
DOE/RW-01 60 DOE/RW-01 60

Chapter 8

Nuclear Waste Policy Act Section 835
(Section 113) 0

Consultation Draft PERFORMANCE ASSESSMENT
PROGRAM

Yucca Mountain Site, Nevada Research
and Development Area, Nevada

Volume VI

January 1988

US. Department of Energy
Office of Civilian Radioactive Waste Management
Washington, DC 20585

9 9 d 51/ ( -3



DOE/RW-0160 DOE/RW-0160

Chapter 8

Nuclear Waste Policy Act
(Section 113)

Section 835

Consultation Draft
PERFORMANCE ASSESSMENT

PROGRAM

Yucca Mountain Site, Nevada Research
and Development Area, Nevada

Volume VI

January 1988

U.& Department of Energy
Office of Civilian Radioactive Waste Management
Washington, DC 20585



CONSULTATION DRAFT

8.3.5 PERFORMANCE ASSESSMENT PROGRAM

This section describes the NNWSI Project performance assessment program
for both the pre- and postclosure time periods. Section 8.3.5.1 provides an
overview of the strategy for preclosure performance assessment. The site
data needs and the design activities necessary to demonstrate compliance with
the performance objective for maintaining an option of waste retrieval are
presented in Section 8.3.5.2 (Issue 2.4). Site and design information
necessary to perform radiological safety assessments are described in
Sections 8.3.5.3 through 8.3.5.5. Section 8.3.5.3 (Issue 2.1) addresses
public exposure under normal conditions, and Section 8.3.5.4 (Issue 2.2)
addresses worker exposure under normal conditions. Section 8.3.5.5 (Issue
2.3) describes the approach to assessments of radiological safety under
accidental conditions.

Sections 8.3.5.6 and 8.3.5.7 (Issues 2.5 and 4.1) differ from the
previous sections, in that they address the site data requirements for
supporting higher level findings on the DOE general siting guidelines (10 CFR
Part 960). These findings are required at the time of selection of the
first repository site.

Section 8.3.5.8 describes the overall strategy for postclosure perform-
ance assessment. The approach to demonstrating compliance and the site data
needed for the waste package containment performance objective are described
in Section 8.3.5.9 (Issue 1.4). Site data needs and planned activities for
assessing compliance with the release rate limits for the engineered barrier
system are presented in Section 8.3.5.10 (Issue 1.5). Section 8.3.5.11
describes the general plans for assessing seal system performance. Site data
needs required to establish that the pre-waste-emplacement ground-water
travel time is at least 1,000 years are described in Section 8.3.5.12 (Issue
1.6). Activities to generate the necessary calculational models and to
identify the likely flow paths are also described in Section 8.3.5.12.
Section 8.3.5.13 (Issue 1.1) describes the plans for complying with the
requirements for assessing total repository system performance. The site
data needed, as well as the activities planned to develop appropriate calcu-
lational models and identify potentially significant release scenarios are
described. Sections 8.3.5.14 and 8.3.5.15 describe the site data needs and
the plans for activities to demonstrate compliance with the requirements for
limiting radiation doses to man (Issue 1.2) and for protection of special
sources of ground water (Issue 1.3).

The approach to be taken in addressing the NRC requirements for perform-
ance confirmation is described in Section 8.3.5.16 (Issue 1.7). Section
8.3.5.17 (Issue 1.8) describes the strategy for addressing the favorable and
potentially adverse conditions in the NRC siting criteria. The close inter-
action between assessment of total system performance in Section 8.3.5.13
(Issue 1.1) and this section is highlighted in the discussion. Section
8.3.5.18 (Issue 1.9), like Sections 8.3.5.6 and 8.3.5.7, describes the
approach developed to comply with the requirements for higher level findings
on the DOE general siting guidelines. Section 8.3.5.18 specifically
addresses higher level findings for the postclosure technical guidelines.
Finally, Sections 8.3.5.19 and 8.3.5.20 describe the analytical techniques
already developed and those still requiring development.

8.3.5-1
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All schedule and milestone information provided in this section shouldbe regarded as preliminary and tentative. Section 8.5 describes the assump-tions used for estimating milestone completion dates and provides a discus-sion of recent changes in the overall schedule for the repository program.

8.3.5-2
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8.3.5.1 Strategy for preclosure performance assessment

During the repository preclosure period, performance assessment is
synonymous with safety assessment. Safety assessment involves assess- ment
of the risks and hazards to which the repository workers and the general
public may be exposed as a result of the activities that will be carried out
at the repository before its permanent closure.

Preclosure safety assessment is a major component of the overall
licensing strategy, providing a mechanism for resolving Key Issue 2. The
uses of preclosure safety assessment include (1) providing guidance to design
by determining the need for preventive and mitigative measures for reducing
the effects of potential accidents, as well as providing guidance to improve
or modify repository operating procedures; (2) demonstrating compliance with
regulatory requirements (10 CFR Part 60 and 40:CFR Part 191) and with DOE
orders; (3) identifying the structures, systems, and components important to
safety for supporting the identification of the Q-List items; (4) supporting
the final site selection process by providing consistent preclosure safety
assessment results for site comparisons; and (5) providing information to.the
general public on preclosure repository safety.

The general categories of risks that will be considered within the scope
of preclosure safety assessment include (1) radiation.effects on repository
personnel and the public from accidents and routine operations; (2) non-
radiological effects on repository personnel and the public from accidents
and routine operations; and.(3) economic costs of accidents. For the resolu-
tion of Key Issue 2, however, only radiological safety will be considered.
Nonradiological safety assessment and economic costs accidents will be : 
considered for the resolution of Key Issue 4. The economic analyses vill
address costs of actual risks but not perceived risks.

The preclosure safety assessment will address risks during.the following
preclosure-activities:.

1. Construction of surface facilities and subsurface excavations.

' 2.: Operations, including (a) receipt, handling, and preparation of
spent fuel and other wastes in surface.facilities for emplacement;
(b) emplacement of wastes in the underground facility;'>and (c) moni-
toring and maintenance of activities before the repository is
permanently closed.

-'3 Retrievil operations, if required.'

4. Decommissioning, including the removal of the surface facilities and
the permanent sealing of underground facilities.:--

The DOE plans to include many types of safety analyses within the over-
all structure of the analytical techniques-of safety assessment. For the
analyses performed by the repository projects, the DOE is developing a pre-
closure risk assessment methodology (PRAM) that will establish common
procedures on assessment methods,.computer codes, assumptions, and-data
bases. Section 8.3.5.1.1 overviews the PRAM program, Section 8.3.5.1.2
identifies how information required to conduct a preclosure safety assessment

8.3.5.1-1



CONSULTATION DRAFT

will be obtained, Section 8.3.5.1.3 covers the uses of PRAM for both radiolo-
gical and nonradiological accidents, and Section 8.3.5.1.4 covers the appli-
cability of PRAM to routine operations.

8.3.5.1.1 Overview of the PRAM program

The PRAM program is illustrated in Figure 8.3.5.1-1. The program
addresses four elements of safety assessment, including (1) major
considerations for performing a preclosure safety assessment, (2) analytical
approaches for assessing safety, (3) safety assessment results, and (4) end
uses of preclosure safety assessment. A preclosure risk assessment
methodology program (PRAM) will implement this process and further develop
the safety assessment process as the repository program progresses.

For the repository, the major considerations that will be addressed by
the PRAM program include (1) repository design phases, (2) preclosure
operation phases, (3) a spectrum of risk categories, (4) end uses of the
safety assessment results by the Office of Civilian Radioactive Waste Manage-
ment, and (5) data needed for assessing repository safety.

The PRAM program will address two design phases of the repository: the
advanced conceptual design (ACD) and the license application design (LAD).
This will include further development of the Q-List Methodology, which has
been established for assessing the conceptual design (CD). The preclosure
activities that will be addressed include construction, operation, potential
retrieval, and decommissioning. The spectrum of risk categories that may be
considered includes the following:

1. RAP--radiological risk from accidents to the public.
2. RAW--radiological risk from accidents to the essential workers.
3. RRP--radiological risk from routine operations to the public.
4. RRW--radiological risk from routine operations to the workers.
5. NAP--nonradiological risk from accidents to the public.
B. NAW--nonradiological risk from accidents to the workers.
7. NEP--nonradiological risk from routine operations to the public.
8. NRW--nonradiological risk from routine operations to the workers.
9. COSTR--economic risk from radiological accidents.

10. COSTN--economic risk from nonradiological accidents.

For resolving issues related to regulatory requirements for siting and
licensing, the appropriate risk categories to be addressed in the SCP include
RAP, RAW, RRP, and RRW. Nevertheless, the PRAM program will address all risk
categories necessary to meet the needs of all end users. The applications of
the risk categories to the various Office of Civilian Radioactive Waste
Management end uses is illustrated in Figure 8.3.5.1-2.

The results used to support these applications will include (1) dominant
accident sequences from each phase of repository operation, (2) accident
sequence likelihood information, (3) information on dominant routine
releases, (4) occupational exposures, (5) items important to safety, ()
consequence results, including health effects and economic costs,

8.3.5.1-2
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(7) estimates of the uncertainties in the safety assessment results, and
(8) bottom-line risk estimates. The PRAM program will further define the
results for supporting each end use.

The PRAM program will develop detailed analytical approaches for ad-
dressing each risk category. In developing the analytical approaches, the
major considerations will be addressed collectively to reflect their inter-
dependence.

A general description of the radiological risks'that can result.from
accidents and routine operations during repository construction, operation,
retrieval, and decommissioning is briefly provided in the following
paragraphs.

Construction--accidents

Because significant quantities of radioactive materials will not be
present at locations where construction is taking place (e.g., the excavation
and waste emplacement areas of the underground facilities will be separated),
no significant radiological effects are expected from construction-related
accidents. Accidents during construction of the surface facilities.6hould be
typical of any large construction project.. These accidents will.primarily
affect the workers. Some public effects are possible from construction acci-
dents, but these would be principally associated with the transportation of
construction materials to the site. Accidents during construction of the
mined portion of the repository should be typical of any large underground
construction project and will primarily affect workers and have little or no
public effects. -

Construction--routine activities

There may be radiological risks to both the.public and the worker during
routine construction of the mined portion of the repository. 'These mining
operations-will result in. releases into the atmosphere of some natural radio-
active materials that are present in the host-rock. Some data-exists on- the
amount of radioactive material present in the air in underground mines.
These data have been used to make preliminary estimates of the airborne'
radionuclides and other particulates that would be present in the mine air
and, therefore, available for the miners to breathe and for release from the
mine to the atmosphere. The repository mining operation will also require
that large amounts of the host rock material be stored on.the surface during
the construction and operational phases of the repository. This practice
could also result-in release of radioactive constituents of-the.host rock to
the biosphere. In addition, small quantities'of radioactive material will be
used during construction for nondestructive testing, etc. These sources are
not expected to impact the public and are expected only to have a minor
impact on repository workers..

Oeration--accidents

Radiological risks to the public from accidents during repository
operation are those that are traditionally addressed in risk assessment
.studies. These accidents can affect both workers and the public. Small
industrial* type accidents could expose workers to both radiological and
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nonradiological hazards. Some accidents could cause significant damage to
the facility and exposure of workers, but not result in significant offsite
releases.

Operation--routine

Workers will receive routine radiation exposures from handling radio-
active wastes. Small amounts of radioactive material may be released as
routine effluents from the facility at levels within regulatory limits.
There may also be small releases of fugitive dust from mined material stored
at the surface.

Retrieval--accidents

Risks during retrieval will be characterized using methods similar to
those applied to estimate risks from the operation phase of the repository.

Retrieval--routine operations

Risks during retrieval will be characterized using methods similar to
those applied to estimate risk during operations, although retrieval is
expected to be more complicated than emplacement.

Decommissioning--accidents

Radiological risks from accidents during decommissioning are expected to
be small due to the relatively limited quantities of residual radioactive
material expected to be present in the surface facilities. Nonradiological
accident risks during decommissioning should be similar to nonradiological
risks from accidents during construction.

Decommissioning--routine operations

Workers will be exposed routinely to low levels of radiation during the
decommissioning operations and could be exposed to dust and other potential
nonradiological hazards. These risks are expected to be small. No signifi-
cant routine offsite effluents are expected.

8.3.5.1.2 Identifying information needs

A great deal of information is required to conduct an assessment of the
risk categories identified in Sections 8.3.5.1 and 8.3.5.1.1. This
information includes physical property values, design descriptions and
objectives, and analytical tools. The resolution strategies for performance
Issues 2.1 through 2.3 provide a comprehensive and systematic process for
determining the required information. As shown in Sections 8.3.5.3 through
8.3.5.5, most of this information is associated with the design of engineered
systems, and does not require site characterization, environmental
monitoring, or socioeconomic monitoring activities. Instead, the goals and
expected ranges for this design-related information will be developed as an
integral part of the normal design and safety assessment processes. For the
information to be obtained from site characterization or from the collection

8.3.5.1-5
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of environmental and socioeconomic data, the parameter attributes that will
be measured and the methods of satisfying the informa- tion needs are
contained in study plans appropriate for the discipline or subject area of
interest. -

The general analytical strategies and approaches for assessing
preclosure radiological safety are described in Sections 8.3.5.1.3 and
8.3.5.1.4. The analytical approaches fall within two-broad categories: (1)
the assessment of radiological risks from accidents and (2) the assessment of
radiological risks from routine operations. These two general safety
assessment analytical approaches may also be applicable to the other risk
categories.

8.3.5.1.3 General analytical approach for assessing radiological risks from
accidents

The general analytical approach for the assessment of radiological risks
from accidents to the public and workers is illustrated in Figure 8.3.5.1-3.
As pointed out in Section 8.3.5.1.1, preclosure safety assessment can be
performed at any design phase (e.g., conceptual, advanced conceptual, or
license application design phases), although its specificity is clearly-a
function of the level of detail of the available design and operations infor-
mation. The analytical steps are briefly described below; their results are
applicable to risk categories RAP (radiological risks from accidents to the
public) and RAW (radiological risks from accidents to the workers). The'
inclusion of the appropriate analytical steps and the depth of analysis -of
each step at each design assessment phase will depend on the design and
operations information, the available analytical data, and the intended 'end
use.

Step 1: Repository familiarization and -identification- of initiating events

The objectives of step 1 are (1) to identify and describe the physical
configurations and processes of the repository systems and support systebs 'to
be modeled, and the dependencies among them, and (2) to identify the accideint
initiating events to be considered in the risk assessment. The- system de-
scription information includes surface and underground-facility-'layout, ngi-
neering diagrams, and operating procedures. Engineering diagrams include
process flow, functional, component-status (during standby, operation and
maintenance) and instrumentation. The information gained from this step will
be used to model the systems and support systems in step-3 (repository
systems analysis).

After the physical configuration and processes of the repository systems
and support systems are described, the potential accident initiating events
that could challenge the equipment and operations of the repository are
identified. The identification of the initiating events will be based on
previous studies and a detailed examination of the repository design and
activities to be performed during construction, operation, retrieval, and
decommissioning. The types of initiating events will include external
natural phenomena (e.g., earthquakes), external man-caused phenomena (e.g.,
airplane crash), equipment failure (e.g., crane drops), and human error

8.3.5.1-7
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(e.g., transporter accident). The PRAM program will identify a list of
initiating events that are common to all repository sites and estimate their
probability of occurrence. The PRAM program will also establish guidelines
on the identification of site-specific initiating events and the threshold
probabilities for establishing the credible initiating events.

Step 2: Event tree development

The objective of step 2 is to identify the potential accident sequences
that could occur following the initiating events. Accident sequences are
commonly identified using an event tree modeling approach. Given each
credible initiating event identified in Step 1, an event tree model will be
constructed to. identify a set of accident sequences based on the response of
the surface ad subsurface systems, repository processes, and reactions of
the operator to the initiating event. The potential accidents are screened,
usually through an iterative process based on their estimated frequency of
occurrence (computed in step 7) and consequences (computed in steps 8 and 9).
From.the iteration process, a set of dominant accident sequences can be -
determined. The dominant accident sequences can be used to develop design
basis accidents (DBAs) that complement the set of DAs that may be required
by regulatory authorities. DBAs are the postulated. accidents and resulting
conditions for which the confinement structures, systems, and components must
meet their functional goals. For the-advanced conceptual and license
application design.phases, the PRAM program will establish the methods and
assumptions for event tree modelingand a common naming.scheme for the
repository systems and support systems.

Step 3: Repository systems analysis

The objective Pf step,3 is'to develop the reliability model's for the
-repository systems and support systems to be analyzed'. As shown in
Figure 8.3.5.1-3, -the information needed for this step.is obtained from''step
.1 (repository familiarization and identification'of initiating events)4,step
4 (human reliability, analysis); steps (common cause failure analysis); and
step 6 (data base. developmet). .These syste logic mo&els are necessary for
the quantification of the accident sequences to be performed in'.step 7-
(accident sequence analysis). The PRAM program will establish the appro-
priate reliability modeling techniques to.-be used by-.all repositry-projects.
The appropriate level of analysis will depend on tie design' phase and input
from steps 'l 4 5, and S. Potential echniques include, fault-tree analysis,
failure mode and eifects analysis (FIMA), G& methodology. and reliability.
block diagram. [Note: Gmethodology computes probability that a system
exists in each of a few states.) Most likely, a combination of reliability
techniques (e.g., fault-tree analysis with FWEA)will be recommendedby the
PRAM program.-

Step 4: Human reliability analysis

The objectives of step 4 are (1) to identify the human errors to be
included in the preclosure safety assessment, (2) to provide the probability
estimates for these errors, and (3) to assist in the-inclusion of human
recovery actions to mitigate the consequences of accidents. Human
reliability analysis (ERA) has direct input to step 3 and will provide
insights on how to improve design and to use certain types of procedures and

8.3.5.1-9
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operator training. The PRAM program will establish the appropriate ERAX
methods, computer codes, and assumptions for each design phase. ERA data
will be developed under step (data base development). The level of RA
effort will depend on the level of design information.

Step 5: Common cause failure analysis

The objective of step 5 is to identify the failures of multiple equip-
ment items occurring from a single cause that is common to all equipment
items, for example, a loss of electric power can cause failures of several
repository systems. The results of this step will be used in step 3. The
level of detail of common cause failure analysis (CCFA) will depend on the
level of design information. Areas of CCFA that need to be addressed include
common cause accident initiating events (e.g., floods, fire, and loss of
electric power), intersystem dependencies (to be treated at the event tree
level), and intercomponent dependencies (to be treated at the lower logic
modeling level, e.g., fault tree). The PRAM program will establish the
appropriate methods, computer codes, and assumptions to be used by the
repository projects. CCFA data will be developed as part of step .

Step : Data base development

The objective of step is to develop the data bases for the analytical
steps of the preclosure safety assessment. As shown in Figure 8.3.5.1-3,
data are needed for steps 3, 4, 5, 7, 8, and 9. The PRAM program will deve-
lop the data bases that are common to all repository sites. The unique site-
specific data will be developed by the individual repository projects. As
part of the development of site-specific data, the PRAM program will estab-
lish estimates of (1) initiating event frequencies; (2) component' failure,
repair, test, and maintenance parameters; (3) human reliability; (4) common
cause failures; and (5) data used in consequence analysis. The PRAM program
will also establish the methods and assumptions for modifying the generic
data for the specific sites and for treating data uncertainty. Much of the
activity in this step will occur as part of steps 1 through 5 and 7 through
9. The data base will be used in the documentation and control of the data
used in the analysis.

Step 7: Accident sequence analysis

The objective of step 7 is to quantify the frequency of occurrence of
the accident sequences identified from event tree development (step 2) by
linking the system logic models (step 3) and using the data developed in
step for quantification. Bach accident sequence is transformed into a

.mathematical expression, represented in Boolean algebra, which is composed of
minimal cut sets. Using the Boolean equation, an estimate of the frequency
of occurrence of the accident sequence can be computed, uncertainty and
sensitivity analyses can be performed (step 10), and an importance analysis
(also in step 10) can be performed to identify structures, systems, and
components important to safety for supporting the formulation of the Q-List
items. As mentioned in step 3, the analysis of the results from steps 3, 4,
and 9 will use an iterative process to identify the dominant accident
sequences that complement the set of DBAs developed in response to regulatory K
requirements. The PRAM program will establish the methods, computer codes,
and assumptions to be used by the repository projects on (1) Boolean equation

8.3.5.1-10



CONSULTATION DRAFT

reductions, (2) the probability threshold for minimal cutsets, (3) the
treatment of human recovery, and (4) the frequency threshold for identifying
dominant accident sequences. In addition, PRAM will establish the screening
process for identifying and incorporating accident sequences, including low
probability/high consequence sequences into more general release categories
to facilitate subsequent consequence analyses.

Step 8: In-plant consequence analysis

The objective of step 8 is to determine the accident consequences within
the repository site boundary, including the surface and underground facili-
ties. These consequences include exposure of, essential workers and economic
costs from radiological accidents.

In-plant consequence analysis will be performed for the selected design
basis accidents and the full set of dominant accident sequences, or both. A
consequence model representing the course of events from accident initiator
to personnel exposure will be developed for the surface and underground
facilities., Computer codes and analytical models will be used to describe
the accident radionuclide release mechanisms, the resulting-source term,
radionuclide transport from the surface and underground facilities to the
surface release points, exposure of essential workers, and economic losses
due to accidents. The PRAM program will develop the methods, computer codes,
and assumptions for use by the repository projects to ensure that consistency
is maintained throughout the program.e

Step 9: Environmental transport and offsite consequence analysis .

The objective.of step 9.'is to estimate accident consequences outside the
-repository site boundary. These consequences include -health effects on the
general public and economic costs resulting from the -radiological accidents.

Refinement of the release categories will be established based -.on re-
sults from steps 7 and 8 to minimize the offsite consequence-analysis effort.
The PRAM program will provide guidance for establishing.,the methods, computer
codes, and assumptions for air and water dispersion, pathways to man, dosime-
try, health.effects, and economic models to be sed by the repository.-
projects to ensure program consistency. -Many of these methods and models,
however, may be highly site specific. The data will-be developed in step-6.

Step 10: Uncertainty, sensitivity, and importance analyses -

Each of the three analyses of step 10 has its own objective. The ob-
jective of an uncertainty analysis is to estimate the uncertainty in the
results due to uncertainty in the parameters and models. Such uncertainties
as those in the accident sequence likelihood estimates (step 7), in! the -

releases to the environment (step 8), and in the risk to. the public health
and safety (step ) can be computed. The objective of a sensitivity
analysis, which is often a useful adjunct to uncertainty analysis, is to
determine how much the output of an analysis changes with respect; to-
variation in the input. - The objective -of the importance analysis is to
identify and rank the important accident sequences, system failures,
component failures, -and human errors with regard to the accident sequence
likelihood estimates. The importance analysis will identify the structures,
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systems, and components important to safety and will be used to help
formulate the Q-List items for the advanced conceptual and license-
application phases of design. The PRAM program will develop overall methods
for combining the uncertainties and sensitivities from the various analytical
steps and establish the methods for importance analysis to support the
preparation of the Q-List items.

Step 11: Documentation and use of results

The objective of step 11 is to document the safety assessment method-
ology and results. The PRAM program will develop an annotated outline for
the documentation of the safety assessment results by the repository pro-
jects. A preclosure safety assessment report will probably be prepared to
support the advanced conceptual design report and the site selection report.
The safety assessment results contained in this report will be based on the
advanced conceptual design information. A more detailed preclosure safety
assessment report will probably also be prepared to support the preparation
of the safety analysis report and the environmental impact statement, and it
will be based on the license application design information. The role of the
preclosure safety assessment report in relationship to the safety analysis
report will be established by the PRA program.

Safety assessment results from the analytical approaches described in
this section and Section 8.3.5.1.4 can be used to improve the preclosure
repository safety. An important principle of safety is that it is better to
prevent or reduce the frequency of occurrence of an accident than to mitigate
its consequences. When appropriate, preventive safety measures will be
incorporated into the repository design as it matures. Selection of pre-
ventive measures will be based on the results from the accident sequence
analysis (step 7), with additional safety insights from uncertainty, sensi-
tivity, and importance analyses (step 10).

Safety assessment results can also be used to improve preclosure
repository safety by identifying mitigative measures. Given accidents of
various probabilities and consequences, which together constitute the
incremental risk or significance of the event, it is possible to identify
design and procedural measures that can reduce the risk. Those measures
taken to lessen the consequences of potential accidents are termed mitigating
features. Recommendations of mitigative measures will be based on results
from accident sequence analysis (step 7) and consequence analyses (steps 8
and ), with additional insights from uncertainty, sensitivity, and
importance analyses (step 10).

8.3.5.1.4 General analytical approach for assessing radiological risks
from routine operations

Public radiological safety

The general approach to resolving Issue 2.1 (public radiological
exposures--normal conditions) is discussed in Section 8.3.5.3 and depicted in
Figure 8.3.5.3-2 of that section. The general approach for assessing
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public radiological safety is shown in the box labeled 'public radiological
safety assessment package' in Figure 8.3.5.3-2. The following provides'a
step-by-step discussion of the analytical approach.

Step 1: Design evaluation

The design package and site data are obtained from the reference
information base (RIB), and the repository design features related to the
radiological safety of the public during normal operations are evaluated.
The following discusses the types of information that are investigated during
this design.evaluation. The high level waste (ELW) throughput (schedule and
amount of -waste received .per year) is an important controlling factor in the
design of the repository process and storage facilities (e.g., hot-cell
structure and lag storage). Direct radiation that can be emitted from the
central process area and the amount of routine radioactive effluents will be
directly related to the amount of LW on hand and being processed. These
sources of potential doses to the public-also depend on how processes are
conducted for such activities as waste receipt, lag storage, waste handling
and consolidation, transport of waste containers and possible heat treating
of spent fuel assemblies. Public exposure to radiation sources from such
activities will also be controlled by administrative procedures (e.g., limits
on frequency of tasks and time in storage). Attributes of the -repository
design that will play amajor-role in controlling direct radiation and
release of radioactive effluents to the unrestricted area include such
features as

1. Barrier and shield thicknesses, composition, and distance from the
source and the maximally exposed individual.

2. Containment and-ventilabion system characteristics. (e.g., repository
- and hot-cell layout, differential pressures between.areas, openings,
air locks, and filters)..

3. Containment characteristics of the..waste form (i.e.,:fuel elements,
waste package, etc.)

4. Radioactive material release point.characteristics.(e.g.,stack
height, diameter, exit velocity, temperature, and distance from
unrestricted area).

In addition, as part of the regulatory performance verification require-
ments, specific systems and operational controls will.be. needed to verify
that the repository design and operation will maintain the annual radiation
dose to the public to less than the regulatory limits.. Types of systems that
must be provided include (1) gaseous, particulate, and liquid effluent moni-
toring and control equipment, (2) effluent sampling and measuring equipment,
(3) environmental surveillance.equipment, and (4) emergency response fea-
tures.- Design of these-systems will be incorporated in the normal-repository
design process. The information needed for.this design evaluation will be
the product of the design process and will generally. not depend directly -on
the site characterization activities. However, data on background radio-
logical constituents and dust characteristics may affect the design of
monitoring equipment. Data on dust characteristics are discussed in Section
8.3.2.4 (nonradiological health and safety) and only mentioned.here because
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worker health concerns require more extensive data on dust.

Step 2: Identification of radiation source characteristics

Potential sources of radiation that can contribute to the dose to the
maximally exposed individual in the unrestricted area can be categorized as
(1) resulting from repository operations, (2) resulting from operation of
offsite facilities, and (3) resulting from miscellaneous operations. xam-
ples of radiation sources resulting from repository operations are receipt of
HLW shipping casks, releases during spent fuel consolidation, transport of
ELI containers, and naturally occurring radionuclides. An example of
radiation resulting from the operation of nearby offsite facilities is the
routine release of radioactive material from a nearby nuclear fuel cycle
facility, if any.

The specific information needed about the potential source terms
includes radionuclides involved, quantity and concentration, decay radiation
and energies, and physical and chemical forms. General information needed
about the source terms for dose evaluation include

1. Planned repository operational details (e.g., scheduled HLW
throughput and inventories, generated low-level waste (LLW) and
transport rates, and normal effluent release rates).

2. Repository design features (e.g., radionuclide barriers, normal
effluent release locations, layout distances, containment, leakage,

- and filtration details).

3. Environmental details (e.g., pathways for transport or dispersion of
radioactive materials through the soil, air, and water to
vegetation, animals, and the public, and location of relevant
offsite facilities and their radionuclide release rates).

4. Natural radionuclide sources (e.g., radon emanation rate).

Depending on the characteristics of the source terms, the information
needs will be satisfied by either the site characterization program, the
repository design process, or the environmental and socioeconomic sampling
and monitoring programs. Development of the analytical tools needed to
evaluate potential adverse public impacts of the source terms will be
coordinated with the preclosure risk assessment methodology (PRAM) program
requirements and recommendations.

Step 3: Radionuclide transport evaluation

The next element in the public radiological safety assessment package is
radionuclide transport evaluation following release to the environment of
radioactive material from normal repository activities. Radioactive releases
to the environment from offsite facilities must also be considered since
these releases can contribute to the dose to the public in the repository
unrestricted area.

The pathways for the initial concentration of radionuclides released
from the repository central process area and offsite facilities to the public

8.3.5.1-14



' CONSULTATION DRAFT

in the unrestricted area need to be described. The possible pathways -

to the public can be directly through the air, water, and soil, or indirectly
through vegetation and animals.

The dispersion of airborne radioactive materials can result in (1) ra-
dionuclide concentrations in the air that can cause an external dose by
direct radiation or an internal dose throughzinhalation or (2) ground deposi-
tion of radioactive material. Similarly, dispersion of waterborne radio-
active effluents can result in an external dose by direct radiation, an
internal dose through drinking of the water, or the-deposition of radioactive
material. Radionuclides deposited on the ground, plants,- or riverbanks can
cause a direct radiation dose but,' more importantly,'they can enter the food
chain through uptake and bioaccumulation in plants and animals. Examples
would be eating cattle that grazed on local grass or eating grain irrigated
with local water.

Analytical tools in the form of dispersion and pathway models will be
required-to perform the'radionuclide transport evaluation. Meteorological
data (e.g., wind speed and direction and atmospheric stability) will be
needed as input to the dispersion model. This need for site data will be
satisfied-by the site characterization'program. Specific-dati (e.g., -type of
crops raised and bioaccumulation of adionuclides in plants-and animals) will
be required for the food chain pathway models. This data need will be
addressed by the socioeconomic and environmental monitoring program.

Step 4: Public radiation exposure calculation

The last step in the analysis is the evaluation of radiological exposure
that quantifies the maximum dose to the public postulated from the normal
operation of the repository and offsite facilities..

The maximum dose to an individual at the nearest unrestricted location
is normally considered the greatest potential adverse impact and is used as
the basis for calculations. The furthest distance the unrestricted area can
be from the repository is 5 km. The Bureau of Land Management limits occu-
pancy at this location. Occupancy at a site about 15 km away from the repos-
itory~will be assumed to be 24 hours per day, 365 days per year. Individuals
are conservatively assumed to do such things as-drink local-water, eat local
animals and fish, eat foodstuffs grown using local water, and spend recrea-
tional time in local water bodies. Analytical models will be used to
quantify the public dose. The following types of analytical tools will be
needed:

1. Building ventilation,'filtration, and'leakage models. -

2. Radiation shielding models.
3. Atmospheric dispersion models.
-4.--'Radiological impact models for transportation of LLW.
5. Food chain pathways models.
6. Radiological consequence assessment models.

The information needed to calculate doses using these analytical tools
will be provided as discussed in the previous steps. This information will
be the product of the site characterization program, the socioeconomic and
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environmental monitoring program, and the normal repository design process.
Following is a list of some technical guidance documents that will be evalu-
ated for applicability to the development of the previously mentioned analy-
tical tools. A list of analytical tools that are available for use is con-
tained in Section 8.3.S.19 (completed analytical techniques). Further dis-
cussions of analytical tools still needed are contained in Section 8.3.5.20
(techniques requiring development).

1. Regulatory Guide 1.21--Measuring,,Evaluating, and Reporting Radio-
activity in Solid Waste and Release of Radioactivity in Liquid and-
Gaseous Effluents From Light-Water-Cooled Nuclear Power Plants
(Revision 1, June 1974) (NRC, 1974).

2. Regulatory Guide 1.23--Onsite Meteorological Programs (NRC, 1980).

3. Regulatory Guide 1.109--Calculation of Annual Doses to Man From
Routine Releases of Reactor Effluents for the Purposes of Evaluating
Compliance With 10 CFR 50, Appendix I (Revision 1, October 1977)
(NRC, 1977a).

4. Regulatory-Guide 1.111--Methods for Estimating Atmospheric Transport
and Dispersion. of Gaseous Bffluents in Routine Releases From Light-
Water-Cooled Reactors (Revision 1, July 1977) (NRC, 1977c).

5. Regulatory Guide 1.112--Calculation of Releases of Radioactive
Materials in Gaseous and Liquid Effluents From Light-Water-Cooled
Power Reactors (Revision O-R, May 1977) (NRC, 1978b).

8. Regulatory Guide 1.113--Estimating Aquatic Dispersion of Effluents
From Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix I (Revision 1, April 1977) (NRC, 1977b).

7. Safety Series No. 58--Concepts and Examples of Safety Analyses for
Radioactive Waste Repositories in Continental Geological Formations
(IAEA, 1983a).

8. Safety Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IAZA, 183b).

9. Safety Series No. 68--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IAEA, 1985).

10. DO/EP-0023--A Guide for Environmental Radiological Surveillance at
U.S. Department of Energy Installations (July 1981) (Corley et al.,
1981).

11. DOE/EP-0096--A Guide for Effluent Radiological Measurements at DOE
Installations (April 1982) (Corley and Corbit, 1983).
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Worker radiological safety

The general approach to resolving.Issue 2.2 (worker radiological
safety--normal conditions) is discussed in Section 8.3.5.4 and depicted in
Figure.8.3.5.4-2.- The.general approach for assessing worker-radiological
safety is shown in the box labeled 'worker radiological.safety assessment
package' and is discussed here.

The following discussion providesna step-by-step explanation of the-
general approach to predict worker radiation doses during the normal
operation of the repository.

Step 1: Design evaluation

The design package and site data are-obtained from the reference infor-
mation base (RIB), and the repository. design features related to the radio-
logical safety of the worker during normal operations are evaluated. The
following text discusses the types of information that are investigated dur-
ing this design evaluation. The. high-level waste (W) throughout (schedule
and amount of waste received per year) is an important controlling factor in
the design of the repository process and storage facilities (e.g., hot-cell
structure and lag storage) and, hence, in the radiation doses predicted for.
workers. Direct radiation that can be emitted from the central -process area
and the amount of routine radioactive effluents will be directly related to
the amount of HLW on hand and being processed. These sources of potential
dose to the workers also depend on how processes .are conducted for such
activities as waste receipt, lag storage, waste handling and consolidation,
and transport of waste containers. Worker radiation doses. from such activi-
ties will be controlled principally by design features and administrative
procedures (e.g., limits on frequency of tasks and time in storage which
will be a secondary control on worker exposure. Attributes of the repository
design that will play a major-role in controlling direct radiation or release
:of radioactive effluents to the restricted area include such features as.

1. Operations plan parameters such as number of workers present and
time to complete tasks.

2. Remote-handling equipment used for tasks in high radiation or high
frequency tasks.

3. Maintenance requirements of remote-handling and hot-cell equipment.

4. Barrier and shield-thicknesses, composition, and distance to workers
from the source.

6. Containment and.ventilation system characteristics (e.g., repository
and hot-cell layout, differential pressures between areas, openings,
air locks, -and filters).

6. Radioactive material release point characteristics (e.g., stack.
height, diameter, exit velocity, temperature, and location within
the-restricted area).
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In addition, as part of the regulatory performance verification require-
ments, specific systems and operational controls will be needed to verify
that the repository design and operation does maintain annual radiation doses
to the workers to less than the regulatory limits. xamples of the systems
that must be provided include gaseous and liquid effluent sampling and
measuring equipment, area radiation and airborne monitoring equipment, and
personnel and area dosimetry equipment. Design of these systems will be
incorporated in the normal repository design process. The information needed
for this design evaluation will be the product of the design process and will
not depend directly on the site characterization activities.

Step 2: Identification of radiation source characteristics

Potential sources of radiation that can contribute to worker exposure in
the restricted area can be categorized as. (1) resulting from repository oper-
ations or (2) miscellaneous operations. Examples of radiation sources re-
sulting from repository operations are receipt of ELW shipping casks, releas-
es during spent fuel consolidation, transport of.HLW containers, direct
radiation from storage of disposal containers, direct radiation from emplace-
ment activities, and naturally occurring radionuclides. Other miscellaneous
operations that are potential radiation sources include treatment and trans-
portation of site-generated low-level waste (LLW) and gamma and neutron
radiation-producing equipment used in construction and nondestructive
testing.

The specific information needed about the potential source terms
includes the radionuclides involved and the quantity and concentration, decay
radiation and energies, and physical and chemical forms of these radio-
nuclides. General information needed about the source terms for dose
evaluation include

1. Planned repository operational details (e.g., scheduled HLI
throughput and inventories, LLW generation and transport rates, and
normal effluent release rates).

2. Repository design features (e.g., radionuclide barriers, normal
effluent release locations, layout distances, containment, leakage,
and filtration details).

3. Environmental details (e.g., pathways for transport or dispersion of
radioactive materials through the air).

4. Natural radionuclide sources (e.g., concentrations in tuff and
ground water at the repository location).

Depending on-the characteristics of the source terms, the information
needs will be satisfied by the site characterization program (e.g., naturally
occurring radionuclides), the repository design process (e.g., HLW and site-
generated waste), or the environmental and socioeconomic monitoring programs
(e.g., offsite installations and background radiation). Development of the
analytical tools needed to evaluate potential adverse impacts of the source
terms on worker safety will be coordinated with the PRAM program requirements
and recommendations.
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Step 3: Radionuclide transport evaluation

The third element in the worker radiological safety assessment package
is radionuclide transport evaluation following release from containment
systems or repository facilities of radioactive material as a result of nor-
mal repository activities. The dispersion of airborne radioactive materials
can result in radionuclide concentrations in the air that can cause an exter-
nal dose by direct radiation or an internal dose through inhalation, or re-
sult in ground deposition of radioactive material. The dominant pathway for
occupational exposure to airborne radionuclides is expected to be from
radionuclides entrained in repository airstreams. Analysis of this pathway
will require data on the radionuclide source terms, air volumetric flow
rates, air patterns, and location of workers and length of occupancy. Ana-
lytical tools will be required for determining direct radiation dose rates in
all areas of the repository, as well as for determining ventilation leakage
and filtration-of airborne radionuclides in the repository airstreams.

Analytical tools in the form of dispersion and pathway models also will
be required to, perform the radionuclide transport evaluation for restricted
areas outside the facility. Meteorological data (e.g., wind speed, wind
direction, and atmospheric stability) in the vicinity of the repository
buildings, as well as repository design information, will be needed as input
to the dispersion model. This information need will be satisfied by Charac-
terization Program 8.3.1.12 (meteorology).

Step 4: Worker radiation exposure calculation

The last step in the analysis is the radiological exposure evaluation
that quantifies the dose to the individual worker from routine operations of
the repository and off site installations. The quantification of radiation
doses will be performed by the use of accepted analytical models and know-
ledge of the various design features as input into the models. Some design
features needed include

1. The processes and activities necessary for the functioning of the
repository.

2. The layout and physical design features (i.e., location of processes
and activities, wall thickness and material, personnel occupied
areas, source location and storage, transport, and personnel
corridors).

3. The repository throughput of radioactive materials.

4. The source terms (i.e., radionuclides involved, low-level waste
generated, material quantities, material form (solid, liquid,
particulate, or gaseous), container parameters, and industrial
sources).

5. Duration and frequency of tasks.

6. The number of workers involved.
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Accepted analytical methods for the calculation of personnel doses will
be selected or developed as part of the preclosure safety assessment activi-
ties consistent with the methodology described in this section. Computer
models will be used to evaluate the potential of direct and indirect radia-
tion doses to workers where appropriate. Design-limiting assumptions will be
specified for the code input parameters (e.g., radionuclide sources). The
following types of analytical tools will be needed:

1. Repository operations models.
2. Building ventilation, filtration, and leakage models.
3. Radiation shielding models.
4. Atmospheric dispersion models.
5. LLW treatment and transportation radiological impact models.
6. Radiological consequences assessment models.

The information needed to calculate doses using these analytical tools
will be provided as discussed in the previous steps. This information will
be the product of the site characterization program, the socioeconomic and
environmental monitoring program, and the normal repository design process.
The following list indicates some technical guidance documents that might be
applicable to the development of the analytical tools. A list of analytical
tools available for use is contained in Section 8.3.5.19 (completed analyt--
tical techniques). Further discussions of analytical tools still needed are
contained in Section 8.3.5.20 (techniques requiring development).

1. Regulatory Guide 1.169--Concrete Radiation Shields for Nuclear Power
Plants (December 1973) (NRC, 1973)

2. Regulatory Guide 8.19--Occupational Radiation Dose Assessment in
Light-Water-Reactor Power Plants-Design Stage Man-Rem Estimates
(Rev. 1, July 1979) (NRC, 1979).

3. Safety Series No. 58--Concepts and Examples of Safety Analyses for
Radioactive Waste Repositories in Continental Geological Formations,
(IAEA, 1983a).

4. Safety Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IAHA, 1983b).

5. Safety Series No. 68--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IKEA, 1985).

6. DOE/EV/1830-T5--A Guide to Reducing Radiation Exposures to As Low As
Reasonably Achievable (ALARA) (Kathren et al., 1980).

7. DOE Order 430.1--General Design Criteria Manual, as applicable
(December 1983) (DOE, 1983a).
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8.3.5.2 Issue resolution strategy for Issue 2.4: Can the repository be
designed, constructed, operated, closed, and decommissioned so
that the option of waste retrieval will be preserved as required
by 10 CFR 60.111?

This issue is concerned with the ability to retrieve emplaced waste as
required by 10 CFR 60.111(b). As a result of this requirement, the
repository must be designed, constructed, operated and maintained to ensure
that any or all of the emplaced waste can be retrieved. This leads to
significant impacts on the design of the repository and upon the duration of
many of the planned operations. As will be discussed in more detail later,
numerous design decisions are based to a large degree on retrieval-related
considerations; for example, the selection of the waste emplacement mode, the
selection of materials for rock-support systems, and the maintenance require-
ments for the ramps and drafts are heavily driven by the need to assure re-
trievability. Furthermore, the operations directly related to waste retriev-
al must be recognized as undoubtedly being more complex than the emplacement
operations, primarily because of the more difficult environment related to
retrieval (increased heat, potential corrosion, etc.).

There are three points that should be identified relative to the
discussion of retrieval presented here. First of all, this issue (Issue 2.4,
waste retrievability) is a performance issue. The importance of this issue
and the numerous design constraints created to ensure retrievability lead to
strong ties to the principal design issue (Issue 4.4, preclosure design and
technical feasibility, Section 8.3.2.5). Issue 4.4 is responsible for the
reference repository design, supporting analyses, and demonstrations required
by this and other design or performance issues. This relationship between
design and performance issues is shown in Figure 8.3.2.1-1 (Section 8.3.2.1).
Because the performance goals for retrieval are integrated in Issue 4.4 with
other related goals, the site data needed to implement and evaluate the goals
are identified in the discussions under Issue 4.4. Secondly, the act of
retrieval is considered complete in these discussions when the waste is
brought to the surface. Temporary waste storage at the surface and offsite
transport after retrieval are not addressed in the SCP as it is unlikely that
these activities would require any site data that are not already being
requested. Finally, the decision to retrieve will be made as part of the
performance confirmation program or by the DOE for recovery of resources.
The discussions of retrieval are therefore limited to planning, demonstrat-
ing, and conducting activities intended to maintain the retrieval option and
to retrieve the waste.

In the discussion that follows in this section, the regulatory basis for
addressing waste retrieval is presented, the approach to resolving this issue
is described, and the interrelationships among the information needs related
to retrievability are discussed.

Regulatory basis for the issue

The regulations concerning the retrieval of high-level radioactive waste
from geologic repositories are contained in the Nuclear Waste Policy Act
(NWPA, 1983) and the NRC regulation 10 CFR Part 60. The DOE requirement for
reasonably available technology is contained in 10 FE Part 960.
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The principal NWPA reference to retrieval is contained in Section 122
(NWPA, 1983):

Notwithstanding any other provision of this subtitle, any repository
constructed on a site approved under this subtitle shall be designed and
constructed to permit the retrieval of any spent nuclear fuel placed in
such repository, during an appropriate period of operation of the facil-
ity, for any reason pertaining to the public health and safety, or the
environment, or for the purpose of permitting the recovery of the
economically valuable contents of such spent fuel. The Secretary shall
specify the appropriate period of retrievability with respect to any
repository at the time of design of such repository, and such aspect of
such repository shall be subject to approval or disapproval by the
Commission as part of the construction authorization process under sub-
sections (b) through (d) of Section 114.

The principal NRC reference to retrievability is in Section 60.111(b) of
10 CFR Part 0.

Retrievability of Waste. (1) The geologic repository operations area
shall be designed to preserve the option of waste retrieval throughout
the period during which wastes are being emplaced and, thereafter, until
the completion of a performance confirmation program and Commission
review of the information obtained from such a program. To satisfy this
objective, the geologic repository operations area shall be designed so
that any or all of the emplaced waste could be retrieved on a reasonable
schedule starting at any time up to 50 yr after waste emplacement
operations are initiated, unless a different time period is approved or
specified by the Commission. This different time period may be
established on a case-by-case basis consistent with the emplacement
schedule and planned performance confirmation program. (2) This
requirement shall not preclude decisions by the Commission to allow
backfilling part or all, or permanent closure of, the geologic
repository operations area prior to the end of the period of design for
retrievability. (3) For purposes of this paragraph, a reasonable
schedule for retrieval is one that would permit retrieval in about the
same time as that devoted to construction of the geologic repository
operations area and the emplacement of wastes.

