability, or maintei.atility of 
engineered systems, structures, or components? Yes Ii 
No 

10. Does the item or activity involve a design phase f.: which the 
principle purpose is to conduct a comparative tech-.-:a! analysis 
of alternatives? Yes 11 
No 

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

LEVEL III *C-N ALL THE ANSWER TO ALL QUESTII),S A&Ek% IS "NO".

FIGLRE 20.0.1



MWIP- QUALITY ASSUR'rCE [L['-E(. ASSIGM.t-INT 

ACTIVITY: Validation of Model 

ACTIVIIY NO.-: E-20-25 
DATE: June 12, 1987 

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

WORK DONE AT QUALITY ASSTJVACE LEVEL I OR I1. Elements 1, 2, 11, 15, 16, 17, 

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

LEVEL OF QA I 

CITE NYES" ITEM ON LOGIC DIAGRAM 4 

QA ELEMEINT APPLIES IF NO - JUSIIFICATION 
IF YES - LIST NEEDED PROCEDURES 

--------------------------------------------------------------------------------
3.0 DESIGN 3A yes 033-NMIP R 3.0 part A 
CONTROL 3B no no design work 
---------------------------------------------------------------------------------
4.0 PROC. DOC. yes 033-NWMP P 4.0 Rev 0 
C0.,TROO!_ 

5.0 INSTR., 
PROCS, DWGS yes 033-NhMP P S.0 Rev 0 

7.0 CTL OF PUR 
MATERIALS yes 033-NWMIP P 7.0 Rev 0 

8.0 1.0. & CTL 
( OF MATERIALS yes 033-N.MP R 8.0 Rev 0 

9.0 CONTRO
OF PRECESSES yes 033-N%1.P R 9.0 Rev 0 

10.0 
I KSPECT IO' no no inspections of hardware 

11.0 TESI yes 033-N%•'MP R 11.0 Rev 0 

Co.0.T R3 

12.0 CIL OF yes 033-N1-.IP R 12.0 Rev 0 

M & I EQCIP 

..,y..,. R 13.0 Rev 0 ..... 3.O • D •:',• yes 0 3 •• ' 

SIOR. & SHl.  

14.0 .. , SP, TES, yes 033-.. . . .P R 14.0 Rev 0 

.& OPR. STAI.  

•.o S0.s-IK no no software development ex-pected 

FIGURE 231.0.2 
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