In addition, minor references to retrieval and retrievability are
included in 10 CFR Part 60, Sections 21(c)(12), 46(a)(1), 102(d), 133(c),
133(e), and 135(b)(3). These sections address the content requirements for
the license application, design changes which affect retrievability, stages
in the licensing process, design criteria for the surface and underground
facilities, design criteria for underground openings, and design criteria for
waste packages.

The DOB requirement for reasonably available technology is contained in
10 CFR 960.5-1(a) (3):

Ease and cost of siting, construction, operation, and closure.
Repository siting, construction, operation, and closure shall be
demonstrated to be technically feasible on the basis of reasonably
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available technology, and the associated costs shall be demonstrated to
be reasonable relative to other available and comparable options.

A retrieval requirement is presented in 40 CFR 191.14(f). However, in
the introductory text to Part 191.14, the EPA authors clearly indicate that
this particular section 'does not apply to facilities regulated by the
[Nuclear Regulatory) Commission. (See 10 CFR Part 60...)."

In compliance with the regulations, the Yucca Mountain repository is
being designed with the option to initiate retrieval of emplaced waste at any
time up to 50 yr after waste emplacement operations are initiated and to use
reasonably available technology for the retrieval operations.

Approach to resolving the issue

The basic approach to resolving Issue 2.4 (waste retrievability) is
depicted in the logic diagram provided as-Figure 8.3.5.2-1. The essence of
the logic for resolving retrievability concerns is to

1. Evaluate regulatory requirements and existing site data, designs and
analyses to determine what functions and processes must be performed
to ensure retrieval.

2. Establish performance measures and goals (design criteria) for the
processes that contribute to performing those functions.

3. Identify normal and credible abnormal conditions for retrieval-
related operations and identify input items needed from Issue 4.4
(preclosure design and technical feasibility).

4. Identify and request site parameters necessary to meet the goals of
related issues for common system elements or develop the reference
preclosure repository design, operations plans, supporting analyses
and demonstrations requested to support resolution of all related
issues.'

S. Conduct a compliance analysis to critically evaluate whether the
appropriate retrieval conditions have been considered, whether the
input items provided by Issue 4.4 are complete and sufficient, and
whether the performance goals are met.

Steps 1 and 2 above represent the performance allocation process being
used in the SCP to communicate the development of preliminary performance
measures and associated goals and needed confidence for resolving the design
and performance issues. The remainder of this section on the approach to
resolving this issue documents the current preliminary results of the
performance allocation process for retrieval. The future work associated
with steps 3 to 5 is described in the retrieval information needs discussions
(Sections 8.3.5.2.1 through 8.3.5.2.6 for this issue) or in the discussions
of future work for Issue 4.4 (preclosure design and technical feasibility).
These steps indicate an important relationship between the retrieval issue
and Issue 4.4. Figure 8.3.5.2-2 shows what the waste retrievability issue
provides to the repository design issue as well as what the design issue
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Figure 8.3.5.2-lb. Legend for Figure .3.5.2-la.
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provides for-use in the retrieval compliance analysis. The results or
products produced by the repository design issue include reports that
document the reference designs for the repository and equipment as well as
reports that document operations plans, analyses, and equipment demonstra-
tions. Not all of these products (for example, muck haulage analyses) are
needed to evaluate retrieval related concerns. The products developed in
Issue 4.4 that are requested by the retrievability issue are called 'input
items' in the discussions on retrieval to distinguish them from products
(retrieval conditions, compliance analyses, etc) developed by the retrieval
issue. Section 8.3.2.1 explains this relationship between input items and
products in more detail.

One concept considered throughout the retrieval discussions is that of
identifying both normal conditions and credible abnormal conditions that
might be expected to exist during retrieval-related operations. Normal
conditions are the state or conditions (temperature, air quality, opening
stability, etc.) expected to be present most of the time. The term, normal
conditions, is generally used to indicate conditions expected about 90
percent of the time.. Standard equipment and procedures would be expected to
be used for retrieval operations when normal conditions exist. Credible
abnormal conditions are the state or conditions expected to have a reasonable
potential for occurring infrequently during the life of a repository. This
term is generally used to identify those conditions that need to be consider-
ed in developing contingency plans for related retrieval operations. Such
operations may require special equipment or procedures and may require sub-
stantial time to complete.

The starting point for the performance allocation process for retrieva-
bility is consideration of the regulatory requirements (discussed earlier in
this section) and an evaluation of the existing design, analyses, and site
data. Retrieval-related concerns are woven throughout numerous sections of
the current design discussions in Chapter 6 of the SOP and, likewise, in the
Site Characterization Plan-Conceptual Design Report (SCP-CDR) (SNL, 187).
Rather than presenting the details of those discussions here, a directory of
these discussions related to retrieval is provided in Table 8.3.5.2-1. From
the directory, it is evident that the subject of retrievability has received
consideration in numerous areas, particularly in the design requirements, the
ventilation system evaluation, operations planning, analyses of both
thermomechanical effects and liner stresses, and equipment design.
Additionally, a specific evaluation (Appendix L of the SP-CDR; SNL, 1987)
was made to determine the relative importance of various items to maintaining
the option to retrieve the waste in a timely manner; it is this evaluation
that forms the basis for the preliminary list of potential abnormal con
ditions that might exist during retrieval.

8.3.5.2-7
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Table 8.3.5.2-1. Directory of discussions related to retrieval

SOP SCP-CDRa
Topic section section

Waste retrieval schedule

Retrievability-related design criteria

Waste retrieval and shipping operations

Retrieval requirements and planning-
basis time periods

Retrieval conditions

Equipment development

Issue 2.4 waste retrievability
(current status)

Issue 2.4 waste retrievability (issue
resolution strategy and future work)

Retrieval philosophy

Drift ventilation conditions for maintenance
and retrieval

Requirements for-cooling air-vertical

Waste removal operations for performance
confirmation

Retrieval demonstrations

Full repository retrieval

Expected temperature for borehole walls and
drifts after spent fuel emplacement

Air-cooling requirements--horizontal

Preliminary liner stress analysis

Ventilation and cooling analyses

Equipment for retrieval

8.1.1.6.4

8.1.1.7

5.2.3.2

8.2.9.1.

8.2.9.2

8.2.9.3

8.4.8

8.3.5.2

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

3.0

2.4.4.3

3.2.2. and
Appendix J

2.4.4.1

6.3.1 and
Appendix J

Appendix J

8.3.5

NAb

2.4.4.2 and
3.2.1

3.4.2.2

3.4.2.3

4.5.4

8.3.2

8.3.3

Appendix A

3.4.3.3

Appendix B

Appendix C

Appendix D

8.3.5.2-8
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Table 8.3.5.2-1. Directory of discussions related to retrieval
(continued)

SOP SCP-CDRa
Topic section section

An assessment of the feasibility of NA Appendix E
disposing of nuclear waste in the
horizontal configuration

Waste retrieval NA Appendix J

Items important to retrievability NA Appendix L-2
at the Yucca ountain Repository

Thermomechanical analyses NKA Appendix N

aSCP-CDR = Site Characterization Plan-Conceptual Design Report (SNL,
1987).

bNA = Not applicable. Topic discussed only in SCP-CDR or in SCP.

Using the regulatory requirements and the current design and analyses,
the functions that must be performed for retrieval have been identified.
These four functions are:

1. Provide access to the emplacement boreholes.
2. Provide access to the waste packages.
3. Remove waste package from the emplacement borehole.
4. Transport and deliver the waste packages to the surface facilities.

These four functions are the organizing principle upon which the
retrieval discussions, information needs, and plans for future evaluations
are based. Specific information that was used in identifying the functions
are the requirements documents (DOE, 1986b; Appendix P of SNL, 187),
operations reports (Stinebaugh and Frostenson, 186; Stinebaugh et al., 1986;
Dennis et al., 1984a and 1984b), the NNWSI Project report on a strategy for
retrieval-related compliance demonstrations (Flores, 1986) and the applicable
portions of 10 CFR Part 60 and 10 FR Part 960.

For each of the four functions, the system elements and processes that
relate to performing the functions were identified. The system elements
involved in the performance of the general functions were identified by
(1) reviewing the requirements contained in the system requirements (SR) and
the subsystems design requirements (SDR) (SNL, 1987, Appendix P) and (2)
analyzing the defined systems definitions with respect to the general
function to be performed. A figure containing the system elements defined
for the NNWSI Project is presented in Section 8.2.1. The processes were

8.3.5.2-9
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identified using the previously mentioned operations reports and the NNWSI
Project report on retrieval-related compliance demonstration (Flores, 1988).

Next, the performance measures for each of the processes were
established. These measures were developed using reference design informa-
tion and engineering judgment. Performance goals and levels of confidence
were defined for each of the performance measures. In instances where the
goal is quantifiable, specific values are presented. For performance
measures that do not require site data, specific goals are not presented in
the SCP. These goals will be presented in the repository design plan. In
many instances the goals are based on specific details and assumptions in the
current design. The goals may change as the design and design assumptions
are refined. The paragraphs and tables that follow will document the
performance allocation process for each of the four functions.

Function 1: Provide access to the emplacement boreholes

To provide a safe and reliable access from the surface facilities to
the emplacement boreholes, the underground openings must be usable and the
environment within them must be acceptable under normal and credible abnormal
conditions. The processes, performance measures, and performance goals
(design criteria) involved in providing this ability are presented in Table
8.3.5.2-2. The output of this performance allocation process, shown in the
table, are performance goals (design criteria).

With respect to access and drift usability, the performance goal is
usability for a time period of at least 84 yr. As shown in Figure 8.3.5.2-3,
this time period is generated by adding the design-basis period of retriev-
ability (50 yr) and the actual retrieval period of 34 yr (Flores, 1986). For
purposes of design, the actual retrieval period is assumed to be the time for
construction of the repository (6 yr) and the emplacement of waste (28 yr), a
total of 34 yr. This time period is a significant and potentially severe
restriction that will impact the design, construction, and operation of the
repository. For example, the materials selected for the rock support system,
the necessity for a continual, long-term monitoring and maintenance program
for the underground openings, the timing for backfilling operations, and the
selection of an acceptable emplacement mode (vertical, short horizontal, or
long horizontal boreholes) are all significantly impacted by the 84-yr
duration of potential activities (Figure 8.3.5.2-3).

Subsection (2) of 10 FR 60.111(b) allows for the use of backfill before
the end of the retrievability period. Since the access and drifts will be
designed to be usable throughout the retrievability period, the option to
backfill will be maintained through decommissioning. The NNWSI Project
design basis does not include the use of backfill during the period of
retrievability; hence no performance goals relative to retrieval are estab-
lished for backfilling operations. Descriptions of the postclosure-related
goals for'backfill are provided in discussions related to sealing (Section
8.3.3.2) and to the postclosure design of the repository (Section 8.3.2.2).

8.3.5.2-10
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Table 8.3.5.2-2. Performance measures, goals, and needed confidence for processes or activities involved
in providing access to the emplacement borehole for retrieval (retrieval function 1)
(page I of 2)

Needed
Process or activity Performance measures Tentative goals8 confidence

Design and construct the accesses
and drifts to be usable through-
out the retrievability period
for normal and credible abnormal
conditions

Develop rock support concepts
that ensure maintainability

Time during which the drifts
and accesses will remain
usable

Time 84 yr High

Amount of spall Spall averages less
than 3 tons per 1000
ft of drift per yr

High

C"

I...

b-

Opening displacement

Frequency of maintenance

Opening displacement
(6 in.

Frequency of needed
maintenance in under-
ground openings
>5 yr average

High

Low

Develop backfill removal con-
cepts (if needed)

Monitor drifts and accesses to
determine maintenance needs

Time and level of effort for
backfill removal

Localized rock and rock support
displacement

None--the current design
basis allows for back-
filling during reposi-
tory closure (i.e, after
the period of retrieva-
bility)

Monitor displacements
>1 in.

NA

High



Table 8.3.5.2-2. Performance measures, goals, and needed confidence for processes or activities involved
in providing access to the emplacement borehole for retrieval (retrieval function 1)
(page 2 of 2)

Needed
Process or activity Performance measures Tentative goals& confidence

Design for a specific temperature Drift temperature Temperature less than Low
and air quality environment 50C (for 50 yr -
within the accesses and drifts emplacement drift ()c

or access drift (V) )

Air quality Air quality standards Nigh
met (work areas)

Verify environment for maintenance Air quality Air quality measurements High
and retrieval operations adequate for retrieval

operations to meet
standards

Modify environment (as necessary) Time required to modify the Air quality standards* Medium
environment for retrieval met within 8 weeks

(unprotected)

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure design and
technical feasibility (see Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site-characterization related design or
performance parameters, their goals, and their confidences are also established in the Issue 4.4 discussions.

bN= not applicable for CP.
cU = horizontal emplacement; V = vertical emplacement.
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Figusre 8.3.5.2-3. Retrieval time frame for design purposes.
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To ensure that the environment in the nonoperational areas (areas that
were closed off after waste was emplaced) would not be so severe as to cause
reentry to be impractical, the following goals were established for the
nonoperational areas:

1. For vertical emplacement, the access drift wall temperatures will
not exceed 50C for 50 yr after waste emplacement is initiated.

2. For horizontal emplacement, the emplacement drift wall temperatures
will not exceed 50'C for 50 yr after waste emplacement is initiated.

These goals are referred to as the 50/50 goals. The 50'C limit was
selected such that it would not be impractical to modify the environment
within the drifts for unprotected workers during the 50-yr period of
retrievability. In addition, protected workers could reenter for inspection
purposes with minimal need for environment modification.

For the working areas, the ventilation system must be capable of
maintaining the environment within specified limits on a continuous basis
throughout the period of retrievability and the actual retrieval period. For
nonoperational areas (areas that were closed off after waste was emplaced),
the goal is for the system to be capable of providing a safe environment
within a reasonable period of time selected to be eight weeks after
initiation of cooldown' activities.

Function 2: Provide access to the waste packages

To provide a safe and reliable access from the emplacement drifts to the
waste packages, the waste emplacement envelope (borehole, liner, shield plug,
and shielding collar) must be designed to allow for removal of emplaced waste
under normal and credible abnormal conditions. The processes, performance
measures, and performance goals (design criteria) involved in providing this
ability are presented in Table 8.3.5.2-3.

The primary concern with respect to waste package access is to ensure
that the waste package does not become lodged inside the emplacement
borehole. As a result, the tentative goals for liner displacement and radius
of curvature were established and tentative goals for borehole rockfall and
displacement were identified. For vertical emplacement, the performance goal
for maximum deflection of the liner or borehole is 2 in. (5 cm) assuming a
partially lined hole. For horizontal emplacement, the goal is for a maximum
liner deflection of 3 in. (7.6 cm). The larger allowable deflection for
horizontal emplacement is a result of the larger diameter (hence, more
clearance) of the emplacement boreholes. To ensure that the waste package
does not bind against the liner for horizontal emplacement, the-radius of
curvature for the borehole and liner should be 110 ft (33.5 m) or greater.
For both emplacement methods, the liner lifetime will be 84 yr or greater.
The rationale for the 84-yr period is provided under Function 1.

The ability to perform this function will be one of the significant
concerns in selecting the preferable emplacement mode. Particularly
important will be a thorough and critical evaluation of the potential for
excessive liner deflection in horizontal boreholes as a result of rockfall,
seismic effects or excessive temperatures. If such abnormal conditions were

8.3.5.2-14
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Table 8.3.5.2-3. Performance measures, goals, and needed confidence for processes or activities
involved in providing access to the waste packages for retrieval (retrieval
function 2) (page 1 of 2)

(

Needed
Process or activity Performance measures Tentative goalsa confidence

Design waste emplacement envelope
to allow access to the waste
package throughout the retrieva-
bility period for normal and
credible abnormal conditions

.Borehole usability

Rockf all Average rockfall <250 lb
per ft of borehole

Medium

MediumDisplacement of borehole wall

Borehole liner lifetime

Borehole liner displacement
00

01;

I
c,.

Rock displacement <2 in.

Liner lifetime 84 yr

Linerbdisplacement <2 in.

Linerbdisplacesent <3 in.
(H))

Liner curvature radius
>110 ft ()

Detect displacement
>0.5 in.

High

High

High

0

CD.

CD

IBorehole liner curvature radius Medium

Assess the condition of the
emplacement envelope and waste
package prior to removal (as
required)

Borehole liner displacement Medium



Table 8.3.5.2-3. Performance measures, goals, and needed confidence for processes or activities
involved in providing access to the waste packages for retrieval (retrieval
function 2) (page 2 of 2)

Needed
Process or activity Performance measures Tentative goalsa confidence

Perform corrective actions (as Time required to perform correc- Average tine 1 month Medium
required) tive actions per drift (normal

conditions)

Timely manner considering Medium
site-specific credible
abnormal conditions.
For planning purposes,
time <1 yr is assumed
for each event.

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure design and
technical feasibility (see Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site-characterisation related design or
perfgrmance parameters, their goals, and their confidences are also established in the Issue 4.4 discussions.

V = vertical emplacement; H = horizontal emplacement.
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found to be credible, relatively complicated retrieval operations would be
required.

Function 3: Remove waste package from the emplacement borehole

To ensure that the waste package can be removed from the emplacement
boreholes, the transporter and the waste package are being designed to allow
for removal of the emplaced waste package under normal and credible abnormal
conditions. In the horizontal case, a dolly also is included in the current
design concepts. The processes, performance measures, and performance goals
involved in providing this ability are presented in Table 8.3.5.2-4.

Of primary concern is the ability of the host rock and shielding collar
to provide-an acceptable level of shielding during waste removal. Conse-
quently, the performance goal is to provide shielding such that radiation
dose levels to the workers do not exceed the design limits that are estab-
lished in Issue-2.7 (repository radiological design criteria (preclosure),
Section 8.3.2.3). Shielding analyses and requirements for site data are
addressed in Issue 4.4 (preclosure design and technical feasibility, Section
8.3.2.5). The second performance goal addresses the time allowed for removal
of a waste package from an emplacement borehole. For purposes of initial
design evaluations, the time allowed for the removal of a waste package
(under normal conditions) has been selected to be less than twice the amount
of time that was allowed for the emplacement of a waste package. The rest of
the performance measures for function 3 do not involve site data not already
being requested. As a result, the corresponding performance goals will be
addressed in the repository design plan to be published prior to the advanced
conceptual design.

The ability to perform this function for credible abnormal events could
be among the most difficult repository operations. The operations are com-
plicated by the high-temperature, radioactive environment, the need to handle
containers some of which may have been emplaced for more than 50 yr, and the
uncertainties regarding the condition of the boreholes and waste containers.
Hence, to think of these operations as the reverse of emplacement would be a
simplistic understatement of the potential operational difficulties. Selec-
ted operations to perform this function will probably require proof-of-
principle demonstrations before the license application. In-depth plans will
be developed for these equipment demonstrations, however designs and further
identification and evaluation of related credible abnormal conditions will be
required before demonstration tests can be planned in detail. Nevertheless,
Section 8.3.5.2.4 describes the current list of equipment components that
might need to be demonstrated.

Function 4: Transport and deliver the waste to the surface facilities

The transporter must be developed to allow for transport of the waste
packages to the surface and unloading at the surface. The surface waste
handling building must be designed and constructed to allow for unloading of
waste. Transport and unloading must be performed under. normal and credible
abnormal conditions. As discussed in the introduction to this section, the
surface storage of retrieved waste and offsite transport are not included in
the retrieval discussions. The processes, performance measures, and
performance goals for function 4 are presented in Table 8.3.5.2-5. The

8.3.5.2-17



Table 8.3.5.2-4. Performance measures, goals, and needed confidence for processes or activities involved
in removing waste packages from emplacement boreholes (retrieval function 3)
(page of 2)

Needed
Process or activity Performance measures Tentative goalsa confidence

Design the waste package and trans-
porter with the option to remove

. the waste for normal and credible
abnormal conditions

Radiation protection

Time required to perform waste
removal

Removal latch and pull strength

Structural strength of the WP or
dolly

Verify conditions of equipment and Waste package structural failure
waste package detection

Removal equipment performance

Worker dose < allowable
dose (see Issue 2.7
for specific goals and
needed parameters)

Average time for removal
< twice the time for
emplacement

These performance
measures do not require
site data and will be
addressed in the
repository design plan

These performance
measures do not require
site data and will be
addressed in the
repository design plan

These performance
measures do not require
site data and will be
addressed in the
repository design plan

These performance
measures do not require
site data and will be
addressed in the
repository design plan

Medium

High

NAb

a

I
NA

NA

NA

C C C



Table 8.3.5.2-4.

( (

Performance measures, goals, and needed confidence for processes or activities involved
in removing waste packages from emplacement boreholes (retrieval function 3)
(page 2 of,2)

Needed
Process or activity Performance measures Tentative goalsa confidence

Verify operator training Operator competency certification These performance NA
measures do not require
site data and will be
addressed in the
repository design plan

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure design and
technical feasibility (see Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site-characterization related design or
perfgrmance parameters, their goals, and their confidences are also established in the Issue 4.4 discussions.

NA = not applicable for SCP.CA3
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requirements for access and drift usability and for an acceptable environment
are included under function 1, access to the boreholes (Table 8.3.5.2-2).
Hence, for function 4, it is assumed that the accesses and drifts are usable
and that an acceptable environment exists, even if substantial maintenance
had to be performed.

Numerous analyses of the performance and design of the transporter will
be needed to evaluate its ability to safely and reliably transport the waste.
Evaluations of accident conditions, reliability and efficiency will be made.
Components that require demonstration will also be fabricated and tested.

Interrelationships of information needs

The content of Tables 8.3.5.2-2 through 8.3.5.2-5 and the accompanying
text cover performance allocation steps in the issue resolution strategy
presented in Figure 8.3.5.2-1. The balance of the steps in the issue
resolution strategy will be discussed in terms of the following information -

needs.

Information
need -Subject

2.4.1 Site and design data required to support retrieval
(Section 8.3.5.2.1)

2.4.2 Determination that access to the waste emplacement
boreholes can be provided throughout the period of
retrievability and the actual retrieval period for
normal and credible abnormal conditions (Section
8.3.5.2.2)

2.4.3 Determination that access to the waste packages can
be provided throughout the period of retrievability
and the actual retrieval period for normal and
credible abnormal conditions (Section 8.3.5.2.3)

2.4.4 Determination that the waste can be removed from
the emplacement boreholes for normal and credible
abnormal conditions (Section 8.3.5.2.4)

2.4.5 Determination that the waste can be transported to
the surface and delivered to the waste-handling sur-
face facilities for normal and credible abnormal
conditions (Section 8.3.5.2.5)

2.4.8 Determination that-the retrieval requirements set
forth in 10 OFR 60.111(b) are met using reasonably
available technology (Section 8.3.5.2.6)

8.3.5.2-20
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Table 8.3.5.2-5. Performance measures, goals, and needed confidence for processes or activities involved

in!transporting'andelivering the waste to the surface facilities (retrieval function
4)a (page of 2). .

Needed
Process or activity Performance measures Tentative goalsb confidence

Design the transporter with the
ability to transport the waste
to the surface for normal and
credible abnormal conditions

Transporter design characteristics
(braking ability, maximum speed,
cornering ability, radiation

protection)

Time required to transport the
waste to the surface

Transporter must be able
to operate with antici-
Hpated rockfall in,
accesses and drifts

High

01

t;3
Design the surface waste-handling
building and the transporter
with the ability to unload waste
at the suuface facilities for
normal and credible abnormal
conditions

Time required to unload waste

Radiation protection

These performance
measures do not require
site data and will be
discussed in the
repository design plan

These performance
measures do not require
site data and will be
discussed in the
repository design plan

These performance
measures do not-require
site data and will be
discussed in the
repository design plan

These performance
measures do not require
site data and will be
discussed in the
repository design plan

NAc

NA

NA

Transporter unloading capability NA



Table 8.3.5.2-5. Performance measures, goals, and needed confidence for processes or activities involved
in transporting and delivering the waste to the surface facilities (retrieval function
4)a (page 2 of 2)

b Needed
Process or activity Performance measures Tentative goals confidence

Assess the ability to transport Transporter drive system perform- These performance NA
the waste to the surface ance easures do ot require
facilities site data and will be

discuzsed i the
repository design plan

Operator competency certification These performance NA
easures do not require

site data and will be
discussed in the
repository design plan

Assess the ability to unload the Transporter unloading system These performance NA
waste at the waste-handling measures do not require
building site data and will be

discussed in the
repository design plan

Surface facility unloading system These performance NA
performance measures do not require

site data and will be
discussed in the
repository design plan

Operator competency certification These performance NA
waste to the surface measures do not require

site data and will be
discussed in the
repository design plan

aRequirements for access and drift usability for transporter operation are included under function I (see Table

These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure design and
technical feasibility (see Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site-characterisation related design or
performance parameters, their goals, and their confidences are also established in the Issue 4.4 discussions.

CNA = not applicable for CP.
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There is a direct relationship between the logic shown in Figure
8.3.5.2-1 for the resolution of the waste retrievability issue and its
information needs because the information needs were derived from the work
that must be performed to ensure that the requirements for retrievability are
met. The information needs can be categorized as follows:-

1. The first information need is a summary of the:information that will
be communicated to Issue 4.4. This communication is shown in Figure
8.3.5.2-1 in the box labelled transmit performance goals (design
criteria), retrieval conditions, and requests for input items to
.Issue 4.4.1

2. The next four information needs correspond directly to the four
retrieval functions and address what needs to be done to ensure that
the option to retrieve is maintained. These information needs are
responsible for the development of performance goals (design
criteria), retrieval conditions, and requests for input items as
shown in Figure 8.3.5.2-1.

3. The last information need ties the other information needs together
and addresses the global requirements for retrieval to-be completed
on a 'reasonable schedule" and for the use of reasonably'available
technology.' This work involves performing the compliance analysis
indicated in Figure 8.3.5.2-1.

As shown in Figure 8.3.5.2-1, the logic for resolution of this issue
involves an iterative-process. As the repository and equipment designs are
refined, work will be performed under this issue in the following areas:

1. The performance goals (design criteria), retrieval conditions, and
input item requirements will be refined.

2. The strategy and planning documents will be refined.

3. Compliance analyses will be performed to verify. that the design
meets all of the requirements for retrievability.

8.3.5.2.1 Information Need 2.4.1: Site and design data required to support
retrieval

Technical basis for addressing the information need

'Issue 2.4 requires that compliance with the retrievability requirements
be demonstrated using reasonably available technology. Information Need
2.4.1 requires that site and design data (input items) needed by this issue
be identified. This identification is necessary to ensure the proper data
are acquired during site characterization and to ensure all required'design
products developed by Issue 4.4 are provided to this issue. In addition, the
design criteria (performance goals) and retrieval conditions established
under this issue are communicated to Issue 4.4, preclosure design and
technical feasibility, to ensure sufficient consideration for retrieval in
the design process.
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Link to the technical data chapters and applicable support documents

Chapter 6 presents the current design, and the status of this issue is
summarized in Section .4.8. Retrieval-related performance goals (design
criteria) that were considered in the development of the current design are
presented in Section 6.1.1.7. The status on the development of retrieval
conditions is presented in Section 6.4.8.2.2.

Parameters

Because the retrieval-related design, support analyses and equipment
tests and demonstrations are performed under Issue 4.4, site data needed to
support these analyses and tests are specified by Issue 4.4. Requirements
for products from Issue 4.4 are presented in the form of requests for input
items. The current list of input items requested by this issue is shown in
Table 8.3.5.2-6. More detailed information relative to the content of the
input items is provided in later sections that discuss Information Needs
2.4.2 through 2.4.6 (Sections 8.3.5.2.2 through 8.3.5.2.6, respectively).
The performance goals (design criteria) and retrieval conditions are
presented in Tables 8.3.5.2-7 and 8.3.5.2-8, respectively. Generation of the
actual performance goals was discussed in step-2 of the performance alloca-
tion process presented in the approach to resolving the issue section for
this issue. Any refinement or updating of these performance goals will be
addressed in design requirements documents in support of each phase of the
repository design and will be reported in SCP progress reports.

As part of the resolution of this waste retrievability issue, Infor-
mation Need 2.4.1 identifies the input items (products of Issue 4.4, pre-
closure design and feasibility) that are needed to evaluate whether
performance goals of this issue are met and, in turn, to ensure compliance
with the retrievability requirements. In addition, Information Need 2.4.1
facilitates the communication between this issue and Issue 4.4 (see Figure
8.3.5.2-2) by transmitting the performance goals (design criteria) and
retrieval conditions, generated by Issue 2.4, to Issue 4.4, and by requesting
the input items from Issue 4.4. (Information Need 2.4.1 also receives the
design products from Issue 4.4 and distributes them, as input items, to
Information Needs 2.4.2 through 2.4.8 for use in performing the compliance
analysis).

8.3.5.2.1.1 Application of results

As shown in Figure 8.3.5.2-2- results or products of this information
need are performance goals, retrieval conditions, and calls for input items
that are transmitted to Issue 4.4.
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Table 8.3.5.2-6. Retrieval-related input items (to be provided by
Issue 4.4)

Information
need Input item

2.4.2 Drift and access design and supporting evidence

Rock support system design and supporting analyses

Monitoring system (rock movement) and support analyses

Drift and access maintenance program concepts and
supporting evidence

Ventilation system design and supporting analyses
(for retrieval operations)

Basis for ensuring air quality in operational areas
and evaluating air quality in nonoperational areas

2.4.3 Waste emplacement envelope design and supporting analyses

Waste emplacement envelope assessment

Corrective actions (waste emplacement envelope)

2.4.4 Waste package removal system design and supporting analyses

Concepts for borehole preparation for waste removal
and supporting evidence

Demonstrations of borehole preparation for waste
removal and supporting evidence

2.4.5 Transporter design concepts and supporting analyses

Unloading equipment design (surface facility) and supporting
analyses

Demonstrations for waste transport

Demonstrations for waste unloading at the surface

2.4.6 Reference operations plans

Basis for establishing the use of reasonably available
technology for retrieval-related equipment

Reference design and supporting analyses
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Table 8.3.5.2-7. Retrieval-related design or performance goals
(design criteria) (page 1 of 2)

Information
need Design or performance goal

2.4.2 The access and drifts will remain usable for at least 84 yr

The average amount of spall in the drifts will be less than
3 tons per 1000 ft of drift per year

The rock displacement in the drifts will be less than 6 in.

The monitoring system will detect rock displacements within
the drifts that exceed 1 in.

The frequency of maintenance within the underground openings
will be greater than 5 yrs

For the vertical emplacement concept, the temperature
within the access drifts will not exceed 50-C for
50 yr after waste emplacement

For the horizontal emplacement concept, the temperature >
within the emplacement drifts will not exceed 50'C for
50 yr after waste emplacement

For operational areas, all applicable air quality standards
will be met

The time required to modify the environment within closed
drifts for unprotected workers will not exceed 8 weeks

2.4.3 Rockfall within the emplacement boreholes will average less
than 250 lb per foot of borehole

Displacement of the borehole wall will be less than 2 in.

The liner lifetime will be at least 84 yr

The maximum liner deflection is 2 in. (5 cm) for the
vertical emplacement concept and 3 in. (7.8 cm) for the
horizontal concept

For the horizontal emplacement concept, the minimum
radius of curvature for the liner is 110 ft (33.5 m)

. .~ ~ ~ ~ ~ ~ K
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Table 8.3.5.2-7. Retrieval-related design or performance goals
(design criteria) (page 2 of 2)

Information
need Design or performance goal

2.4.4 The time required per container for waste removal will not
exceed twice the amount of time required for emplacement
of a waste container

Worker dose rate during removal operations will not exceed
the allowable rate established in Issue 2.7, repository
radiological design criteria (preclosure)

The ability to perform borehole preparation tasks will be
demonstrated

The ability-to remove the waste containers under normal and
credible abnormal conditions will be demonstrated

None related to site characterization2.4.5

2.4* .6 The design basis for the actual retrieval period is 34 yr

The ability to perform the retrieval operations using
reasonably available technology is required

.. I - _ I ! .. . " -;. . I - .. . - . ; . . .I:-- ,
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Table 8.3.5.2-8. Potential abnormal conditions for retrieval
(page 1 of 2)

Information
need Potential abnormal condition

2.4.2 Rockfall within the ramp due to a seismic event, faulting,
variability in rock strength, a maintenance error, or
corrosion-induced rockbolt failure

Rockfall within a drift due to faulting, variability in rock
strength, a maintenance error, corrosion-induced rockbolt
failure, or human error resulting in excessive thermal
loading

Rockfall within a shaft due to faulting or variability in
rock strength

A ventilation system malfunction due to a seismic event, an
equipment fabrication error, or a maintenance error

Loss of offsite power due to a seismic event

2.4.3 Rockfall in the emplacement borehole (vertical only) due to
a seismic event, faulting, variability in rock strength,
or excessive thermal loading resulting from human error

Axial movement of the waste container (horizontal only) due
to a seismic event

Waste container tilt (vertical only) due to a seismic event

Shield plug jam due to a seismic event, or a fabrication
error

Excessive liner deflection (horizontal only) due to
faulting, a fabrication error, or excessive corrosion
resulting from radiolysis

A collar malfunction due to a fabrication or maintenance
error

An auxiliary equipment malfunction due to a fabrication or
maintenance error

2.4.4 A cask-collar bind due to a seismic event

A dolly failure during removal (horizontal only) due to a
fabrication error or excessive corrosion resulting from
radiolysis
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Table 8.3.5.2-8. Potential abnormal conditions for retrieval
(page 2 of 2)

Information
need Potential abnormal condition

A waste container pintle failure (vertical only) due to
excessive corrosion resulting from radiolysis

A malfunction of the transporter removal equipment due to a
maintenance error

Unspecified failures due to operator error including'errors
during alignment and waste removal

2.4.5 A transporter malfunction during transport or unloading due
& _ _ H _^_- - - - - - _ _ _ -
so0 a 1fabnfenane vrror 

A transporter collision with the ramp, a drift, auxiliary
equipment, or another transporter due to human error

Unspecified malfunctions due to operator error including
errors during alignment and waste unloading operations

-8.3.5.2.1.2 Schedule and milestones

Information Need 2.4.1, addressing site and design data needed for
retrieval, is divided into three activities: 2.4.1.1 (compile design
requirements),.2.4.1.2- (cgmpile-design criteria and retrieval conditions),
and 2.4.1.3 (compile requestsfor input items from Issue 4.4, preclosure
design and technical feasibility).

The schedule information for these design activities is presented in the
form of timelines. The timelines extend to the issuance of the final pro-
ducts associated iith each. design activity.. Summary schedule and milestone
information for this information need can be found in Section 8.5.2.1 and

Activity2.4.1.2 is an ongoing activity, while Activities 2.4.1.1 and
2.4.1.3 are out-year work efforts. 'This information need interfaces with
other information needs within Issue-2.4 as well as Issue 4.4 (preclosure
design and technical feasibility). These relationships are illustrated in
the following. figure.

The activity numbers and titles corresponding-to the timelines are shown
on the left of.the figure. The numbered points shown on the timelines repre-
sent major events or important milestones associated with this work effort.
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Solid lines represent activity durations, and dashed lines show the inter-
faces. The data input and output at these interfaces are shown by circles.

PERFORMANCE
ASSESSMENT
ACTIVITY I

Start advanced Complete ACO
conceptual design (i) Start license
(ACD) T application design

I
2.4.1.1
Compile
design
require-
ments

2.4.1.2
Compile
retieval
cond . and
perform.
goals
2.4.1.3
Compile
requests
for Input
items from
Issue 4.4

K>1

TIME 835212-VB

The points on the timeline and the data input and output at the
interfaces are described in the following table:

Point
number Description

1 Receive and compile requests-for input items and information
for Information Needs 2.4.2, 2.4.3, 2.4.4, 2.4.5, and 2.4.5.

2 Receive design requirements list (Milestone Z121) for advanced
conceptual design ACD) from Issue 4.4 (preclosure'design and
technical feasibility).

3 Provide output on performance goals and retrieval conditions to
Information Need 4.4.4 (repository design requirements).

4 Receive updated requests for input items and information from
Information Needs 2.4.2, 2.4.3, 2.4.4, 2.4.5,'and 2.4.8.-
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5 Milestone Z122. Receive design requirements list for license
application design (LAD) (Milestone Z122) from Issue 4.4
(technical feasibility).

6 Provide updated output on performance goals and retrieval con-
ditions to Information Need 4.4.4 (repository design require-

- ments).

7 Receive detailed input items for ACD from Information Needs
2.4.2, 2.4.3, 2.4.4, and 2.4.5.

8 Milestone Z153. Preliminary report compiling retrieval
conditions and performance goals. -

g Output data on retrieval conditions and performance goals to
Activity 2.4.1.3.

10

'11

12ll
12 -

Request input items corresponding to.approximate performance
goals from Information Needs 4.4.2, 4.4.3, 4.4.5, 4.4.6,
4.4.7, 4.4.8, and 4.4.g.

Receive requests for input items from Information Needs 2.4.2,
2.4.3, 2.4.4, and 2.4.5.

Milestone Z154. Final report-compiling retrieval conditions.

13 Request update of input items and performance goals from infor-
mation needs addressing preclosure design and technical
feasibility, specifically 4.4.2, 4.4.3, 4.4.5, 4.4.6, 4.4.7,
4.4.8,.and 4.4.9.-

J4 -Receive updated requests for input items-for ACD from Informa-
tion. Needs, 2.4.2, 2.4.3, 2.4,.4,.and 2.4.5.

15- : Milestone.Z440. Compile preliuminary request.for input items
from:Issue 4.4 (preclosure,,design and technical. feasibility).

16 Output request for preliminary input items to ssue 4.4.

17 Receive updated input item requests from Information Ne'eds
2.4.2, 2,4.3, 2.4.4, and 2.4.5. .. ,

i8 Milestone Z441. Compile final request for input items from
Issue. 4.4 (preclosure design and technical feasibility).

8.3.5,.2.2 Information Need 2.4.2: Determination that access to the waste
emplacement boreholes can be provided throughout the retrieva-
bility period-for normal and credible abnormal conditions

This section describes the work that will -be performed under Information
Need 2.4.2 to ensure safe and reliable access to the emplacement'boreholes
throughout the period of retrievability and the actual retrieval period.
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Ensuring safe and reliable access to the emplacement boreholes consists of
providing usable openings and providing an acceptable working environment for
waste retrieval under both normal and credible abnormal conditions. Access
to the emplacement boreholes is function 1 of the four functions discussed
for this issue in the introductory material to this section.

The work performed under Information Need 2.4.2 focuses on (1) develop-
ing performance goals (design criteria) for retrieval-related aspects of the
overall repository design to be developed under Issue 4.4, (2) defining the
spectrum of retrieval conditions to be considered in the overall design, and
(3) identifying requirements for products from Issue 4.4 to be used as input
items for subsequent compliance analyses, and (4) performing compliance
analyses to ensure that the performance goals for function 1, access to the
emplacement boreholes, are met.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

For Information Need 2.4.2, links to the technical data chapters fall
into three categories: rock mechanics, ventilation systems, and retrieval
conditions. The current drift designs are presented in Sections 8.2.8.1
through .2.8.3. Ground support systems for the drifts are discussed in
Section .2.8.3.8. entilation system designs are presented in Section
8.2.8.5, and retrieval conditions are discussed in Section .4.8.2.2.
Geomechanical and ventilation system analyses are presented in Section
6.4.10.2.5.

There are numerous links to sections in the Site Characterization
Plan-Conceptual Design Report (SCP-CDR) (SNL, 1987):' Geomechanical
discussions are contained in Appendix N of the SP-CDR. Ventilation
discussions are contained in Sections 3.4.2.2 (maintenance and retrieval),
3.4.2.3 (air cooling - vertical emplacement, and 3.4.3.3 air cooling -
horizontal emplacement) and in Appendix C (ventilation and cooling analyses).
Retrieval conditions are addressed in Section 6.3.1 and Appendices A
(temperature), J (normal and abnormal), and L (items important to
retrievability).

Parameters

As noted earlier, site data needs are specified by Issue 4.4. owever,
this information need requires numerous input items (i.e., products from
Issue 4.4) for use in analyses to ensure that the performance goals defined
for this function are met. These input items and'the required content are
presented in Table 8.3.5.2-9.

The normal retrieval conditions are being developed in terms of opening
stability (rockfall and distortion), rock temperature and air quality
(temperature, humidity, and contaminant levels). Work completed during
conceptual design on quantification of these- conditions is contained in
Sections 8.4.8.2.2 and .4.10.8.2. The current set of abnormal conditions
was developed during the study of items important to retrieval (SNL, 1987,
Appendix L). The list of potential abnormal conditions for Information Need
2.4.2 is presented in Table 8.3.5.2-7 in Section 8.3.5.2.1. As a result- of
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Table 8.3.5.2-9. Input items to be provided by Issue 4.4 for Information Need 2.4.2 (access to
emplacement boreholes) (page 1 of 2)

Item
number Subject . Description

00I

w

01
w~

1 Drift and access design and
supporting technical evidence

2 Rock support system design and
and supporting analyses

3 Monitoring system design (rock
movement) and supporting
analysesv

4 Drift and access maintenance
program concepts and
supporting evidence

5 Ventilation system design and
supporting analyses

This item includes design concepts for'the accesses and drifts
and results from design analyses, tests, and demonstrations
performed under Issue 4.4 that verify drift'and access usa-
bility under both normal and credible abnormal conditions.
The results from ear-field'thermomechanical modeling, - '
exploratory shaft facility (ESF)'validation testing, and
demonstrations of the construction techniques performed at
C-Tunnel and the ESF are required.

This item includes the design concepts for the rock support
system and results from design analyses and'tests performed
under Issue 4.4. Specific data on estimated sizes and
amounts of rockfall under normal and credible abnormal con-
ditions are required.

This item includes the basis for identifying monitoring loca-
tions and the design of the monitoring system'

To ensure maintainability of the drifts and accesses, mainte-
nance program details including expected schedules, equip-
ment requirements, and analyses used to establish the
maintenance program are required.

This item includes ventilation design concepts and supporting
analyses to ensure that air quality standards are met for
temperature, humidity, particulate contamination, and con-
centration of contaminant gases including radon-222 under
both normal and credible abnormal conditions. This requires

IO
.4m



Table 8.3.5.2-9. Input items to be provided by Issue 4.4 for Information Need 2.4.2 (access to waste
emplacement boreholes) (page 2 of 2)

Item
number Subject Description

5 Ventilation system design and results from thermal, moisture, dust suppression, and air
supporting analyses flow analyses, determination of inlet air characteristics
(continued) and underground gases production rates of contaminant gases

(personnel, equipment, and host media).

6 Basis for ensuring air quality This item includes the identification of the applicable regu-
in operational areas lations for air quality and the technical basis for verify-

ing that all applicable air quality standards have been met
under both normal and credible abnormal conditions. The
design for the monitoring system to verify air quality is
required.

7 Environment modification Environment modification for operational areas is addressed
concepts and supporting under item 6. For this item, the concepts and supporting
analyses for closed drifts analyses for modification of the environment within closed

drifts, for reentry purposes under both normal and credible
abnormal conditions, is required. This includes environment
modification concepts, including equipment modification
requirements, requirements for additional equipment (if
needed), results from thermal analyses, and the basis for
thermal calculations.

a
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the study of items important to retrieval, a ventilation system malfunction
as a result of a seismic event or a maintenance error was considered to be
the only abnormal condition that could result in a significant delay in
completing retrieval operations, with a significant delay considered to be a
delay of six months or more.

Logic

Information Need 2.4.2 uses the results of the performance allocation
process for function I (see Table 8.3.5.2-2) as a starting point and con-
tinues the issue resolution process as shown in Figure 8.3.5.2-1. Perfor-
mance goals are taken from step. five in Table 8.3.5.2-2 and used as design
criteria. Requirements for input items are developed to ensure that
sufficient detail and supporting evidence are available for the compliance
analyses. to verify that the performance goals are met. Retrieval conditions
are developed using existing design information to ensure that a complete set
of retrieval scenarios are considered in the design process. The performance
goals (design criteria), requests for input items, and retrieval conditions
are then sent to Issue 4.4, via Information Need 2.4.1, for-use in developing
designs, specifying supporting analyses, and for defining tests and demon-
strations that are required. Specific work to be performed byIssue 4.4 for
this information need includes

1. Developing drift designs using the thermomechanical analyses,
C-Tunnel comparisons, and ESF tests.

2. Developing rock support systems based on analytic models, experience
. gained atG-Tunnel,. and ESF tests.,

3. Developing scenarios to evaluate the performance of the rock support
systems under both normal and credible abnormal conditions and
performing any tests or demonstrations needed.

. 4. Developing a maintenance program for drifts and accesses.based on
G-Tunnel experience,..ESF tests, and experience during construction,

- operation, and caretaker phases. This includes developing
contingency plans for installation of. additional-support system
materials, if needed. :

.5. Developing monitoring systems to detect rock movement.

6. -Developing-a ventilation system design based on analytical models,
0-Tunnel experience, and ESF tests.. Tis,. development considers-
continuous ventilation requirements -for-operational.-areas and',
cooldown requirements for closed emplacement drifts.

-7. Developing scenarios to evaluate the performance of.the ventilation
system under both normal-and credible abnormal conditions and
performing any tests or demonstrations that are needed.-

8. Developing monitoring systems to verify air quality in operational
areas-and to evaluate the conditions within closed drifts.before
. -eentry.
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The stability of mined openings is of particular concern. Evaluations
of the thermal and mechanical effects on the stability of shafts, ramps,
drifts, and boreholes have been the focus of about 15 reports or studies
synopsized in SCP-CDR Section 8.3.7 (SNL, 1987). Rather than repeating the
synopses here, the reader is referred to the SCP-CDR for details. These
analyses have used a variety of numerical and empirical approaches: finite-
element methods, boundary-element methods, and tunnel-indexing methods.
Similarly, different constitutive models were employed: elastic,
ubiquitous-joint, compliant-joint, and elastic-plastic models. Other items
that have been varied in some of the analyses include opening sizes and
shapes, depths, thermal and mechanical properties, fracture properties, and
in situ conditions. The common conclusions drawn from the approaches used to
date are

1. Drifts, shafts, and ramps, as currently designed, are predicted to
remain stable during preclosure.

2. Waste emplacement boreholes are predicted to remain stable during
preclosure, although some potential exists for negligible amounts of
rock to fall on the liner planned for use in horizontal emplacement
holes.

3. Excavation-induced responses of openings in the Topopah Spring tuff
should be expected to be similar to those in the Grouse Canyon tuff
in G-Tunnel.

Further studies are planned during the advanced conceptual design phase
to evaluate retrieval under potential abnormal conditions like those listed
in Table 8.3.5.2-8 in the technical basis section for Information Need 2.4.1
(Section 8.3.5.2.1).

Issue 4.4 returns the results of this work in the form of input item
responses. Information Need 2.4.2 performs a compliance analysis to evaluate
whether the design actually provides for the ability to access the emplace-
ment boreholes as required. As shown in Figure 8.3.5.2-1, this compliance
analysis evaluates the completeness and sufficiency of the responses to the
input items and the retrieval conditions and determines whether the perform-
ance goals have been met. For function 1, this involves evaluating the drift
designs, rock support system and monitoring system (rock movement) designs,
the maintenance program, and all the supporting evidence (results from
analyses, G-Tunnel comparisons, ESF tests, and scenario development) to
verify that usable openings will be available for 84 yr. In addition, the
compliance analysis involves evaluating the ventilation system design, air
quality monitoring system design, and all of the supporting evidence (results
from ventilation system analyses, G-Tunnel tests, ESF tests, and scenario
development) to verify that an acceptable environment can be established
within the drifts. Negative responses to the three tests for the compliance
analysis can be followed in Figure 8.3.5.2-1. They involve modification of
input items, performance goals, or the design. If modification is not possi-
ble, a noncompliance exists for the design. If the results of all three
tests are positive, then, relative to function 1 (access to the boreholes),
compliance exists for the design. The results of the compliance analysis for
function 1 are sent to Information Need 2.4.6 to be combined with the results
from the other information needs for publication as a topical report.
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8.3.5.2.2.1 Application of results

The performance goals, input items, and retrieval conditions developed
under this information need are sent to Information Need 2.4.1 for communi-
cation with Issue 4.4. The results of the compliance analysis will be sent
to Information Need 2.4.6 to be combined with the results from Information
Needs 2.4.3, 2.4.4, and 2.4.5 for the development of the compliance analysis
for this issue.

8.3.5.2.2.2 Schedule and milestones

Information Need 2.4.2, addressing access to waste emplacement bore-
holes, is divided into four activities: 2.4.2.1 (design requirements for
access to waste emplacement boreholes), 2.4.2.2 (retrieval conditions for
access to waste emplacement boreholes), 2.4.2.3 (request for input items
related to access to waste emplacement boreholes), and 2.4.2.4 (compliance
analysis for access to waste emplacement boreholes). The schedule infor-
mation for these design activities is presented in the form-of timelines.
The timelines extend to the issuance of the final products associated with
each design activity. Summary schedule and milestone information for this
information need can be found in Section 8.5.2.1 and 8.5.6.

PERFORMANCE
ASSESSMENT
ACTIATY 

Start advanced®I conceptual design
(ACD)

.I
-I
. I 

Complete ACD
Start license
application design

I
2A.2.1
Design
require-
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2.4.2.2
Retrieval
conditions

2.4.2.3
Request
for input
items

2.4.2.4
Compli-
ance
analysis
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The activity numbers and titles corresponding to the timelines are shown
on the the left of the figure. The numbered points shown on the timelines
represent major events or important milestones associated with this work
effort. Solid lines represent activity durations, and dashed lines show the
interfaces. The data input and output at these interfaces are shown by
circles.

Activities 2.4.2.1, 2.4.2.2, and 2.4.2.3 are ongoing, while Activity
2.4.2.4 is an out-year work effort. This information need interfaces 'with
other information needs in Issue 2.4 as well as Issue 4.4 (preclosure design
and technical feasibility). These relationships are illustrated in the
following figure.

The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Obtain input items and information from Milestone N432 (SCP-
Conceptual Design Report).

2 Receive advanced conceptual design (ACD) requirements for
access to waste emplacement boreholes (Z130).

.3 Provide input item requests related to borehole access to
Information Need 2.4.1 for ACD.

4 Receive license application design (LAD) requirements for
access to waste emplacement boreholes (Z131).

5 Provide input item requests to Information Need 2.4.1 for LAD.

8 Milestone Z123. Preliminary report on retrieval conditions for
access to waste emplacement boreholes.

7 Provide preliminary input item requests to Information Need
2.4.1 on retrieval conditions.

8 Receive input items and information from Information Needs
4.4.5 (reference preclosure repository design) and 4.4.7
(design analyses).

9 Milestone Z154. Final report on retrieval conditions for
access to waste emplacement boreholes.

10 Provide final input item requests to Information Need 2.4.1.

11 List of preliminary input items related to access to waste
emplacement boreholes.

12 Provide preliminary input item requests for borehole access to
Information Need 2.4.1.
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Point
number Description

13 List of final input items related to access to waste emplace-
ment boreholes.

14 Provide final input item requests on borehole access to Infor-
mation Need 2.4.1.-

15 Receive final input items on borehole access from Information
Needs 4.4.5 (reference preclosure repository design),' 4.4.7
(design analyses), and 4.4.9 (underground facility
technology).

16 Milestone Z155. Input to preliminary report on compliance
analysis for retrieval requirements.

17 Provide preliminary information on compliance analysis to
Information Need 2.4.6.

18 Receive preliminary input items for compliance analysis from
Information Needs 4.4.5 (reference preclosure repository
design), 4.4.7 (design analyses), and 4.4.9 (underground
facility technology).

19 Milestone Z156. Input completed for final report on compliance
analysis for retrieval requirements.

20 Provide final information on compliance analysis to Information
Need 2.4.6.

8.3.5.2.3 Information Need 2.4.3: -Determination that access to the waste
packages can be provided throughout the retrievability period for
normal and credible abnormal conditions

This discussion describes the work that will be performed under this
information need to ensure safe'and reliable access to the emplaced waste
package (function 2). As indicated in Table 8.3.5.2-3 the design'of'the
emplacement envelope (borehole, liner, shield plug, and collar) is of primary
concern relative to providing access to the waste packages for both normal
and credible abnormal conditions.'

The work performed here, similar to the previous information need,
focuses on (1) developing performance goals (design criteria) for equipment
and operations related to the maintenance of access to the emplaced waste,
(2) defining retrieval conditions for the emplacement envelope, (3) identi-
fying requirements for products from Issue 4.4 to be used as input items for
subsequent compliance analysis, and (4) performing a compliance analysis to
ensure that the performance goals for function 2, access to the waste
packages, are met.
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Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The emplacement envelope layouts are discussed in Sections 8.2.8.2 and
6.2.8.3 for the vertical and horizontal configurations, respectively. Opera-
tions are discussed in Section .2.3.2. Geomechanical analyses for the
emplacement borehole are presented in Section 8.4.10.2.6, and retrieval
conditions are discussed in Section .4.8.2.2.

There are numerous links to sections in the SP-CDR (SNL, 1987): Geo-
mechanical discussions are contained in Appendix N. Equipment discussions
are contained in Section 3.2.2.2 (operations) and Appendices B (liner stress
analysis), D (equipment descriptions), and J (retrieval operations). Re-
trieval conditions are addressed in Section 8.3.1 and Appendices A (borehole
temperatures), J (normal and abnormal), and L (items important to retriev-
ability).

Parameters

This information need requires three input items from Issue 4.4 for use
in analyses to ensure that the performance goals defined for function 2,
access to the emplaced waste, are met. These required input items are
presented in Table 8.3.5.2-10.

The normal retrieval conditions are being developed in terms of borehole
stability (rockfall and distortion), borehole rock temperature, radiation
levels, and condition of the liner. Work completed to quantify these con-
ditions is described in Sections 8.4.8.2.2. The current set of abnormal
conditions was developed during the study of items important to retrieval
(SNL, 1987, Appendix L). The list of potential abnormal conditions for
Information Need 2.4.3 is presented in Table 8.3.5.2-7 in Section 8.3.5.2.1.
As a result of the study of items important to retrieval, three conditions
were identified that could result in a significant delay in completing
retrieval operations:

1. In the vertical configuration, rockfall into the borehole could
occur as a result of a seismic event.

2. In the vertical configuration, a waste container misalignment or
'tilt' in the borehole could result from a seismic event.

3. Shield plugs could jam as the result of a seismic event.

Logic

Information Need 2.4.3 uses the results of the performance allocation
process for function 2 (see Table 8.3.5.2-3) as a starting point and con-
tinues the issue resolution process as shown in Figure 8.3.5.2-1. Perfor-
mance goals are taken from Table 8.3.5.2-3 and used as design criteria.
Input item requirements are developed to ensure that sufficient detail and
supporting evidence are available for the compliance analysis. Retrieval-
conditions are developed using existing design information to ensure that a
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Table 8.3.5.2-10.' Input items to be provided by. Issue 4.4 for Information Need 2.4.3 (access to waste
packages)

Item
number Subject Description

Waste emplacement envelope', The design concepts and supporting analyses used for the waste
design and supporting analyses, emplacembent enivelope are required. This includes providing

estimates of rockfall within the borehole (type and amount),
borehOle distortion, liner deflection, liner stress, liner'
corrosion rate, and liner lifetime under normal and credible
abnormal conditions.

2 Waste 'emplacement envelope This item includes the normal and credible abnormal condi-
assessment -tions for the waste emplacement envelope, requirements for

assessment of the conditions of the waste emplacement
envelope (at the time of retrieval), assessment of equipment
design and supporting anaLlyses, and the requirements for
and results from any tests or demonstrations.

3 'Corrective. actions -This item includes the identification of corrective actions
which may be required undeir'normal and credible abnormal
conditions, 'the design and supporting analyses for equip-
ment to perform the corrective actions, and the results of
any tests or demonstrations.L
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complete set of retrieval scenarios are considered in the design process.
Specific work to be performed by Issue 4.4 for this information need includes

1. Developing borehole designs using thermomechanical analyses,
G-Tunnel comparisons, and exploratory shaft facility (ESF) tests.

2. Designing the liner based on analytic models, experience in the
mining industry, and corrosion test results.

3. Designing the shield plug based on analytic models and experience in
the nuclear industry.

4. Designing the shielding closure based on analytic models and
experience in the nuclear industry.

S. Developing scenarios to estimate the performance of the emplacement
envelope under both normal and credible abnormal conditions and
performing any tests or demonstrations needed. It is anticipated
that proof-of-principle demonstrations may be required for some of
the equipment related to retrieval under abnormal conditions. The
reader is referred to Section 3.2.2 and Appendix J in the SCP-CDR
(SNL, 1987).

S. Developing the equipment required to verify the condition of the
waste emplacement envelope before waste removal.

7. Developing the equipment and operations to perform corrective
actions that may be required to restore acceptable access to the
waste packages.

The conditions within the emplacement boreholes can be characterized in
terms of the following parameters: rock temperature, condition of the
opening, radiation levels, and condition of the borehole liner.

1. The predicted temperature histories for the emplacement boreholes
for the vertical and horizontal emplacement concepts are discussed
in the SCP-CDR, Appendix J (SNL, 1987). As shown in that section,
the temperature remains above 100C throughout the retrievability
period; therefore, a dry environment in the emplacement borehole is
anticipated.

2. For the vertical emplacement concept, the borehole is expected to be
stable with negligible amounts of rockfall into the emplacement
borehole under normal conditions. For the horizontal concept, minor
rockfall against the liner is anticipated. In addition, as noted
previously, a dry environment, as a result of high temperatures, is
expected.

3. At the time of emplacement, the waste container surface radiation
levels5for spent fuel pressurized2water reactor) are estimated at
1 x 10 rem/h for gamma and 1 x 10 mrem/h for neutron radiation
(O'Brien, 1985). These surface radiation levels are used as the
worst-case levels for shielding design.
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4. Under normal conditions, the liner will be intact and provide
acceptable access to the emplaced waste containers throughout the
design-basis 84-yr retrievability period.

Further studies are planned during the advanced conceptual design phase
to evaluate retrieval under credible abnormal conditions like those listed in
Table 8.3.5.2-8 in Section 8.3.5.2.1.

Issue 4.4 returns the results of this work in the form of'input item
responses. Information Need 2.4.3 performs a compliance analysis to evaluate
whether the design actually provides for the ability to access the emplace-
ment boreholes as required. As shown in Figure 8.3.5.2-1, this compliance
analysis evaluates the completeness and sufficiency of the responses to the
input items and the retrieval conditions and determines whether the perfor-
mance goals have been met. For function 2, this involves evaluating the
emplacement envelope design (borehole, liner, shield plug, and shielding
collar), the concepts for the assessment of the condition of the waste
emplacement envelope, the equipment design and operations for performing
corrective action, and supporting evidence (analyses, G-Tunnel comparisons
and tests, experience in the mining and nuclear industries, ESF tests,
corrosion tests, demonstrations, and scenarios). The results of the, com-'
pliance analysis for function 2 are sent to Information Need 2.4.6 to be
combined with the results-from the other information needs.

8.3.5.2.3.1 Application of results

The performance goals, input item requests, and retrieval conditions'
developed under this information need are sent to Issue 4.4. The results of
the compliance analysis for function 2 will be sent to Information Need 2.4.6
to be combined with the results of other retrieval-related information needs
as part of the development of the compliance analysis for Issue 2.4.'

8.3.5.2.3.2 Schedule and milestonese

Information Need 2.4.3, addressing access to the waste packages for
retrieval purposes, is divided into four activities: 2.4.3.1 (design
requirements for access to waste containers), 2.4.3.2 (retrieval conditions
for access to waste emplacement containers), 2.4.3.3 (request for information
items relative to waste containers), and 2.4.3.4 (compliance analysis for
access to waste containers). These activities are expanded slightly from
those described in the text. The schedule information for these design
activities' is presented in the form' of timelines which 'extend. to the-
issuance of the final products associated with each design activity. Summary
schedule and milestone information for this information need can be found in
Sections 8.5.2.1 and 8.6.6.

Activities 2.4.3.1, 2.4.3.2, and 2.4.3.3 are ongoing, while Activity
2.4.3.4 is an out-year work effort.
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This information need interfaces with other information needs in
Issue 2.4 as well as Issue 4.4 (preclosure design and technical feasibility).
These relationships are illustrated in the figure. The activity numbers and
titles corresponding to the timelines are shown on the left of the figure.
The numbered points shown on the timelines represent major events or impor-
tant milestones associated with this work effort. Solid lines represent
activity durations, and dashed lines show the interfaces. The data input and
output at these interfaces are shown by circles.
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The points on the timeline and the data
faces are described in the following table:

input and output at the inter-

Point
number Description

1 Obtain input items and other information from Milestone N432
(SCP-Conceptual Design Report). -
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Point
number Description

2 Receive advanced conceptual design (ACD) requirements for
access to waste containers (Z137).

3 Provide site data and input item requests related to container
access (ACD) to Information Need 2.4.1.

4 Receive license application design (LAD) requirements for
access to waste containers (Z138).

5 Provide site data and input item requests related to container
access (LAD) to Information Need 2.4.1.

6 Milestone Z153. Preliminary report on retrieval conditions for
access to waste containers.

7 Provide preliminary input item and site data requests related
to retrieval conditions for container access to Information,
Need 2.4.1.

a Receive preliminary input items and information on retrieval
conditions for container access from Information Needs 4.4.5
(reference preclosure repository design) and 4.4.7 (design
analyses).

9 Milestone Z154. Final report on retrieval conditions for
access to waste containers.

10 Provide final input item and site data requests related to
retrieval conditions or.container access to Information Need
2.4.1.

11 List of preliminary input items related to access to waste
containers.(ACD). -

-12 Provide preliminary input item and site data requests related.
,to-access to waste containers to Information Need 2.,4.1,.

13 List of final input items related to access to waste containers
(LAD).

14 Provide final input item and site data requests.related to
access to waste containers to Information Need 2.4.1.

15 - Receive input items on access -to waste containers from
Information Needs 4.4.5 (reference -preclosure repository
design), 4.4.7 (design:%analyses), and 4.4.9 (underground
facilities technology)..

16 Milestone Z155. Input to preliminary report on compliance
analysis for retrieval requirements.
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Point 
number Description

17 Provide preliminary retrieval compliance analysis to
Information Need 2.4.8.

18 Milestone Z158. Input to final report on compliance analysis
for retrieval requirements.

19 Provide final retrieval compliance analyses to Information Need
2.4.8.

8.3.5.2.4 Information Need 2.4.4: Determination that the waste can be
removed from the emplacement boreholes for normal and credible
abnormal conditions

The discussion under this information need describes the work that will
be performed to ensure that the ability to remove the emplaced waste from the
emplacement boreholes is maintained (function 3). Design of the waste
package and the transporter waste removal equipment is of primary concern
relative to providing the ability to remove the emplaced waste for both
normal and credible abnormal conditions.

The work performed under Information Need 2.4.4 focuses on the four
steps: (1) developing performance goals, (2) defining retrieval conditions
for the waste removal operations, (3) identifying input items and their
needed content, and (4) performing a compliance analysis to ensure that the
performance goals are met.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Links to the conceptual designs of the repository and waste package
(Chapters and 7, respectively) include three categories: removal equipment
design and supporting analyses, waste package design and supporting analyses,
and retrieval conditions. Equipment design is discussed in Sections 8.2.8.2
(vertical emplacement mode), .2.8.3 (horizontal emplacement mode), and
8.2.9.3 (equipment development). Operations are discussed in Section
6.2.3.2. The current waste package designs and supporting analyses are.
presented in Sections 7.3 and 7.4. Retrieval conditions are discussed in
Section .4.8.2.2.

Sections in the SCP-CDR (SNL, 1987) contain discussions related to waste
removal from the boreholes. Equipment discussions are contained in Section
3.2.2.2 (operations) and Appendices B (liner stress analysis), D (equipment
descriptions), and J (retrieval operations). Waste package discussions are
contained in Section 2.1 (basis). Retrieval conditions are addressed in
Section .3.1 and Appendices A (temperature), J (normal and abnormal), and L
(items important to retrievability).
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Parameters

This information need requires three input items from Issue 4.4 to
ensure that the performance goals defined for function 3 (waste removal) are
met. These required input items are presented in Table 8.3.5.2-11.

Normal retrieval conditions are being identified for the waste removal
equipment and waste packages. Work completed to quantify the conditions is'
described in Section 6.4.8.2.2. The current set of credible abnormal con-
ditions was developed during the study of items important to retrieval (SNL,
1987; Appendix L ). The list of potential abnormal conditions for Informa-
tion Need 2.4.4 is presented in Table 8.3.5.2-8 in Section 8.3.5.2.1. As
a result of the items important to retrieval study, no conditions were
identified that could result in a significant delay in completing retrieval
operations.

Logic

Information Need 2.4.4 uses the results of the performance allocation
process for function 3 (see Table 8.3.5.2-4) as a starting point and con-
tinues the issue resolution process-as shown in Figure 8.3.5.2-1. Perform-
ance goals are taken from Table 8.3.5.2-4 and used as design criteria. Input
item requirements are developed to ensure that sufficient detail and support-
ing evidence are available for the compliance analysis. Retrieval conditions
are developed using existing design information to ensure that a complete siet
of retrieval scenarios are considered in the design process. Specific work
to be performed by Issue 4.4 for this information need includes

1. Designing the transporter waste removal equipment based on analytic
models, scale models, component testing, and. full scale tests (if
required).

2. Specifying the design of the waste package interface with retrieval
equipment based on analytic models, experience in the nuclear
industry, and extensive testing.

3. Developing scenarios to estimate the performance of the waste
removal equipment and the waste package under both normal and
abnormal conditions and performing any tests or demonstrations
needed. It is anticipated that proof-of-principle and prototype
demonstrations may be required for some of the'removal equipment.
(The reader is referred to Section 3.2-2 and Appendix J of the
SCP-CDR (SNL, 1987) for details of the scenarios-and equipment
considered to date.)

4. Developing the equipment required to verify the condition of the
waste package before waste removal.

5. Developing the equipment and operations to perform corrective
actions that may be required to remove the waste package under
credible abnormal conditions.

Proof-of-principle demonstrations of equipment and operations related to
removal of waste packages from emplacement boreholes are of two types:

-8.3.5.2-47



Table 8.3.5.2-11. Input items to be provided by Issue 4.4 for Information Need 2.4.4 (removal of
waste from boreholes)

Item
number Subject Description

1 Waste package removal design This item includes the design concepts and supporting
and supporting analyses analyses for the waste package removal equipment, the waste

package, the dolly (if used), and the shielding collar.

2 Concepts for borehole prepara- This item includes the design concepts and the supporting
tion for retrieval and analyses related to preparation of the emplacement borehole
supporting evidence for waste retrieval-under normal and credible abnormal con-

ditions.

3 Demonstrations of borehole The requirements for and results of any demonstrations for
preparation and waste removal borehole preparation and waste removal under normal and

credible abnormal conditions are required.

a

I

( c (
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component demonstrations and mockup demonstrations. Component demonstrations
will be performed for equipment components that (1) are critical to retrieval
and are not commercially available or (2) are extrapolations from current
technology. The current list of operations and components for retrieval in
the horizontal emplacement configuration that might require proof-of-
principle demonstrations before submitting the license application includes
removal of the borehole shielding closure, the container dolly, the container
retrieval system for both normal and abnormal operations, and the transpor-
ter-cask-alignment system. The current list of components for vertical
emplacement that might require proof-of-principle demonstrations includes the
shielding closure,- the container retrieval system, and the transporter-cask
alignment system. Additional special equipment may be needed for~selected.
abnormal conditions; concepts for equipment that might be used for such .
conditions (and even for potentially more severe but less probable condi-
tions) are described in Appendix J of the SCP-CDR (SNL, 1987). For example,
concepts for a removal sleeve for use in loss-of-pintle conditions, a core
drill system for use in more severe conditions, a liner repair system, and an
auxiliary liner cutting system are described.

Results of this work will be returned from Issue 4.4 in the form of
input item responses. .-Information Need 2.4.4 performs a compliance analysis
to evaluate whether the design actually provides for the ability to remove
the emplaced waste as required. As shown in Figure 8.3.5.2-1, this compli-
ance analysis evaluates the completeness and sufficiency of the responses to
the input items and the retrieval conditions and determines whether the
performance goals have been met. For function 3, this involves evaluating.

Ks_,J the transporter waste removal equipment design, the waste package design, the
dolly-design (horizontal only), the concepts for verifying the'condition of
the waste package and dolly (horizontal only), the equipment design and
operations for performing corrective actions, and all supporting evidence
(results from tests and analyses, experience in industry, scenarios,:and:-
demonstrations). The results of this compliance analysis for function 3 are
sent to Information Need 2.4.6 to be combined with the results of the other-
information needs.

8.3.5.2.4.1 Application of results

The performance goals, input item requests, and retrieval conditions
developed under this information need are sent to Issue 4.4. The results of
the compliance analysis for function 3 will be sent to Information Need 2.4.6
to be combined with the results of Info'rmation'Needs'2.4.2,' 2.4.3', and 2.4.5
for the development of the compliance analysis for Issue 2.4.
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8.3.5.2.4.2 Schedule and milestones

Information Need 2.4.4, addressing removal of waste from the borehole,
is divided into four activities: 2.4.4.1 (requirements for waste removal
from emplacement boreholes), 2.4.4.2 (retrieval conditions for waste removal
from emplacement boreholes), 2.4.4.3 (request for information items relative
to waste removal from emplacement boreholes), and 2.4.4.4 (compliance
analysis for waste removal from emplacement boreholes). These activities are
expanded from descriptions in the text. The schedule information for these
design activities is presented in the form of timelines. The timelines
extend from the start of the activity to the issuance of the final products
associated with each design activity. Summary schedule and milestone
information for this information need can be found in Section 8.5.2.1 and
8.5.6.

Activities 2.4.4.1, 2.4.4.2, and 2.4.4.3 are ongoing, while Activity
2.4.4.4 is an out-year work effort.

This information need interfaces with other information needs contained
within Issue 2.4 as well as Issue 4.4 (preclosure design and technical
feasibility). These relationships are illustrated in the following figure.
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The activity numbers and titles corresponding to the timelines are shown on
the left of the figure. The numbered points shown on the timelines represent
major events or important milestones associated with this work effort. Solid
lines represent activity durations and dashed lines show the interfaces.
The data input and output at these interfaces are shown by circles.

The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Obtain input items and other information from Milestone N432
(SCP-conceptual design report).

2 Receive advanced conceptual design (ACD) requirements for waste
removal from emplacement boreholes (Milestone Z144).

3 Provide input item and site data requests-related to waste
removal (ACD) to Information Need 2.4.1.

4 Receive license application design (LAD) requirements for waste
removal from emplacement boreholes (Milestone Z145).

5 Provide input item and site data requests related to waste
removal for LAD to Information Need 2.4.1.

6' -Milestone 153.- Preliminary report on retrieval conditions for
waste removal from emplacement boreholes.

7. ;Provide-preliminary input item and sitedata requests related
to-retrieval conditions for waste removal to Information.Need

-., .2.4.1.. . . - .- . , ..-. -- . -

8 Receive.preliminary.input items on retrieval conditions for
waste removal from Information Needs 4.4.5 (reference

., .- -. -preclosure repository design) and 4.4.7 (design. analyses).

9 Milestone Z154. Final rport -on retrieval conditions for waste.
temoval. from emplacement-boreholes. . - - . -.

;10 -.- ..- Provide final.input.item atd site data requests'.on retrieval .
conditions for waste removal to Information Need 2.4.1.

11 List of preliminary,-input items relative-to access for waste-
removal from emplacement boreholes.

12 Provide preliminary input item and site data requests on
borehole access for waste removal to Information Need 2.4.1.

13 - - List of final input items relative to access for waste removal
from emplacement..boreholes.
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Point
number Description

14 Provide final input item and site data requests on borehole
access for waste removal to Information Need 2.4.1.

15 Receive final input on borehole access for waste removal from
Information Needs 4.4.5 (reference preclosure repository
design), 4.4.7 (design analyses), and 4.4.9 (underground
facility technology).

16 Milestone Z155. Provide input to preliminary report on
compliance analysis for retrieval requirements.

17 Provide preliminary compliance analysis for retrieval
requirements to Information Need 2.4.8.

18 Milestone Z158. Provide input to final report on compliance
analysis for retrieval requirements.

19 Provide final compliance analyses for retrieval requirements to
Information Need 2.4.6.

8.3.5.2.5 Information Need 2.4.5: Determination that the waste can be
transported to the surface and delivered to the waste-handling
surface facilities for normal and abnormal conditions

This section describes the work that will be performed under this
information need to ensure that the ability to transport the retrieved waste
and unload it at the surface waste-handling building is maintained (function
4). The design of the transporter and the surface unloading equipment is of
primary concern relative to providing the ability to transport and unload the
retrieved waste for both normal and credible abnormal conditions.

The work performed under this information need focuses on the familiar
four steps: (1) developing performance goals (design criteria) for the
equipment and operations associated with waste transport and unloading,
(2) defining retrieval conditions for the waste transport and unloading
operations, (3) identifying requirements for input items, and (4) performing
a compliance analysis to ensure that the performance goals for function 4 are
met.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

For Information Need 2.4.5, the links fall into these categories:
transporter design and supporting analyses, unloading equipment (surface
facility waste-handling building) design and supporting analyses, and
retrieval conditions. The transporter is discussed in Sections .2.8.2
(vertical emplacement mode), 6.2.6.3 (horizontal emplacement mode), and
6.2.9.3 (equipment development). Operations including those for retrieval
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are discussed in Section 6.2.3.2. Operations for the waste-handling building
are presented in Section 6.2.4. Retrieval conditions are discussed in
Section 6.4.8.2.2.

There are links to similar sections in the SCP-CDR (SNL, 1987):
Equipment discussions are contained in Section 3.2.2.2 (operations) and
Appendices D (equipment descriptions) and J (retrieval operations). The
surface facility waste handling is discussed in Sections 3.1 (operations) and
4.2 (design). Retrieval conditions are addressed in Section 6.3.1 and
Appendices 3 (normal and abnormal conditions) and L (items important to
retrievability).

Parameters

This information need requires four input items from Issue 4.4 to ensure
that the performance goals defined for function 3 (waste removal) are met.
These required input items are presented in Table 8.3.5.2-12.

Normal retrieval conditions are being identified for the transporter and
the unloading equipment. Work completed during conceptual design on quanti-
fication of these conditions is contained in Section 6.4.8.2.2. The current
set of credible abnormal conditions was developed during the study of items.
important to retrieval (SNL, 1987, Appendix L). The list of potential
abnormal conditions for Information-Need 2.4.5 is presented in Table
8.3.5.2-8 in Section 8.3.5.2.1. As a result:of the items important to
retrieval study, one condition was identified that could result in a signi-
ficant delay in completing retrieval operations. This abnormal condition
involved a transporter collision with.the ramp wall-as the result of an
operator error.

Logic

As noted previously, Information Need 2.4.5 was derived from function 4,
transport and unload the waste at the surface. Information Need 2.4.5 uses
the results of the performance allocation process for function 4 (see Table
8.3.5.2-5) as a starting point and continues the issue resolution process-as
shown in Figure 8.3.5.2-1. Performance goals are taken from Table 8.3.5.2-5
and used as design criteria. Input item requirements are developed to ensure
that sufficient detail and supporting evidence are available for the corm-.
pliance analysis. Retrieval conditions are developed using existing design
information to ensure that a cmplete-set of retrieval scenarios.are consid-
ered in the design process. Specific.work to be performed by issue 4.4 for:
this information need includes

1. Designing the transporter based on analytic models, existing
equipment, scale models, component testing, and full-scale tests
(if required).

2. Designing the surface unloading equipment based on analytic models,
experience in the nuclear industry, component testing, and scale
models (if required).

3. Developing scenarios to estimate the performance of the transporter
and unloading equipment under both normal and credible.abnormal
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Table 8.3.5.2-12. Input items to be provided by Issue 4.4 for Information Need 2.4.5 (delivery of
waste to surface facilities)

Item
number Subject Description

1 Transporter design concepts This item includes the design and analyses for the transporter
and supporting analyses under normal and credible abnormal conditions including the

propulsion system, braking system, steering, and radiation
shielding.

2 Unloading equipment design and This item includes the design and supporting analyses for the
supporting analyses unloading equipment within the transporter cask and the

surface facility equipment for unloading the waste from the
transporter under normal and credible abnormal conditions.

3 Demonstrations for waste This item includes the requirements for and the results of
transport demonstrations, if required, of the ability to transport

waste.

4 Demonstrations for waste This item includes the requirements for and the results of
unloading of demonstrations, if required, of the ability to unload

waste at the surface waste-handling building.
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conditions and performing any tests or demonstrations that are
needed. It is anticipated that proof-of-principle and prototype
demonstrations may be required for the transporter and unloading
equipment. The reader is referred to Section 3.2.2 and Appendix J
of the SCP-CDR (SNL, 187) for additional information.

Issue 4.4 returns the results of this work in the form of input item
responses. Information Need 2.4.5 performs a compliance analysis to evaluate
whether the design actually provides for the ability to transport and unload
the waste as required. As shown in Figure 8.3.5.2-1, this compliance analy-
sis evaluates the completeness and sufficiency of the responses to the input
items and the retrieval conditions and determines whether the performance
goals have been met. For function 4, this involves evaluating the trans-
porter design, the design of the unloading equipment at the surface, and all
supporting evidence (results from tests, analyses, and demonstrations, exper-
ience in the nuclear and mining industries, and results from scenario devel-'
opment). The results of this compliance analysis are sent to Information
Need 2.4.6 to be combined with the results from the other information needs.

8.3.5.2.5.1 Application of results

'The performance goals, input item requests, and retrieval conditions
developed under this information need are sent to Issue 4.4. The results of
the compliance analysis for function 4 will be sent to Information Need 2.4.6
to be combined with the results of the compliance analyses performed under
the other retrieval-related information needs.

8.3.5.2.5.2 Schedule and milestones

Information Need 2.4.5, addressing transport of retrieved waste to the
surface facilities, is divided into four activities: 2.4.5.1 (design
requirements for transport of waste to surface facilities), 2.4.5.2
(retrieval conditions for transport of waste to surface facilities), 2.4.5.3
(request for information items relative to transport of waste to surface
facilities), and 2.4.5.4 (compliance analysis for transport of waste to
surface facilities). These activities are an expansion of the logic and
parameter sections in the text. The schedule information for these design
activities is presented in the form of timelines.' The timelines extend to-
the issuance of the final products associated with each design activity.
Summary schedule and milestone information for this information need can be
found in Section 8.5.2.1 and 8.6.

-Activities 2.4.5.l, 2.4.5.2,-a'nd 2.4.5.3 are ongoing. Activity 2.4.5.4
is an out-year work effort.

This information need interfaces with other information needs contained
within Issue 2.4 as well as Issue 4.4 (preclosure design and'technical
feasibility). These relationships are illustrated in the following figure.
The activity numbers and titles corresponding to the timeline are shown on
the left of the figure.' The numbered points shown-on the timelines represent
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major events or important milestones associated with this work effort. Solid
lines represent activity durations, and dashed lines show the interfaces.
The data input and output at these interfaces are shown by circles.

PERFORMANCE
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T
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I
'I

Complete ACO
Start license
application design

.I
2.4.5.1
Design
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transport of
retrieved
waste
2.4.5.2
Retrieval
conditions

2.4.5.3
Request for
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2.4.5A
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I II
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la 18
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TIME 835252-VA

The-points on the
faces are described in

timeline and the data
the following table:

input and output at the inter-

Point
number

1

Description

Obtain input items and information from Milestone N432 (SCP-
Conceptual Design Report).

Receive advanced conceptual design (ACD) requirements for
transport of retrieved waste to surface facilities (Z151).

Provide site data and input item requests on waste transport
requirements (ACD) to Information Need 2.4.1.

2

3
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Point
number Description -

4 Receive license application design (LAD) requirements for
transport of retrieved waste to surface facilities (Z152).

5 Provide site data and input item requests on waste transport
requirements (LAD) to Information Need 2.4.1.

6 Milestone Z153. Preliminary report-on retrieval conditions for
- transport of waste-to surface facilities.'

7 Provide preliminary site-data and input item requests on
retrieval conditions for waste transport to Information Need
2.4.1.

8 -Receive preliminary input items on retrieval conditions for
waste transport from Information Needs 4.4.5 and-4.4.7.

9 Milestone Z154. Final report on retrieval conditions for
transport of waste to surface facilities.

10 Provide final site data and input item requests on retrieved.
conditions for waste transport to Information Need 2.4.1.

11 Milestone TBD. List of preliminary input items related to
transport of retrieved waste-to surface facilities.

12 Provide preliminary input item requests on retrieved waste
transport to Information Need 2.4.1.-

13 List of final input items related to transport of retrieved;
waste to surface facilities.

14 Provide final input item requests on retrieved waste transport
to Information Need 2.4.1.

15 Receive final input items on retrieved waste transport from
Information Needs 4.4.5, 4.4.7, and 4.4.9. -

16 Milestone-Z155. Input-to preliminary report on compliance-
analysis for retrieval requirements.

17 Provide preliminary compliance analysis output to Information
Need.2.4.6.-

18 Milestone Z156. Input to final report on compliance analysis
for retrieval requirements. -'

19 Provide final compliance analysis data to Information Need
2.4.6.,
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8.3.5.2.8 Information Need 2.4.8: Determination that the retrieval
requirements set forth in 10 C 60.111(b) are met using
reasonably available technology

The discussion under this information need describes the work that will
be performed to ensure that the requirements for retrievability contained in
10 CFR 60.111(b) and that the requirement for the use of reasonably available
technology imposed by 10 C 960.5-1(a) (3) will be met.

The work performed under Information Need 2.4.8 focuses on (1) develop-
ing performance goals (design criteria), (2) identifying requirements for
input items, and (3) performing a compliance analysis to ensure that the
performance goals for retrievability shown in Table 8.3.5.2-7 are met.

Technical basis for addressing the information need

As shown in Figure 8.3.5.2-1, there are four functions that must be
performed in order to retrieve emplaced waste. Information Need 2.4.6
combines the results from the other information needs under this issue, and
verifies the ability to retrieve any or all of the emplaced waste is
maintained throughout the period of retrievability. In addition, Information
Need 2.4.8 imposes two additional requirements: (1) that the repository
design allows for retrieval to be performed on a reasonable schedule and
(2) that the repository design includes the use of technology that will be
reasonable at the time of repository construction.

Link to the technical data chapters and applicable support documents

For Information Need 2.4.6, the links fall into the following two
categories: retrieval schedule and use of reasonably available technology.
The design basis retrieval schedule is discussed in Sections .1.1.6.4 and
8.2.9.1. The use of reasonably available technology is discussed in Section
6.4.10. In the SCP-CDR (SNL, 1987), time lines for retrieval and the time
consequences of abnormal conditions are included in Appendix L-2 (items
important to retrievability).

Parameters

This information need requires three input items from Issue 4.4 to
ensure that the performance goals for Information Need 2.4.6 are met. These
required input items are presented in Table 8.3.5.2-13.

The performance goals (design criteria) developed for this information
need are located in Table 8.3.5.2-8 in Section 8.3.5.2.1. These goals were
developed as a result of the requirements for retrieval to be completed on a
reasonable schedule and for the use of reasonably available technology.

Logic

The work to be accomplished under Information Need 2.4.6 is aimed at
verifying that all of the retrievability requirements set forth in
10 CR 60.111(b) are met using reasonably available technology. To
accomplish this, it must be established that the repository design
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Table 8.3.5.2-13. Input items to be provided by Issue 4.4 for nformation Need 2.4.6 (compliance with
retrieval requirements)

Item
number Subject Description

1 Reference operations plans A complete operations plan is required to ensure compliance
with the 10 CFR 60.111 .(b) "reasonable schedule" requirement
for.retrieval.

2 Use of reasonably available This item includes all technical evidence which confirms the
technology use of reasonable available technology for all retrieval-

related equipment.

3 Reference design and supporting In support of the Compliance analyses, reference design
analyses information and supporting analyses for the underground

facilities, the surface facilities, and repository
equipment are required.

a
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1. Includes the option to retrieve any or all of the emplaced waste
throughout the period of retrievability.

2. Allows for the completion of retrieval of any or all of the emplaced
waste on a reasonable schedule.

3. Incorporates the use of reasonably available technology.

Ensuring that the option to retrieve waste is preserved involves
verifying that the four retrieval functions can be performed. Information
Needs 2.4.2 through 2.4.5 correspond to retrieval functions 1 through 4,
respectively. Each of these information needs will complete a compliance
analysis relative to a retrieval function and will forward the results to
Information Need 2.4.6.

To ensure that the requirements for a reasonable schedule and reasonably
available technology are met, Information Need 2.4.6 (1) develops performance
goals (design criteria) to ensure that the design considers these require-
ments, (2) develops input item requirements to ensure that sufficient
detail and supporting evidence are available to verify compliance, and
(3) performs a compliance analysis to verify that the design meets the
performance goals.

The performance goals (design criteria) and requests for input items are
sent to Issue 4.4 for use in developing the design, specifying supporting
analyses, and defining tests and demonstrations that are required. Specific
work to be performed by Issue 4.4 for this information need includes

1. Developing a reference design and performing required supporting
analyses.

2. Developing a reference operations plan.

3. Performing the activities necessary to prove the design is based on
reasonably available technology.

Issue 4.4 returns the results of this work in the form of input item
responses. Information Need 2.4.8 performs a compliance analysis to evaluate
whether the design actually provides for the ability to retrieve on a
reasonable 'schedule and uses reasonably available technology. As shown in
Figure 8.3.5.2-1, this compliance analysis evaluates the completeness and
sufficiency of the retrieval conditions and the responses to the input items
and determines whether the performance goals have been met. Specifically,
Information Need 2.4.6 evaluates the complete design package relative to the
ability to perform retrieval in a reasonable period of time and with the use
of reasonably available technology. Negative responses to the three tests in
the compliance analysis can be followed in Figure 8.3.5.2-1. They involve
modification of input items, performance goals, or the design. If modifi-
cation is not possible, a noncompliance exists for the design. If the
results of all three tests are positive, then, relative to the reasonable
schedule and reasonably available technology requirements, compliance exists
for the design.
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The results of the compliance analysis conducted under Information Need
2.4.6 are combined with the compliance analyses conducted under Information
Needs 2.4.2 through 2.4.5 to create a compliance analysis for Issue 2.4,
waste retrievability. The objective of this compliance analysis is to
demonstrate that all of the performance goals relative-to preserving the
option of waste retrieval as set forth in 10 CFR Part 60.111(b) using
reasonably available technology are met, and that Issue 2.4, waste retriev-
ability, is resolved.

8.3.5.2.6.1 Application of results

The performance goals and input item requests developed under this
information need are :sent to Issue 4.4. The results of the compliance
analysis are combined with the results of Information Needs 2.4.2, 2.4.3,
2.4.4, and 2.4.5 for the development of the compliance analysis for Issue
2.4, waste retrievability.

8.3.5.2.6.2 Schedule and milestones

Information Need 2.4.6, addressing the retrieval requirements, is
divided into four activities: 2.4.6.1 (retrievability strategy report),
2.4.6.2 (design requirements for retrievability using reasonably available
technology), 2.4.6.3 (request for information relative to retrievability
using reasonably available technology), and 2.4.6.4-(compliance analysis for
retrievability using reasonably available technology). These activities are
expanded from the logic and parameter sections in the text. The schedule
information for these design activities is presented in the form of time-
lines. The timelines extend to the issuance of the final products associated
with each design activity. Summary schedule and milestone information for
this Information Need can be found in Section 8.5.2.1 and 8,5.6.

Activities 2.4.6.2 and 2.4.6.3 are ongoing, while Activities 2.4.6.1 and
2.4.6.4 are out-year work efforts.

This information need interfaces with other information needs contained
within Issue 2.4 as well as Issue 4.4 (preclosure design and technical
feasibility)' These relationships are illustrated in the following figure.

The activity numbers and titles corresponding to the timelines are shown on
the left of the figure. The numbered points shown on the timelines represent
major events or important milestones associated with this work effort.
Solid lines represent activity durations, and dashed lines show the inter-
faces. The data input and output at these interfaces are shown by circles.
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The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Receive input items on reference operations plan, evidence
supporting retrieval technology is reasonably available, and
reference designs and analyses from Information Needs 4.4.2,
4.4.3, 4.4.4, 4.4.5, 4.4.8, 4.4.7, 4.4.8, and 4.4.9.

2 Milestone Z157. Retrievability strategy report.

3 Request input items derived from retrievability strategy from
Information Needs 4.4.3,.4.4.5, 4.4.8, 4.4.7, 4.4.8, and
4.4.9.

4 Receive information from Milestone N432 (SCP-Conceptual Design
Report).

5 Milestone Z159. Compile advanced conceptual design (ACD)
requirements for retrievability using reasonably available
technology.
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Point
number Description

6 Provide input item and site data requests on retrievability
requirements (ACD) to Information Need 2.4.1.

7 Milestone Z160. Compile license application design (LAD)
requirements for retrievability using reasonably available
technology.

8 Provide input item and site data requests on retrievability
requirements (LAD) to Information Need 2.4.1.

9 List of preliminary input items related to retrievability using
reasonably available technology.

10 Provide input item requests related to retrieval technology to
Information Need 2.4.1.

11 Receive input items on retrieval technology from Information
Needs 4.4.2, 4.4.3, 4.4.5, 4.4.6, and 4.4.7.

12 List of final input items related to retrievability using
reasonably available technology is available.

13 Provide input item and site data requests for compliance
analysis to Information Need 2.4.1.

14 Receive input items and site data needed for compliance
analysis for retrievability from Information Needs 4.4.2,
4.4.3, 4.4.4, 4.4.5, 4.4.6, 4.4.7, 4.4.8, 4.4.9, 2.4.2,
2.4.3, 2.4.4, and 2.4.5.

15 Milestone Z155. Preliminary report on compliance analysis for
retrieval requirements.

16 Receive input items related to reasonably available technology
from Information Needs 4.4.3, 4.4.5, 4.4.6, 4.4.7, 4.4.8, and
4.4.9.

17 Receive final input items, site data, and retrievability
determinations for final compliance analysis from Information
Needs 4.4.2, 4.4.3, 4.4.4, 4.4.5, 4.4.6, 4.4.7, 4.4.8, 4.4.9,
2.4.2, 2.4.3, 2.4.4, and 2.4.5.

18 Milestone Z156. Final report on compliance analysis for
retrieval requirements.
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8.3.5.3 Issue resolution strategy for Issue 2.1: During repository
operation, closure, and decommissioning (a) will the expected
average radiation dose received by members of the public within any
highly populated area be less than a small fraction of the allowable
limits and (b) will the expected radiation dose received by any
member of the public in an unrestricted area be less than the
allowable limits as required by 10 CFR 60.111, 40 CFR 191 Subpart A,
and 10 CFR Part 20?

This issue is concerned with the radiation exposure to the general
public from the normal operation, closure, and decommissioning of the
repository. The issue is divided into two parts: (a) the exposure to
members of the public in a highly populated area (a highly populated area is
defined in 10 CFR 960.2) and (b) the maximum exposure to any member of the
public. The lower radiation dose limit stated in part (a) is intended to
limit the total population dose (man-rem exposure). To address part (a) of
this issue, the locations of the-highly populated areas must be determined in
relation to the repository site. To address part (b) of this issue, the dose
to individuals in the vicinity of the site must be evaluated. The assessment
of the potential doses will allow an evaluation of the impact of the
operation, closure, and decommissioning of the repository on the surrounding
population. The assessments will be-conducted periodically (i.e., at each
design phase) throughout the design of the repository to provide feedback to
the design process. A monitoring program will provide verification of the
results of the analyses. Note that the as low as reasonably achievable
(ALARA) criterion (10 CFR 20.1) will be applied in designing'the repository
to minimize the potential radiation dose to the public. The DOE is presently
evaluating how the limits in 40 CFR Part 191 relate to the ALARA criterion.
Any decisions will be incorporated into the issues resolution strategy for
this issue.

The relationship of this issue with the other issues of the issues
hierarchy is shown on an overall scale in Figure 8.3.2.1-1 (Section 8.3.2.1),
'which illustrates the relationship between design and performance issues and
fixes the lines of communication between these issues. To emphasize the
relationship of this issue to the other issues with which it has direct or
-very strong ties, only Issues 2.1 (this issue), 2.2 (Section 8.3.5.4), 2.3
(Section 8.3.5.5), 2.7 (Section 8.3.2.3), and 4.4 (Section 8.3.2.5) are '
illustrated in Figure 8.3.5.3-1. The figure defines the ties between these
issues by indicating the major information items passed between 'them. The
figure also illustrates the connection of all these issues with'the site
characterization program. The methods to perform preclosure safety analyses
are also discussed in Section 8.3.5.1. The scope of an. issue is indicated by
its size with respect to the other issues in the figure. 'Note that Issue 4.4
is the largest in scope, and the other issues, including this issue, branch
out from Issue 4.4, reducing the scope to more specific areas.

Regulatory basis for the issue

As stated in this issue; the allowable exposure limits are those speci-
fied in 10 CFR 60.111, 40 OFi Part 191 Subpart A, and 10 CFR Part 20. In
fact, 10 OFR 60.111 only requires conformance with 10 CFR Part 20 and 'such
generally applicable environmental standards for radioactivity as may have
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been established by the Environmental Protection Agency' (i.e., 40 CFR
Part 191 Subpart A). 10 CFR 60.111 does not impose any additional require-
ments; therefore, the only regulatory requirements directly applicable to
this issue are those in 10 CFR Part 20 and 40 CFR Part 191 Subpart A:

1. 10 CFR 20.105, Permissible levels of radiation in unrestricted
areas.

2. 10 CR 20.106, Radioactivity in effluents to unrestricted areas.

3. 40 CFR 191.03, Standards. This section contains limits on radiation
doses to members of the public.

The objective of 10 CFR 20.105 and 20.106 is to limit the radiation dose
that members of the public in unrestricted areas may receive to less than
0.5 rem per year to the whole body and other limits specified for particular
organs. In addition, 10 FR 20.1(c) requires that the exposures be main-
tained as low as reasonably achievable (ALARA). The DOE is currently 
evaluating how the limits in 40 CFR Part 191 relate to the ALARA criterion.

40 CFR 191.03(a) requires that 'management and storage of spent nuclear
fuel or high-level or transuranic radioactive wastes at all facilities regu-
lated by the Commission or by Agreement States shall be conducted in such a
manner as to provide reasonable assurance that the combined annual dose
equivalent to any member of the public in the general environment resulting
from: (1) Discharges of radioactive material and direct radiation from such
management and storage and (2) all operations covered by Part 190; shall not
exceed 25 millirems to the whole body, 75 millirems to the thyroid, and 25
millirems to any other critical organ.'

In addition, there are other sections of 10 CFR Part 60 that require
compliance with 10 CFR 60.111 and 10 CFR Part 20; these sections, however, do
not contain any additional exposure limits relevant to the issue. They-
include the following:

1. 10 CFR 60.131, General design criteria for the geologic repository
operations area.

2. 10 CFR 60.132, Additional design criteria for surface facilities in
the geologic repository operations area.

3. 10 CFE 60.133, Additional design criteria for the underground
facility.

4. 10 CFR 60.135, Criteria for the waste package and its components.

Section 8.3.2.3 contains a detailed discussion of the design criteria in
10 CFR 60.131 through 60.133. 10 CFR 60.135 is discussed in Section 8.3.4.
In addition, it is Office of Civilian Radioactive Waste Management (CRWM)
policy that DOE Orders will be followed where they do not conflict with NRC
requirements.

8.3.5.3-3
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Approach to resolving this issue

Licensing strategy overview

Part (a) of this issue (will the expected average radiation dose
received by members of the public within any highly populated area be less
than a small fraction of the allowable limits) is not a requirement of the
NRC or EPA, but is a qualifying condition on population density and distribu-
tion in 10 CFR 960.5-2-1(a)(1). As such, information and results used in
resolution of part (a) of Issue 2.1 will also be applicable to the resolution
of the corresponding part of Issue 2.5 (Section 8.3.5.6), which deals with
the higher level findings of 10 CFR 960.5. This part can be analyzed on the
basis of repository design and operational controls, identification of popu-
lation density and distribution, location of members of the public in the
unrestricted area, and calculation of radiation doses to individuals and
population groups from the repository and other sources. The part of this
issue that deals with population distribution and location of members of the
public is the subject of the Population Density Program 8.3.1.10. The
remainder of part (a) of Issue 2.1 deals with repository design and assess-
ment of the projected radiation exposures and is within the scope of part (b)
of this issue.

Part (b) of this issue (will the expected radiation dose received by any
member of the public in an unrestricted area be less than the allowable
limits as required by 10 CFR 0.111, 40 CFR 191 Subpart A, and 10 CFR Part
20) addresses radiation doses from the repository and from other potential
sources (regulated under 40 CFR Part 190) to nearby individuals. To deter-
mine this expected radiation dose, the unrestricted area must be defined and
doses to the nearby individuals determined from both repository operation and
other uranium fuel cycle facilities. Calculation of this dose will be
performed using acceptable models that require radionuclide source terms,
locations of release points, location of nearby individuals, exposure path-
ways, meteorologic, and hydrologic parameters. This will require an itera-
tive analysis because the location of the nearby individuals may change since
the contribution from the repository to the combined dose may change both in
magnitude and location as the repository design matures (i.e., as predicted
source terms and release points may change). Radiation doses from other
facilities from all pathways to the unrestricted area will be determined to
ensure that the combined doses and radionuclide concentrations are less than
the allowable limits.

Doses in the unrestricted area may be derived from direct radiation from
sources inside the repository boundary, direct radiation from repository
radioactive airborne emissions, inhalation of these airborne radioactive
material emissions, and ingestion of radioactive material from liquids and
foodstuffs contaminated by radioactive material. Radiation doses to indivi-
duals in the unrestricted area are expected to be primarily due to gaseous
radioactive material released during waste handling and packaging operations.
Doses are expected to be reduced to levels well below the allowable limits by
design features such as filtration and by natural dispersion in the atmos-
phere.

-Additional potential sources of radiation dose to unrestricted areas
include radon and radon daughters from the underground portions of the
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repository that may be entrained in subsurface ventilation air and discharged
at surface release points and from radon and other naturally occurring radio-
nuclides that may be released from muck stored on the surface. These
releases are not within the scope of Subpart A of 40 CFR Part 191. Even
though these releases also do not appear to be within the scope of-10 CFR
Part 20, their contribution to offsite releases to unrestricted areas will be
assessed. Therefore, analyses are required to quantify the emanation rate of
this radionuclide from the mine and from the muck pile. Sources of radiation
exposure from the transportation of high-level waste (LW) to the repository
are expected to be addressed under Issue 3.3, as part of the environmental
program planned activities (Transportation of ELW to the repository is
excluded from the definition of site characterization by the Nuclear Waste
Policy Act). Transportation of this HLW within the repository boundaries will
be considered part of the repository program.

In addition to a primary focus on ensuring radiation doses to the public
are at a very low level, both 10 CR Part 20 and Part 60 require the
verification-of performance. This requirement for performance verification
necessitates the design and installation of in-plant radiation measurement
systems for effluent monitoring with alarm mechanisms to warn of significant
increases in radioactivity. The radiation monitoring systems must monitor
and record concentrations of radioactive material in the effluents and in the
surrounding environment. Data from these systems are required to determine
radiation exposures to the public and to verify they are within regulatory
limits. These requirements are discussed in the NNWSI Project Radiological
Monitoring Plan, which is discussed in Section 8.3.1.13.

In summary, the repository will be designed to limit the expected radia-
tion dose received by any member of the public in an unrestricted area to
less than the allowable limits required by 40 CFR Part 191 Subpart A and
10 CFR Part 20. Computer models will be used'to evaluate the potential of
radiation exposure of any member of the public in the unrestricted area. The
performance verification systems, which will be designed and constructed to
comply with 10 CFR Part 20 and Part 60 requirements, will be used during
operations to ensure that the as-built repositorywill meet regulatory dose
requirements. 'The preclosure performance monitoring and confirmation program
(see Section 8.3.5.16) will provide the mechanism for corrective action,
either operational or design, which will ensure successful compliance.

The resolution of this issue' will be accomplished by the analysis of the
repository design and operational controls and activities and calculation of
doses to members of the public in unrestricted areas to ensure that the doses
meet allowable limits and are as low as reasonably achievable.:

Application of the issue resolution strategy

The logic to be used in the resolution of this issue is illustrated in
the logic diagram shown in Figure 8.3.5.3-2. This logic diagram depicts how
the generic issue resolution strategy of Section 8.2.2 is to be applied to
this issue. The first step of-the process (identifying regulatory 'require-
ments) was discussed earlier in the section called Regulatory basis for
addressing the issue. The following discussions will explain each of the
remaining steps in the resolution of this issue as shown in the logic
diagram.

8.3.5.3-5
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Identification of functional requirements. To allocate performance in
this issue to specific system elements of the mined geologic disposal system
(MGDS) at Yucca Mountain, the functions of these system elements with respect
to this issue must be identified. The preclosure portion of the Yucca
Mountain GDS is divided into three major system elements: the site, the
repository, and the waste package. The waste package will not be considered
in allocating performance for this issue but will be considered in Section
8.3.4. The waste package will be considered as part of the repository system
element equipment. The major system elements are further subdivided into
more specific system elements; however, for resolving this issue, only the
site need be divided further. The site is divided into two systems elements:
the surface and the subsurface. In addition to these three system elements
from the MGDS requirements,. a fourth system element, offsite installation, is
required for the resolution of this issue. A description of each of these
system elements and their function with respect to this issue follows.

Surface system element. The surface system element affects trans-
port of radionuclides between the repository and the members of the public in
the unrestricted area during the preclosure period. Transport mechanisms
include atmospheric transport, surface water movement and dilution, bioac-
cumulation, and consumption of agricultural and indigenous food stuffs.

Atmospheric transport is most likely the dominant mode of transport of
radiation from the repository to the public. The main processes involved are
the physical transport, dispersion, and deposition of potential releases of
radionuclides. The atmosphere will impact the potential radiation dose from
both the natural and man-made source terms. The radioactivity deposited will
then move through the food chain to crops, animals, and man. A lesser con-
tributor to the dose rate in the unrestricted area is direct radiation from
the repository. The distance between the repository and the unrestricted
area is expected to greatly attenuate the direct radiation. Direct radiation
that can contribute to the dose in the unrestricted area has to be controlled
to maintain a safe environment for the workers. A possible exception to this
is direct radiation exposure of the public due to transportation which is to
be addressed by Issue 3.3.

Concentration of radionuclides in the unrestricted area is also affected
by dispersion and transport of routine radioactive releases through water
pathways, followed by uptake by crops, animals, and man.

The surface system element also provides a remote location (with respect
to highly populated areas and members of the public) for the repository oper-
ations. This serves to limit the number of people in the adjacent unre-
stricted area. Part (a) of this issue requires that the dose to members in a
highly populated area be less than a small fraction of the allowable limit.
Since the repository is far from a highly populated area, the doses to the
population are expected to be small. Verification of this attribute is
directly determined by investigating the local demographics (see Section
8.3.1.10, population density and distribution program).

8.3.5.3-8
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Repository system element. The repository system element includes
all surface and subsurface systems that can impact man-made sources of radia-
tion in the unrestricted area. This includes all systems and operations that
control radiation releases and exposures in the unrestricted area. The repo-
sitory will be designed and analyzed to ensure that the radioactive effluents
are below the regulatory limits. Potential effluents are in the form of
gases, liquids, and solids, all of which must be evaluated for compliance
with the applicable regulations. Analyses to determine compliance of the
repository with the regulations will require information on the radioactive
sources, systems design, and operations to be performed.

Offsite installations. The exposure standards in 40 CFR 141,
Subpart A, apply to releases from the repository and from uranium fuel cycle
facilities defined in 40 CFR 190. Therefore, a determination of which of the
installations in the vicinity of the Yucca Mountain MGDS are nuclear fuel
cycle facilities is required. The function that the offsite installations
system element plays, with respect to this issue, is to verify that there are
no uranium fuel cycle facilities in the vicinity of Yucca Mountain that would
need to be considered when assessing total exposure to the population.

Allocation of performance to the system elements. The next four steps
after the identification of functional requirements make up the bulk of the
performance allocation process. In these steps, performance measures and
performance goals are developed, and needed parameters are'defined. The
results of these steps may be seen in Tables 8.3.5.3-1 and 8.3.5.3-2.

Development of design criteria and constraints and identification of
input items. The 'only constraints on the design of the repository forth-
coming from this issue are those general performance goals shown in Tables
8.3.5.3-1 and 8.3.5.'3-2. Theserperformance goals are transmitted to Issue-
2.7 (Section 8.3.2.3).where specific design criteria are-developed and -

transiiitted to Issue 4.4 (Section 8.3.2.5)'for incorporation into the design
of the repository.' In general, specific design products or information:
required of either Isgue 27'or Issue 4.4 and needed by the performance.
issues are also transmitted to Issue 2.7.- However, at this time no specific
design'products or information items have-been-identified as' being needed by
this issue.

Public radiological safety-assessmentpacikage. The specific analytical
approach for resolution of-this issue will be developed as part of the
preclosure risk assessment methodology (PRAM) program described in Section
8.3.5.1 and other project activities. A-general approach:is shown in Figure
8.3.5.3-2 in the'dashed box labeled spublic-radiological safety-assessment
package." The following provides a step-by-step discussion of the analytical
approach.

Design Evaluation. The'design package and'site data are obtained
from the reference information base (RIB), and the repository design features
related to the radiological safety of the public during normal-operations are
evaluated. The following is a discussion of what types of information are
investigated during this design evaluation. The high level waste (ELW) -

throughput (schedule and amount of waste received per year) is an important
controlling factor in the design of the repository process and storage

8.3.5.3-9



Table 8.3.5.3-1. Functions, performance measures, and performance goals for
radiological exposures--normal conditions)

Issue 2.1 (public

System element Function

Surface Provide remoteness from
highly populated areas
and members of the
public

Provide dispersion and
transport of routine
radioactive releases
to the unrestricted
area through water
pathways, crops, and
animals

Provide transport, dis-
persion, and diffusion
of routine airborne
radioactive effluents
to the unrestricted
area

Tentative Needed
Process or activity Performance measure goal confidence

Locate repository in a
low population area

Analyze dilution,
transportation,
bioaccumulation of
radionuclides in
rivers, streams,
and food stuffs

Analyse atmospheric
transport by wind
and convection,
including dispersion
and diffusion

Population density A. Population densities
less than or equal
to those required
by the qualifying
conditions of 10 CV
Part 960

High

Radionuclides concen-
trations in environ-
mental media and
individual doses

hadionuclides concen-
trations in environ-
mental media and
individual doses

B. Dose limits of 40 CPR
Part 11, Subpart A
and 10 C Part 20
as applied to the
contribution from
radionuclides in
food chain pathways

I
High N

'I

C. Composite dose limits
required by 40 CR
Part 191, Subpart A
and 10 CR Part 20

High

Repository

Offsite
installa-
tiols

Provide containment of
potential sources of
radiation to the
unrestricted area

Verify that there are
no nuclear (uranium)
fuel cycle facilities
that need to be con-
sidered in assessing
the public dose

Limit releases of rou-
tine gaseous, particu-
late, and liquid radi-
oactive effluents

Locate and analyze
nearby nuclear
(uranium) fuel cycle
facilities

Radionuclides concen-
trations in environ-
mental media and
individual doses

Number of nuclear
(uranium) fuel cycle
facilities requiring
consideration in
assessing the public
dose

D. Composite dose limits
required by 40 CR
Part 191, Subpart A
and 10 CFR Part 20
as pplied to
routine releases
from the repository

. No nuclear (uranium)
fuel cycle facili-
ties requiring
consideration in
assessing the
public dose

High

High

C ( C



C (
for Issue 2.1 (public radiological exposures--normal
of 4)

(
Table 8.3.5.3-2. Parameters required

conditions) (page 1

Related SCP section
perfornance Performance or Parameter Tentative Needed Expected Current providing

goal design parameter descriptor parameter goal confidence parameter value confidence parameter

A Distances from highly
populated areas

A Population located in
adjacent 1-mile by
-1-mile area

A Population density of
the region

140 km radius

Nye and Clark
counties

Nye and Clark
counties

25 km

<1,000 persons

Low population
density

High About 130 km

High No permanent
population

High Section 3.6.2 in
environmental
assessment
(DO, 1986b)

Medium 1 x 10-2 
1 X 10
Ci/kg (see
footnote d)

Medium 8.3.1.12, (b)

Medium

Medium

(b)

(b)

B Bioaccumulation of
radionuclides in
terrestrial flora

B Bioaccumulation of
radionuclides in
terrestrial fauna

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

(c)

(c)

B

B

B

Types of crops raised

Amounts of crops
raised

Types of crops con-
sumed

(c)

.. (c)

Medium

Medium

Medium

Medium

1 x 1- to
1 x 10
Ci/kg (see
footnote e)

(f)

1 x 1 
1 x 10 kg/yr
footnote g)

(h)

Medium

Medium

Medium

Medium

Medium

(b)

(b)

(b)

(b)

(b)(c)

B Amounts of crops con-
sumed

B , Types of animals
raised

B Number of animals
raised

80 km radius (c)

(c)80 km radius

80 km radius

Medium 1 x 104 to
I x lo kg/yr

Medium (i)

Medium 1 x 0 to
1 x 10 kg/yr

Medium

Medium

Medium

(b)

(b)

(c) (b)



Table 8.3.5.3-2. Parameters required
conditions) (page 2

for Issue 2.1 (public radiological exposures--normal
of 4)

Related SCP section
performance Performance or Parameter Tentative Needed Expected Current providing

goal design parameter descriptor parameter goal confidence parameter value confidence parameter

a Types of animals con-
sumed

a Amounts of eat
consumed

a Animal consumption of
forage

80 km radius (c) Medium (W) medium tb)

80 km radius

80 km radius

(c)

(c

Medium 1 x 104 1*
1 x 10 kg/yr

Medium 1 x 101
1 x 10' kg/yr

Medium Data not
available

medium

Medium

(b)

(b)

B Forage storage time 80 km radius Goal is values
given in Reg.
Guide 1.10W
(NRC, 177)

(c)

(c)

Data not
available

(b)

0

I
'*1
;II.

0H

iL Crazing yield and
period

B Radius of crop and
animal area

80 km radius

80 km radius

Medium 75 to 100% of
the year

Medium 50 km to bulk of
cropland and
farms (W to SW)

High

High

(b)

(b)

B Volumetric flow of
surface water to
water bodies

80 km radius Little or no sur-
face runoff

Medium Section 3.3.1 in
environmental
assessment
(DS, 1986b)

Medium I x l0p
1 x 10'

Medium (b)

B Population served by
local drinking water

B Volusetric flow of
local drinking
water

80 km radius

80 km radius

(c)

(c)

Medium

Medium

(b)

(b)Low Section 3.3.1 in
environmental
assessment
(DOE, 1986b)

L Recreational uses of
water bodies

80 km radius Very little
recreational use
of water

High (k) (k) (b)

C Q 2 C
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Parameters required for Issue 2.1 (public radiological exposures--normal
conditions) (page 3 of 4)

(

Table 8.3.5.3-2.

Related SCP section
performance Performance or Parameter Tentative Needed Expected Current providing

goal a design parameter descriptor parameter goal confidence parameter value confidence parameter

C,E Wind speeds ' : 80 km radius (c) High Figures 5-3 to
5-7, and
Tables 5-6
and 5-7 '

Medium 8.3.1.12

C,E Wind direction 80 km radius

C,E Atmospheric stability 80 km radius

(c) - ' a I High Figures 5-3 to
- ' 5-7, and

Tables 5-6
and 5-7

Medium

(c)

(c)

(c)

Medium' "
(See
foot-
note
m)

Medium

Table 5-11 Medium

8.3.1. 12

8.3.1.12

8.3.1.12

8.3.1.12

0

q
CE

C,E

C,B

Mixing'layer depth

Average ambient-
temperature -

8 k r
80 km radius

80 km radius
! ., I - :, ; , 

, (1) Medium

Medium Tables 5-2 and
5-3

Medium

Atmospheric moisture 80 km radius (c)

C

-C

C

Precipitation: type,
amount, intensity,
etc.

CE,, Barometric pressure

C,, Size and distance of
topographic features
from release points

D Radon emanation rate
from tuff

80 km radius

80 km radius

'''80 km radius

(c)

Medium Tables 5-2 and
5-5

Medium Tables 5-2 and
5-4

Medium Table 5-2

Medium 8.3.1.12

Medium 8.3.1.12

(c)

Topographic fea-
tures beneficial
to dispersion

(c)

Medium 8.3.1.12

High LiteratureMedium See U.S Geologi-
cal Survey
(USCS) topo-
graphic maps

.: .w . I t

(w2unit)n High 0.48 pCi/m2-s Low 8.3.1.15



Table 8.3.5.3-2. Parameters required
conditions) (page 4

for Issue 2.1 (public radiological exposures--normal
of 4)

Related SCP section
performance Performance or Parameter Tentative Needed Expected Current providing

goala design parameter descriptor parameter goal confidence parameter value confidence parameter

D Reference repository No additional site characterization data needed--see footnote o.
design and supporting
analyses

B Location of nearby 80 km radius No nearby nuclear High No nearby nuclear Medium 8.3.1.13
uranium fuel cycle fuel cycle fuel cycle
facilities facilities facilities

B Doses from nearby 80 km radius Doses less than High Doses less than Medium 8.3.1.13
uranium fuel cycle 40 CR 191 40 CR 191
facilities limits * limits

VI aThe letters in this column key the performance parameters in this table to the tentative performance goals in
Tablg 8.3.5.3-1.

Collection of these data is part of the environmental program planned activities and is addressed in the Radiological
Monitoring Plan discussed in Section 8.3.1.13.

cTentative goal is to have further measurements of this parameter verify the range of expected values listed here.
dThis range covers all flora for which data are now available; specific values are flora and radionuclide specific.
aThis range covers all fauna for which data are now available; specific values are fauna and radionuclide specific.
Wheat/grains, corn, apples, potatoes, alfalfa, alfalfa seed, hay, silage, peppers, melons, berries, pecans, leafy vegetables,

and honey.
.Specific values depend on available crops, crop areas, and crop densities..
HIncludes all crops listed footnote f except alfalfa, hay, and silage.
Beef cattle, dairy cattle, goats, hogs, sheep, and poultry.
JA1l of those in footnote i plus quail, freshwater fish, ducks, geese, rabbit, deer.
kVery limited use of Crystal Reservoir; swimming pool data not yet available.
See Quiring (1988).
Medium confidence requirements are intended to indicate that these parameters need to be site-specific.
"TSw2 unit is the nonlithophysal Topopab Spring unit (repository horison).
"For communicating the design information needed to evaluate worker radiological safety under normal conditions, the input

items from Issue 4.4 (obtained through Issue 2.7) are collectively listed as a parameter.

0

I
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facilities (e.g., hot cell structure and lag storage). Direct radiation that
can be emitted from the central process area and the amount of routine
radioactive effluents will be directly related to the amount of LW on hand
and being processed. These sources of potential doses to the public also
depend on how processes are conducted for such activities as waste receipt,
lag storage, waste handling and consolidation, transport of waste containers
and the heat treatment of spent fuel, if done. Public radiation doses from
such activities will also be controlled by administrative procedures (e.g.,
limits on frequency of tasks and time in storage). Attributes of the
repository design that will play a major role in controlling direct radiation
and release of radioactive effluents to the unrestricted area include such
features as

1. Barrier and shield thicknesses, composition, and distance from the
source, and the exposed individuals.

2. Containment and ventilation system characteristics (e.g., repository
and hot cell layout, differential pressures between areas, openings,
air locks, and filters).

3. Containment characteristics of the waste form (i.e., fuel elements,
waste package,. etc.)

4. Radioactive material release point characteristics (e.g., stack
height, diameter, exit velocity, temperature, and distance from'
unrestricted area).,

In addition, as part of the regulatory performance verification require-
ments, specific systems and operational controls will be needed to verify
that the repository design and operation will maintain the annual radiation
dose to the public to less than the regulatory limits. Types of systems-that
must. be provided include (1) gaseous, particulate, and liquid effluent moni-
toring and control -equipment, (2) effluent sampling and measuring quipment,
(3) environmental surveillance equipment, and: (4) emergency response fea-
tures. Design of these systems will be incorporated in the normal repository
design process. The information needed for this design evaluation will be
the product of the design process and will generally' not, depend directly on
the site characterization activities.' However, data on background radio-'
logical-conditions and dust characteristics may affect' the design of moni-
toring equipment. Data on dust characteristics-are discussed in Section
8.3.2.4 (nonradiological health and safety) and only mentioned here because
worker health concerns require more extensive data on dust'.

Identification-of radiation source characteristics. Potential
sources'of radiation that can contribute to the dose'to the exposed
individuals in-the unrestricted area can be categorized as (1) resulting from
repository operations, (2) resulting from operation of offsite facilities,
and (3) resulting from miscellaneous operations. Examples of radiation
sources resulting from repository operations are receipt of ELW shipping-
casks, releases during spent fuel consolidation, transport of ELWcontainers,
and naturally occurring radionuclides (e.g., releases from ventilation
exhausts and the muck pile)'.

-8.3.5.3-15
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The specific information needed about the potential source terms
includes radionuclides involved, quantity and concentration, 'decay radiation
and energies, and physical and chemical forms. General information needed
about the source terms for dose evaluation include

1. Planned repository operational details (e.g.,'scheduled HLW
throughput and inventories, generated low-level waste LLW) and
transport rates, and normal effluent release rates).

2. Repository design features (e.g., radionuclide'barriers, normal
effluent release locations, layout distances, containment, leakage,
and filtration details).

3. Environmental details (e.g., pathways for transport or dispersion of
radioactive materials through the soil, air, and water to vegeta-
tion, animals, and the public, and location of other relevant off-
site facilities and their radionuclide release rates).

4. Natural radionuclide sources (e.g., radon emanation rate).

Depending on the characteristics of the source terms, the information
needs will be satisfied by either the site characterization program, the
repository design process, or the environmental and socioeconomic sampling
and monitoring programs. Development of the analytical tools needed to
evaluate potential adverse public impacts of the source terms will be
coordinated with the preclosure risk assessment methodology (PRAM) program
requirements and recommendations.

Radionuclide transport evaluation. The next element in the public
radiological safety assessment package is radionuclide transport evaluation
following release to the environment of radioactive material from normal
repository activities. Radioactive releases to the environment from relevant
offsite facilities must also be considered since these releases this can
contribute to the dose to the public in the repository unrestricted area.

The pathways for the initial concentration of radionuclides released
from the repository central process area and offsite facilities to the public
in the unrestricted area need to be described. The possible pathways to the
public can be directly through the air, water, and soil, or indirectly
through vegetation and animals.

The dispersion of airborne radioactive materials can (1) result in
radionuclide concentrations in the air that can cause an external dose by
direct radiation or an internal dose through inhalation, or (2) result in
ground deposition of radioactive material. Similarly, dispersion of
waterborne radioactive effluents can result in an external dose by direct
radiation, result in an internal dose through drinking of the water, or
result in the deposition of radioactive material. Radionuclides deposited on
the ground, plants, or riverbanks can cause a direct radiation dose but, more
importantly, they can enter the food chain through uptake and bioaccumulation
in plants and animals. Examples would-be eating cattle that grazed on local
grass or eating grain irrigated with local water.

8.3.5.3-16



CONSULTATION DRAFT

Analytical tools in the form of dispersion and pathway models will be
required to perform the radionuclide transport evaluation. Meteorological
data (e.g., wind speed and direction atmospheric stability) will be needed as
input to the dispersion model. This need for site data will be satisfied by
the site characterization program. Specific data (e.g., type of crops raised
and bioaccumulation of radionuclides in plants and animals) will be required
for the food chain pathway models. This data need will be addressed by the
socioeconomic and environmental monitoring program.

Public radiation exposure calculation. The last step in the
analysis is the evaluation of radiological exposure that quantifies the
maximum dose to the public postulated from routine operation of the
repository and offsite facilities.

The maximum dose to an individual at the nearest unrestricted location
is normally considered the greatest potential adverse impact and is used as
the basis for calculations. The furthest distance the unrestricted area can
be from the repository is 5 km. The Bureau of Land Management limits
occupancy at this location. Occupancy at a site about 15km away from the
repository will be assumed to be 24 hours per day, 365 .days per year.
Individuals are conservatively assumed to do such things as drink local
water, eat local animals and fish, eat foodstuffs grown using local water,
and spend recreational time in local water bodies. Analytical models will be
used to quantify the public dose. The following types of analytical tools
will be needed:

1. Building ventilation, filtration, and leakage models.
2. Radiation shielding models.
3. Atmospheric dispersion models.
4.' Radiological impact models for transportation of LLW.
5. Food chain pathways models.
6. Radiological consequence assessment models.

The information needed to calculate doses using these analytical tools
will be provided as discussed in the previous steps. This information will
be the product of the site characterization program, the socioeconomic and
environmental monitoring program, and the normal repository design process.
'Following is a list of some technical guidance documents that will be evalu-
ated for applicability to the development of-the above analytical tools. A
list of analytical tools that are available for use is contained in Section
8.3.5.19 (completed analytical techniques). Further discussions of analyt-
ical tools are contained in Sections 8.3.5.20 (techniques requiring develop-
ment).

1. Regulatory Guide 1.21--Measuring, Evaluating, and Reporting Radio-
activity in Solid Waste and Release of Radioactivity in Liquid and
Gaseous Effluents From Light-Water-Cooled Nuclear Power Plants
(Revision 1, June 1974) (NRC, 1974).

2. Regulatory Guide 1.23--Onsite Meteorological Programs (NRC, 1980).
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3. Regulatory Guide 1.109--Calculation of Annual Doses to Man From
Routine Releases of Reactor Effluents for the Purposes of Evaluating
Compliance With 10 CFR 50, Appendix I (Revision 1, October 1977)
(NRC, 177a).

4. Regulatory Guide 1.111--Methods for Estimating Atmospheric Transport
and Dispersion of Gaseous Effluents in Routine Releases From Light-
Water-Cooled Reactors (Revision 1, July 1977) (NRC, 1977c).

5. Regulatory Guide 1.112--Calculation of Releases of Radioactive
Materials in Gaseous and Liquid Effluents From Light-Water-Cooled
Power Reactors (Revision O-R, May 1977) (NRC, 1976b).

6. Regulatory Guide 1.113--Estimating Aquatic Dispersion of Effluents
From Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix I (Revision 1, April 1977) (NRC, 1977b).

7. Safety Series No. 58--Concepts and Examples of Safety Analyses for
Radioactive Waste Repositories in Continental Geological Formations
(IAEA, 1983a).

8. Safety Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IABA, 1983b).

9. Safety Series No. 88--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IAEA, 1985).

10. DOB/EP-0023--A Guide for Environmental Radiological Surveillance at
U.S. Department of Energy Installations (July 1981) (Corley et al.,
1981).

11. DOE/EP-0096--A Guide for Effluent Radiological Measurements at DOE
Installations (April 1982) (Corley and Corbit, 1983).

Performance evaluation for compliance with goals. The remainder of
Figure 8.3.5.3-2 deals with the final evaluation of the results documented in
the public radiological safety assessment package. The results are compared
with the regulatory limits contained in the regulations listed earlier in the
section called 'Regulatory basis for addressing this issue.' If all the
limits are met, then the results are examined to see if the ALARA criterion
has been met. If both the regulatory limits and the ALARA criterion have
been met and if the design is in the final design phase, then the design is
ready for license application and a favorable issue resolution has been
achieved. If both the regulatory limits and the ALARA criterion have been
met but the design is not in the final design phase, then this process is
repeated for the next design phase.

If the results of the public radiological safety assessment package do
not meet either the regulatory limits or the ALARA criterion, then design,
procedural, or operational changes are recommended to correct the situation.
If these changes cannot be made and the performance goals cannot be reason-
ably changed, then an unfavorable resolution of the issue has occurred.
However, if the design, procedural, or operational changes can be made or the
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performance goals can be reasonably changed, then the recommended changes are
implemented and the whole process is repeated.

Interrelationships of information needs

The questions asked by this issue address the radiological health and
safety of the public. The basic question is will the expected doses to the
public be within the regulatory limits contained in 10 CFR Part 20 and 40 CFR
Part 191 Subpart A? The resolution of this issue can be obtained by answer-
ing three other questions. These questions are as follows:

1. What site and design information is required to predict the expected
radiation doses to the public from the normal operation of the
repository and nearby uranium fuel cycle facilities?

2. What are the projected releases of radioactive material from the
normal operations of repository and nearby uranium fuel cycle
facilities that could be transported to the unrestricted area and
cause radiation doses to the public?

3. Are the combined radiation doses to the public resulting from the
projected releases of radioactive material from the normal
operations of the repository and nearby uranium fuel cycle
facilities within applicable limits?

These questions have been designated as information needs.- Questions 1,
2, and 3 are Information Needs 2.1.1, 2.1.2, and 2.1.3, respectively. All
site data required to perform the-dose calculations and assessments are '
collected under Information Need 2.1.1. Information Needs 2.1.2 and 2.1.3
use the data called for by-Information Need 2.1.1 to perform the release
determinations, radionuclide transport calculations, and public dose assess-
ment, but do not collect 'any site data on their own. For this reason, only
Information -Need 2.1.1. is discussed in this report. The functions and per-7
formance measures. (associated with the GDS system elements) necessary for
answering these two questions and resolving issue are listed'in Table
8.3.5.3-1. The site data needed to answer these two questions are listed-in
Table 8.3.5.3-2.- Information Needs 2.1.2 and 2.1.3 (together with Issue 2.1
in its entirety) will be discussed in the repository design-plan (RDP). The
RDP will be published approximately one year after publication of the SP.

Information Need 2.1.1'(Section 8.3.5.3.1) describes the site-and design
information required to resolve this issue. The detailed site data needed is
shown in Table 8.3.5.3-2, along with an indication of the confidence with 
which the information must be known. The design information required is not
listed in any detail at this point. It is sufficient to say that the
repository reference design and supporting analyses. will be required.

Information Need 2.1.2 is-a determination of the expected releases of
radioactive materials from the repository during normal operations. Included
in this information need are the releases of radioactive materials from
nearby uranium fuel cycle facilities. Releases from the repository will be
determined from the reference repository design and supporting analyses. A
brief discussion of some of the processes is presented previously-under
design evaluation. Information on releases from nearby uranium fuel cycle
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facilities will be collected as part of site characterization and a determi-
nation of the expected releases from these facilities will be performed as
part of this information need.

Information Need 2.1.3 is a determination of whether predicted doses to
the public resulting from the expected releases of radioactive materials are
within applicable limits or a small fraction of those limits. As described
earlier in the section called public radiologic safety assessment package,
the doses to the public are predicted using radionuclide transport and
dispersion models to estimate the amounts of radionuclides that eventually
reach the public. The final resolution of this issue will take place under
this information need when the results of the dose calculations are evaluated
and compared with the regulatory limits contained in 10 FR Part 20 and 40
CFR Part 191 Subpart A.

The schedule information provided for the information need in this
section includes the sequencing, interrelationships, and relative durations of
the activities in the information need. Specific durations and start/finish
dates for the activities are being developed as part of ongoing planning
efforts and will be provided in the SCP at the time of issuance and revised as
appropriate in subsequent semiannual progress reports.

8.3.5.3.1 Information Need 2.1.1: Site and design information needed to
assess reclosure radiological safety

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Chapter 3 discusses the present state of the knowledge on the site
hydrology, including uses of surface water and ground water. Chapter 4
discusses the water chemistry of the site. Section 4.1.2.6 (background
radioactivity (of repository ground water)), contains a discussion on what is
known about the radionuclide content of repository ground water to date.
Chapter 5 discusses the present state of the knowledge on the meteorology of
the site and surrounding region. Further discussions on the subject of
radiological protection of the public may be found in Sections 8.1.1.4.1
(radiological protection design requirements) and 6.4.4 (Issue 2.1: radio-
logical exposure expected to public). Section 8.3.5.1 discusses the preclo-
sure risk assessment methodology (PRA) program, which includes radiological
risk to the public during normal operations as part of its scope. Sections
2.5 (radiological protection) and .1 (radioactive releases during normal
operations) of the site characterization plan-conceptual design report
(SCP-CDR) (SNL, 1987) also contain discussions relevant to this issue.
Section 6.1 of the SCP-CDR is especially informative because it contains some
preliminary estimates of expected releases during normal operations of the
repository.

Parameters

The parameters required-by this information need are those site and
design parameters relevant to the determination that the expected doses to
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the public are within applicable limits. Design information required for
this purpose is listed in Table 8.3.5.3-2 simply as the reference repository
design and supporting analyses. Reference repository design information and
supporting analyses will be obtained from the reference information base
(RIB) and will contain all design details necessary to perform the dose
calculations to resolve this issue.

The site data required to resolve this issue are obtained through
various site characterization programs. Following is a summary of the
required site data and the SCP section providing the information. The table
that follows is a summary of information that was listed in Table 8.3.5.2-2
and was also discussed at that time.

Data requirement SCP section

POPULATION DENSITY DATA

The distance of the repository from highly populated areas

The population located in adjacent 1-mile by 1-mile area

The population density of the region around the repository

(a)

(a)

(a)

AGRICULTURAL DATA

Bioaccumulation of radionuclides in the terrestrial flora

Bioaccumulation of radionuclides in the terrestrial fauna

Types and amounts of crops raised

Types and amounts of crops consumed

Types and amounts of animals raised

Types and amounts of meat consumed

Animal consumption of forage

Forage storage time

Grazing yield and period

Radius of the crop and animal area

(a)

(a)

(a)

(a)

(a)

(a)

(a)

(a)

(a)

(a)

( a)

SURFACE-WATER DATA

Volumetric flow of surface water to water bodies
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Data requirement SCP section

SURFACE-WATER DATA (continued)

Population served and the volumetric flow of drinking
water from affected water bodies

Recreational uses of area water bodies

METEOROLOGICAL DATA

(a)

(a)

The wind speeds in the region

The prevailing wind directions

The atmospheric stability of the area

The atmospheric mixing layer depth of the region

The average ambient temperature of the area

The atmospheric moisture of the area

The area precipitation, including type, amount,
intensity, etc.

The size and distance of major topographic features
from release points

REPOSITORY ROCK DATA

The radon emanation rate from the tuff

8.3.1.12.1

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

Existing
data should
be adequate

8.3.1.15.1.6.2

OFFSITE INSTALLATION DATA

The location of nearby uranium fuel cycle 8.3.1.13.1.2
facilities

The liquid, particulate, and gaseous radionuclide 8.3.1.13.1.3
releases from nearby uranium fuel cycle facilities

The meteorological data for nearby uranium fuel cycle 8.3.1.12.1,
facilities 8.3.1.12.2

aCollection of these data is part of the environmental program planned
activities and is addressed in the Radiological Monitoring Plan discussed in
Section 8.3.1.13.
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As shown in Table 8.3.5.3-2, these parameters are needed with differing
levels of confidence and for different locations on and around the site.

Logic

The assessment of the preclosure radiological safety of the public under
normal repository conditions requires a thorough understanding of the repos-
itory design and operating procedures. This information is obtained from the
repository reference design and supporting analyses. The radiation source
terms can be developed from the design, the repository rock and water data,
and the offsite installation data. After developing the source terms, calcu-
lations of radionuclide transport through the atmosphere and other environ-
mental pathways are performed. These calculations-require the agricultural
and meteorological data. Finally, to assess the doses to the public, the
population density data are needed. A more detailed discussion of the dose
assessment process is presented earlier in the section called 'public
radiological safety assessment package.'

The activities described here are related-to all of this issue and not
just to Information Need 2.1.1. Three distinct activities are planned under
this information need during site characterization in support of performance
analyses for public radiological safety. The first activity concerns the
refinement of site parameters needs for this issue. The second activity
deals with the development of methods to perform evaluations of public
radiological safety and is connected with the PRAM program. The third
activity is a performance assessment of public radiological safety for the
advanced conceptual design (ACD).

8.3.5.3.1.1 -Performance Assessment Activity 21.1.1: Refinement of site
data parameters required for Issue 2.1 -

Objectives

The objective of this activity is to refine the list of site-data para-
meters presented earlier in this section in Table 8.3.5.2-2. This list may
be incomplete or the level of confidence required may-be inappropriate.

Parameters

The list of parameters presented in Table 8.3.5.2-2 is the starting
point for this activity. As the activity progresses and matures, parameters
may be added to or deleted from this list.

Description

There are three ways in which the parameter list will be refined.
First, during the course of site-characterization reviews and activities by
those organizations specified to collect data will discover problems with
parameter lists. These problems will be resolved and parameter lists will be
revised. Second, the PRAM program will be developing methods for radiologi-
cal performance analyses (Performance Assessment Activity 2.1.1.2, Section
8.3.5.3.1.2). During the development of these methods, lists of required

K.>
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parameters for each type of analysis are expected to be created. A review of
the parameter list resulting from PRAM methods development activities may
result in refinement of the Issue 2.1 parameter list. Finally, a performance
assessment of the ACD and license application design (LAD) for public
radiological safety may uncover deficiencies in the current parameter list.
This is an ongoing activity whose end date is the completion of the license
application.

8.3.5.3.1.2 Performance Assessment Activity 2.1.1.2: Development of
performance assessment activities through the preclosure risk
assessment methodology program

Objectives

The objective of this activity is to benefit from the PRAM program
performance assessment methods development efforts. The NNWSI Project will
participate in the PRAM program and will adapt PRAM program to the NNWSI
program. A secondary .objective of this activity is to use the information
developed in this activity to assist in refining the site data parameters
list for this issue (Performance Assessment Activity 2.1.1.1).

Parameters

There are presently no parameters for this activity; however, a list of
parameters may result from the PRAM program development.

Description

A part of PRAM will be concerned with the assessment of public radio-
logical safety during the normal operations of a repository. The NNWSI
Project will participate in this program and assist in the development of the
overall methodology. Methods developed in the PRAM program will be adapted
for use in the NNWSI Project assessment of public radiological safety during
the normal operations of the Yucca Mountain repository (Performance Assess-
ment Activity 2.1.1.3). Since the PRAM program is expected to continue
through license application design, this activity will be ongoing through
license application. A more detailed discussion of the PRAM program is
presented in Section 8.3.5.1.

8.3.5.3.1.3 Performance Assessment Activity 2.1.1.3: Advanced conceptual
design assessment of the public radiological safety during the
normal operations of the Yucca Mountain repository

Objectives

The objective of this activity is to-perform a public radiological
safety assessment of the Yucca Mountain repository advanced conceptual
design. Secondary objectives of this activity are to provide information for
the refinement of the site data parameter list for Issue 2.1 (Performance
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Assessment Activity 2.1.1.1) and to provide feedback to the PRAM program for
future methods development activities (Performance Assessment Activity
2.1.1.2).

Parameters

The parameters necessary for this activity are those listed in the site
data parameter list for Issue 2.1 presented in Table 8.3.5.3-2.

Description

This activity will assess the Yucca Mountain repository advanced concep-
tual design for public radiological safety during normal operations. A
general description of the process presented earlier in this section under
'public radiological safety assessment package."

8.3.5.3.1.4 Application of results

The information generated by this information need will be used directly
by Information Needs 2.1.2 and 2.1.3 to resolve this issue. Information
Needs 2.1.2 and 2.1.3 (together with this issue in its entirety) will be
discussed in the repository design plan. Issues 2.2, 2.3, and 2.7 (Sections
8.3.5.4, 8.3.5.5, and 8.3.2.3) may require some of the same site data as
called for here; however, those issues will call for their own site data.
The results of the safety assessments performed to resolve this issue will be
used in the preparation of the Safety Analysis Report, which will be a part
of the license application.

8.3.5.3.1.5 Schedule and milestones

Information'Need 2.1.1, addressing site and design information needed to
assess:preclosure radiological safety, includes three activities: 2.1.1.1
(refinement of site data required for Issue'2.1), 2.1.1.2' (development of
performance assessment activities through the preclosure risk assessment
methodology program), and 2.1.1.3 (advanced conceptual design assessment of
public radiological safety during normal operations of the Yucca Mountain
repository). The schedule information for these activities is presented in
the form of timelines, which extend to the issuance of the final products
associated with each activity. Summary schedule and milestone information
for this information need can be found in Section 8.5.2.1.

Activities 2.1.1.1 and 2.1.1.2 are ongoing work efforts, while Activity
2.1.1.3 is an out-year work effort.

These activities have a number of interfaces with each other, with site
characterization investigations and with other issues and information needs.
These relationships are illustrated in the following figure. The activity
numbers and titles corresponding to the timelines are shown on the left of
the figure. The numbered points shown on the timelines represent major
events or important milestones associated with this work effort. Solid lines
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represent activity durations, and dashed lines show the interfaces. The data
input and output at these interfaces are shown by circles.
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The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Input from Milestone P159. Radiological safety analysis for
normal repository conditions--advanced conceptual design
(ACD) guidance from Issues 2.1 and 2.2.

2 Input information from site investigations 8.3.1.3 (geochemis-
try), 8.3.1.10 (population density), 8.3.1.12 (meteorology),
8.3.1.13 (offsite installations), and 8.3.1.15 (thermal and
mechanical rock properties).

3 Output information on radiological safety analysis to Issue 2.7
(repository design criteria for radiological safety).

4 Output information on radiological safety analysis to Activity
2.1.1.3 (performance assessment--normal operations).

5 Input data/information from preclosure risk assessment
methodology: Lists of required parameters for analyses.

8 Milestone N464. List of normal conditions, accident scenarios,
and source terms for preclosure safety analysis.
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Point
number Description

7 Output normal conditions, accident scenarios, and source terms
to Activities 2.1.1.1 and 2.1.1.2.

8 Input information on site parameters and performance assessment
methods from Activities 2.1.1.1 and 2.1.1.2.

9 Annotated outline for ACD preclosure safety analysis report is
available (Milestone P113).

10 ACD preclosure safety analysis report is completed (Milestone
R784).

11 Output safety analysis information to Issue 2.7 (repository
design criteria for radiological safety).

12 Milestone Z458. Complete development of activities for
assessing public radiological safety for license application
design.

13 Input information on geochemistry, population density and
distribution, meteorology, offsite installations, and thermal
and mechanical rock properties from site investigations
(8.3.1.3, 8.3.1.10, 8.3.1.12, 8.3.1.13, and 8.3.1.15,
respectively).

14 Milestone Z496. Provide preliminary preclosure performance
assessment input (radiological safety) in support of the
draft environmental impact statement (DEIS).

15 Output radiological safety information to DEIS.

16 Milestone M068. Preclosure performance assessment input for
enclosure in license application.

17 Output information on preclosure performance assessment to
Issue 2.7 (repository design criteria for radiological
safety).

18 Milestone R777. Update preclosure performance assessment input
(radiological safety).

19 Output updated radiological safety information to final
environmental impact statement (FEIS) and license
application.

20 Milestone R780. Issue updated report on radiological safety
assessment report to support the FEIS and license application
(includes update of design evaluation, if necessary).

21 Output information on radiological safety assessment to FEIS
and license application.
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8.3.5.4 Issue resolution strategy for Issue 2.2: Can the repository be
designed, constructed, operated, closed, and decommissioned in a
manner that ensures the radiological safety of workers under normal
operations as required by 10 CFR 60.111, and 10 CFR Part 20?

This performance issue addresses the radiological safety of workers
during normal operations. To resolve this issue, the mined geologic disposal
system (MGDS) at Yucca Mountain will be designed to limit the normal
radiation doses to workers during construction, operation, closure, and
decommissioning of the repository to less than the limits specified in 10 CFR
Part 20. The design process will be an iterative process as the design
proceeds through the various phases. Design criteria and assumptions will be
needed for both repository system operation and worker radiation safety.
Many of the same parameters will apply to both areas and require appropriate
input from design development. Further, the regulatory requirement to
maintain radiation doses as low as reasonably achievable (ALARA) imposes
additional iterations on the design to implement the differential
cost-benefit analyses for the ALARA process. In these iterative design
activities, DOE and other guidelines will be used in designing for repository
worker radiation safety. Administrative procedures will be required to limit
personnel exposure (e.g., personnel monitoring, limited access, and
operational changes) for any operational activities for which design features
are not able to preclude the possibility of dose rates to personnel above the
guidelines.

The relationship of this issue with the other issues of the issues
hierarchy is discussed in Section 8.3.2.1. That section discusses the
relationship between design and performance issues and fixes the lines of
communication between these issues. To be more specific about the relation-
ship of this issue to the other issues with which it has direct or very
strong ties, only Issues 2.1 (Section 8.3.5.3), 2 2 (this issue),-2.3
(Section 8.3.5.5), 2.7 (Section 8.3.2.3), and 4.4 (Section 8.3.2.5) are
illustrated in Figure 8.3.5.4-1. The figure defines the ties between these
issues by indicating the major information items passed between them. The
figure also illustrates the connection of all these issues with the site
characterization program. The scope of an issue is indicated by its size
with respect to the other issues in the figure. Note that Issue 4.4 is the
largest in scope, and the other issues, including this issue, branch out'from
Issue 4.4, reducing the scope to more specific areas.

Regulatory basis for the issue

While the issue refers to both 10 CFR 60.111(a), and 10 CFR Part 20,
10 CFR 60.111(a) simply refers to 10 CFR Part 20 and 40 'CFR Part 191 Subpart
A. Because 40 CFR Part 191 Subpart A is only applicable to members of the
.public, 10 CFR Part 20 (standards for protection against radiation) is the
only'regulation directly relevant to this issue. In addition, there are
other sections of 10 CFR Part 60 that either require conformance with 10 CFR
Part 20 or for which compliance with 10 CFR Part 20 is relevant. These
include the following:

1. 10 CFR 60.21(c)(7), which requires description of the program to
maintain effluents and occupational exposures in accordance with
10 CFR Part 20.
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2. 10 CFR 60.131, which requires the design to meet the radiation
protection requirements of 10 CFR Part 20.

3. 10 CFR 60.132, which requires the design to provide effluent control
and monitoring in accordance with 10 CFR 60.111(a), which in turn
invokes 10 CFR Part 20.

4. 10'CFR 60.133, which requires the underground ventilation system to
maintain radionuclide concentrations and releases in accordance with
10 CFR 60.111(a) (which invokes 10 CFR Part 20).

5. 10 CFR 60.135, which establishes design criteria for the waste
package.

Detailed discussions of these sections of 10 CFR Part 60 can be found
with the issue resolution strategies for Issue 2.7 (repository design
criteria for radiological safety, Section 8.3.2.3) and Issue 2.6 (preclosure
waste package characteristics, Section 8.3.4.3). Additional guidance that
will be evaluated-for relevance to this issue includes the following:

1. Regulatory Guide 8.10--Operating Philosophy for Maintaining
Occupational Radiation Exposures as Low as is Reasonably Achievable
(NRC, 1975).

2. Regulatory Guide 8.12--Criticality Accident Alarm System (NRC,
1981a).' ---

3. Regulatory Guide 8.15--Acceptable Programs for Respiratory
Protection (October 1976) (NRC, 176).

4. DOE Order 5480.11, Chapter 11--Radiation Protection Requirements
(September,28, 1986) (DOE, 1985c).

5. DOE Order. 6430.1--General Design Criteria Manual (December 1983)
(DOE, 1983a)--

6. 3 CFR--Radiation Protection Guidance to Federal Agencies for
Occupational Exposure (Recommendations Approved by the President).
(3 CFR, 1987).

7. ICRP 26 and 30--Recommendations of the International Commission on
'Radiation Protection (ICRP, 1977; 1978).

8. NUREG/CR 3254--Licensee Programs for Maintaining Occupational
Exposure to Radiation ALARA (NRC, 1983a).

9. DOE/EV/1830-T5--A Guide to Reducing Radiation Exposure to As Low As
Reasonably Achievable (ALARA) (Kathren et al., 1980).

10 CFR Part 20 specifies the regulatory requirements for control of:
occupational radiation exposure. The concept and application of ALARA also
applies to worker radiation exposure.- In addition to the requirements that
worker doses be maintained less than regulatory limits and conform to an
ALARAphilosophy, design guidelines are generally established at a fraction
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of the limits to'ensure that necessary operations can'be performed and
occupational doses maintained below allowable limits. The establishment of
design criteria for radiological safety is performed under Issue 2.7, which
uses the performance criteria established in this issue to develop the design
criteria.

10 CFR Part 20 and Part 60 also require a performance verification
program during repository operations that ensures area radiation levels,
airborne activity concentrations, contamination levels, and criticality
controls are known and routinely verified. These operational requirements
necessitate including systems to perform the verification of the design and
operation of the facility. To ensure that the occupational radiation doses
from the operation of the repository are less than the allowable levels,
regulatory requirements must be known, both by designers to produce a design,
and by evaluators to ensure that requirements are met.

The 10 CFR Part 20 and Part 60 requirements for verification of
radiological performance necessitate special considerations for radiation
measuring and monitoring systems. These requirements include 'each licensee
shall make or cause to be made such surveys as (1) may be necessary for the
licensee to comply with the regulations in this part, and (2)'are reasonable
under the circumstances to evaluate the extent of radiation hazards that may
be present,' 'means to monitor and control the dispersal of radioactive
contamination,' a radiation alarm system to warn of significant increases in
radiation levels, concentrations of radioactive material in air, and of
increased radioactivity in effluents,' and 'the effluent monitoring systems
shall be designed to measure the amount and concentration of radionuclides in
any effluent with sufficient precision to determine whether releases conform
to the design requirements for effluent control.' Radiological measurement
and monitoring systems that will be required for performance verification
include air monitoring systems, criticality monitoring systems, gaseous
effluent monitoring and sampling systems, liquid effluent monitoring and
sampling systems, and personnel monitoring systems. The criteria for the
testing, operation, and performance of these systems are found in documents
issued by the various organizations and government agencies setting the
standards.

In addition to complying with 10 CFR Part 20, the DOE has voluntarily
agreed to comply with the radon monitoring and control provisions established
by the Mine Safety and Health Administration in 30 CFR Part 57. To ensure
adequate protection of repository workers,'the contribution of radon and its
daughter products to occupational exposure will be considered in assessing
compliance with the applicable standards of 10 CFR Part 20.

Approach to resolving the issue

Licensing strategy overview

The repository will be designed to limit the expected radiation doses to
workers during construction, operation, and closure as low as reasonably
achievable (ALARA) below allowable limits required by 10 CFR Part 20 To
ensure that the occupational exposure limits are met, design guidelines in -

the form of performance goals will be specified in this issue and transmitted
to Issue 2.7, where radiological safety-design criteria will be developed
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based on these design guidelines. The design criteria will specify dose
rates in normally occupied areas and annual individual dose limits from
penetrating radiation. The design criteria will also specify airborne
radioactivity concentration limits in normally occupied areas. For some
operational activities, design features may not be able to preclude the
possibility of dose rates to personnel above the guidelines. In these
instances, administrative procedures will be required to limit personnel
exposure.

The personnel exposure performance verification systems, which will be
designed and constructed to comply with 10 CFR Part 20 and Part 60 require-
ments, will be used during operations to ensure that the as-built repository
systems will meet regulatory dose limits. Performance verification monitor-
ing will provide the mechanism for corrective actions, either operational or
design, and will ensure successful compliance. The provisions of the per-
formance verification process significantly enhance the probability of
successfully resolving this issue.

Resolution of this issue will occur when assurance is established that
the repository tan be designed, constructed, operated, closed, and decommis-
sioned in a manner that provides for the radiological safety of workers under
normal operations. This will be done by detailed analysis of the design and
quantification of expected worker doses.

This strategy is not based on prior numerical evaluations of worker
exposure since the actual operations of the repository are only conceptual.
However, since there is currently considerable design flexibility available
in terms of remote operations, shielding, restricted access procedural
controls, etc., and since more significant operations already exist within
the nuclear industry, it is expected that the radiation limits of the
regulations can be met.

Application of the issue resolution strategy

The logic to be used i the resolution of this issue is illustrated in
the logic diagram shown in Figure 8.3.5.4-2a-and 8.3.5.4-2b. This logic
diagram depicts how the generic issue-resolution strategy of Section 8.2.2 is
to be applied to this issue. The first step of the process,' identifying
regulatory requirements, has already been discussed in the section entitled
Wregulatory basis for the issue.' The following discussions will explain
each of the remaining steps in the resolution of this issue-as shown in the
logic diagram.'

Identification of functional requirements. To allocate performance in
this issue to specific system elements of the mined geologic disposal system
(MODS) at Yucca Mountain, the functions of these system elements with respect
to this issue and to the radiological safety of the repository workers must
be identified. The preclosure portion of the MGDS is divided-into three
major system elements: the site, the repository, and the waste package. The
waste package will not be considered by itself in allocating performance for
this issue but will be considered in Section 8.3.4. The waste package will
be considered as part of the repository system element equipment. The major

K> system elements are further subdivided into more specific system elements;
however, for resolving this issue, only the site need be divided further.
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Figure 8.3.5.4-2a. Logic diagram for Issue 2.2 (worker radiological safety-normal conditions). See Figure
8.3.5.4-2b for legend. Section 8.3.2.1 describes the relationships and interfaces between design and performance
issues.
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The site is divided into two systems elements: the surface and the sub-
surface. The following sections describe each of these system elements and
their function with respect to this issue.

Surface system element. The surface system element includes all
radionuclide transport mechanisms which affect the occupational exposure of
repository workers. Because of the proximity of the repository workers to
the source, only the atmospheric transport mechanisms are important. The
main processes involved are the physical transport, dispersion, and
deposition of potential releases of radionuclides within the site boundary.

Subsurface system element. The subsurface system element includes
the natural systems of the site that have a potential to impact the radio-
logical safety of the repository workers while in the underground facilities.
The natural radioactivity in the host rock (i.e., uranium, thorium, and
radon, and their daughter products) is a source that has the potential to
increase the radiation level in the restricted areas. The release of radio-
nuclides from the site system would result from mining, transporting, and
storing of the mined tuff and of the mine dewatering processes (if any).
These sources are not expected to be significant. Note that exposure to
naturally occurring radionuclides is not specifically regulated under 10 CFR
Part 20. However, prudence dictates that total worker exposure be monitored
and controlled through the implementation of applicable Mine Safety and
Health Administration regulations (30 CFR 57) and DOE orders.

Repository system element. The repository system element includes
all surface and subsurface systems that can be sources of man-made radiation
exposure in the restricted area. The principal source of exposure to radia-
tion in the repository system element is expected to be from high-level waste
(HLW) handling operations. For these operations, the dominant source of oc-
cupational exposure is expected to be penetrating radiation (gamma rays and
neutrons) emitted by the radioactive constituents of LW. Exposure to radi-
ation fields can be reduced by shielding or by limiting occupancy in the
affected areas. These factors, among others, such as remote operation, will
be considered in analysis of the repository design when recommendations are
made for alternative means of meeting the performance goals for this issue
and reducing the occupational exposures to ALARA levels.

Secondary radioactive wastes that will be generated on the site and
processed by the waste treatment systems are another source of occupational
exposure in the repository system element. The dominant mode of exposure to
these sources is expected to be external exposure to the resultant radiation
fields. As with the waste handling operations, the waste treatment system
design will be periodically analyzed and, if necessary, modified to ensure
that occupational exposure will be adequately controlled.

In addition to external exposure from the contained sources discussed
above, there is a potential for internal exposure from radionuclides that may
be released from containment and entrained in the ventilation air flow or
brought to the surface by the mine dewatering system (if any). These
exposures will be precluded during normal operations by measures such as
radiation monitoring and sampling and ventilation control. In addition,

8.3.5.4-8
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protective clothing, and respiratory protection equipment will be available
for use, if necessary.

The construction and operation of the repository may also require the
use of radioactive sources not generated from LW handling operations. These
would include sealed sources used for the calibration of health physics and
radiation monitoring equipment and the radiography sources used for nondes-
tructive examination of welds and radioactive sources used in scientific
investigations. Control of exposure to these sources will be accomplished
primarily-by following the proper operational procedures and instituting
appropriate administrative controls on their uses

The last potential source of occupational radiation exposure is from the
decommissioning of the facilities. The exposure during this phase of opera-
tion would be from contaminated and activated equipment, buildings, and
natural materials. The worker dose will be controlled by designing the
facilities for easy disassembly, control, and consolidation of contaminated
materials, and limiting the radiation (i.e., neutron) exposure to activatable
materials. Note that the retrieval of waste containers is considered an
operation activity.

Allocation of performance to the system elements. The next four steps
after the identification of functional requirements make up the bulk of the
performance allocation process. In these steps performance measures, perfor-
mance goals, and needed parameters are developed. The results of these steps
may be seen in'Tables 8.3.5.4-1 and 8.3.5.4-2. The rationale for the assign-
ment of confidence levels and the calls for site data are presented in the
information need discussions following this discussion.

Development of design criteria and constraints and identification of
input items. The only constraints on the design of the repository forth-
coming from this issue are those general performance goals'shown in Tables
8.3.5.4-1 and 8.3.5.4-2. These performance goals are transmitted to Issue
2.7 (repository design criteria for radiological safety, Section 8.3.2.3)
where specific design criteria are developed and transmitted to Issue 4.4
(preclosure design and technical feasibility, Section 8.3.2.5)- for
incorporation in the design of the repository. Specific design products or-''
information required of either Issue 2.7 or Issue 4.4 are also transmitted to-
Issue 2.7. -At this time, no specific design products or information items
have been identified.

Worker radiological safety assessment package. The specific analytical
approach-for use in the resolution of this issue will bedeveloped as part of
the preclosure risk assessment methodology (PRAM) program described in
Section 8.3.5.1. Although some work has been performed to obtain preliminary
estimates of worker doses, the approach used may not be the -same as the final
technique developed in the PRAM program. Therefore, only a general approach,
shown in Figure 8.3.5.4-2 in the dashed box labeled 'worker radiological
safety assessment package' is discussed below. The following discussion
provides a step-by-step explanation of the general approach to predict worker
radiation doses during the normal operation of the repository,

,18.3.5.4-9



Table 8.3.5.4-1. Functions, performance measures, and performance goals for Issue 2.2 (worker radio-
logical safety--normal conditions) (page 1 of 2)

Tentative Needed
System element Function Process or activity Performance measure goal confidence

Surface

Subsurface

Provide transport, dis-
persion, and diffu-
sion of routine air-
borne radioactive
effluents within site
boundaries

Provide assurance that
doses to workers
underground are not
excessive

Analyse atmospheric
transport and disper-
sion characteristics
within the site
boundaries

Analyse worker doses
from outdoor airborne
radionuclides within
site boundaries

Analyse shielding of
workers from direct
radiation using pro-
perties of the host
rock

Transport characteris-
tics of atmosphere
within site boundaries

Doses resulting from
airborne radionuclide
concentrations around
repository facilities

Effective attenuation
of direct radiation
by host rock

A. Adequate atmospheric
transport charac-
teristics to assist
in meeting dose
limits

B. Total doses below
limits of 10 Ck
Part 20 and ALARAa

C. Significant attenua-
tion of direct
radiation using
host rock proper-
ties

high

high

high Ia

I'Analyze the natural
radiation released
in the underground
facilities

Analyse radiation levels
from miscellaneous
sources of radiation
such as calibration
and testing sources

Release rates and con-
centrations of nat-
urally occurring
radionuclides

Direct radiation and
contamination levels
from miscellaneous
sources

D. Natural radiation
levels low enough
to pose no signifi-
cant health hazard
to the workers

E. Insignificant levels
of direct radiation
and contamination
from miscellaneous
sources

high

high

Repository Provide containment of
radiation and limit
radiation doses to
repository workers

Analyse direct radiation
levels in all areas
of the repository

Direct radiation levels
in all areas of the
repository

F. Levels low enough to
keep doses to
workers below
limits of 10 CFR
Part 20 and ALARA

high

C
(, c
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Table 8.3.5.4-1. Functions, performance measures, and performance goals for Issue 2.2 (worker radio-
logical safety--normal conditions) (page 2 of 2)

-a

.-I

Tentative Needed
System element Function Process or activity Performance measure goal confidence

Repository Provide containment of Analyse high-level waste Doses due to worker C. Total doses below High
(continued) radiation and limit containment and hand- occupancy in direct limits of 10 CFR

radiation doses to ling operations radiation areas Part 20 and ALARA
repository workers
(continued) Analyse site-generated Doses due to worker H. Total doses below High

waste containment, occupancy in direct limits of 10 CFR
handling, and treat- radiation areas Part 20 and ALARA
ment operations

Analyse radiation levels Direct radiation and I. Insignificant levels High
from miscellaneous contamination levels of direct radiation
sources of radiation from miscellaneous and contamination
such as calibration sources from miscellaneous
and testing sources sources

Analyze shielding Effective attenuation J. Significant attenua- High
provided by struc- of direct radiation tion of direct
tures, containments, levels radiation from all
equipment, and sources
waste packages

Analyze ventilation Contamination and K. Total doses below High
and filtration of airborne radionuclide limits of 10 CFR
repository airstreams concentrations in Part 20 and ALARA

repository airstreams

sALARA - as low as reasonably achievable.

a
'.Zm



Table 8.3.5.4-.2. Parameters
(page of

required or Issue 2.2 (worker radiological safety- normal conditions)
2)

Related
perf ormance
goal

Performance or
design parameter

Parameter
descriptor

Tentative
parameter
goa1

Expected
Needed parameter

confidence value(s)

Sep section
Current providing
confidence parameters

AB

A,D

Wind speeds

Wind direction

Site area

Site. area

(b)

(b)

High

High

Figures 5-3
to 5-7, and
Tables 5-6
and 5-7

Figures 5-3
to 5-7, and
Tables 5-6
and 5-7

Mediumi

Medium

8.3.1.12

8.3.1.12

A,B

Wb

,

AB

A ,B

Atmospheric sta-
bility

Mixing layer depth

Average ambient
temperature

Atmospheric mois-
ture

Site area

Site area

Site area

Site area

(b)

(b)

(b)

(b)

Mediumc Table -11

Medium (d)

Medium

Medium

Medium

Medium

8.3.1. 12

8.3.1.12

8.3.1.12

C)

C

IMedium Tables 5-2 and
5-3

Medium Tables 5-2 and
Medim Tale5- 2 n

A,11 8.3.1. 12

A,B

A,B

Precipitation
type. aount,
intensity, ae.

Site area (b)

(b)

5-4

Medium Table -2

Medium

Medium

8.3.1.12

8.3.1.12Barometric pressure Site area

A,B Dust particle ise
distributions

Site area I to 10 micron,
normal

High Data not
Iavailable

Data not
available

(e)

A.D Sise and distance
of topographic
features from
release points

Site area Topographic
features bene-
ficial to dis-
persion

Medium See U.S Geo-
logical
Survey top-
ographic
maps

High Literature

B

H

Routine releases

Surface facilities
layout

(f) * Mf

Mf

(f)

(f)

Mf

Mf

(f)

Mf

Mf

(f)Mf

C C C
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Table 8.3.5.4--2. Parameters required for
(page 2 of 2)

Issue 2.2 (worker radiological safety- normal conditions)

00

01

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing

goal design parameter descriptor goal confidence value(s) confidence parameters

C Elemental composi- TSw2 unitg Normal couposi- High Normal coo- Medium 8.3 1.3
tion of host rock tion for tuffs position

for tuffs

C Bulk density of TSw2 unit (b) High 2.26 to 2.33 Medium 8.3;1.15
host rock g/cc

C Water content of TS*2 unit (b) High 65% satura- Medium 8.3.1.16
host rock tion

D Radon eanation TSw2 unit (b) High 0.48 pCi/ 2 -m Low8
rate from tuff

EF G B,1 JK Reference reposi- No additional site characterisation data needed--see footnote f
tory design,
operating plan,
and supporting
analyses

a- ,

.The letters in this column key the performance parameters in this table to the tentative goals in Table 8.3.5.4-1.
hTentative goal is to have further measurements of this parameter verify the range of expected values listed here.
C.Medium confidence requirements are intended to indicate that these parameters need to be ite-specific.

Idsee Quiring (198).
eCollection of these data is part of the environmental program planned activities and is addressed in the Radiological oni

toring Plan discussed in Section 8.3.1.13.

For purposes of communicating the design information needed to evaluate worker radiological safety under normal conditions,
the input items froe Issue 4.4 (obtained through Issue 2.7) are collectively listed as a parameter.

9TS*2 unit i the nonlithophysal Topopah Spring unit (repository horison).

8
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Design evaluation. The design package and site data are obtained
from the reference information base (RIB), and the repository design features
related to the radiological safety of the worker during normal operations are
evaluated. The following text discusses what types of information are inves-
tigated during this design evaluation. The high-level waste (L!) throughput
(schedule and amount of waste received per year) is an important controlling
factor in the design of the repository process and storage facilities (e.g.,
hot cell structure and lag storage) and, hence, in the radiation doses pre-
dicted for workers. Direct radiation that can be emitted from the central
process area and the amount of routine radioactive effluents will be directly
related to the amount of ELI on hand and being processed. These sources of
potential dose to the workers also depend on how processes are conducted for
such activities as waste receipt, lag storage, waste handling and consolida-
tion, and transport of waste containers. Worker radiation doses from such
activities will be controlled principally by design features and administra-
tive procedures (e.g., limits on frequency of tasks and time in storage),
which will be a secondary control on worker exposure. Attributes of the re-
pository design that will play a major role in controlling direct radiation
or release of radioactive effluents to the restricted area include such
features as

1. Operations plan parameters such as number of workers present and
time to complete tasks.

2. Remote-handling equipment used for tasks in high radiation or high
frequency tasks.

3. Maintenance requirements of remote-handling and hot-cell equipment.

4. Barrier and shield thicknesses, composition, and distance to workers
from the source.

5. Containment and ventilation system characteristics (e.g., repository
and hot cell layout, differential pressures between areas, openings,
air locks, and filters).

6. Radioactive material release point characteristics (e.g., stack
height, diameter, exit velocity, temperature, and location within
the restricted area).

In addition, as part of the regulatory performance verification require-
ments, specific systems and operational controls will be needed to verify
that the repository design and operation does maintain annual radiation doses
to the workers to less than the regulatory limits. Examples of the systems
that must be provided include gaseous and liquid effluent monitoring and con-
trol equipment, effluent sampling and measuring equipment, area radiation and
airborne monitoring equipment, and personnel and area dosimetry equipment.
Design of these systems will be incorporated in the normal repository design
process. The information needed for this design evaluation will be the pro-
duct of the design process and will not depend directly on the site charac-
terization activities.

8.3.5.4-14
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Identification of radiation source characteristics. Potential
sources of radiation that can contribute to worker exposure in the restricted
area can be categorized as (1) resulting from repository operations or
(2) miscellaneous operations. Examples of radiation sources resulting from
repository operations are receipt of ELW shipping casks, releases during
spent fuel consolidation, transport of LW containers, direct radiation from
storage of disposal containers, direct radiation from emplacement activities,
and naturally occurring radionuclides. Other miscellaneous operations that
are potential radiation sources include treatment and transportation of site-
generated low-level waste (LLW) and gamma and neutron radiation-producing
equipment used in construction and nondestructive testing.

The specific information needed about the potential source terms in-
cludes the radionuclides involved and the quantity and concentration, decay
radiation and energies, and physical and chemical forms of these radio-
nuclides. General information needed about the source terms for dose
evaluation include

1. Planned repository operational details (e.g., scheduled HLW
throughput and inventories, LLW generation and transport rates, and
normal effluent release rates).

2. Repository design features (e.g., radionuclide barriers, normal
effluent release locations, layout distances, containment, leakage,
and filtration details).

3. Environmental details (e.g., airborne transport and dispersion of
radioactive materials within the restricted area).

4. Natural radionuclide sources (e.g., concentrations in tuff and
ground water at the repository location).

Depending on the characteristics of the source terms, the information
needs will be satisfied by the site characterization program (e.g-., naturally
occurring radionuclides), the repository design process (e.g., LW and site-
generated waste), or the environmental and socioeconomic monitoring programs
(e.g., offsite installations and background radiation). Development of the
analytical tools needed to evaluate potential adverse impacts of the source
terms on worker safety will be coordinated with the PRAM program requirements
and recommendations.

Radionuclide transport evaluation. The next element in the worker
radiological safety assessment package is radionuclide transport evaluation
following release from containment systemsL-or repository facilities of radio-
active material as a result of normal repository activities. The dispersion
of airborne radioactive materials can result in radionuclide concentrations
in the air that can-cause an external dose by direct radiation or an internal
dose through inhalation, or result in ground deposition of radioactive ma-
terial. The dominant pathway for occupational exposure to airborne radio-
nuclides is expected to be from radionuclides entrained in repository air-
streams. Analysis of this pathway will require data on the radionuclide
source terms, air volumetric flow rates, air patterns, and location of
workers and length of occupancy. Analytical tools will be required for
determining direct radiation dose rates in all areas of the-repository, as
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well as for determining ventilation leakage and filtration of airborne
radionuclides in the repository airstreams.

Analytical tools in the form of dispersion and'pathway-models also will
be required to perform the radionuclide transport evaluation for restricted
areas outside the facility. Meteorological data (e.g., wind speed, wind
direction, and atmospheric stability) in the vicinity of the repository
buildings, as well as repository design information, will be needed as input
to the dispersion model. This information need will be satisfied by
Characterization Program 8.3.1.12 (meteorology).

Worker radiation exposure calculation. The last step in the anal-
ysis is the radiological exposure evaluation that quantifies the dose to the
individual worker from routine operation of the repository and offsite in-
stallations. The quantification of radiation doses will be performed by the
use of accepted analytical models and knowledge of the various design fea-
tures as input into the models. Some design features needed include

1. The processes and activities necessary for the functioning of the
repository.

2. The layout and physical design features (i.e., location of processes
and activities, wall thickness and material, personnel occupied
areas, source location and storage, transport, and personnel
corridors).

3. Repository throughput of radioactive materials.

4. Source terms (i.e., radionuclides involved, low-level waste
generated, material quantities, material form (solid, liquid,
particulate, or gaseous), container parameters, and industrial
sources).

5. Duration and frequency of tasks.

6. Number of workers involved.

Accepted analytical methods for the calculation of personnel exposures will
be selected or developed as part of the preclosure safety assessment
activities consistent with the methodology described in Section 8.3.5.1.
Computer models will be used to evaluate the potential of direct and indirect
radiation doses to workers where appropriate. Design-limiting assumptions
will be specified for the code input parameters (e.g., radionuclide sources).
The following types of analytical tools will be needed:

1. Repository operations models.
2. Building ventilation, filtration, and leakage models.
3. Radiation shielding models.
4. Atmospheric dispersion models.
5. LLW treatment and transportation radiological impact models.
B. Radiological consequences assessment models.

The information needed to calculate'doses using these analytical tools
will be provided as' discussed in the previous steps. This information will
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be the product of the site characterization program, the socioeconomic and
environmental monitoring program, and the normal repository design process.
The following list indicates some technical guidance documents that might be
applicable to the development of the analytical tools. A list of analytical
tools that are available for use is contained in Section 8.3.5.19 (completed
analytical techniques). Further discussions of analytical tools still needed
are contained in Section 8.3.5.20 (techniques requiring development).

1. Regulatory Guide 1.169--Concrete Radiation Shields for Nuclear Power
Plants (December 1973) (NRC, 1973).

2. Regulatory Guide 8.19--Occupational Radiation Dose Assessment in
Light-Water-Reactor Power Plants--Design Stage Man-rem Estimates
(Rev. 1, July 1979) (NRC, 1979a).

3. Safety Series No. 58--Concepts and Examples of Safety Analyses for
Radioactive Waste Repositories in Continental Geological Formations,
(IAEA, 1983a).

4. Safety Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IAEA, 1983b).

5. Safety Series No. 68--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IAEA, 1985).

6. DOE/EV/1806-T5--A Guide to Reducing Radiation Exposures to As Low As
KUi Reasonably Achievable (ALARA) (Kathren et al., 180)

7. DOE Order 6430.1--General Design Criteria Manual- as applicable
(December 1983) (DOE, 183a).

Performance evaluation for compliance with goals. The remainder:of
Figure 8.3.5.4-2 deals with the final evaluation of the results documented in
the worker radiological safety assessment package. The results are compared
with the regulatory limits contained in the regulations-listed in the section
entitled.Oregulatory basis for this issue'.- If all the limits have been met,
then the results are examined to see if the ALARA criterion has been met. If
both the regulatory limits and the ALARA criterion have been met and if the
design is in the final design phase, then the design is ready for license
application and a favorable issue resolution has-been achieved. If both the
regulatory limits and the ALARA criterion have been met but the design is not
in the final design phase, then this process is repeated for the next design
phase.

If the results of the worker radiological safety assessment package do
not meet either the regulatory limits or the ALARA criterion, then design,
procedural, or operational changes are recommended to correct the situation.
If these changes cannot be made and the performance goals cannot be reason-
ably changed, then an unfavorable resolution of the issue has occurred (i.e.,
not feasible to proceed). However, if the design, procedural, or operational
changes can be made or the performance goals can be reasonably changed, then

K> the recommended changes are implemented and the whole process is repeated.
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Interrelationships of information needs

The question asked by this issue (2.2) addresses the radiological health
and safety of the workers during the normal operations of the repository.
The resolution of this issue can be obtained by-answering two questions:

1. Given the repository design, what is the expected radiation
environment on the surface and in the surface and subsurface
facilities due to natural and man-made sources of radiation?

2. For the normal operations of the repository, what are the projected
worker radiation doses for the normal operations of the repository
and do these doses meet applicable requirements?

There is a one-to-one correspondence between these questions and the two
steps in Figure 8.3.5.4-2 in the box labeled worker radiological safety as-
sessment package. The two questions have been designated Information Needs
2.2.1 and 2.2.2, respectively. Information Need 2.2.1 describes the radia-
tion environments that workers may be subjected to during the course of their
work. This information need requires (1) site data to determine the radia-
tion environments resulting from natural radioactivity and the background
radiation of the site for baseline definition purposes and (2) design data to
evaluate the effects of the design on the radiation environment.

Information Need 2.2.2 is a determination of the expected exposure con-
ditions and worker radiation doses resulting from the normal operations of
the repository. As described earlier in the section called worker radiolo-
gical safety assessment package, the doses to the workers are predicted using
radionuclide transport and dispersion models, radiation shielding models, the
repository operating plan, and radiological dose assessment models. The
final resolution of this issue will take place under this information need
when the results of the dose calculations are evaluated and compared with the
regulatory limits contained in 10 CFR Part 20.

The functions and performance measures (associated with the MGDS system
elements) necessary for answering these two questions and resolving this
issue are listed in Table 8.3.5.4-1. The site data needed to answer these
two questions are listed in Table 8.3.5.4-2.

The schedule information provided for the information needs in this
section includes the sequencing, interrelationships, and relative durations
of the activities in the information needs. Specific durations and start/
finish dates for the activities are being developed as part of ongoing plan-
ning efforts and will be provided in the SCP at the time of issuance and
revised as appropriate in subsequent semiannual progress reports.
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8.3.5.4.1 Information Need 2.2.1: Determination of radiation environment in
surface and subsurface facilities due to natural and manmade
-radioactivity

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

-Further discussions on the subject of radiological protection of the
workers may be found in Sections 6.1.1.4.1 (radiological protection design
requirements) and 6.4.5 (Issue 2.2: radiological safety of workers--normal
conditions). Section 8.3.5.1 contains discussions on the preclosure risk
assessment methodology (PRAM) program, which, as part of its scope, includes
radiological risk to the workers during normal operations. Sections 2.5
(radiological protection) and 6.1 (radioactive releases during normal
operations), of the Site Characterization'Plan-Conceptual Design Report
(SCP-CDR) (SNL, 1987) also contain discussions relevant to this issue.
Section 6.1 of the SCP-CDR is especially informative because it contains some
preliminary estimates of expected releases during normal operations of the
repository.

Parameters

The parameters required by this information need are those site and
design parameters relevant to the determination of the radiation environment
on the surface and in the surface and subsurface facilities. The relevant
design information is noted in Table 8.3.5.4-2 and further information on
these needs is not required at this time. The reference repository design
and supporting'analyses will be obtained from the reference information base
(RIB) and will contain'all design details necessary to perform the required
evaluations.

There is only one piece of site data needed to satisfy this information
need: the radon'emanation 'rate of the mined tuff. Collection of these data
is part of the environmental'program planned activities and is addressed in
the NNWSI Project Radiological Monitoring Plan discussed in Section 8.3.1.13.
All other data is design data and will be-obtained from the reference
information base.-

Logic

The determination of the radiation environment on the surface and in the
surface and subsurface facilities requires information about the site, the
potential sources of radiation, and the repository.design. Information about
the'repository design is obtained from the repository reference design, as is
information about the potential man-made sources of 'radiation.- Information
about the site is obtained through the site characterization program. Using
this information, airborne radionuclide concentrations are estimated for the
surface and subsurface facilities and for the area on the surface surrounding
the repository. Radiation levels from direct .radiation sources are then
calculated to establish dose rates from the different source terms. Once
potential sources of radiation are accounted for, radiation' areas are estab-
lished and associated radiation levels for both direct and airborne radiation
-are determined. Table 8.3.5.4-2 lists the data (itn addition to radon emana-
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tion rate from the tuff) required to perform this task. After these calcula-
tions are completed, this information need is satisfied, and the results can
then be used in Information Need 2.2.2 to determine radiation doses to
workers.

8.3.5.4.1.1 Activity 2.2.1.1: Refinement of site data parameters required
for Issue 2.2

Objectives

The objective of this activity is to refine the list of site data
parameters just presented in the technical basis section for Information Need
2.2.1. This list may be incomplete or the level of confidence (as shown in
Table 8.3.5.4-2) required may be inappropriate.

Parameters

The list of parameters presented in the technical basis section for
Information Need 2.2.1 is the starting point for this activity. As the
activity progresses parameters may be added to or deleted from this list.

Description

The parameter list will be refined in three ways. First, during site
characterization, reviews and activities by those organizations responsible
for collecting data will discover problems with parameter lists. These
problems will be resolved and parameter lists will be revised. Second, the
PRAM program will be developing methods for radiological performance analyses
(Performance Assessment Activity 2.2.2.2 in Section 8.3.5.4.2.2). During the
development of these methods, it is expected that lists of required para-
meters for each type of analysis will be created. A review of these para-
meter lists may result in refinement of the Issue 2.2 parameter list. Final-
ly, a performance assessment of the advanced conceptual design (ACD) and
license application design (LAD) for worker radiological safety (Performance
Activity 2.2.1.2) may uncover deficiencies in the current parameter list.
This is an ongoing activity whose end date is the completion of the license
application.

8.3.5.4.1.2 Activity 2.2.1.2: Advanced conceptual design assessment of the
worker radiological safety during the normal operations of the
Yucca Mountain repository

Objectives

The objective of this activity is to perform a worker radiological
safety assessment of the ACD for a Yucca Mountain repository. Secondary
objectives of this activity are to provide information for the refinement of
the site data parameter list for Issue 2.2 (Performance Assessment Activity-
2.2.1.1 in the previous sections) and to provide feedback to the PRAM program

8.3.5.4-20



CONSULTATION DRAFT

for future methods development activities (Performance Assessment Activity
2.2.2.2, Section 8.3.5.4.2.2).

Parameters

The parameters necessary for this activity are those listed in the site
data parameter list for Issue 2.2 presented in the technical basis section
for Information Need 2.2.1.

Description

This activity will assess the ACD for worker radiological safety during
normal operations. A general description of the process is presented earlier
in the section on worker radiological safety assessment package.

8.3.5.4.1.3 Application of results

The information generated by this'information need will be used directly
by Information Need 2.2.2 to resolve this issue. Issues 2.1 (Section
8.3.5.3), 2.3 (Section 8.3.5.5) and 2.7 (Section 8.3.2.3) may require some of
the same site data as called for here; however, those issues will call for
their own site data. The results of the safety assessments performed to
resolve this issue will be used in the preparation of the safety analysis
report that will be part of the license application.

8.3.5.4.1.4 Schedule and milestones

Information Need 2.2.1, determining radiation environment in surface and
subsurface facilities, includes two activities: 2.2.1.1 (refinement of site
data 'parameters required for Issue 2.2) and 2.2.1.2 (advanced conceptual
design (ACD) assessment of worker radiological safety during normal reposi-
tory operations). The schedule information for these activities is presented
in the form of timelines. The timelines extend to the issuance of the final
products associated with each activity. Summary schedule and milestone
information for this information need can be found in Section 8.5.2.1.

'Activity 2.2.1.1 is ongoing work while Activity 2.2.1.2 is an out-year
work effort.

These activities interface with each other and other investigations,
issues, and information needs, as illustrated in the following figure. The
activity numbers and titles corresponding to the. timelines are shown on the
left of the figure. The numbered points shown on the timelines represent
major events or important milestones associated with this work effort. Solid
lines represent activity durations, and dashed lines show the interfaces.
The data input and output at these interfaces are shown by circles.

K>~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Input from Milestone P159. Radiological safety analysis for
normal repository conditions. Advanced conceptual design
(ACD) guidance from Issues 2.1 and 2.2.

2 Receive input data/information from site investigations 8.3.1.3
(geochemistry), 8.3.1.10 (population density), 8.3.1.12
(meteorology), 8.3.1.13 (offsite installations), and 8.3.1.15
(rock characteristics).

3 Provide radiological safety analysis for normal conditions
(ACD) to Activity 2.2.1.2.

4 Provide radiological safety analysis for normal. conditions to
Issue 2.7 (repository design criteria for radiological
safety).

5 Milestone N444. List of normal conditions, accident scenarios,
and source terms for preclosure safety analysis.

B Provide refined site information/data requirements to Activity
2.2.1.1.

7 Receive updated site data/information from Activity 2.2.1.1.

8 ACD preclosure safety analysis report completed (Milestone
R784).

9 Provide information/data on safety analysis report to Issue 2.7
(repository design criteria for radiological safety).
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10 Milestone Z496. Preliminary preclosure performance assessment
input (radiological safety) in support of the draft
environmental impact statement (DEIS).

11 Provide information/data on radiological safety assessment to
DEIS.

12 Milestone M068. Preclosure performance assessment input.for
license application (LA).

13 . Provide information/data on preclosure performance assessment
(LA) to Issue 2.7 (repository design criteria for
radiological safety).

14 Milestone R777. Update preclosure performance assessment input
(radiological safety).,

15 Provide information/data on radiological safety assessment to
final environmental impact statement (FEIS) and license
application.

16 Milestone R780. Update report on radiological safety
assessment to support the FEIS and license application
(includes update of design evaluation, if necessary).

17 Provide information/data on radiological safety assessment to
FEIS and license application.

8.3.5.4.2 Information Need 2.2.2: Determination that projected worker
exposures and exposure conditions under normal conditions meet
applicable requirements -.

Technical basis for -addressing the information need

Link to the technical data chapters and applicablesupport documents

Chapter 3 discusses the present state of the knowledge on the site
hydrology, including uses of surface water and ground water.' Chapter 5 
discusses the present state of the knowledge on the meteorology of the site
and surrounding region. Further discussions on the subject of radiological
protection of the workers may be found in Sections 6.1.1.4.1 (radiological
protection design requirements) and 6.4.5 (Issue,2.2: radiological safety,.
expected to orkers--normal conditions). Section 8.3.5.1 contains dis-
cussions on the preclosure risk assessment methodology (PRAM) program. The
PRAM program includes radiological risk to workers during normal operations
as part of its scope. Sections 2.5 (radiological protection) and 6.1 (radio-
active releases during normal operations), of the Site Characterization Plan-
Conceptual Design Report (SCP-CDR) (SNL, 1987) also contain discussions
relevant to this issue. Section 6.1 of the SCP-CDR is especially informative
because it contains some preliminary estimates of expected releases during
normal operations of the repository.
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Parameters

The parameters required by this information need are those site and
design parameters relevant to the prediction of worker radiation doses during
the normal operations of the repository. The calculation of worker doses due
to airborne radionuclides within the facilities requires only design in!orma-
tion; however, the determination of worker doses due to airborne radionu-
clides outside the facilities does require site data. Design information
needed for this purpose is noted in Table 8.3.5.4-2, and further information
on these needs is not required at this time. Reference repository design
information and-supporting analyses will be obtained from the reference in-
formation base (RIB), which will contain all design the details necessary to
perform the required evaluations.

The site data required to satisfy this information need are obtained
through various characterization programs and also through the RIB. Follow-
ing is a summary of the required site data and the SCP section providing the
information:

Data requirement SCP section

METEOROLOGICAL DATA

The wind speeds in the region

The prevalent wind directions

The atmospheric stability of the area

The atmospheric mixing layer depth of the area

The average ambient temperature of the area

The atmospheric moisture of the area

The area precipitation, including type, amount,
intensity, etc.

Barometric pressure

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

Dust particle size distributions

The size and distance of major topographic
features from release points

8.3.1.12.2

8.3.1.14.1

REPOSITORY ROCK AND GROUND-WATER DATA

The elemental composition of the host rock

The bulk density of the host rock

8.3.1.3.2

8.3.1.15.1
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Data requirement, SOP section

The water content and-saturation of the 8.3.1.12.3
host rock

These parameters are needed with differing.levels of confidence and for
different locations on and around the site as.shown in Table 8.3.5.4-2.

Logic

Once the results of Information Need 2.2.1 are obtained, the prediction
worke rdoses during normal.,operations may begin.-..The calculation of

worker exposures to airborne radionuclides on the surface outside the
facilities depends on the concentrations of adionuclides released from the
repository (obtained from the reference repository design and Information_
Need 2.2.1), the meteorological conditions surrounding the facilities, and to
a lesser extent, sources in the environment. Worker doses from airborne
radionuclides inside the repository facilities are determined from the
radiation levels estimated by, Information Need 2.2-1- and the repository
operations plan. Worker doses resulting from direct radiation in the surface
facilities can be predicted using the characteristics of the repository
design, the information on radiation areas supplied by Information Need
2.2.1, and the repository operations plan. The prediction of doses resulting
from direct radiation from emplaced waste in the underground facilities re-
quires data on the density and composition of the repository rock. With this
information the shielding provided by the host rock can be determined and the
worker doses from emplaced waste predicted. - The repository design will-pro-
vide shielding data needs for the transporter and other emplacement and
retrieval equipment. Once all these contributions to worker doses are deter-
mined and. combined, the results are used to predict compliance with appli-
cable requirements and provide a resolution of Issue,2.2. In.addition,
ground-water data will be obtained for assessing its-contribution to shield-
ing of gamma and neutron radiation emitted by the waste package.

9.3.5.4.2.1: Activity 2.2.2.1: ;:Refinement of site data-parameters-required
for Issue 2.2

Objectives

The objective of.this activity is to refite-the list of.-site data para-
meters .presented in the technical basis section for Information Need 2.2.2..
This list may be incomplete or, the level of confidence-required (as shown in
Table 8.3.5.4-2) may, be inappropriate...
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Parameters

The list of parameters presented in the technical basis section for
Information Need 2.2.2 is the starting point for this activity. As the
activity progresses parameters may be added to or deleted from this list.

Description

The parameter list will be refined in three ways. First, during site
characterization, reviews and activities by those organizations responsible
for collecting data will discover problems with parameter lists. These
problems will be resolved and parameter lists will be revised. Second, the
PRAM program will be developing methods for radiological performance analyses
(Performance Assessment Activity 2.2.2.2). During the development of these
methods, it is expected that lists of required parameters for each type of
analysis will be created. A review of these parameter lists may result in
refinement of the Issue 2.2 parameter list. Finally, a performance assess-
ment of the advanced conceptual design for worker radiological (Performance
Assessment Activity 2.2.2.3) safety may uncover deficiencies in the current
parameter list. This is an ongoing activity whose end date is the completion
of the license application.

8.3.5.4.2.2 Activity .2.2.2: Development of performance assessment
activities through the preclosure risk assessment methodology
program

Objectives

Performance assessment methods development efforts in the preclosure
risk assessment methodology. The objective of this activity is to benefit
from the PRAM program. The NNWSI Project will-participate in the PRAM
program through the PRAM Working Group (PWG) and will adapt the PRAM program
to the NNWSI Program. A secondary objective of this activity is to use the
information developed in this activity to assist in refining the site data
parameters list for this issue (Performance Assessment Activity 2.2.2.1
described in the previous section).

Parameters

Initially there are no parameters for this activity; however, a list of
parameters will develop as a result of the PRAM program and other project
activities.

Description

The objective of the PRAM program is to develop a consistent preclosure
safety assessment methodology. A part of this methodology will be concerned
with the assessment of worker radiological safety during the normal opera-
tions of a repository. The NNWSI Project will participate in this program
and assist in the development of the overall methodology. Methods developed
in the PRAM program will be adapted for use in the NNWSI Project assessment
of worker radiological safety during the normal operations of the Yucca
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Mountain repository. (Performance AssessmentActivity 2.2.2.3 in Section
8.3.5.4.2.3). Since the PRAM program is expected to continue through license
application design this activity will be ongoing through license application.
A more detailed discussion of the PRAM program is presented in Section
8.3.5.1.----

8.3.5.4.2.3 Activity 2.2.2.3: Advanced conceptual design assessment of the
worker radiological safety during the normal operations of the
Yucca Mountain repository

Objectives

The objective of this activity is to perform worker radiological
safety assessment of the advanced conceptual-design (ACD) for the Yucca
Mountain repository. Secondary objectives of this activity are to provide
information for the refinement of the site data parameter list for this issue
(Performance Assessment Activity 2.2.2.1) and to provide feedback to the PRAM
program for future methodsrdevelopment activities (Performance Assessment
Activity 2.2.2.2).

Parameters

The parameters necessary for this activity are
data parameter list for this issue presented in the
for Information Need 2.2.2.

those listed in
technical basis

the site
section

Description

This activity will assess the Yucca Mountain repository advanced 'concep-
tual design for worker radiological safety during normal operations. A gen-
eral'description of the process is presented in the'section on worker radio-
logical 'safety assessment package. ' ' '

v, 8.3.'.4.2.4 .'Applicaition of results

:- The information generated by this information need will be used directly
-to resolve this issue (2.2). Issues 2.1 (Section 8.3.5.3), 2.3 (Section :--
8.3.5.5), and 2.7 (Section 8.3.2.3) may require some of thesame -ite data as
called for here; however, those issues will call for their own site data.

' .The results of the safety assessments performed to resolve this issue will be
used in the preparation of the safety analysis report that will be part ofthe
license application. These results will provide insight to needed design
changes during subsequent design phases.

8.3.5.4.2.5 Schedule and milestones

Information Need 2.2.2, addressing site and design information needed to
assess preclosure radiological safety, includes three activities: 2.2.2.1
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(refinement of site data parameters required for Issue 2.2), 2.2.2.2
(development of performance assessment activities through the preclosure risk
assessment methodology program), and 2.2.2.3 (advanced conceptual design
assessment of- the public radiological safety during normal operations of the
Yucca Mountain repository). The schedule information for these activities is
presented in the form of timelines. The timelines extend to the issuance of
the final products associated with each activity. Summary schedule and
milestone information for this information need can be found in Section
8.5.2.1.

Activities 2.2.2.1 and 2.2.2.2 are ongoing work efforts, while Activity
2.2.2.3 is an out-year work effort.

These activities have a number of interfaces with each other, with site
characterization investigations and with other issues and information needs.
These relationships are illustrated in the following figure. The activity
numbers and titles corresponding to the timelines are shown on the left of
the figure. The numbered points shown on the timelines represent major
events or important milestones associated with this work effort. Solid lines
represent activity durations, and dashed lines show the interfaces. The data
input and output at these interfaces are shown by circles.
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The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Input from Milestone P159. Radiological safety analysis for
normal repository conditions--ACD guidance from Issues 2.1
and 2.2.

2 Input information from site Investigations 8.3.1.3
(geochemistry), 8.3.1.10 (population density), 8.3.1.12

.(meteorological conditions), 8.3.1.13 (offsite installa-
tions),-and 8.3.1.15 (rock characteristics).

3 Output information/data on radiological safety analysis to
Issue 2.7 (repository design criteria for radiological
safety).

4 Output information on radiological safety analysis to Activity
2.2.2.3 (performance assessment--normal operations).

5 Input- information from preclosure risk assessment methodology.
Lists of required parameters for analyses.

6 Milestone N464. List of normal conditions,. accident scenarios,
and source terms for preclosure safety analysis.

7 Output normal conditions, accident scenarios, and source terms
to Activities 2.2.2.1 and 2.2.2.2.

8 Input information on site data parameters and performance
assessment methods from Activities 2.2.2.1 and 2.2.2.2.

9 Annotated outline for advanced conceptual design (ACD)
preclosure safety analysis report is available (Milestone
P113).

10 ACD preclosure safety analysis report issued (Milestone R784).

11 Output safety analysis information to Issue 2.7 (repository
design criteria for radiological safety).

12 Milestone Z458. Complete development of activities for
assessing public radiological safety for license application
design.

13 Input information on geochemistry, population density and
distribution, meteorology, offsite installations, and thermal
and mechanical rock properties from site investigations
(8.3.1.3, 8.3.1.10, 8.3.1.12, 8.3.1.13, and 8.3.1.15,
respectively).
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Point 
number Description

14 Milestone Z496. Provide preliminary preclosure performance
assessment input (radiological safety) in support of the
draft environmental impact statement (DEIS).

15 Output radiological safety information to DEIS.

16 Milestone M068. Preclosure performance assessment input for
enclosure in license application.

17 Output information on preclosure performance assessment to
Issue 2.7 (repository design criteria for radiological
safety).

18 Milestone R777. Update preclosure performance assessment input
(radiological safety).

19 Output updated radiological safety information to FIS and
license application.

20 Milestone R780. Issue update report on radiological safety
assessment report to support the final environmental impact
statement (EIS) and license application (includes update of
design evaluation, if necessary).

21 Output information on radiological safety assessment to FIS
and license application.
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8.3.5.5 Issue resolution strategy for Issue 2.3: Can the repository be
designed, constructed, operated, closed, and decommissioned in such
a way that credible accidents do not result in projected
radiological exposures of the general public at the nearest boundary
of the unrestricted area, or workers in the restricted area, in
excess of applicable limiting values?

Resolution of this issue requires the assurance that during the preclo-
sure period the repository will not pose any undue radiological risk to the
health and safety of the public and repository workers as a result of possi-
ble accidents. This will be initially established by an analysis documenting
the adequacy of structures, systems, and components provided for the preven-
tion of accidents and mitigation of consequences. The structures, systems,
and components to be-analyzed are those that will be presented to the NRC in
the safety analysis report (SAR) of the license application. Frequent inter-
actions with the NRC on site-specific preclosure activities are planned.
Regulatory closure of this issue will first occur when the NRC issues a
favorable safety evaluation report (SER) on the license application.

The relationship of this issue with the other issues of the issues
hierarchy is shown in Figure 8.3.2.1-1 (Section 8.3.2.1), which illustrates
the relationship between design and performance issues and fixes the lines of
communication between these issues. To be more specific about the relation-
ship-of this issue to the other issues with which it has direct or very
strong ties, only Issues 2.1 (Section 8.3.5.3), 2.2 (Section 8.3.5.4), 2.3
(this issue), 2.7 (Section 8.3.2.3), and 4.4 (Section 8.3.2.5) are shown in
Figure 8.3.5.5-1. The figure defines the ties between these issues by
indicating the major information items passed between them. The figure also
illustrates the connection of all these issues with the site characterization
program. The scope of an issue is indicated by its size with rspect to the
other issues in the figure. -Note that Issue 4.4 is the largest'in scope, and
the othertIssues, including this issue, branch out-from-Issue 44, reducing
the scope to more specific areas.

Regulatory basis for the issue

Although the issue states that radiation exposures resulting frm 
credible accidents must be maintained below applicable limits, there are'no
limits for radiation exposures to either .members 0 teW pub;.ic or Xepoitory
workers from accidents at a repository. The OE bLs developing 4i regulat6ry!
position on what the accident dose limit for the General public hould b ad
will'seek the agreement of the NRO. Regulatory criteria pertaing' o wrker
exposure during accidents have been piomuljgutd for:tbAeritipes' of fUcil.ties
(e.g, control-room operators at nuclear'powet pl`nts)-and wilP be-consid-
-ered'for applicability to essential pefsonnel (i.e.,'thosefwho are required
for the safe operation of a repository). *Nopessetntial',perspnne1 thA ire not
,required for the safe operation of the repository will be evacuated, if
'warranted, by-implementation of the 'emergency, plin. The geieral criteria
that'pertain to radiological protection of the public- under!accident'.
conditions include the following sections of Title 10 of the Code oaf-Federal
Regulations: .

Section 60.2 defines "'Important to safety', with reference to struc-
tures, systems, and components as those engineered structures, systems, and
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components essential to the prevention or mitigation f an accident that
could result in a radiation dose to the whole body, or any organ, of 0.5 rem
or greater at or beyond the nearest boundary of the unrestricted area at any
time until the completion of permanent closure.' 10 CFR Part 60 does not
provide criteria for what constitutes a credible accident and does not spec-
ify accident dose limits for members of the public or workers. Criteria for
what constitutes a credible accident will be developed as part of the preclo-
sure risk assessment and will be consistent with DOE and NRC guidance and the
methodology described in Section 8.3.5.1.

Section 60.21(c)(3) requires that the safety analysis report-for the
license application shall include an analysis of the adequacy of structures,
systems, and components provided for the prevention of accidents and
mitigation of the consequences of accidents.

Sections 60.131 through .60.133 specify minimum criteria for, among other
things, the design of the geologic repository operations areas that are
related to preclosure radiological safety.

Section 72.68 states that any individual-located on or beyond the
nearest boundary of the controlled area of an independent spent fuel-storage
installation.(ISFSI) shall not receive a dose greater than 5 rem to the whole
body or any organ from any design basis accident. This applies only to an
ISFSI.

Part 50, Appendix A, Criterion 19 states that adequate radiation
protection shall be provided to permit access and occupancy.of the-control
room under-accident-conditions without personnel receiving radiation
exposures in excess of 5 rem whole body for the duration of the accident.
This only applies to commercial nuclear power plants.

Additional guidance that may be relevant-to this issue includes-the
following:.

The EPA's Manual.of Protective Action Guides-and Protective Actions
(EPA, 1975) provides dose criteria for exposure-of the public-and workers.
following radiological accidents at nuclear power.plants. ..It. was used as the
basis for.the 5 rem dose criterion in 10 CFR 72.68.. .

The DOE Mission Plan (DDE, 1985) gives the range of unexpected-events'
and conditions and the failure.modes that could give.riseto them,'-that will
be considered. -Safety analysis will be a.continuous activity as the.design,
proceeds,. and.the.entire work will beIdocumented in the license application.
Special purpose codes for .calculating-accident.scenar s will be. verified and
validated- . - -

Further guidance is given in the Supplementary Information to the 10.CFR
960 Final Siting Guidelines (DOE)1984c),-which states that a key objective
in site selection is the protection of the health and safety of the publics.
The pertinent system elements for guideline 60.5-1(a)(1) are (1) site
characteristics that affect radionuclide transport, (2) engineered components
whose function is to control radionuclide releases, and (3) the population
distribution in the unrestricted.area.. This-7system'guideline incorporates,
by reference, detailed regulations promulgated by other agencies.,..

8.3.5.5-3
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Approach to resolving the issue

Licensing strategy overview

As stated earlier, the resolution of this issue requires the assurance
that during the preclosure period the repository will not pose any undue
radiological risk to the health and safety of the public and essential
repository workers as a result of possible accidents. The preclosure period
encompasses all activities associated with repository operation; simultaneous
mining, construction, and emplacement; retrieval; decommissioning; and
closure. The possibility of accidents will be considered for all underground
and surface facilities, systems, or operations within the repository site
boundary. The features initially assumed for issue resolution are (1) the
reference repository design and operations described in the site
characterization plan-conceptual design report (SCP-CDR) (SNL, 1987), and (2)
site characteristics known to date from reconnaissance investigations. These
encompass the appropriate elements from the hierarchy for the mined
geological disposal system (MODS) at Yucca Mountain. The accident initiators
that will be considered are natural phenomena, equipment failure or
malfunction, and man-made events, including human error. Besides the
initiating event that starts the accident sequences, other events or failures
(called intermediate events) that are direct or consequential results will be
considered in developing the accident sequence.

Using the methods consistent with those developed by NRC, DOB, and the
preclosure risk assessment methodology (PRAM) program (see Section 8.3.5.1),
the full range of the accident sequences will be identified, developed, and
screened to establish the set of design basis accidents for which radio-
logical consequence assessments will be made. The definition of credible
accidents is still being discussed within the DOE. Probabilistic analyses
are expected to be performed to support, or perhaps to establish, the design
basis accident selections and to estimate the radiological risk to the public
resulting from the repository. As part of the safety analyses, evaluations
will also be made of the systems designed to prevent the accidents, to detect
the accidents, and to mitigate the radiological consequences of the
accidents. The protection of public health and safety will be demonstrated
by comparing the doses calculated in the radiological consequence assessments
with the criteria established within the repository program or with
regulatory limits, if and when they are established.

These analyses will be repeated at each design phase to allow feedback
to designers so they can correct any problems discovered earlier in the
design process. This iteration of design and safety analysis is expected to
result in a well-designed, safely operated GDS, and an effective balance of
risk and cost. Finally, this issue will be resolved when (1) the set of
credible design basis accidents has been established and analyzed using a
deterministic approach, (2) supporting probabilistic risk analyses have been
completed, and (3) both have been described in a format appropriate for the
safety analysis report.

Application of the issue resolution strategy

The logic to be used in resolving this issue is illustrated in the logic
diagrams shown in Figures 8.3.5.5-2 and -3. These logic diagrams depict

8.3.5.5-4
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how the generic issue resolution strategy of Section 8.2.2 is to be applied
to this issue. The first step of the-process, identifying regulatory
requirements, was discussed earlier in the section entitled 'regulatory basis
for the issue." The following discussions will explain each of the remaining
steps in the resolution of this issue as shown in the logic diagram.

Identification of functional requirements. To allocate performance in
this issue to specific system elements of the MGDS, the functions of these
system elements with respect to this issue must be identified. The
preclosure portion of the MDS is divided into three major system elements:
the site, the repository, and the waste package. The waste package will not
be considered by itself in allocating performance for this issue but will be
considered in Section 8.3.4. The waste package will be considered as part of
the repository system element equipment. The major system elements are
further subdivided into more specific system elements; however, for resolving
this issue, this level of detail is sufficient; In addition to these two
system elements from the MGDS requirements, a third system element (offsite
installations) is required for the resolution of this issue. The following
sections describe each of these system elements and their role with respect
to this issue.

Site system element. Disturbances in the site system element can induce
accidents in the repository. The site events that could initiate accidents
would primarily be natural disruptive phenomena such as earthquakes,
rockfall, or potential methane or water intrusion. Structures, systems, and
components important to safety (as defined in 10 CFR 60.2) must be protected
against these phenomena.

Atmospheric transport of airborne radionuclides is expected to be the
dominant pathway by which members of the public can be impacted by an acci-
dental release of radioactive material. This is an important pathway for
accident analysis because exposure can occur shortly after the release,
before implementation of protective actions and, thus, must be dealt with
through design. The relevant processes include atmospheric transport and
dispersion, plume depletion, and deposition on the ground and in bodies of
water. Atmospheric transport of airborne radionuclides is also important
with respect to radiation exposure of the repository workers; however, direct
exposure to penetrating radiation may be a more important source of radiation
exposure for some workers in the vicinity of an accident. Exposure of
essential workers is controlled by design features and is therefore in the
domain of the repository system element.

The surface environment also includes longer-term pathways through which
public exposure could occur after an accident. These pathways include
surface-water bodies into which radioactive liquids could be accidentally
released or into which radionuclides initially deposited on land could be
washed down by precipitation. Long-term pathways also include inhalation of
resuspended material deposited on the ground and ingestion of food products
contaminated by uptake into plants, milk, and meat animals. Since these
pathways are amenable to protective actions such as interdiction and decon-
tamination of contaminated land and food products, they are not expected to
be significant.

8.3.5.5-8
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In view of the previous discussion, the site system element provides a
location that assists in limiting potential radiation exposure to the public
and repository workers from accidents. The site system element attributes
that affect accidental radiation exposures include: -(1) the remoteness of
the site, (2) site-related accident initiators, (3) quick-acting radionuclide
transport pathways, and (4) long-term radionuclide transport pathways. These
four attributes define the analysis activities required to evaluate the
effectiveness of the site system element in limiting accidental exposures.

Repository system element. The repository is important to the reso-
lution of this issue because it contains the radioactive material available
for release during an accident and, thus, will provide the source term for
accident analysis. The radioactive material includes the high-level waste
handled in-the facilities and any secondary wastes generated on the site. In
addition to providing the source term for accident analysis, the site
facilities system is important because it contains the systems whose failure
can initiate or continue an accident, as well as the systems that can prevent
or mitigate an accident.

The repository will be designed to prevent, contain, and mitigate
accident consequences'and to limit radiation exposures to essential
repository workers and the public. To evaluate the repository system element
performance with respect to these objectives (for this issue), four main
analysis activities are required. These are (1) analysis of the
probabilities and consequences of design-related initiating events;
(2) analysis of the vulnerability-of the repository to the effects of
natural, site-related, and design-related initiating events; (3) analysis of
the effectiveness of preventive systems and design features; and (4) analysis
of the effectiveness of mitigative systems and design features. All these
analyses are interrelated and will be performed' in parallel.-'

Offsite installations. Offsite installations are relevant to resolution
of this issue because accidents at those facilities could be the initiating
events for accidents at the repository. The operations performed in the
local area include defense operations, transportation, surface disposal and-
storage of radioactive waste, and possibly nuclear fuel ycle'operations.
Potential hazards to the repository from these operations will be assessed
and may contribute to the design basis for structures', systems, and
components important to safety and to initiating events for accident
analysis. Because of the large distances involved and past-history, it is
expected thatlthe safety of the repository and essential workers from offsite
accidents can be fulfilled by systems designed to handle onsite accidents.'

Allocation of performance to the system elements'.'The next four steps
in Figure 8.3.5.5-2 after the identification of functionalrequirements make
up the bulk of the 'performance allocation process. 'In these steps perfor-
mance measures, performance goals, and needed parameters'are developed. For
each system element, the functions it will serve in the resolution of this
issue are listed in Table 8.3.5.5-1. The processes and activities that take
place in serving each of these functions are also listed. Since this is a
performance issue, the purpose of which is to analyze the performance of the
repository systems with respect to radiological health and safety under
accident conditions, these processes and activities are analyses rather than
physical processes. The quantity used to measure the performance under each

-8;3.5.5-8



Table 8.3.5.5-1. Functions, performance measures, and performance goals
radiological releases) (page 1 of 2)

for Issue 2.3 (accidental

Tentative Needed
System element Function Process or activity Performance measure goal confidence

Site Provide location that
assists in limiting
potential radiation
exposure to the pub-
lic and essential
workers from
accidents

Analyse remoteness of
repository location

Analyse probabilities
and consequences of
accidents caused by
natural or site-
related phenomenaa

Analyse short-term
public and essential
worker radiation
exposure mitigation
features of the site

Analyze long-term
public and essential
worker radiation
exposure mitigation
features of the site

Population density of
region

A. Resolution of Issue
2.5 (higher level
findings--preclosure
radiological safety)

B. Radiation doses well
below applicable
limiting values

uigh

Consequences of credible
site-related accidents

igh

Quick-acting dispersion
and transport charac-
teristics of the site

Long-term dispersion,
diffusion, and bio-
accummulation char-
acteristics of the
site

C. Adequate short-term
transport character-
istics to assist in
limiting doses

D. Adequate long-term
transport character-
istics to assist in
limiting doses

High

I
Uigh

Repository Provide prevention,
containment, and
mitigation of acci-
dent consequences
and limit radiation
exposures to essential
workers and public

Analyze probabilities
and consequences of
design-related acci-
dents

Analyze design for vul-
nerability to effects
of natural, site-
related, and design-
related accidents

Consequences of credi-
ble design-related
initiating events

Sensitivity of reposi-
tory design to possi-
ble accidents

B. Radiation doses well
below applicable
limiting values

F. Repository designed
to provide desirable
responses to possi-
ble accidents

High

High

C c (
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Table 8.3.5.5-1. Functions, performance measures, and performance goals

Iradiological releases) (page 2 of 2)
for Issue 2.3 (accidental

Tentative Needed
System element Function Process or activity Performance measure goal confidence

Repository Analyze design for Effectiveness of pre- C. Near total preven- High
(continueA):' effectiveness of ventive design tion of accidents

preventive features.. features and consequences

Analyze design for Effectiveness of R. Mitigation of High
effectiveness of mitigative design accident conse-
mitigative features features quences to well

below applicable
limiting values

Offsite Provide assurance that Analyze vulnerability of Consequences of credible I. Radiation doses well High
installa- repository and essen- repository and essen- offsite accidents that below applicable
tions tial workers are safe tial workers to could affect the limiting values

-from effects ofoff- effects of offsite repository and the
site accidents accidents essential workers

0

I

tIS.

0aShort-term radiation exposures will be evaluated to assess compliance with applicable
radiation exposures will be used to assess risk from credible accidents;

accident dose limits. Long-term
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analysis, called a performance measure, is listed for each process, together
with a goal for that performance measure. These goals are selected so that
if they are met, then the regulatory requirements are satisfied with some
margin of safety. The present goals are tentative, permitting future
adjustment in the allocation between subsystems, if necessary. Finally, the
confidence needed in meeting these goals is an indication of the relative
importance of each performance measure in contributing to meeting the
ultimate regulatory requirement. The results of the performance allocation
steps may be seen in Tables 8.3.5.5-1 and 8.3.5.5-2.

Development of design criteria and constraints and identification of
input items. The only constraints on the design of the repository forth-
coming from this issue are those general performance goals shown in Tables
8.3.5.5-1 and 8.3.5.5-2. These performance goals are transmitted to Issue
2.7 (Section 8.3.2.3) where specific design criteria are developed and
transmitted to Issue 4.4 (Section 8.3.2.5) for incorporation in the design of
the repository (see Figure 8.3.5.5-1). Specific design products or
information required for either Issue 2.7 or Issue 4.4 are also transmitted
to Issue 2.7. At this time, no specific design products or information items
have been identified.

Analytical approach for radiological safety assessment of accidents.
The general analytical approach for the assessment of radiological risks from
accidents to the public and essential workers is illustrated in Figure
8.3.5.5-3. The following is a brief discussion of the steps shown in Figure
8.3.5.5-3. This methodology is discussed in more detail in Section 8.3.5.1.

Step 1 -- Repository familiarization and identification of
initiating events. The objectives of step 1 are to (1) identify and describe
the physical configurations and processes of the repository systems and
support systems to be modeled, and (2) identify the accident initiating
events to be considered in the risk assessment.

Step 2 -- Event tree development. The objective of step 2 is to
identify the potential accident sequences that could occur following the
initiating events. Accident sequences are commonly identified using the
event tree technique.

Step 3 -- Repository systems analysis. The objective of step 3 is
to develop the reliability models for the repository systems and support
systems to be analyzed. This step obtains information from steps 1, 4, 5 and
B as shown in Figure 8.3.5.5-3.

Step 4 -- Human reliability analysis. The objectives of step 4 are
to (1) identify the human errors that should be included in the preclosure
risk assessment, (2) provide the probability estimates for these errors, and
(3) develop human recovery actions to mitigate accident consequences.

Step 5 -- Common cause failure analysis. The objective of step 5 is
to identify the failures of multiple equipment items occurring from a single
cause that is common to all the equipment items; for example, the loss of
electric power may cause the failure of several repository systems.

8.3.5.5-12
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Table 8.3.5.5-2. Parameters required for Issue 2.3 (accidental radiological releases (page 1 of 5)

Related SCP section
performance Performance or Parameter Tentative Needed Expected Current providing

goala design parameter descriptor parameter goal confidence parameter value confidence parameter

A Population density of
region

B Frequency and magnitudes
of

Tornadoes

Nye and Clark
counties

Low population
density

(b)

High Section 3.8.2 in Medium
Environmental
Assessment
(DOE, 186)

8.3.1.10

At facility High Section 5.1.1.6, Medium
see'footnote c

8.3.1.12

Cloud-to-ground
lightning strikes

Sandstorms and wind-
storms

Snow fall and ice
stores

At facility

At facility

At facility

(b) Medium About 18/yr,
magnitude
unknown

(b) ' High Table 5-8, and
Section 5.1.1.6

Rare, low magnitude High Rare, low magni-
tude

PUFd High PUF

Medium 8.3.1.12

Medium 8.3.1.12

Medium 8.3.1.12

I
Repository surface

flooding

Surface and sub-
surface seismic
events

At facility

In region

Medium 8.3.1.16

(e) 8.3.1.17(b) High (e)

Fault movement within Surface and
the repository subsurface

(b) High Section 1.5.2 Medium 8.3.1.17

Drift roof fall and
collapse or failure

Underground I() Medium Data not
available

Data not
avail-
able

8.3.2.4

Landslides At facility (f) Medium Data not
available

Data not 8.3.1.14
avail-
able



Table 8.3.5.5-2. Parameters required for Issue 2.3 (accidental radiological releases (page 2 of 5)

Related SCP section
performance Performance or Parameter Tentative Needed Expected Current providing

goala design parameter descriptor parameter goal confidence parameter value confidence parameter

Volcanic ash fall At facility (f) Medium Data not
available

Data not
avail-
able

8.3.1. 17

Nearby brush fires

Aircraft crashes

Near facilities

At facility

(f)

(f)

Low Data not
available

High I X 10i 
x 10 per

year

Data not 8.3.1.13
avail-
able

Medium 8.3.1.13

Criticality events In surface and
subsurface

Criticality events
precluded

High Not credible 8.3.5.5

0

Other potential
accidents

Natural or
site-related

(h) High (h) (h) PRAM program

CI Wind speeds 80 km radius (b) High Figures 5-3 to
5-7, and Tables
5-6 and 5-7

Medium 8.3.1. 12

C, I

C,I

C,I

C,l

CI

Wind direction

Atmospheric stability

80 km radius

80 km radius

(b)

(b)

High Figures 5-3 to
5-7, and Tables
5-6 and 5-7

Mediumi Table .5-11

Medium 8.3.1.12

Medium 8.3.1.12

Mixing layer depth

Average ambient
temperature

Atmospheric moisture

80 km radius

80 km radius

80 km radius

(b)

(b)

(b)

Medium (k) Medium 8.3.1. 12

Medium Tables 5-2 and
5-3

Medium Tables 5-2 and
5-5

Medium 8.3.1.12

Medium 8.3.1.12

CI Precipitation type,
amount, intensity, etc.

80 km radius (b)

(.

Medium Tables 5-2 and
5-4

Medium 8.3.1. 12

( c
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Table'8.3.5.5-2. Parameters required for Issue 2.3 (accidental radiological releases (page 3 of 5)

Related
performance

goala
Performance or

design parameter -

SCP section
providing
parameter

Parameter
descriptor

Tentative
parameter goal

Needed Expected Current
confidence parameter value confidence

C1I Barometric pressure

CI Sire and distance of
topographic features
from release points

D Bioaccumulation of radio-
nuclides in terrestrial
flora

B Bioaccumulation of radio-
nuclides in terrestrial
fauna

D Types of crops raised

D Amounts of crops raised

D Types of crops consumed

D Amounts of crops consumed

D Types of animals raised

D Number of animals raised

D Types of animals consumed

D Amounts of meat consumed

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

(b)

Topographic fea-
tures beneficial
to dispersion

(b)

(b)

(b)

(b)

(b)

(b) 

.(b)

(b)

(b)

(b)

(b)

Medium Table 5-2

Medium See U.S. Geo-
logical Survey
topographic maps

Medium 1 x 10 28d"
1 x. 10 Ci/kg
see note ()

Medium 1 x 10-25
1 x 10- Ci/kg
see note (n)

Medium (o)

Medium 1 x 04 to x
10 kg/yr
see footnote p

Medium (q)

Medium 1 x lo4 x1
kg/yr

Medium (r)

Medium I x 01 to I x
10 kg/yr

Medium (s)

Medium 1 xJ04 to x
10 kg/yr

Medium 1 x 0 to x
10 kg/yr

Medium

High

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

(I)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

a

I

8.3.1. 12

Literature

. (1)

: (1)

(1)D Animal consumption of
- forage



Table 8.3.5.5-2. Parameters required for Issue 2.3 (accidental radiological releases (page 4 of 5)

Related SCP section
performance Performance or Parameter Tentative Needed Expected Current providing

goals design parameter descriptor parameter goal confidence parameter value confidence parameter

D Forage storage time 80 km radius Values given in Medium Data not Data not (1)
Regulatory Guide available avail-
1.109 (NRC, able
1977a)

D Grazing yield and period 80 km radius (b) Medium 75 to 100% of the High (1)
year

D Radius of crop and animal 80 km radius (b) Medium 50 km to bulk of High (1)
area cropland and

farms (W to SW)

D Volumetric flow of sur- 80 km radius Little or no sur- Medium Environmental Medium (1)
face water to water face runoff Assessment
bodies Section 3.3.1

D Population served by 80 km radius (b) Medium I x JO to I x Medium (1)
local drinking water 10

D Volumetric flow of local 80 km radius (b) Low Section 3.3.1 in Medium (1)
drinking water Environmental

Assessment
(DOB, 1986b)

D Recreational uses of 80 km radius Very little Low (t) (t) (1)
water bodies recreational

use of water

E,F,G,H,1, Reference repository No additional site characterization data needed--see footnote u.
J,K design, operating plan,

and supporting analysis

aThe letters in this column key the performance parameters on this table to the tentative performance goals in
Table 8.3.5.5-1.

Tentative goal is to have further measurements of this ptraseter verify the range of expected values listed here.
CProbability at Yucca Mountain is approximately 7.5 x 10 in any given year; magnitude is F-O on Fujita tornado scale (very

weak).

a

I

C C C
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Table 8.3.5.5-2. Parameters required for Issue 2.3 (accidental radiological releases (page 5 of 5)

Footnotes (continued)

dPWF = probable maximum flood; the PF is still under investigation.
eInformation on seismic events may be found in Ground otion valuation at Yucca Mountain, Nevada, with Application to

Repoyitory Conceptual Design and Siting," (URS/Bluse, 1986).
Parameter goal to be evaluated in terns of frequency and consequence.
hDesign will preclude criticality accidents per 10 CFR 60.131(b)(7).
.Other accident-specific goals to be evaluated as appropriate under preclosure risk assessment methodology.
!PRA = preclosure risk assessment methodology.
Medium confidence requirements are intended to indicate that these parameters need to be site-specific.
kSee Quiring:(1968).
1Collection of these data are part of the environmental program planned activities and is addressed in the Radiological

Monitoring Plan discussed in Section 8.3.1.13.
mThis range covers all flora for which data are now available; specific values are flora and radionuclide specific.
nThis range corers all fauna for which data are now available; specific values are fauna and radionuclide specific..
°*heat/grains, corns, apples, potatoes, alfalfa, alfalfa seed, hay, silage, peppers, melons, berries, pecans, leafy

vegetables, nd honey.
PSpecific values depend on available crops, crop areas, and crop densities.

ncludes all-crops listed in footnote o except alfalfa, hay, and silage.
rBeef cattle, dairy cattle, goats, hogs, sheep, and poultry.
5lncludes all animals listed in footnote r plus quail, freshwater fish, ducks, geese, rabbit, and deer.
tVery limited use of Crystal Reservoir; swimming pool data not yet available.
UFor purposes of communicating the design information needed to evaluate worker radiological safety under normal conditions,

the input items from Issue 4.4 (obtained through Issue 2.7) are collectively listed as parameter. I
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Step 6 -- Data base development. The objective of step B is to
develop the data bases for the analytical steps of the preclosure risk
assessment. The data base will provide data for use in steps 3, 4, 5, 7, and
8.

Step 7 -- Accident sequence analysis. The objective of step 7 is to
quantify the frequency of occurrence of the accident sequences developed in
step 3 by linking system logic-models from step 3 and using data from step .

Step 8 -- In-plant consequence analysis. -The objective of step 8 is
to determine accident sequence consequences within the repository site
boundary, including the surface and underground facilities.

Step 9 -- Environmental transport and offsite consequence analysis.
The objective of step 9 is to determine accident sequence consequences
outside the repository boundary. The consequences include radiation doses to
the public.

Step 10 -- Uncertainty, sensitivity, and importance analyses. There
are three objectives in step 10. The first objective is to estimate the
uncertainty in the results due to the parameters, modeling, and completeness
at the various analytical steps of the risk assessment. The second objective
is to determine how much the results of the analyses change with respect to
variation of the input data. This is needed to perform the uncertainty
analyses. The final objective is to identify and rank the important accident
sequences, system failures, component failures, and human errors with regard
to the accident sequence frequency of occurrence estimates. This importance
analysis will be used in the identification of systems, structures, and
components important to safety.

Step 11 -- Documentation and use of results. The objective of step
11 is to document the risk assessment methodology and results to support the
various repository program activities and the resolution of this issue.

Performance evaluation for compliance with goals. The remainder of
Figure 8.3.5.5-2 deals with the final evaluation of the results documented in
the accident risk assessment package. The results are compared with the
performance goals and any regulatory limits that may be developed. If the
goals or limits have been met and if the design is in the final design phase,
then the design is ready for license application and a favorable issue
resolution has been achieved. If the goals or limits have been met but the
design is not in the final design phase, then this process is repeated for
the next design phase.

If the results of the accident risk assessment package do not meet the
goals or limits, then design, procedural, or operational changes are
recommended to correct the situation. If these changes cannot be made and-
the performance goals cannot be reasonably changed, then an unfavorable
resolution of the issue has occurred. However, if the design, procedural, or
operational changes can be made or the performance goals can be reasonably
changed, then the recommended changes are implemented and the whole process
is repeated.
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Interrelationships of information needs

The question asked by this issue addresses the potential threat to
health and safety of essential repository workers and the public from
radiological accidents at the repository. The resolution of this issue can
be obtained by answering two questions:

1. What are the credible accident sequences and their respective
frequencies that can occur at the repository that can adversely affect the
health and safety of the workers and the public?

2. What are the predicted releases of radioactive material and the
projected public and essential worker exposures resulting from credible
accidents at the repository, and are these exposures within applicable
limiting values?

These questions are addressed by Information Needs 2.3.1 and 2.3.2.
Information Need 2.3.1 determines and describes the possible accidents that
could occur at the repository. Once the list of accidents is developed, the
list is screened to determine those that are both applicable to the
repository and credible. This information need requires both site and design
data to determine all credible natural, site-related, and design-related
accidents. This process is described previously in the section on accident
risk assessment package. The final product of Information Need 2.3.1 is a
list of credible accidents along with their frequencies of occurrence and
resulting scenarios. This information need corresponds to the system
analysis steps in assessing accident risks discussed-previously.

This set of accident-sequences is used under-Information Need 2.3.2 to
predict essential worker and public exposures resulting from accidents.
First, the projected releases of radioactive material resulting from the
credible accidents are determined, which requires detailed information about
the repository design as well as information about the characteristics of the
accidents. This step will require very little site data. The major factors
affecting releases of-radioactive material during accidents are the source
terms present and the response of the repository structures and systems.. It
is here that information about which systems, structures, and components are
important to safety will be developed and refined. When the-releases of
radioactive material -have been determined, the process of resolving Issue 2,3
continues with-the determination of essential worker and public radiation
exposures.. Information Need 2.3.2 determines the radiation exposures for the
repository workers and the public due to accidents and compares-the results
to applicable limiting values. -This step will require a great deal of site
data to perform the necessary radionuclide transport calculations. Along
with the exposure values, there will be a frequency of occurrence associated
with each accident. The combination of the frequency of occurrence and the
consequence defines the risk for a given accident. The sum of all the
accident risks defines the repository risk. Accident risk quantification
(sensitivity analyses and documentation) is the responsibility of this -
information need. The final results of the accident risk assessment package
will be documented as part of this information need. At this point, this
issue is finally.resolved. -
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The functions and performance measures (associated with the MGDS system
elements) necessary for answering these two questions and resolving this
issue are-listed in Table 8.3.5.5-1. The site data needed to answer these
questions are listed in Table 8.3.5.5-2.

The schedule information provided for the information needs in this
section includes the sequencing, interrelationships, and relative durations
of the activities in the information needs. Specific durations and start/
finish dates for the activities are being developed as part of ongoing
planning efforts and will be provided in the SP at the time of issuance and
revised as appropriate in subsequent semiannual progress reports.

8.3.5.5.1 Information Need 2.3.1: Determination of credible accident
sequences and their respective frequencies applicable to the
repository

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Chapter 3 discusses the present state of the knowledge on the site
hydrology, including uses of surface water and ground water. Chapter 5
contains discussions about the present state of the knowledge on the meteor-
ology of the site and surrounding region. Further discussions on the subject
of radiological protection of the public may be found in Sections 6.1.1.4.1
(radiological protection design requirements), Section 6.1.4 (items important
to safety) and .4.8 (Issue 2.3: accidental radiological releases). Section
8.3.5.1 discusses the preclosure risk assessment methodology (PRAM) program.
The PRAM program includes radiological risk to the public and workers under
accident conditions as part of its scope. Sections 2.5 (radiological protec-
tion) and 8.2 (releases under abnormal conditions) of the site characteriza-
tion plan-conceptual design report (SCP-CDR) (SNL, 1987) also contain discus-
sions relevant to this issue. Also, Sections 4.6.1 and 7.4.1 of the SCP-CDR
contain brief discussions of items important to safety. Finally, two append-
ices of the SCP-CDR have information especially relevant to this information
need. These are Appendix F (preclosure radiological safety analysis), which
is a preliminary analysis of accidents at the Yucca Mountain repository pre-
pared to support the development of the preliminary NNWSI Project Q-list, and
Appendix L (items important to safety and retrievability), which discusses
the method used and results of the preliminary Q-list. The methodology
described in Appendix F of the SCP-CDR will be considered by the PRAM
program.

Parameters

The parameters required by this information need are those parameters
relevant to the determination of credible accident sequences and their
respective frequencies for the Yucca Mountain repository. There is a great
deal of design information required for this purpose; this information is
listed in Table 8.3.5.5-2. Reference repository design information and
supporting analyses will be obtained from the reference information base
(RIB).
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The site data required to determine credible site-related accidents are
obtained through various characterization programs. A summary of the
required site data and the associated investigation or information need
follows.

Data requirement SCP section

Frequency and characteristics of

Tornadoes

Cloud-to-ground lightning strikes

Sandstorms

Snowfall

Ice storms.

Repository surface flooding

Repository flooding from ground-water
inflow

Surface and subsurface seismic events

Fault movement within the repository

Drift roof fall, collapse, or failure

Surface landslides

Volcanic ash fall

Nearby forest or brush fires

Aircraft and.helicopter crashes in
the area of the surface facilities

Other potential accidents

Frequency and characteristics of
offsite installation accidents
in the region including:

Explosive shockwave

8.3.1.1.4

8.3.1.12.4

8.3.1.12.4

8.3.1.12.4

8.3.1.12.4

8.3.1.16.1p 8.3.1.16.3

8.3.1.17.3

8.3. 1.17 .2

8.3.2.4.1

8.3.1.14.1

8.3.1.17 .1

8.3.1.13.1, 8.3.1.13.2

8.3.1.17.1 8.3.1.3.2

Preclosure risk assessment
methodology (PRAM)
program,,-8.3.1.13.1,
8.3.1.13.2

8.3.1.13.1, 8.3.1.13.2
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Data requirement SCP section '

Toxic and chemical gases 8.3.1.13.1, 8.3.1.13.2

Missiles 8.3.1.13.1, 8.3.1.13.2

Flammable vapor clouds 8.3.1.13.1, 8.3.1.13.2

Incendiary fragments 8.3.1.13.1, 8.3.1.13.2

Logic

The determination of credible accidents for the Yucca Mountain reposi-
tory requires a great deal of site and design information. Site data are
required to determine site-related accidents. These data include severe
weather phenomena, seismic phenomena, tectonic phenomena, offsite instal-
lation activities, and military activities. Using the site data, the
frequencies and characteristics of these various phenomena and activities can
be assessed, and a decision can be made as to what accidents are credible.
The definition of credible has not yet been firmly established; however, it
is expected that a credible accident will be defined in terms of frequency of
occurrence. In some instances, where an accident may have extremely severe
consequences, an accident with a very low frequency of occurrence may be
included in those to be analyzed. Therefore, it is possible that, for
conservatism, the severity of an accident could be a factor in deciding
whether to classify an accident as credible or not credible. Design-related
accidents will also be investigated, and site data are needed to determine
the consequences of these accidents; however, accident consequences are
developed as part of Information Need 2.3.2. The function of this
information need corresponds to the system analysis steps shown in Figure
8.3.5.5-3. Once a list of credible accident sequences and their respective
frequencies applicable to the Yucca Mountain repository is developed, the
process of analyzing the effects of these accidents on the repository is
continued in Information Need 2.3.2, where radioactive material releases
resulting from these accidents are estimated.

8.3.5.5.1.1 Performance Assessment Activity 2.3.1.1: Refinement of site
data parameters required for Issue 2.3

Objectives

The objective of this activity is to refine the list of site data para-
meters presented in the technical basis for this information need. This list
may be incomplete or the level of confidence (Table 8.3.5.5-2) may be
inappropriate.
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Parameters

The list of parameters presented earlier is the starting point for this
activity. This list may be added to or shortened as work in this area
progresses.

Description

As the accident risk assessment activities progress, more information
may be required to better define accidents or their characteristics. In
addition, feedback from the site characterization program will be an impor-
tant source of information about parameter confidence requirements and may
result in identification of more parameters that are needed.

8.3.5.5.1.2 Performance Assessment Activity 2.3.1.2: Determination of
credible accident sequences and their respective frequencies
applicable to the Yucca Mountain repository

Objectives--

The objective of this activity is to develop a comprehensive list of
accidents that are both credible and applicable to the Yucca Mountain-
repository.

Parameters

The site data parameters required for this task are those listed earlier
for the information need. A great deal of design data will also be required
to perform this activity.

Description

This activity consists of performing the system analysis steps shown in
Figure 8.3.5.5-3 and discussed in detail in Section 8.3.5.1. Note that
uncertainty, sensitivity, and importance analyses and documentation are
included in these steps.

8.3.5.5.1.3 Performance Assessment Activity 2.3.1.3: Development of
candidate design-basis accidents for the Yucca Mountain
repository

Objectives

The objective of this activity is to develop a set of candidate design-
basis accidents to be analyzed as part of the total safety analysis.

Parameters

The parameters to be used in this analysis are those listed earlier for
the information need and the repository reference design.
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Description

A set of design-basis accidents will be developed to be analyzed as part
of the total safety analysis of the repository. The procedure to be used in
developing this set of accidents has not yet been established; however, the
PRAM program will address this need. The development of the list of credible
accidents and the development of design-basis accidents are complementary and
will be performed in parallel. Design-basis accidents do not necessarily
have to be credible; indeed, they are generally less likely than what are
usually considered credible events. Design-basis accidents are proposed to
show that the repository response to these accidents is acceptable, and,
therefore, the repository can be expected to withstand any expected or
credible accidents.

8.3.5.5.1.4 Application of results

The information generated by this information need will be used directly
in Information Needs 2.3.1 and 2.3.2 to complete the accident risk assessment
of the repository. Design-basis accident information will be used in Issue
4.4 (Section 8.3.2.5) to support the design of the repository in the form of
radiation safety design criteria. Issues 2.1 (Section 8.3.5.3), 2.2 (Section
8.3.5.4), and 2.7 (Section 8.3.2.3) may require some of the same site data-as
called for here; however, those issues will call for their own site data.
During the iteration of design and assessment, information developed here
will be used to improve design features and correct any problems discovered
early in the design process.

8.3.5.5.1.5 Schedule and milestones

Information Need 2.3.1, addressing accident frequencies, includes three
performance assessment activities: 2.3.1.1 (refinement of site data required
for Issue 2.3), 2.3.1.2 (determination of credible accident sequences and
their respective frequencies applicable to the Yucca Mountain repository),
and 2.3.1.3 (development of candidate design-basis accidents for the Yucca
Mountain repository). The schedule information for these activities is pre-
sented in the form of timelines. The timelines extend to the issuance of the
final products associated with each activity. Summary schedule and milestone
information for this information need can be found in Section 8.5.2.

Activity 2.3.1.1 is an ongoing work effort. Activities 2.3.1.2 and
2.3.1.3 are out-year work efforts.

These activities interface with each other, with site characterization
investigations, and with other issues and information needs. These relation-
ships are illustrated in the following figure. The activity numbers and
titles corresponding to the timelines are shown on the left of the figure.
The numbered points shown on the timelines represent major events or impor-
tant milestones associated with this work effort. Solid lines represent
activity durations, and dashed lines show the interfaces. The data input and
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output at these interfaces are shown by circles.
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The points on the timeline and-the data input and output at the inter-
faces are described'in the following table:

Point
number Description

1 'Radiological safety analysis for accident conditions available
.(Milestone P160);.

2 Provide refined list of site data needs'output to Issue 2.7
(radiological design criteria).

3 Milestone N464. List of normal conditions, accident scenarios,
I and source terms for use in preclosure safety analysis.

4 Receive data/information from site investigations 8.3.1'.12
(meteorology), 8.3.1.13 '(offsite installations), and 8.3.1.16
(preclosure hydrology).

Milestone Z478. List of credible accidents completed.5

6 - , Provide list of credible accidents to Issue 2.7 (radiological
design criteria).
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Point
number Description

7 Receive data/information from site investigations 8.3.1.12
(meteorology), 8.3.1.13 (offsite installations), and 8.3.1.15
(preclosure hydrology).

8 Advanced conceptual design (ACD) preclosure safety analysis
report available (R784).

9 Provide safety analysis ACD information/data to Issue 2.7
(radiological design criteria).

10 Milestone M068. Preclosure performance assessment input for
enclosure in license application.

11 Provide information/data on preclosure performance assessment
to Issue 2.7 (radiological design criteria).

12 Milestone R777. Update preclosure performance assessment input
(radiological safety).

13 Provide updated information/data on preclosure performance
assessment to final environmental impact statement (IS) and
license application.

14 Milestone 780. Issue updated report on radiological safety
assessment to support the FIS and license application
(includes update of design evaluation, if necessary).

15 Provide updated information/data on radiological safety
assessment to FIS and license application.

8.3.5.5.2 Information Need 2.3.2: Determination of the predicted releases
of radioactive material and projected public and worker exposures
under accident conditions and that these exposures meet applicable
requirements

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The data chapters and technical support documents for this information
need are the same as those listed for Information Need 2.3.1 (see Section
8.3.5.5.1).

Parameters

The parameters required by this information need are those parameters
relevant to the determination of the radioactive material releases and the
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projected essential worker and public exposures resulting from the credible
accidents developed in Information Need 2.3.1. The information required is
mainly site data for public exposures and a mixture of site data and design
data for worker exposures. The design information needed is.listed in Table
8.3.5.5-2. Reference repository design information and supporting analyses
will be obtained from:the reference information base (RIB), which and will
contain all design details necessary to perform the dose calculations to
resolve this issue.

The site data required to determine radioactive material releases
resulting from the credible accidents are obtained through various character-
ization issues. This information need uses mostly meteorological and agri-
cultural data, which are given in the following summary.

The population density data required are given in Section 8.3.5.6.
(Data will also be gathered under Characterization Program 8.3.1.10.)

The following table presents the data required, as well as the SOP
section providing the information.

Data requirement SCP section

METEOROLOGICAL DATA

Wind speeds- 8.3.1.12.1, 8.3.1.12.2

Wind direction 8.3.1.12.1, 8.3.1.12.2

Atmospheric stability 8.3.1.12.1,.8.3.1.12.2

Mixing layer depth 8.3.1.12.1, 8.3.1.12.2

Average ambient temperature 8.3.1.12.1, 8.3.1.12.2

Atmospheric moisture 8.3.1.12.21, 8. 3. 1. 12.2 -

Precipitation type, amount, 8.3.1.12.1, 8.3.1.12.2
intensity, etc. -- -

Size and-distance of topographic .3.1.14. 1.
features from releases points

Meteorological data for offsite 8.3.1.12.1, 8.3.1.12.2
installations

*. . -. . ; : : AGRICULTURAL DATA,

Bioaccumulation of radionuclides in . -8.3.1.13
terrestrial flora
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AGRICULTURAL DATA (continued)

Bioaccumulation of radionuclides 8.3.1.13
in terrestrial fauna

Types and amounts of crops raised 8.3.1.13a

Types and amounts of crops consumed 8.3.1.13

Types and amounts of animals raised 8.3.1.13a

Types and amounts of meat consumed 8.3.1.13a

Animal consumption of forage 8.3.1.13

Forage storage time 8.3.1.13a

Grazing yield and period 8.3.1.13a

Radius of crop/animal area 8.3.1.13a

Volumetric flow of surface water to 8.3.1.13a
water bodies

Population served and volumetric flow 8.3.1.13a
of drinking water

Recreational uses'of water bodies 8.3.1.13

aCollection of these data is part of the environmental program planned
activities and is addressed in the Radiological Monitoring Plan discussed in
Section 8.3.1.13.

Logic

This information need corresponds to the consequence analysis steps of
Figure 8.3.5.5-3 and is discussed in detail in Section 8.3.5.1. The deter-
mination of releases of radioactive material requires detailed information
about the repository design and the characteristics of accidents, but little
site data. The determination of radionuclide transport and radiation expo-
sure requires a great deal of site data. To calculate doses to essential
workers, both design and site information is needed. For workers, the
short-term pathways, which are dominated by atmospheric transport, are
important. For the public, both short-term and long-term pathways must be
evaluated.- Meteorological data are needed to evaluate the short-term
atmospheric transport pathways, and agricultural data are needed to evaluate
the long-term transport pathways. To perform the uncertainty, sensitivity,
and importance analyses, a great deal of design information'and very little
site data are needed. The final resolution of Issue 2.3 will take place
after the safety assessment has been documented and a comparison with
applicable limiting values is completed.
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Four performance assessment activities are planned and are discussed in
the following sections.

8.3.5.5.2.1 Performance Assessment Activity 2.3.2.1: Refinement of site
data parameters required for Issue 2.3

Objectives

The objective of this activity is to refine the list of site data
parameters presented earlier for this information need. This list may be
incomplete or the level of confidence (Table 8.3.5.5-2) may be inappropriate.

Parameters

The list of parameters presented earlier for this information need is
the starting point for this activity. This list may be amended as work in
this area progresses.

Description

As the accident risk assessment activities progress, more information
may be required to better define accidents or their characteristics. In
addition, feedback from the site characterization program will be an impor-
tant source of information about parameter confidence requirements and may
identify more parameters that are needed.

8.3.5.5.2.2. Performance Assessment Activity 2.3.2.2: Consequence analyses
of credible accidents at the Yucca Mountain repository

Objectives

The objective of this activity is to determine the consequences of
credible accidents in terms of radiation doses to the essential repository
workers and the public.

Parameters

The site data parameters required to perform this activity are listed
earlier for the information need. This activity will require little design
data.

Description

This activity consists of performing -the consequence analysis steps
shown in Figure 8.3.5.5-3 and discussed in detail in Section 8.3.5.1. A
determination of consequences involves calculations of radiation transport
within the repository facilities and in the environment, radionuclide removal
by repository systems and environmental systems, and doses to workers and the
public. Radiation doses resulting from both short-term transport mechanisms
(e.g., atmospheric transport) and long-term transport mechanisms (e.g.,
through crops and animals) will be estimated. Consequences will also be
calculated in terms of economic losses to the repository and to others. An
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example of the types of analyses that are to be performed can be found in
Appendix F of the SCP-CDR (SNL, 1987).

8.3.5.5.2.3 Performance Assessment Activity 2.3.2.3: Sensitivity and
importance analyses of credible accidents at the Yucca
Mountain repository

Objectives

The objectives of this activity are (1) to quantify uncertainties and
sensitivities in the accident risk assessment, and (2) to establish impor-
tance rankings for systems, structures, and components of the repository with
respect to radiological safety.

Parameters

The parameters required to perform this activity consist mainly of
failure rate data for repository systems, structures, and components. Some
site data will be required to quantify uncertainties of initiating event
frequencies of occurrence and uncertainties in meteorological data.

Description

Quantifying uncertainties in the accident risk assessment analyses will
require an extensive data base from which to draw statistical data. The
development of these data bases is within the scope of the PRAM program as
discussed in Section 8.3.5.1. Sensitivity analyses will be performed to
establish important parameters. This work will help to refine the site data
parameter lists for safety assessment early in the design process. By the
time the design is ready for license application, most of the sensitivity and
uncertainty work will have been completed. Importance analyses will be
performed using computer codes to analyze the event trees developed in
Performance Assessment Activity 2.3.2.2. These analyses will establish the
importance of repository systems, structures, and components with respect to
radiological safety and will be used to refine the NNWSI Project Q-list.

8.3.5.5.2.4 Performance Assessment Activity 2.3.2.4: Documentation of
results of safety analyses and comparison to applicable
'limiting' values

Objectives

The objectives of this activity are (1) to produce documentation of the
results of the accident risk assessment in the necessary format, and (2) to
make comparisons of these results to applicable limiting values. This
activity will-'complete the resolution of this issue at the end of the license
application design.

Parameters

The only parameters required for this activity are the analyses and
results of the preceeding performance assessment activities.
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Description

This activity consists of presenting the results of the accident risk
assessment in a manner consistent with the needs of the NRC, the DOE, and the
repository program in general. The PRAM program will recommend an annotated
outline for the documentation of these analyses. Included in the documen-
tation is a comparison of the results with any regulatory limits that may be
established in the future. Currently, no regulatory limits exist for reposi-
tory accident consequences. In the absence of regulatory limits, the PRAM
program will recommend'appropriate limiting values for both design-basis'
accidents and the credible accidents evaluated in the accident risk assess-
ment. The completion of this activity will mark the final resolution of this
issue and will supply written documentation of that resolution.

8.3.5.5.2.5 Application of results

The information generated by this information need will be used directly
to resolve Issue 2.3. Issues 2.1 (Section 8.3.5.3), 2.2 (Section 8.3.5.4),
and 2.7 (Section 8.3.2.3) may require some of the same site data as called
for here; however, those issues will call for their own site data. During
the iteration of design and assessment, information developed here will be
used to improve design features and correct any problems discovered early in
the design process. Most importantly, the results of the accident risk -
assessment analyses will be used in the preparation of the safety'analysis
report and will be included as part of the license application when the final
design is complete.

8.3.5.5.2.6 Schedule and milestones

Information Need 2.3.2, addressing accidental releases, includes four
performance assessment activities: 2.3.2.1 (refinement of site data required
for Issue 2.3), 2.3.2.2 (consequence analyses of credible accidents at the -

Yucca Mountain repository), 2.3.2.3 (sensitivity and importance analyses of
credible accidents at the Yucca Mountain repository), and 2.3.2.4 (documen-
tation of results of safety analyses and comparison to'applicable limiting'
values). The schedule information for these activities is presented in the
form of timelines. The timelines extend to the issuance of the final
products associated with each activity. Summary schedule and milestone
information for this information need can be found in Section 8.5.2.1.

Activity 2.3.2.1 is an ongoing work effort, while Activities 2.3.2.2 and
2.3.2.3 are out-year work efforts. Activity 2.3.2.4 does not include any
identified milestones. It consists of presenting the results of the accident
risk assessment in a manner consistent with the needs of the NRC, the DOE,
and the repository program in general.

These activities interface with each other, with site characterization
investigations, and with other issues and information needs. These relation-
ships are illustrated in the following figure. The activity numbers and
titles corresponding to the timelines are shown on the left of the figure.
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The numbered points shown on the timelines represent major events or -
important milestones associated with this work effort. Solid lines represent
activity durations, and dashed lines show the interfaces. The data input and
output at these interfaces are shown by circles.
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The points on the timeline and the data
faces are described in the following table:

'input and output at the inter-

Point
number

1

2

3

4

Description

Radiological safety analysis for accident conditions available
(Milestone P160).

Provide information/data on radiological safety analysis (2a),
sensitivity and importance analysis (2b), advanced conceptual
design (ACD) safety analysis (2c), credible and design basis
accidents (2d), consequence analyses of event trees (2b), and
preclosure performance assessment (2e) to Issue 2.7 (reposi-
tory design criteria for radiological safety).

Milestone N484. List of normal conditions, accident scenarios,
and source terms for preclosure safety analysis.

Milestone Z481. Issue report on results of consequence
analysis of event trees for preliminary AD.
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5 Milestone Z479. Issue report on results of preliminary ACD
sensitivity and importance analysis.

6 Receive data/information from site Investigations 8.3.1.12
(meteorology), 8.3.1.13 (offsite installations), 8.3.1.14
(surface characteristics), 8.3.1.16 (preclosure hydrology)
and 8.3.1.17 (preclosure tectonics), and Information Need
4.2.1 (nonradiological data needs).

7 ACD preclosure safety analysis report available (Milestone
R784).

8 Receive input data/information from site Investigations
8.3.1.12, 8.3.1.13, 8.3.1.14, 8.3.1.16, and 8.3.1.17, and
Information Need 4.2.1.

9 Milestone Z482. License application design (LAD) event trees
for credible accidents and design basis accidents.

10 Milestone Z462. Issue report on results of consequence
- analysis of event trees for LAD.

11 Milestone M068. Preclosure performance assessment input for
enclosure in license application.

12 Milestone Z479. Issue report on results of preliminary ACD
K> _) sensitivity and importance analysis.

13 Milestone Z462. Issue report on results of LAD sensitivity and
importance analysis.

14 Milestone R777. Update preclosure performance assessment input
(radiological safety).

15 Radiological safety assessment information/data provided for
final environmental impact statement (FEIS) and license
application.

16 Milestone R780. Issue updated report on radiological safety
assessment report to support the FEIS and license application
(includes update of design evaluation, if necessary).

17 Provide information/data on radiological safety assessment for
FEIS and license application.
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8.3.5.6 Issue resolution strategy for Issue 2.5: Can the higher-level
findings required by 10 CFR Part 960 be made for the qualifying
condition of the preclosure-system guideline and-the qualifying and
disqualifying conditions of the technical guidelines for population
density and distribution, site ownership -and control, meteorology,
and offsite installations and operations?

Regulatory basis for the issue

The DOE has established a set of siting guidelines to be used as a basis
for evaluating the suitability of potential repository sites during the site
selection process. These siting guidelines, which are set forth in 10 CFR
Part 060, are separated into two categories: those that address postclosure
conditions (10 CFR 960.4) and those that address preclosure conditions
(10 CFR 960.5). The manner in hich the siting guidelines must be addressed
during the siting process is described in the DOE Implementation Guidelines
(10 CFR 60.3).

The DOE's preclosure guidelines-that relate to preclosure radiological
safety under normal and anticipated operating conditions are the subject of
this issue (2.5). These guidelines consist of a system guideline and four
technical guidelines. The system-guideline is-concerned with the expected
performance of the repository system as a whole during the period before
permanent closure, while each technical guideline is concerned with the
effect of some specific aspect of the site on the preclosure performance.
Each preclosure technical guideline has one qualifying condition that must be
met for a site to be acceptable. In addition, two of the technical guide-
lines have one or more disqualifying conditions; a site is unacceptable if
any one of the disqualifying conditions is found to -be present. The techni-
cal guidelines also identify favorable conditions'and potentially adverse
conditions that describe characteristics of the setting that, if present,
could contribute to or detract from the postclosure performance-of a site. -

The Implementation Guidelines require that the qualifying and disquali--
fying conditions of the system and technical guidelines-be-evaluated and that
specific findings be made for each condition at principal decision points in
the siting-process. These findings are stated in 10 CFR Part 60, Appendix
III, and are shown in-Table 8.3.5.6-1.

There are four levels of findings. Disqualifying and qualifying condi-
tions both require a lower-level and a higher-level finding. Lower-level
findings must be made to determine if a site may--be nominated as -suitable for
characterization or recommended as a candidate site for characterization.
Higher-level findings, however, must be made to determine if a site may be
recommended for the development of a repository. Disqualifying conditions
require Level 1 and Level 2 findings, and qualifying conditions require Level
3 and Level 4 findings. Each level has both a positive finding and a
negative finding associated with it.

:~ ~ - -fo th qualifyin

Table 8.3.5.6-2 shows the findings previously made-for the qualifying
and disqualifying conditions concerned with preclosure radiological safety.
These findings and the evidence supporting them are given in the NNWSI Pro-
ject environmental assessment (DOE, 1986b). The available evidence was
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sufficient to support a positive higher-level finding for the first two
disqualifying conditions of the population density and distribution technical
guideline, and a positive lower-level finding for the remaining qualifying
and disqualifying conditions. To determine if the Yucca Mountain site is
suitable for the development of a repository, higher-level findings must be
made for all the qualifying and disqualifying conditions.

Table 8.3.5.6-1. Findings for qualifying and disqualifying conditions

Disqualifying condition--lower-level findings

Level 1 (a) The evidence does not support a finding that the site is
disqualified.

(b) The evidence supports a finding that the site is disqualified.

Disqualifying condition--higher-level findings

Level 2 (a) The evidence supports a finding that the site is not disquali-
fied on the basis of that evidence and is not likely to be
disqualified.

(b) The evidence supports a finding that the site is disqualified
or is likely to be disqualified.

Qualifying condition--lower-level findings

Level 3 (a) The evidence does not support a finding that the site is not
likely to meet the qualifying condition.

(b) The evidence supports a finding that the site is not likely to
meet the qualifying condition, and therefore the site is
disqualified.

Qualifying condition--higher-level findings

Level 4 (a) The evidence supports a finding that the site meets the
qualifying condition and is likely to continue to meet the
qualifying condition.

(b) The evidence supports a finding that the site cannot meet the
qualifying condition or is unlikely to be able to meet the
qualifying condition, and therefore the site is disqualified.

8.3.5.6-2
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Table 8.3.5.6-2. Preliminary findings for the qualifying.and disqualifying
condition concerned with preclosure radiological safety-

Preclosure radiological safety guide-
lines qualifying and disqualifying

conditions (10CFR Part 960) Preliminary finding

960.5-1(a) (1) System qualifying condition Level 3(a)

960.5-2-1 Population density and distribution
(a) Qualifying condition Level 3(a)
(d) (1) Disqualifying condition 1. Level 2(a)
(d) (2) Disqualifying condition 2 Level 2(a)
(d) (3)' Disqualifying condition.3 - Level 1(a)

960.5-2-2 Site ownership and control
(a) . Qualifying condition Level 3(a)

960.5-2-3 Meteorology.
(a) Qualifying condition Level 3(a)

960.5-2-4 Offsite installations and operations
(a) , - Qualifying condition Level 3(a)
(d) -'Disqualifying condition Level l(a).

apreliminary findings from DOE (1986b).
See Table 8.3.5.6-1.for an explanation of the finding levels.

The DOE Siting Guidelines do not require anyfindings.similar to lower-
level or higher-,level findings to be made for the'favorable or potentially
adverse conditions of the technical guidelines. As stated in the Supple-
mentary Information (DOE, 1984c) for 10 CFR Part 960 (Overview of the
Guidelines), these conditions were intended to be used to predict the
suitability of a site and provide a preliminary indication of system
performance efore the start of detailed site characterization studies.
These conditions were considered and used in the identification of poten-
tially acceptable sites and in the nomination and recommendation of sites as
suitable for characterization. By the completion of site characterization,
however, sufficient data'will be available to directly evaluate site perform-
ance against the qualifying conditions of the system and technical guide-
lines... Therefore, the favorable and potentially adverse conditions will not
be considered in specific terms.as they were for the environmental. assessment
(DOE, 1986b).

Approach to resolving the issue

To resolve Issue 2.5, sufficient evidence must be available to support
either a positive or negative higher-level finding'for each qualifying and
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disqualifying condition associated with preclosure radiological safety. Bach
of the qualifying conditions makes reference either directly or through the
system guideline to regulatory requirements of the NRC (specifically, 10 CFR
Part 60). To support a higher-level finding for the qualifying conditions,
evidence must show whether the preclosure radiological releases under normal
and projected operating conditions will be within the limits set by the NRC
and the EPA, given the conditions that exist at the site. The system guide-
line looks at the site conditions as a whole, and the technical guideline
looks at specific conditions. The disqualifying conditions are also related
to NRC regulations, but not always as explicitly as the qualifying condi-
tions.

Figure 8.3.5.6-1 shows the strategy for resolving Issue 2.5. The first
step is to eliminate from further consideration the qualifying and disquali-
fying conditions for which higher-level findings have already been made.
This is the case for the first two disqualifying conditions of the population
density and distribution technical guideline. Next, for each remaining con-
dition, it is determined whether the evidence presently available is suffi-
cient to support a higher-level finding. This evidence consists of the
information presented in the NNWSI Project environmental assessment (DOE,
1986b) and in Chapters 1 through 7 of the SP. If the evidence is suffi-
cient, the finding and the evidence are documented.

For the qualifying and disqualifying conditions for which there is not
adequate evidence available, the planned site characterization studies are
reviewed to determine if the conditions will be investigated. This is
accomplished by evaluating the resolution strategies of other preclosure is .-
radiological safety performance issues (Issues 2.1 and 2.2, Sections 8.3.5.3
and 8.3.5.4) that assess the ability of the site to comply with the NRC's
preclosure radiological safety regulatory requirements under normal and
anticipated operating conditions. As discussed previously, the qualifying
and disqualifying conditions are linked to NRC regulatory requirements, and
evidence to support a higher-level finding must show that the condition does
not prevent compliance with the referenced requirements. Therefore, if the
concerns of the qualifying and disqualifying conditions are being considered
in the resolution strategies- of the issues that assess compliance with the
regulations, it can be expected that the evidence to support higher-level
findings will be made available through the information and analyses that
support resolution of these issues. A correlation of the qualifying and
disqualifying conditions and the issues that will supply the information is
shown in Table 8.3.5.5-3.

After ensuring that the qualifying and disqualifying conditions will be
investigated, the information necessary to assess compliance will- be obtained
during site characterization. Upon completion of the assessments, the
results will be evaluated to determine if 'sufficient' evidence is available to
support higher-level findings. If the evidence is sufficient, the findings
and the evidence will be documented. If the evidence shows that a negative
higher-level finding must be made for any one of the conditions, i.e., that a
disqualifying condition is present or that a qualifying condition is not
present, then the site will be disqualified. This evaluation will continue
until positive higher-level findings can be supported for all the conditions
or until a negative higher-level finding must be made.
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-|SITE I FININH R5EE NACCEPTAL MADE FR ALL , CONDITIONS ,- N-

Figure 5.3.6.6-1. Issue resolution strategy for Issue 2.5 (higher-level findings-preclosure radiological safety).
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If, in evaluating the results of the assessments, insufficient informa-
tion is found to support either a positive or a negative higher-level finding
for a qualifying or disqualifying condition, additional information may be
necessary to satisfy existing information needs. Otherwise, the resolution
strategies of the appropriate performance issues will be again reviewed to
determine if, in fact, the condition was adequately considered. This process
continues until there is sufficient evidence to support either a positive or
a negative higher-level finding for every qualifying and disqualifying

Table 8.3.5.6-3. Preclosure performance issues that address the concerns
of the preclosure radiological safety qualifying and
disqualifying conditions covered by Issue 2.5

Issue 2.1 Issue 2.2
(Public radiological (Worker radiological
exposures--normal safety--normal

Guideline conditions) conditions)

Preclosure system guideline

Preclosure radiological safety x x
qualifying condition

Population density and distribution

Qualifying condition x
Disqualifying condition 1a x
Disqualifying condition 2b x
Disqualifying condition 3

Site ownership and control

Qualifying conditionb

Meteorology

Qualifying condition x

Offsite installations and operations

Qualifying condition x
Disqualifying condition x

aligher-level findings have been made in the environmental assessment
(DOEB, 1986b); see Table 8.3.5.6-2.

bNot addressed by the issues and is outside the scope of site character-
ization and this document.
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condition. As discussed previously, findings are not required for the favor-
able conditions or the potentially adverse conditions at this stage in'the
siting process. However, the DOE's analysis indicates that the concerns of
these conditions are adequately addressed through the analyses of other
issues.

The following discusses'the qualifying condition of the preclosure
system guideline and the qualifying and disqualifying conditions of the
preclosure technical guidelines that are concerned with preclosure radio-
logical safety. The ties of each condition to the NRC regulations are
explained, and the preclosure performance issue resolution strategies that
will be relied upon are identified. The information relevant to each guide-
line, which will be collected during site characterization and used in the
resolution of the-other issues, is also given.

System guideline qualifying condition

The qualifying condition pertaining to preclosure radiological safety is
stated in 10 CFR 960.5-1(a)(l) as follows:

Any projected radiological exposures of the general public and any
projected releases of radioactive materials to restricted and
unrestricted areas during repository operation and closure shall meet
the applicable safety requirements set forth in 10 CFR Part 20, 10 CFR
Part 60, and 40 CFR 191, Subpart A....

This qualifying condition is concerned with the amounts of radioactive
material that may be released to the environment before and during permanent
closure. The DOE distinguishes between the restricted and unrestricted
environment. The restricted area is defined in 10 CFE 960.2 as any area
access to which is controlled by the DOE for purposes of protecting
individuals from exposure to radiation and radioactive materials before
repository closure.... The unrestricted area is everything outside the
restricted area. 

10 CFR-60.111 is the NRC performance objective that'addresses the
performance of the geologic repository operations area through permanent
closure. Part-(a) of -this objective states that radiation exposures and
radiation levels through permanent closure must be maintained within the
limits specified in 10 CFR Part 20 and any that may be established by the
EPA. Therefore, to make a higher-level finding for the qualifying condition
of the system guideline for preclosure radiological safety, the ability of
the site to comply with 10 CFR 60.111(a) must be determined.

The requirements of 10 CFR 60.111(a), 10 CFR Part 20, and 40 CFR 191,
Subpart A are addressed by two preclosure performance issues. Issue 2.1,
which is.discussed in Section 8.3.5.3, is concerned with projected releases
to unrestricted areas and is stated as follows:

During repository operation and closure, (a) will the expected average
radiation dose to members of the public within any highly populated area

K>- , 
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be less than a small fraction of the allowable limits, and (b) will the
expected radiation dose received by any member of the public in an
unrestricted area be less than the allowable limits as required by
10 CFR 60.111, 40 CFR 191, Subpart A, and 10 CFR Part 20?

Issue 2.2, which is discussed in 8.3.5.4, is concerned with projected
releases to restricted areas and is stated as follows:

Can the repository be designed, constructed and operated in a manner
that ensures the radiological safety of workers under normal operations
as required by 10 CFR 60.111 and 10 CFR Part 20?

It is the judgment of the DOB that these two issues adequately cover the
concerns of the system guideline for preclosure radiological safety. The
information and analyses required to support resolution of these issues will
thus provide sufficient evidence to support a higher-level finding for the
qualifying condition of the system guideline. The details of the issue
resolution strategies for these two issues and the information that will be
collected during site characterization to resolve the issues are given in
Sections 8.3.5.3 and 8.3.5.4. No information beyond that described in the
two sections is expected to be required.

Population density and distribution technical guideline

The population density and distribution technical guideline has one
qualifying condition and three disqualifying conditions.

Qualifying condition. The qualifying condition for the population
density and distribution technical guideline is stated in 10 CFR 960.5-2-1(a)
as follows:

The site shall be located such that, during repository operation and
closure, (1) the expected average radiation dose to members of the
public within any highly populated area will not be likely to exceed a
small fraction of the limits allowable under the requirements specified
in 960.5-1(a)(1), and (2) the expected radiation dose to any member of
the public in an unrestricted area will not be likely to exceed the
limit allowable under the requirements specified in 960.5-1(a)(1).

This qualifying condition is concerned with radioactive releases to
unrestricted areas and subsequent doses to members of the general public and
is virtually identical to Issue 2.1, which asks:

During repository operation and closure, (a) will. the expected average
radiation dose to members of the public within any highly populated area
be less than a small fraction of the allowable limits, and (b) will the
expected radiation dose received by any member of the public in an
unrestricted area be less than the allowable limits as required by
10 CFR 0.111, 40 CFR 191, Subpart A, and 10 CFR Part 20?

The resolution of Issue 2.1 will thus provide sufficient evidence to
support a higher-level finding for the qualifying condition. The issue
resolution strategy for Issue 2.1 and the information that will support
resolution of Issue 2.1 are described in detail in Section 8.3.5.3, and this
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information is summarized in Table 8.3.5.6-4. No information beyond that
described in Section 8.3.5.6 is expected to be required to support a
higher-level finding.

Disqualifying condition 1. The first of the three disqualifying
conditions of the population density and distribution technical guideline
(10 CFR 960.5-2-1(d)(1)) states that a site will be disqualified if

(1) Any surface facility of a repository would be located in a highly
populated area.

The proximity of the site to highly populated areas greatly affects the
extent of exposures of the general public during the preclosure period. It
is desirable to locate a repository away from highly populated areas to limit
doses to members of the public. A positive higher-level finding has been
made for this condition. The finding and the supporting evidence are given
in the NNWSI environmental assessment (DOE, 1986b).

Disqualifying condition 2. The second of the three disqualifying
conditions of the population density and distribution technical guideline
(10 CFR 960.5-2-1(d)(2)) states that a site will be disqualified if

(2) Any surface facility of a repository would be located adjacent to
an area 1 mile by 1 mile having a population of not less than 1,000
individuals as enumerated by the most recent U.S. census.

As with the first disqualifying condition, a positive higher-level
finding has been made for this condition. The finding and the supporting
evidence are given in the NNWSI environmental assessment (DOE, 186b).

Disqualifying condition 3. The third of the three disqualifying
conditions of the population density and distribution technical guideline
(10 CFR 960.5-2-1(d)(3)) states that a site shall be disqualified if

(3) The DOE could not develop an emergency preparedness program which
meets the requirements specified in DOE Order 5500.3 (Reactor and Non-
Reactor Facility Emergency Planning, Preparedness, and Response Program
for Department of Energy Operations) and related guides or, when issued
by. the NRC, in 10 CFR Part 60, Subpart I, Emergency Planning Criteria.

The development of an emergency preparedness program is outside the scope of
site characterization and the SCP. The development of such a plan will be
discussed in Section 8.3.5.3.

Site ownership and control technical guideline

The site ownership and control technical guideline has one qualifying
condition and no disqualifying conditions. The qualifying condition (10 CFR
960.5-2-2(a)) requires that
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Table 8.3.5.8-4. Information used in the resolution of Issue 2.1 (adapted
from Table 8.3.5.3-2)

Population density and distribution

Distance from highly populated areas
Population located in adjacent 1-mile by 1-mile area
Population density of the region

Radionuclide concentration in environmental media and individual doses

Bioaccumulation of radionuclides in terrestial flora
Bioaccumulation of radionuclides in terrestial fauna
Types and amounts of crops raised and consumed
Types and amounts of animals raised and consumed
Annual consumption of forage
Forage storage time
Grazing yield and period
Radius of crop and animal area
Volumetric flow of surface water to water bodies
Population served by local drinking water
Volumetric flow of local drinking water
Recreational uses of water bodies

Meteorological information

Windspeeds
Wind direction
Atmospheric stability
Mixing layer depth
Average ambient temperature
Atmospheric moisture
Precipitation: type, amount, intensity, etc.
Barometric pressure
Size and distance of topographic features from release points

Reference repository design and supporting analyses

Offsite installations and operations

Location of nearby uranium fuel cycle facilities
Radionuclides normally released from nearby uranium cycle facilities
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The site shall be located on land for which the DOE can obtain, in
accordance with the requirements of 10 CFR 60.121, ownership, surface
and subsurface rights, and control of access that are required in order
that surface and subsurface activities during repository operation and
closure will not be likely to lead to radionuclide releases to an
unrestricted area greater than those allowable under the requirements
specified in 960.5-1(a)(1).

This qualifying condition is concerned with the ability of the DOE to
control the use of the land within which a geologic repository system is
located. Inability to control such use would affect the boundary of the
unrestricted area, and therefore could affect releases to the unrestricted
area. Lack of such control could also lead to a disruption of repository
activities.

The ability of the DOE to obtain ownership, surface and subsurface
rights, and control of access in accordance with the requirements of 10 CFR
60.121 is an institutional question that is outside the scope of the SCP.
Instead, this subject will be addressed in future environmental program
planning activities (see Section 8.3.1.11).

Meteorology technical guideline-

The meteorology technical guideline has one qualifying condition and no
disqualifying conditions. The qualifying condition (10 CFR 960.5-2-3(a))
requires that

The site shall be located such that expected meteorological conditions
during repository operation will not be likely to lead to radionuclide
releases to an unrestricted area greater than those allowable under the
requirements specified in 960.5-1(a)(1).

This qualifying condition is concerned with the effect of meteorological
conditions only on releases to unrestricted areas. The releases expected at
a site, given the meteorological conditions' must be within the limits set
for releases to unrestricted areas.

The determination of whether releases to unrestricted areas are within
allowable limits is addressed by Issue 2.1 (Section 8.3.5.3). The allowable
limits are those referenced by 10 CFR 60.111 (10 FR Part'20 and 40 CFR 191,
Subpart'A). To provide the information necessary to makea higher-level
finding for this qualifying condition, the evaluation of releases to
unrestricted areas must take into account the meteorological conditions
expected at the site during the preclosure period. Table 8.3.5.6'4 lists the
data identified through the resolution strategy for-Issue 2.1, including
meteorological data, that will be obtained during site characterization.
Through the resolution of Issue 2.1, therefore, information is expected to be
available to determine if expected meteorological conditions at the site will
result in radiological releases to unrestricted areas greater than the' allow-
able limits. This information will be sufficient to support a higher-level
finding for this qualifying condition.
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Offsite installations and operations

The offsite installations and operations technical guideline has one
qualifying condition and one disqualifying condition.

Qualifying condition. The qualifying condition is stated in 10 CFR
960.5-2-4(a) as follows:

The site shall be located such that present projected effects from near-
by industrial, transportation, and military installations and opera-
tions, including atomic energy defense activities, (1) will not signifi-
cantly affect repository siting, construction, operation, closure, or
decommissioning or can be accommodated by engineering measures and (2),
when considered together with emissions from repository operation and
closure, will not be likely to lead to radionuclide releases to an
unrestricted area greater than those allowable under the requirements
specified in 980.5-1(a)(1).

Offsite installations and operations can affect required preclosure
activities and the preclosure performance of a repository system in two ways:
(1) the routine or anticipated activities associated with such operations or
installations could interfere with or disrupt repository development, and (2)
the offsite installations or operations could be releasing radioactive mate-
rial to unrestricted areas that, when combined with the expected releases
from repository operations, could result in total releases to unrestricted
areas that are greater than the allowable limits. The first part of the
qualifying condition is concerned with the potential for offsite installa-
tions and operations to significantly disrupt repository development and
operations. The effects of offsite installations and operations on reposi-
tory operations are being evaluated to establish the normal and anticipated
conditions under which the repository will operate. For example, the effects
of ground motion due to weapons testing at the NTS will be investigated and
the necessary measures taken to accommodate such motion. This investigation
of normal and anticipated operating conditions is discussed in the resolution
strategies of Issues 2.1 and 2.2. The second part of the qualifying
condition is concerned with total combined releases to unrestricted areas
from offsite installations and operations. The combined total radionuclide
releases to unrestricted areas under normal and anticipated operational
conditions will be evaluated in resolving Issue 2.1. The NRC requires that,
in calculating combined total releases, only releases from nuclear-fuel-cycle
facilities need to be considered. However, through monitoring to establish
background radiation levels at the site, releases from all other types of
offsite installations and operations, such as the NTS, will be determined.
The evaluations and information obtained to resolve Issue 2.1 are therefore
expected to be sufficient to support a higher-level finding for the
qualifying condition of the offsite installations and operations technical
guideline.

Disqualifying condition. The offsite installations and operations
technical guideline disqualifying condition is stated in 10 CFR 960.5-2-4(d)
as follows:

A site shall be disqualified if atomic energy defense activities in
proximity to the site are expected to conflict irreconcilably with
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repository siting, construction, operation, closure, and decommission-
ing.

This condition is the inverse of the first part of the qualifying
condition. As discussed previously, the existence of offsite installations
and operations, including those activities related to atomic energy defense,
could conflict with or disrupt the activities required for repository devel-
opment and operation, or they could result in total combined releases such
that the applicable limits would be exceeded. Issue 2.1 will investigate the
effects of offsite installations and operations on preclosure radiological
safety (see the previous discussion of the qualifying condition). These
investigations will provide the information necessary to support a higher-
level finding for this disqualifying condition.
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8.3.5.7 Issue resolution strategy for Issue 4.1: Can the higher-level
findings required by 10 CFR Part 960 be made for the qualifying
condition of the preclosure system guideline and the disqualifying
and qualifying conditions of the technical guidelines for surface
characteristics, rock characteristics, hydrology,-and tectonics?

Regulatory basis for the issue

The DOE has established a set of siting guidelines to be used as a basis
for evaluating the suitability of potential-repository sites during the site
selection process. These siting guidelines, which are set forth in 10 CFR
Part 960, are separated into two categories: those that address postclosure
conditions. (10 CFR 960.4) and those that address preclosure conditions
(10 CFR 960.5). The manner in which the siting guidelines must be addressed
during the siting process is described in the DOE Implementation Guidelines
(10 CFR 960.3).

DOE's preclosure system guideline and technical guidelines related to
ease and cost of construction are the subject of this issue (4.1). These
guidelines consist of a system guideline and four technical guidelines. The
system guideline is concerned with the technical feasibility and relative
cost of siting, constructing, operating, and closing a repository at a given
site. Specific concerns are whether special engineering measures beyond the
bounds of reasonably available technology may be necessary for repository
construction, operation, and closure, and whether the cost of repository,
construction, operation, and closure may be unreasonable in comparison with
the other repository siting options if a large number of special measures
were necessary for these phases.

Each technical guideline is concerned with the effect of some specific
aspect of site conditions on the concerns expressed in the system guideline.
Each technical guideline has a qualifying condition that must be met for the
site to be acceptable. In addition, three of the technical guidelines have a
disqualifying condition. A site is unacceptable if any one of the disquali-
fying conditions is-found to-be present. The technical guidelines also
identify favorable conditions and potentially adverse conditions that
describe characteristics of the setting that,-if present, ould benefit or
adversely affect the ease or cost of constructing, operating, or closing a
repository.,

The Implementation Guidelines require that-the qualifying and disquali-
fying conditions of the system and technical guidelines be evaluated and that
specific findings be made for each condition at principal decision points in
the siting process. These findings are stated in 10 CFR Part 960, Appendix
III, and are shown in Table 8.3.5.7-1.

-There are four levels of findings--disqualifying and-qualifying condi-
tions both require-a lower-level and higher-level finding. Lower-level
findings must be made to determine-if a site may be nominated as suitable for
characterization or recommended as a candidate site for characterization.
Higher-level findings, however, are the findings that must be made to
determine if a site may be recommended for the development of a repository.

8.-3.5.7-1
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Table 8.3.5.7-1. Findings for qualifying and disqualifing conditions

Disqualifying condition--lower-level findings

Level 1 (a) The evidence does not support a finding that the site is
disqualified.

(b) The evidence supports a finding that the site is disqualified.

Disqualifying condition--higher-level findings

Level 2 (a) The evidence supports a finding that the site is not disquali-
fied on the basis of that evidence and is not likely to be
disqualified.

(b) The evidence supports a finding that the site is disqualified
or is likely to be disqualified.

Qualifying condition--lower-level findings

Level 3 (a) The evidence does not support a finding that the site is not
likely to meet the qualifying condition.

(b) The evidence supports a finding that the site is not likely to
meet the qualifying condition, and, therefore, the site is
disqualified.

Qualifying condition--higher-level findings

Level 4 (a) The evidence supports a finding that the site meets the
qualifying condition and is likely to continue to meet the
qualifying condition.

(b) The evidence supports a finding that the site cannot meet the
qualifying condition or is unlikely to be able to meet the
qualifying condition, and, therefore, the site is
disqualified.

Disqualifying conditions require Level 1 and Level 2 findings, and qualifying
conditions require Level 3 and Level 4 findings. Each level has both a
positive finding and a negative finding associated with it.

8.3.5.7-2
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Table 8.3.5.7-2 shows the findings previously'made for the guideline
qualifying and disqualifying conditions concerned with preclosure ease and
cost of construction. These findings and the evidence supporting them are
given in the NNWSI Project environmental assessment (DOE, 1986b). The avail-
able evidence was sufficient to support positive lower-level findings for the
qualifying and disqualifying conditions of the technical guidelines and the
specified preclosure system guideline. To determine if the Yucca Mountain--
site is suitable for the development of a repository, therefore, higher-level
findings must be made for the qualifying and disqualifying conditions of the
system and technical guideline.

The DOE Siting Guidelines do not require any findings similar to lower-
level or higher-level findings to be made for the favorable or potentially
adverse conditions of the technical guidelines. As'stated in the Supplemen-
tary Information (DOE, 1984c) for 10 CFR Part 960, Overview of the Guide-
lines, these conditions were'intended to be used to predict the suitability
of a site and provide a preliminary indication of system performance before
the start of detailed site characterization studies. These conditions were
considered and used in the identification of potentially acceptable sites,
and in the nomination and recommendation of sites as suitable for
characterization. By the completion of site characterization, however,
sufficient data will be available to directly evaluate site performance and
repository designs against the qualifying conditions of the system and tech-
nical guidelines. Therefore, the favorable and potentially adverse condi-'
tions will not be considered in specific terms as they were for the environ-
mental assessment (DOE, 1986b).

Approach to resolving the issue

Key Issue 4 is basically concerned with design concepts, whereas Key
Issue 1 and Key Issue 2 are concerned with postclosure and preclosure aspects
of repository performance. Key Issue 1 is concerned with performance of the
repository as compared with the postclosure release standard and other
requirements as implemented in 10 CFR Part 60. Key Issue 2 is concerned with
the preclosure performance of the repository as compared with the allowable
release limits as specified in 10 CFR 60.111, 40 CR 191 Part A, and 10 CFR
Part 20. Key Issue 4, on the ther hand, is concerned with the feasibility
and availability-of the technology needed to construct, operate, and close
the repository, and with the reasonableness of the cost associated with the
repository in comparison with the other sites under consideration. As noted,
these are design topics. The reader should specifically note that the
higher-level findings required for Issue 1.9 and Issue 2.5 are concerned with
repository performance by comparison with numerical standards. The strate-
gies for resolving these two issues reference other related performance
issues in outlining the information needed to make these findings.
Conversely, the higher-level findings required for Issue 4.1 are concerned
with design questions of feasibility, safety, and cost for which there are no
numerical standards, and the resolution strategy described below references
related design issues to indicate the source of the information needed to
make these findings.

To resolve Issue 4.1 sufficient evidence must be available to support
either a positive or negative higher-level finding for each qualifying and
disqualifying condition associated with the preclosure guideline on ease and
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Table 8.3.5.7-2. Preliminary findings for the qualifying
conditions concerned with ease and cost

and disqualifyin
of construction.

Preliminary

Preclosure guideline (10 CFR Part 960) findingb

960.5-1(a)(3) System qualifying condition Level 3(a)

960.5-2-8 Surface characteristics
(a) Qualifying condition Level 3(a)

960.5-2-9 Rock characteristics
(a) Qualifying condition Level 3(a)
(d) Disqualifying condition Level 3(a)

960.5-2-10 Hydrology
(a) Qualifying condition Level 3(a)
(d) Disqualifying condition Level 3(a)

960.5-2-11 Tectonics
(a). Qualifying condition Level 3(a)
(d) Disqualifying condition Level 3(a)

aPreliminary findings from DOE (1986b).
b5e Table 8.3.5.7-1 for an explanation of the finding levels.

cost of construction, operation and closure. Each of the qualifying condi-
tions references requirements for technical feasibility based on reasonably
available technology and reasonable costs relative to other siting options.
In making higher-level findings for the qualifying and disqualifying condi-
tions, specific aspects of the geologic setting must be considered in the
evaluations of these requirements.

Figure 8.3.5.7-1 shows the strategy for resolving Issue 4.1. The first
step is to eliminate, if possible, from further consideration the qualifying
and disqualifying conditions for which higher-level findings have already
been made. In the group of technical guidelines subsumed by Issue 4.1, there
are none that meet this condition. Next, for each condition, it is deter-
mined whether the evidence presently available is sufficient to support a
higher-level finding. This evidence consists of the information presented in
the NNWSI Project environmental assessment (DOB, 1986b) and in Chapters 1
through 7 of the SCP. If the evidence is sufficient, the finding and the
evidence is documented.

For the qualifying and disqualifying conditions for which there is not
adequate evidence available, the planned site characterization studies are
reviewed to determine if the conditions will be investigated. This is
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Figure 8.3.5.7-1. ssue resolution strategy for Issue 4.1 (higher-level findings--case and cost of construction).
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accomplished by evaluating the resolution strategies for Issues 4.2 through
4.5, the preclosure design issues that are relevant to the evaluation of
performance issue 4.1. Three of these issue resolution strategies (Issues
4.2 through 4.4) address design concerns in terms of the proposed
technologies for construction, operation, and closure being reasonably
available. The resolution strategy for Issue 4.5 specifies the manner in
which total system life cycle costs are to be developed and compared in order
to make the comparative evaluation called for by the performance issue.
Therefore, if the concerns of the qualifying and disqualifying conditions are
being considered in the resolution strategies of these issues, then the
evidence to support higher-level findings will be made available through the
information, analyses, and assessments that support resolution of these
design issues. A correlation of the qualifying and disqualifying conditions
and the issues that will supply the information is shown in Table 8.3.5.7-3.

After ensuring that the qualifying and disqualifying conditions will be
investigated, the information necessary to assess compliance will be obtained
during site characterization. Upon completion of the assessments, the
results will be evaluated to determine if sufficient evidence is available to
support higher-level findings. If the evidence is sufficient, the findings
and the evidence will be documented. If the evidence shows that a negative
higher-level finding must be made for any one of the conditions, i.e., that a
disqualifying condition is present or that a qualifying condition is not
present, then the site will be disqualified. This evaluation will continue
until positive higher-level findings can be supported for all the conditions
or until a negative higher-level finding must be made.

If, in evaluating the results of the assessments, insufficient informa-
tion is found to support either a positive or a negative higher-level finding
for a qualifying or disqualifying condition, additional data or analyses may
be necessary to satisfy existing information needs. The resolution strate-
gies of the appropriate design issues will be reviewed to determine if, in
fact, the condition was adequately considered and the related information
needs were satisfied. If not, the strategies for the design issues will be
revised and new information needs will be identified as necessary, additional
data will be collected, and compliance will be reassessed. This process
continues until there is sufficient evidence to support either a positive or
a negative higher-level finding for every qualifying and disqualifying
condition. As discussed previously, findings are not required for the
favorable conditions or the potentially adverse conditions at this stage in
the siting process. However, the DOE's analyses indicate that the concerns
of these conditions are adequately addressed through the data and analyses of
other issues.

System Guideline Qualifying Condition

- The preclosure system guideline qualifying condition on ease and cost of
siting, construction, operation, and closure is stated in 10 CFR
960.5-l(a)(3) as follows:

Repository siting, construction, operation, and closure shall be
demonstrated to be technically feasible on the basis of reasonably
available technology, and the associated costs shall be demonstrated to
be reasonable relative to other available and comparable siting options.
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Table 8.3.5.7-3. Preclosure

conditions
operating,

design issues that address the concerns of the qualifying and disqualifying
of the preclosure guidelines on ease and cost of siting, constructing,
and closing a repository

Issue 4.4
Issue 4.2c Issue 4.3c (preclosure design Issue 4 5c

(nonradiological (waste package pro- and technical (total system
Guideline health-and-safety) duction technologies) feasibility) costs)

System guideline a
Qualifying condition D D D D

Surface characteristics
Qualifying condition

Rock characteristics
CO Qualifying condition
C Disqualifying condition

Hydrology
Qualifying condition
Disqualifying condition

Tectonics
Qualifying condition
Disqualifying condition

Ib

I
-I I

D

D
D

D
D

I , .I

I
I

I

. I
I

I I
I

I
I

D
D

I
..I

aInformation considered in resolving the issue directly (D) contributed to the higher-level finding
for the specified guideline condition.

.Information considered in resolving the issue indirectly (I) contributed to the higher-level finding
for the specified condition.

CIssues 4.2, 4.3, and 4.5 do-not directly require site information. Rather, they place design-con-
straints upon Issue 4.4 or evaluate products prepared under Issue 4.4.
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This qualifying condition is concerned with the feasibility of a poten-
tial repository site from the perspectives of the relative reasonableness of
the cost of siting, constructing, operating, and closing the facility com-
pared with the other siting options. The condition is also concerned with
the availability of the technology required to implement the design developed
to meet the regulatory requirements expressed under Key Issues 1 and 2, as
well as the other concerns addressed under Key Issue 4. To make the higher-
level finding for this qualifying condition, the evidence must be available
to (1) establish the properties of the host rock and the character of the
site and to develop constitutive models, (2) develop and demonstrate site-
specific equipment for packaging and handling the waste and to perform speci-
fic mining and drilling tasks, (3) identify site-specific seal requirements
and develop site-specific materials, designs, and emplacement techniques for
the seals, and (4) integrate the resulting information into an overall design
that will meet the functional requirements and performance criteria estab-
lished for the repository. The design task is an evolutionary and iterative
process that includes (1) the formulation, testing, and refinement of con-
cepts, (2) the combination of concepts into the design, (3) analyses of the
design for technical validity, (4) comparisons of the design with criteria
and requirements, and (5) the evaluation of costs to implement the design.
This sequence is repeated and refined until the design meets the requirements
established for performance, efficiency, and cost effectiveness.

In addition to the development of a feasible design, the higher-level
finding for this'qualifying condition also requires that the costs of siting,
constructing, operating, and closing a repository be reasonable in accordance
with the requirements of 10 CFR 960.5-1(a)(3). That subpart requires a
comparative evaluation of the relative costs for each of the comparable
siting options. To make this comparative evaluation, the DOE will develop a
total-system life-cycle cost (TSLCC) estimate (1) for construction, operation
(including maintenance of the retrieval option), closure, and decommissioning
of a repository at each of the candidate sites that has been characterized
and-(2) for design and fabrication of the waste packages to be used at each
site. In developing the basis for cost estimates and providing for the site
selection decision, the impact of site characteristics on the technological
requirements and on the complexity of design and operating procedures will be
a primary consideration.

For the eventual cost comparisons to be valid, the basis for estimating
the TSLCC for each site must be similar, and the degree of uncertainty
associated with the various design and operational requirements must be
reduced to a reasonable level. To resolve this issue, the DOE intends to
rely on refinements of the procedure and model already in use for estimating
TSLCC (e.g., DOE/RW-0024, 1985; DOE/RW-0047, 1987a) and to use TSLCC as the
performance measure. To ensure comparability of information used for each
site, the basis for the TSLCC estimate will be theiadvanced conceptual design
(ACD) for each'repository and its associated waste package(s), developed in
accordance with specified ACD information requirements ('Plan for Advanced
Conceptual Design of the Repository and Waste Package,' OGR, January, 1987).

The information that will be used to support the higher-level finding
for this qualifying condition derives primarily from the design and cost
evaluation of the facility as addressed under Issues 4.4 and 4.5. Therefore,
the site characteristic information used in the development of the design is
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included. An effort has been made to centralize repository design activities
for the Yucca Mountain site under Issue 4.4. Thus, although postclosure
facility design and design requirements for preclosure radiological safety
are not explicitly addressed under Key Issue 4, the design prepared under Key
Issue 4 incorporates these concerns in addition to those expressed in Issue
4.1 (see Section 8.3.2.1).

Surface characteristics

There is one qualifying condition for this technical guideline for which
higher-level findings must be made.

Qualifying condition. The qualifying condition for the technical
guideline on surface characteristics (10 CFR 60.5-2-8(a)) is as follows:

The site shall be located-such that, considering-the surface charac-
teristics and conditions of the site and surrounding area including
surface water systems and the terrain, the requirements specified in
10 CR 960.5-1(a)(3) can be met during repository siting, construction,
operation, and closure.

The qualifying condition is concerned with the potential for surface
conditions of the site and surrounding area that could impact-the ability of
the site to meet the cost and technical feasibility requirements specified in
the system guideline. Assurance that the preclosure system can be construc-
ted and operated under the surface conditions present or credibly expected to
be encountered must be provided. A determination of the surface character-
istics and conditions, as well as credible events, is required for the
evaluation needed to determine compliance with the system guideline and to
make the higher-level finding required for this-qualifying condition.

The impact of surface characteristics on repository preclosure
performance will be evaluated in support of the resolution of Issue 4.4
(Section 8.3.2.5). These evaluations will also serve as the basis for making
a higher-level finding for the qualifying condition of the guideline on
surface characteristics under Issue 4.1. No additional information outside
the information needs identified as being needed for-resolution of Issue 4.4
is required.,

The link between the information required for making a higher-level
finding on the qualifying condition for the technical guideline on surface
characteristics and the information needs identified to support resolution of
preclosure design Issue 4.4 is identified in Table 8.3.6.7-4.

Rock characteristics

There-are three qualifying and one disqualifying conditions for this
technical guideline for which higher-level findings must be made.

K) ~ ~ .- ::- .
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Table 8.3.5.7-4. Surf ace, characteristics information considered in making
the higher-level finding for the qualifying condition of

-the surface characteristics guideline,'and issues for which
the.information will be obtained -

Issue Information

4.2 No surface characteristics information required

4.3 No surface characteristics information needed

4.4 Surface topography at facility locations
Surface topography at candidate mined material storage area
Surface topography at underground access locations-
Surface topography of surface facility sites
Surface.topography on access routes
Surface topography at facility locations
Allowable foundation bearing load pressure for soil considering

shear failure and settlement (total and differential)
Allowable foundation bearing load pressure for rock considering

shear failure and settlement (total and differential)
Active and passive soil pressures for flexible and rigid*-

structural walls
Active and passive rock pressure for flexible and rigid

structural walls
Factor of safety for an identified mechanism of potential slope

failure in soil for static and dynamic loading conditions -'
Factor of safety for an identified mechanism of potential slope

failure in rock for static and dynamic loading conditions
Magnitude and rate of time dependent settlement in soils below

earthfills
Magnitude and rate of swell in subgrade soils below roads
Magnitude of soil collapse below surface facilities (foundations,

earthfills, and roads) due to saturation and/or loading
Soil liquefaction potential for saturated low density soils under
dynamic loading conditions

4.5 No surface characteristics information required

Qualifying conditions. The qualifying conditions for the technical
guideline on rock. characteristics (10 CFR 960.5-2-9(a)) are as follows:

The site shall be located such that:

(1) the thickness and lateral extent and the characteristics and
composition of the host rock will be suitable for accommodation of
the underground facility;
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(2) repository construction, operation, and closure will not cause
undue hazard to personnel; and

(3) the requirements specified in 10 CER 60.5-1(a)(3) can be met.

The qualifying conditions for preclosure rock characteristics require
that the host rock must be capable of safely accommodating the construction,
operation, and closure of the underground facility using reasonably available
technology and at reasonable cost. A determination of the characteristics
and properties for the geologic setting in which construction activities are
proposed is required to determine compliance with the system guideline and to
make a higher-level finding for this qualifying condition.

The characteristics and properties of the host rock must be determined
in support of evaluations made for resolution of design Issue 4.4. Evalua-
tions of these characteristics and properties will serve as the basis for
making the higher-level finding for the qualifying condition of the technical
guideline on rock characteristics under Issue 4.1. Other than the informa-
tion needs identified for the design issue just cited, no additional informa-
tion is required.

The link between the information required for making a higher-level
finding on the qualifying condition for the technical guideline on rock
characteristics and the information needs identified to support resolution of
preclosure design issues is identified in Table 8.3.5.7-5.

Disqualifying condition. The disqualifying condition for the technical
guideline on rock characteristics (10 CFR 960.5-2-9(d)) is in Table
8.3.5.7-5. The site shall be disqualified if the rock characteristics are
such that the activities associated with repository construction, operation,
or closure are predicted to cause significant risk to the health and safety
of personnel, taking into account mitigating measures that use reasonably
available technology.

The information identified in Table 8.3.5.7-5 will also support the
evaluation necessary-to reach the required higher-level finding for this
disqualifying condition.

Hydrology

There are three qualifying and one disqualifying conditions for this
technical guideline for which higher-level findings must be made.

Qualifying conditions. The qualifying conditions for the technical
guideline on hydrology (10 CFR 960.5-2-10(a)) are as follows:

The site shall be located such that the geohydrologic setting of the
site will

(1) be compatible with the activities required for repository
construction, operation, and closure;

(2) not compromise the intended functions of the shaft liners and
seals; and
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Table 8.3.5.7-5. Rock characteristics information considered in making
the higher-level finding for the qualifying condition
of the rock characteristics guideline, and issues
for which the information will be-obtained

Issue Information

4.2 No site rock characteristics information is requested directly by
this issue

4.3 No site rock characteristics information is'requested directly by
this issue

4.4 Description and frequency of abnormal'conditions in rock mass
Initial formation temperature
Thermal conductivity of rock
Heat capacity of rock
Rock properties in primary area

Poisson's ratio (intact rock)
In situ stress (rock mass)
Coefficient of thermal expansion (rock mass)
Thermal conductivity (rock mass)
Young's modulus (intact rock)
Deformation modulus (rock mass)
'Heat capacity
Unconfined compressive strength (intact rock)
Cohesion of rock and angle of internal friction--intact

rock (compressive strength as a function of confining
pressure)

Joint normal and shear stiffness properties (fractures)
Joint wall compressive strength (fracture surfaces)
Joint roughness coefficient (fracture surfaces)
Cohesion and coefficient of friction (fractures)
Joint frequency and spacing
Joint orientation
Number of joint sets
Joint roughness and condition of joints
Rock quality designation
Joint alteration
Construction method
Presence of-swelling or squeezing ground
Water inflow
Expected seismic loading

Stratigraphic features
Depth, thickness, and lateral extent of host rock
Stratigraphy and structural features

4.5 No site rock characteristics information is requested directly by
this issue

8.3.5.7-12



CONSULTATION DRAFT

(3) permit the requirements specified in 10 CFR 960.5-1(a)(3) to be
met.

These qualifying conditions require that the present and expected
characteristics of the geohydrologic setting be compatible with the safe
construction, operation, and closure of the repository using reasonably
available technology and at reasonable cost as required by the system
guideline. A determination of the hydrologic characteristics and properties
within the geologic setting is required for the evaluations needed to
determine compliance with the system guideline and to make a higher-level
finding for these qualifying conditions.

Evaluations of the geohydrologic setting and of the resulting impact on
repository preclosure performance will be performed in support of the resolu-
tion of Issue 4.4. These evaluations will serve as the basis for making a
higher-level finding for the qualifying condition of the geohydrology guide-
line under Issue 4.1. Other than the information needs identified for the
design issue just cited, no additional information is required.

The link between the information required for making a higher-level
finding on the qualifying condition for the technical guideline on hydrology
and the information needs identified to support resolution of preclosure
design issues is identified in Table 8.3.5.7-6.

Disqualifying condition. The disqualifying condition for the technical
guideline on hydrology (10 CFR 960.5-2-10(d)) is as follows:

A site shall be disqualified if, based on expected ground water
conditions, it is likely that engineering measures that are beyond
reasonably available technology will be required for exploratory shaft
construction or for repository construction, operation, or closure.

The information identified in Table 8.3.5.7-6 will also support the
evaluation necessary to reach the required higher-level finding for this
disqualifying condition.

Tectonics

There is one qualifying and one disqualifying condition for this
technical guideline for which a higher-level finding must be made.

Qualifying condition. The-qualifying condition for the technical --

guideline on tectonics (10 CFR 90.5-2-11(a)) is as follows:

The site shall be located in a geologic setting in which any projected
effects of expected tectonic phenomena or igneous activity on repository
construction, operation, or closure will be such that the requirements
specified in 10 CFR 960.5-1(a)(3) can be met.

The characteristics and probability of occurrence-of tectonic and
igneous processes and events must be determined to identify the potentially
disruptive scenarios that may affect the ability of the site tomeet the
preclosure requirements on ease and-cost of construction, operation, and
closure as specified in the system guideline and to make a higher-level
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Table 8.3.5.7-6. Hydrologic information considered in making the
higher-level finding for the qualifying condition >
of the hydrology guideline, and issues for which
the information will be obtained

Issue Information

4.2 No site hydrologic characteristics are requested directly by this
issue

4.3 No site hydrologic characteristics are requested directly by this
issue

4.4 Surface
Surface hydrology for 5-, 25-, 50-, 100-, 500-year flood

and the probable maximum flood (PMF)
Area of inundation
Surface water systems, stream flow rate, quantities and

durations, channel morphology
Subsurface

Aquifer locations
Aquifer characteristics
Sustained yield of pumped water source for operational water

4.5 No site hydrologic characteristics are requested by this issue

finding for this qualifying condition. An evaluation of these same
processes, events, and scenarios is also required to support the resolution
of Issue 4.4. The information identified as being needed to resolve this
design issue will serve as the basis for the required higher-level finding
for the qualifying condition for tectonics under Issue 4.1. No new-
information needs are required for the higher-level finding for this
qualifying condition..

The link between the information required for making a higher-level
finding on the technical guideline for tectonics and the information needs
identified to support the resolution of other preclosure issues is identified
in Table 8.3.-5.7-7.

Disqualifyinx condition. The disqualifying condition for the technical
guideline on tectonics (10 CFR 960.5-2-11(d)) is as follows:

A site shall be disqualified if, based on the expected nature and rates
of fault movement or other ground motion, it is likely that engineering
measures that are beyond reasonably available technology will be
required for exploratory shaft construction or for repository construc-
tion, operation,, or closure.
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Table 8.3.5.7-7. Tectonics information considered in making the
higher-level finding for the qualifying condition
of the tectonics guideline, and issues for which the
information will be obtained

Issue Information

4.2 No site tectonic information is requested directly by this issue

4.3 No site tectonic information is requested directly by this issue

4.4 Surface.
Identification and characterization of-late Quaternary faults
in the repository block. If determined to exist,
establish location, orientation, and probability of
exceeding 7 cm displacement in areas of waste emplacement

-Design basis ground motion time histories and corresponding
response spectra at underground facility locations

Combined potential for vibratory ground motion at under-
ground facility locations

Probability of volcanic eruption through area of waste
emplacement

Stratigraphic contacts for top and bottom of the TS*2
formation within candidate areas for repository

Identification of any fault within 100 m of facilities
important to safety (FITS) with greater than 1 chance in
100 of producing more than 5 cm of surface displacement in
100 years. If determined to exist, establish location at
surface, orientation at surface, and probability of
exceeding 5 cm displacement under FITS

Design basis ground motion time histories and corresponding
response spectra

Potential for exceeding design basis ground motion at FITS
Probability vs. peak ground acceleration, peak ground

velocity, and peak velocity response at selected
frequencies at surface fits locations

Probability of volcanic eruption that would disrupt surface
facilities

Design basis ash fall thickness
Soil-structure interaction considering displacements and

degree of yielding in soil beneath the base of the building
Soil-structure interaction considering displacements and

degree of yielding in soil adjacent to retaining walls
Rock-structure interaction considering displacements and

degree of yielding in rock beneath the base of the building
Rock-structural interaction considering displacements and

degree of yielding in rock adjacent to retaining walls
Subsurface

Fault properties
Location
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Table 8.3.5.7-7. Tectonics information considered in making the
higher-level finding for the qualifying condition
of the tectonics guideline, and issues for which the
information will be obtained (continued)

Issue Information

Orientation
Physical, thermal, and mechanical properties of major

faults

4.5 No site tectonic information is requested directly by this issue

The information identified in Table 8.3.5.7-7 will also support the
required higher-level finding for this disqualifying condition of the
technical guideline on tectonics.

8.3.5.7-1B



DOEIRW-0160 DOE/RW 0160

Chapter 8

Nuclear Waste Policy Act
(Section 113)

Section 835.8

l)

Consultation Draft
STRATEGY

FOR POSTCLOSURE
PERFORMANCE ASSESSMENT

Yucca Mountain Site, Nevada Research
and Development Area, Nevada

Volume VI

January 1988

U.S. Department of Energy
Office of Civilian Radioactive Waste Management
Washington, DC 20585

K1 '

8v6 911a I5 Ad A1



CONSULTATION DRAFT

8.3.5.8. Strategy for postclosure performance assessment

As explained in the introduction to Section 8.3.5, assessments of the
performance of a repository at Yucca Mountain are required for resolving the
performance issues in the issues hierarchy; amajor part of the performance-
assessment program will examine the postclosure behavior of the repository.
The detailed plans for the assessment of postclosure behavior are described
as part of the issue-resolution strategies in Sections 8.3.5.9 through
8.3.5.18. The principal presentations of these plans are in Sections 8.3.5.9
and 8.3.5.10 for assessments of the waste package and in Sections 8.3.5.12
and 8.3.5.13 for assessments of the site. In addition, aste-package
performance assessment is reviewed in Section 7.4.5.

This section describes strategic aspects of the performance-assessment
program that are common to all those detailed plans for assessing postclosure
performance. The first part of this section, a brief overview of the
performance-assessment strategy, begins by explaining the relationships among
the performance issues. The overview then describes the major steps in the
iterative process by which final performance is assessed and performance
issues resolved. At several points in the iterative process, the DOE must
decide whether the available data are sufficient for carrying out the
assessments; the overview emphasizes these steps because many of the needed
data will be supplied by the site characterization program. The second part
of this section reviews the conceptual models of a Yucca Mountain repository
that have been used in the preliminary work underlying the detailed
performance-assessment plans.

Overview of strategy

The primary objective of the NNWSI Project postclosure performance-
assessment program is to resolve Key Issue 1 in the issues hierarchy, which
is

Will the mined geologic disposal system at Yucca Mountain isolate the
radioactive waste from the accessible environment after closure in
accordance with the requirements set forth in 40 CFR Part 11, 10 CFR
Part 60, and 10 CFR Part 960?

The performance issues under Key Issue 1 parallel the regulatory
criteria in 10 CFR Part 60 and 10 CFR Part 960. Each issue either asks
whether specific performance objectives can be met or asks for analyses and
qualitative judgments of the expected future conditions at Yucca ountain
after the repository at the site has been closed and decommissioned. These
performance issues are the following:

Issue Issue statement SOP section

1.1 Will the mined geologic disposal system meet'the 8.3.5.13
system performance objective for limiting radio-
nuclide releases to the accessible environment
as required by 10 CFR 60.112 and 40 CFR 191.13?

8.3.5.8-1
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Issue Issue statement SCP section

1.2 Will the mined geologic disposal system meet the 8.3.5.14
requirements for limiting individual doses in the
accessible environment as required by 40 CFR 191.15?

1.3 Will the mined geologic disposal system meet the 8.3.5.15
requirements for the protection of special sources
of ground water as required by 40 CFR 191.18?

1.4 Will the waste package meet the performance objec- 8.3.5.9
tive for containment as required by 10 CFR 60.113?

1.5 Will the waste package and repository engineered bar- 8.3.5.10
rier systems meet the performance objective for radio-
nuclide release rates as required by 10 CFR 60.113?

1.8 Will the site meet the performance objective for pre- 8.3.5.12
waste-emplacement ground-water travel time as required
by 10 CFR 60.113?

1.7 Will the performance-confirmation program meet the 8.3.5.18
requirements of 10 CFR 80.137?

1.8 Can the demonstrations for favorable and potentially 8.3.5.17
adverse conditions be made as required by 10 CFR 60.122?

1.9 (a) Can the higher-level findings required by 10 CFR 8.3.5.18
Part 90 be made for the qualifying condition of the
postclosure system guideline and the disqualifying and
qualifying conditions on the technical guidelines for
geohydrology, geochemistry, rock characteristics, cli-
mate changes, erosion, dissolution, tectonics, and human
interference; and (b) can the comparative evaluations
required by 10 CFR 980.3-1-5 be made?

The flow of information among Issues 1.1 through 1.6 is depicted sche-
matically in Figure 8.3.5.8-1, which also shows, in simplified form, the
exchange of information with the group of three design issues under Key
Issue 1. Even though the diagram indicates only one-way flow, some infor-
mation flows backwards along the lines shown in the figure. This backward
flow conveys the results of sensitivity analyses, which are carried out in
each issue as part of its treatment of uncertainty. These sensitivity
analyses reveal whether the information supplied to an issue is sufficient
for its needs, and their results may, therefore, be conveyed from an issue
back to the issue that supplied the information.

The connections among issues shown in Figure 8.3.5.8-1 achieve an
important synergism. A single series of-analyses may often answer questions
that arise in solving more than one issue. Because of these close connec-
tions, the results of analyses performed in one issue are available to guide
the work in other issues.

8.3.5.8-2
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Figure 8.3.5.8-1. Simplified information flow among postclosure performance issues and their interaction with design issues.
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The figure also shows an information-flow path between the collective
results of Issues 1.1 through 1.8 and Issues 1.8 and 1.9. This path is
present because the insight and tools developed as a result of providing
quantitative answers to Issues 1.1 through 1.6 will contribute to the
evaluation of whether the waste-disposal system can meet the regulatory
criteria addressed in Issues 1.8 and 1.9. Further discussion of this link
appears in Sections 8.3.5.17 and 8.3.5.18.

The figure does not show Issue 1.7, because unlike the other issues
under Key Issue 1, Issue 1.7 does not call for an assessment of postclosure
performance. Issue 1.7 addresses the need to establish a performance-
confirmation program. -

Under each of the NNWSI Project issues is a set of information needs.
The information needs under each postclosure performance issue (presented in
detail in Sections 8.3.5.9 through 8.3.5.18) are, structured to reflect the
iterative application of the general issue-resolution strategy described in
Section 8.1.2. The next few paragraphs explain the structure and the itera-
tions, shown schematically in Figure 8.3.5.8-2.

The figure presents five major steps in assessing postclosure perfor-
mance; it shows the logical progression through these steps to the final
resolution of a performance issue. In actual practice, of course, many of
the steps take place simultaneously and not necessarily in the strict order
implied by arrows in the figure. For example, preliminary calculations are
performed while models are being developed and tested and before scenarios
have been completely identified. As the arrows on the right-hand side of the
figure suggest, progress made in one step may indicate a need for further
development in a step that is higher in the figure. For example, an attempt,
in the fourth step, to calculate values for performance measures may point
out a deficiency in a conceptual model developed in the third step; further
work in model development would then be called for. Iterations also occur as
data become available, and the following discussion describes three points at
which the sufficiency of the available data can logically be judged in terms
of the needs of performance assessment for doing the next step.

A first step in resolving an issue is the compilation of the relevant
existing site and design information. The first information need under each
issue is, therefore, a summary of the parameters for which data are needed.
The information currently available is described in Chapters 1 through 7, but
eventually, this information, augmented by the results of the data-gathering
programs described in this site characterization plan, will be provided
primarily through the reference information base (RIB). The RIB will be a
compilation of the current best information to be used in design and perfor-
mance analyses. This common source of information will help to ensure uni-
formity among the analyses carried out in separate issues.

The available information is used in the next step to develop sce- -

narios--sets of hypothetical events and processes--that must be examined to
resolve the issue and to develop boundary conditions for calculations. Alter.
the existing data have been compiled, the question is asked: 'Are the data
sufficient to continue with the next step?' In the early iterations through V
the process, the data may be sufficient if there is at least a bounding value
to use for every parameter that must be input for the analysis and for the

8.3.5.8-4
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selection of scenarios. In later iterations, the answer depends on whether
the data provide usefully realistic values for those parameters. If the data
are judged not sufficient, the. performance assessors must call for additional
data, as Figure 8.3.5.8-2 shows.

The third step shown in the figure includes the validation that must be
attempted for the calculational models used to predict the values of the
performance measures; this validation provides reasonable assurance in the
predicted values of the performance measures. In addition, further model
development may be necessary to modify or expand the existing conceptual
models of the system or subsystem behavior. This development consists of
describing the conceptual models in terms of mathematical equations and of
constructing algorithms to solve the equations. The calculational-model
development often must proceed in parallel with the scenario development,
because details of a calculational model may depend on the particular
scenario to be analyzed. (A discussion of validation and development is in
Section 8.3.5.20 as well as in the information needs under performance
issues.)

Again the question is asked: 'Are the data sufficient? At this point,
the data requirements are more stringent because the fourth step requires
predictions for comparison with numerical criteria. The data must be certain
enough to allow the assessors to draw conclusions about the events and
processes being examined.

When sufficient confidence in the models has been attained, values for
the performance measures are calculated to assess whether the performance
goals are met with the desired confidence. (Explanations of these terms and
of their role in issue resolution are in Section 8.1.2.) The uncertainty in
the predictions is assessed, and the question is asked again: 'Are the data
sufficient?' The requirements for sufficiency are most stringent at this
point. The data must allow the heterogeneity of the system to be realistic-
ally assessed and the effect of future conditions on the models and the
material properties to be satisfactorily accounted for. As part of this
process, the sensitivity of the performance measure to various parameters and
conditions must also be assessed. In some scenarios, the uncertainty in a
parameter may be shown insignificant because the behavior of the system under
assessment is insensitive to the parameter; the requirements on data for such
a parameter would accordingly be less stringent.

The process shown in Figure 8.3.5.8-2 requires numerous applications-of
human judgment. Each decision on whether data are sufficient requires a
judgment based on the criteria stated loosely in the previous discussion.
The need for iterations and further developments will be decided through
judgments of whether the work has provided a basis on which the NRC may find
the 'reasonable assurance' called for by 10 CR Part 60. These decisions
will require the use of expert, professional judgment and peer review. The
DOE will subject the licensing assessment work to rigorous peer review, using
experts from its repository programs as well as from the outside technical
community. Peer reviews by the NRC will also take place continually
throughout site characterization and the development of a repository. The
final licensing decisions by the NRC are an ultimate peer review. The
processes of consultation with affected states and Indian tribes will also
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furnish technical review of these decisions. Expert judgment through peer
review is an important process.in all the activities shown in Figure
8.3.5.8-2.

The specific work for resolving each performance issue is explained in
the individual-information need discussions in Sections 8.3.5.9 through
8.3.5.18. In terms of Figure 8.3.5.8-2, those discussions summarize the work
that will be done in going from one step to the next. They summarize the
site and design data that are needed,.the scenarios and models that will be
used,.the predictive analyses that will be'performed, the performance meas-
ures, goals, and confidences that have been allocated, and the quantitative
analyses and qualitative judgments that will be used to establish the degree
of certainty in the results.

Summary of conceptual models that have been used for performance assessment

The current.strategy for postclosure performance assessment and the
identification of information needs are partially determined by the current
conceptual models of the repository system, the conditions currently con-
sidered in expected and unexpected scenarios, and the evaluations to date of
how this system is predicted to behave with respect to the performance ob-
jectives in 10 CFR Part 60. The bulk of this preliminary work has been done
for the NNWSI Project environmental assessment (DOE, 1986b); for example,
Oversby and McCright (1984), Montazer and Wilson (1984), Sinnock et al.
(1984), and Klavetter-and Peters (1986).

The conceptual models that were developed in the preliminary work are
summarized in the following paragraphs. These preliminary conceptual models
contain assumptions that simplify the conceptual models described in Chapters
1 through 7, and the following description gives-the simplifying assumptions
and boundary conditions that have been used to date in performance assess-
ments. Details of scenarios that will ultimately be considered are being
developed. Plans to further develop these scenarios are described under-
Issue 1.1 (Section 8.3.5.13). .

The most important concept used in the performance-assessment models
summarized here concerns the existing hydrogeologic conditions (i.e., flow
paths and water fluxes). In addition, the models must account for the bounds
on the natural geochemical and future hydrologic conditions, the possible
repository-induced effects on existing hydrogeologic-and geochemical
conditions, and future tectonic and climatic conditions.-

The most probable water flow path from the repository to the accessible
environment is currently thought to be vertical through the unsaturated
Topopah Spring, Calico Hills, and Crater Flat units to'the water table, and
then horizontal below the water table. Because of capillarity in unsaturated
rocks and the low percolation rates in the unsaturated units, the steady-.
state aterflow between the repository location and the water table occurs
in the rock matrix '(for instance, Montazer and Wilson, 1984; Klavetter and
Peters, 1985). As discussed in Section 3.9.1, however, water flow in some of
the fractures in the Tiva Canyon, the Topopah Spring, and the zeolitized
Calico Hills units-has not been ruled out as a possibility that could affect
radionuclide release and transport. Furthermore; the possibility that water
could flow laterally at some interfaces between rock units has not been ruled
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out. The hypothesis that water movement in the Topopah Spring welded unit is
dominated by evaporative vapor flux upward (Montazer and Wilson, 1984) is not
currently used. This concept, if shown to be probable, would predict smaller
releases of radioactivity than current models predict, because very little
waste could ever be dissolved. The preliminary performance-assessment models
have assumed that all release of waste from the repository would be by
dissolution in the ground water that flows through the Topopah Spring densely
welded unit. The transport of the dissolved radionuclides, according to
these models, would occur through the unsaturated zone and the saturated zone
to the accessible environment. Current models also consider transport of
gaseous radionuclides.

The amount and chemistry of water that contacts the waste will limit
radionuclide releases. This contact water is limited by the flux that
percolates through the Topopah Spring densely welded unit and by the geometry
of the emplaced waste packages. The amount of contact water and time of
contact may be reduced because of dry-out and changes in fracture apertures
in the vicinity of the waste package. Water chemistry may also be influenced
by thermally affected rock-water interactions. These thermal,- mechanical,
and chemical effects are included in the analyses of the performance of the
waste package and the engineered-barrier system.

With a few exceptions, it is thought that the release of radionuclides
from spent fuel and glass waste form will be controlled by secondary phases
bearing radionuclides and by the kinetics of waste-form degradation. Some
radionuclides, such as cesium-137, may never reach saturation and will be
controlled by waste-form degradation and-water flow. The exceptions to these
assumptions are the carbon-14 released from metal components, and the mobile
cesium, technetium, and -iodine-129 that collect in gaps within the fuel and
between the fuel rods and the fuel cladding in spent-fuel rods.

The geochemical conditions that affect release rates are included in the
analyses of the engineered-barrier system. Current waste-package-release
models assume that the release from the waste package is controlled by water
influx and waste-form release. Near the boundary of the engineered-barrier
system current transport models assume that transport is driven by the water
flowing near the package and by processes such as diffusion, dry-out, and
resaturation in the near field.

The cumulative release of radionuclides is calculated at the accessible
environment. Currently, the condition considered most probable, on the basis
of data presented in Chapter 3, is that the percolation flux through any of
the unsaturated units is less than the saturated conductivity of the rock
matrix, resulting in one-dimensional water flow and radionuclide transport
through the matrix. The effects of alternative conditions are as follows:
for percolation fluxes higher than the saturated conductivity of the rock
matrix, it is believed thatf low would occur in the fracture system. The
resulting pathsand speeds of radionuclide transport might then be controlled
by diffusion of the radionuclides from the water in the fractures into the
water in the matrix.

For intermediate fluxes, close to but not exceeding the saturated
conductivity of the matrix, transport by diffusion would probably be on the
same order as transport by convection of the water in the matrix. It is not
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clear whether mechanical dispersion, which is related to water velocity,
would be a significant contributor to transport of radionuclides. For fluxes
greater than the saturated conductivity of the matrix, mechanical dispersion
in the fractures could contribute to radionuclide transport because of the
higher velocities that may occur; however, the duration of the flow would
probably be very short, so that dispersion in the fractures might not be an
active mechanism for any significant length of time. The relative contribu-
tions of diffusion and dispersion to the transport of radionuclides in both
the saturated and unsaturated zones will be studied in activities described
in Section 8.3.1.2 (geohydrology program) and 8.3.1.3 (geochemistry program).
The radionuclides are assumed to be retarded by the combined effects of
sorption, diffusion from fractures into the matrix, mineral precipitation,
and ion exchange. These effects, modeled by a bulk retardation factor and a
concentration limit, are assumed to be operative in both the Topopah Spring
welded unit and the Calico Hills nonwelded unit.

The conceptual models just described formed most of the bases for the
performance allocation that has been done for postclosure performance Issues
1.1 through 1.10 and is described in the subsequent sections of this docu-
ment. As explained in Section 8.1.2, performance allocation establishes a
basis for planning site characterization work. It requires that the planners
set specially defined 'performance measures,' goals,1 and 'indications of
desired confidence." The 'goals' are not criteria that the site must meet;
they simply serve as guidance for a detailed derivation of the site charac-
terization data needed for use in licensing a repository. As new data and a
fuller understanding of the site are acquired, a new planning basis may well
become appropriate, and some of the performance allocation will be revised.

One reason for reallocating performance could arise from the validation
of the conceptual models used in the original allocation. An objective of
the site characterization program will be the validation of these models.
If, during site characterization, the experimental results indicate that the
conceptual models that have been used are not valid, the allocation of goals
and confidences to certain performance measures will be reconsidered. In
addition, the performance measures themselves may have to be changed.

A second reason for reallocating performance measures, goals, and con-
fidences will arise if new data show that (1) the ranges of values for the
physical parameters are different from the ranges that have been assumed to
date and (2) the measured ranges do not allow the performance goals to be met
with the desired confidences.

Since considerable conservatism has been used in the performance allo-
cation, future reassignments of goals and desired confidences, if any, are
not expected to drastically alter the requirements placed on site charac-
terization. As the design and site characterization processes continue, it
could, however, become necessary to call for additional tests to broaden the
data base and ensure that predictions of values for performance measures are
based on values characteristic of the entire site.

8.3.5.8-9
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8.3.5.9 Issue resolution strategy for Issue 1.4: Will the waste package
meet the performance objective for containment as required by
10 CFR 60.113?

Regulatory basis for the issue

The NRC regulations set a performance objective for the waste packages
to provide containment of the high-level waste (HLW) during the period after
closure of the repository when the temperatures and radiation levels are
highest. The performance objective for containment is as follows (10 CFR
60.133(a)(i)(ii)):

the engineered barrier system shall be designed, assuming anticipated
processes and events, so that: (A) containment of high-level.waste
(ELW) within the waste packages will be substantially complete for a
period to be determined by the Commission taking into account factors
specified in 60.113(b) provided that such period shall not be less than
300 yr nor. more than 1,000 yr after permanent closure of the geologic
repository. . .

The proposed amendments (NRC, 186) to 10 CFR Part 60, intended to
incorporate the requirements of 40 CFR Part 191, do not affect this
performance objective.

For the purposesof.the SCP,.the NNWSI Project has adopted the DOE
interpretation of.the regulatory term 'substantially complete containment'
and the quantitative design objectives that have been set to guide the
testing and design program. The interpretation and design objectives are as
follows:

1. Interpretation. The Department of Energy understands the require-
ment for substantially complete containment of high-level waste
(HLW) within the set of waste packages to mean that a very large
fraction of the radioactivity that results-from the HLW originally
emplaced in the underground facility will be contained within the
set of waste packages during the containment period. Therefore, the
requirement would be met if a significant number.'of the waste pack-
ages were to providetotal containment of the radioactivity within
those waste packages or if the radioactivity released from the set
of waste packages during the containment period were sufficiently
small. The precise fraction of LW that should be retained within
the set of waste packages, number of waste packages that should
provide total containment, or constraints that should be placed on
the rate of release from the set of waste packages to meet the
requirement for substantially complete containment should not be
determined until the site is sufficiently wellcharacterized. Such
a precise interpretation depends in large part on the level of.
waste-package performance needed at the site. Therefore, a specific
interpretation of the general requirement cannot be made until addi-
tional information regarding site conditions and the-characteristics
of alternative materials and waste package designs subject.to these

.conditions is.available.

8.3.5.9-1
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2. Design Objectives. To guide the testing and design programs to
obtain the information needed to assess the performance of the set
of waste packages, quantitative design objectives have been set.
These design objectives have been set to be consistent with the gen-
eral interpretation given previously in order to focus the site
characterization program on the requirement for substantially
complete containment. However, these design objectives do not
replace this equirement and are not to be construed as criteria for
the waste packages. Information developed during site charac-
terization may dictate the need for additional testing and design
activities and for other design objectives to guide these
activities. Therefore, the design objectives may evolve during the
site characterization program and the specific design objectives
given below should be regarded as tentative. The following three
design objectives are set as current program goals:

a. By virtue of the intrinsic properties and design of the waste
package components subjected to the range of conditions
anticipated in the underground facility, 80 percent or more of
the waste packages will retain all their radioactivity for a
containment period of 1,000 yr after permanent closure of the
repository.

b. At any time during the containment period, at least 99 percent
of the radioactivity resulting from the original waste emplaced
in the underground facility will be retained within the set of
waste packages.

c. Any releases from the waste packages that occur during the
containment period should be gradual such that releases from the
engineered barrier system in any year during this period should
not exceed one part in 100,000 of the total inventory of
radionuclide activity present in the geologic repository system
in that year.

The NNWSI Project has elected to employ the combined characteristics of
the waste forms, the metallic containers, and the engineered environment of
the -waste packages to achieve the performance objective for substantially
complete containment. The resolution of this issue (1.4) requires that the
performance of these components of the engineered barrier system, responding
to the-anticipated processes and events, be predicted for the period of
1,000 yr following permanent closure of the repository. The predictions will
be based on the results of calculations using numerical models to simulate
the behavior of the system elements.

Figure 8.3.5.9-1 shows the hierarchy of models to be developed and
employed in resolution of the issues relating to design and performance of
the waste packages. To avoid duplication in the SCP of description of the
development of the numerical models and the testing activities that provide
their bases, the discussion in this section is limited to the models and
submodels that are highlighted in the figure. These are the models that
supply the simulations of the performance of the-containers. The various
other models needed to complete the predictions for containment are described
under Issues 1.5 (Section 8.3.5.10) and 1.10 (Section 8.3.4.2).

8.3.5.9-2
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This issue, as stated, is restricted to assessing waste package perform-
ance under anticipated processes and events, and only for the period of
1,000 yr following closure of the repository. However, the performance of
the waste packages during the 1,000-yr containment period is intimately
linked to the performance required thereafter by the engineered barrier
system in controlling radionuclide releases in Issue 1.5 (Section 8.3.5.10).
The level of performance needed during the containment period to establish
conditions that will provide the required release rate control thereafter may
require different goals than those used to resolve this issue. Other issues
need information on the performance of the containers for longer time periods
and under both anticipated and lower probability scenarios. These other
issues are as follows:

1. Issue 1.1: This system performance issue needs information on
predicted time to loss of containment by the waste packages for
times up to 10,000 yr after closure due to both anticipated and
unanticipated processes and events.

2. Issue 1.5: This issue addresses the release rates of radionuclides
from the engineered barrier system, assuming anticipated processes
and events for 1,000 to 10,000 yr after closure. The condition of
the waste forms and containers will affect those release rates.

3. Issue 1.9: This issue addresses the higher-level findings that
support site selection. Calculations of predicted releases to the
accessible environment for 100,000 yr are required. These
calculations will use release rate information from the engineered-
barrier system that is affected by the condition of the containers.

These issues are addressed in Sections 8.3.5.13 (Issue 1.1), 8.3.5.10
(Issue 1.5), and 8.3.5.18 (Issue 1.9).

Approach to resolving the issue

The NNWSI Project has chosen to use the components of the waste package,
together with the near-field environment as altered through engineering
design, as the basis for the strategy to achieve and demonstrate that the
substantially complete containment performance objective has been met. The
essence of the waste package-strategy lies in an iterative process of
performance allocation, performance assessment, and testing to determine if
the goals are met. If not, changes are made in design, materials, models,
etc., and the process is repeated until the design objectives are met with
reasonable assurance. This compliance flow chart was shown in Figure
8.3.4-1. Further details are provided in Section 8.3.4. The system elements
relied upon to achieve substantially complete containment and to support
demonstration of that achievement are

1. The postemplacement environment of the waste package, as altered by
the engineered aspects of waste emplacement.

2. The waste package container and its properties under those
environmental conditions.
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3. The waste form and its properties under those environmental
conditions.

This section describes (1) the performance allocation to performance
measures for meeting the design objectives of this issue, (2) the performance

parameters and their goals, and (3) the model input parameters needed for the

assessments.

Figure .3.5.9-2 shows the performance' allocation strategy for the

reference containment case. The performance measures and goals are shown in
Table 8.3.5.9-1. Some of the elements in the figure are performance param-
eters to support the performance measures; the performance parameters are

presented in tabular form and defined later. The concept of the reference
case is first described, and then an alternative containment case is
described. The discussion continues with treatment of the performance
measures and goals for the reference case. -

The reference case' means the reference performance allocation and

design concept, and a set of assumptions'on the natural environment, which
are expected to be bounding assumptions. In setting the reference case
performance goals, allowance was made for the uncertainties in the site and

materials properties data. Future data gathering and analysis may indicate
that a reallocation of performance within the reference design is necessary.

To provide for more unexpected results during site characterization and

materials testing, an alternative case is provided for. The provision is for

an alternative container design that could be substituted for the'reference
container to meet the same performance goals as allocated in the reference
case. The alternative consists of-a metal outer container with'a ceramic
liner. This alternative covers the conditions where the water chemistry
proves to be such that it is difficult to demonstrate that localized
corrosion of the metal would not be a serious problem. It also covers the

control of release of gaseous carbon-14 during the controlled release period,

in the case where the waste form cannot provide the allocated control. This

is because the ceramic would provide a close to zero porosity medium that

would restrict access of air to the waste form.

The-performance measures and their goals for the reference case shown in

Figure 8.3.5.9-2 and Table 8.3.5.9-1 are first discussed in sequence. Then
the strategy for meeting each of the three design objectives with subsets of

the performance measures is indicated. Three time periods within the con-
tainment p'eriod, which extends up to 1,000 yr afte' repository closure, are

used in the strategy, because of the time-varying composition of the

radioactive waste inventory and conditions in the near-field engineered
environment. -The performance parameters for each performance measure are

identified. The performance parameter goals for the environment and waste

form performance are selected as appropriate to the three time periods. With
the time-phased description of the container performance measure goals and
the environment and waste form performance parameter goals, it is then
possible to discuss why the time periods were selected and how the allocated
performances are sufficient to satisfy the design objectives.
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ISSUE 1.4

WILL THE WASTE PACKAGE MEET THE PERFORMANCE
OBJECTIVE FOR CONTAINMENT AS REQUIRED BY

10 CFR 60.1137

OBJECTIVE: SHOW THAT FOR THE FIRST 1000 YEARS AFTER CLOSURE
11<1000 YEARSI. S0X OF THE WASTE PACKAGES WILL RETAIN ALL

THEIR RADIOACTIVITY. )99% OF THE RADIOACTIVITY WILL BE RETAINED
WITHIN THE SET OF WASTE PACKAGES. AND ANY RELEASE FROM THE

WASTE PACKAGES WILL BE GRADUAL SUCH THAT RELEASES FRQM
THE E511 x 10- PER YEAR OF REPOSITORY INVENTORY

REFERENCE CASE

i. I , 4
WASTE FORM

RAPID RELEASE FRACTION OF C-14(001

FRACTION OF GAP/GRAIN BOUNDARY
RADIONUCLIDES AVAILABLE FOR RAPID
RELEASE FROM UNOXIOIZEO FUEL <0.02
AND OXIDIZED FUEL ei.0

RELEASE2xIO5- PER YEAR OF
ACTINIDE INVENTORY IN FAILED
CONTAINERS

FRACTIONAL RELEASE OF ALL
OTHER MATRIX RADIONUCLIDES
<2x10'4 PER YEAR OF
INVENTORY IN FAILED
CONTAINERS

FOR tGO it.

FRACTION OF CLADDING FAILED
IN FAILED CONTAINERS (0.02

FRACTIONAL RELEASE OF SOLUBLE
SPECIES <2x10 4 PER yr OF
INVENTORY IN FAILED CONTAINERS

FOR 000tS300 yt,

FRACTION OF CLADDING FAILED
(0.1 OVERALL. <0.04 FAILED
WHILE DRY

FRACTIONAL RELEASE OF SOLUBLE
SPECIES <4XIO- PER Yr OF
INVENTORY IN FAILED CONTAINERS

FOR 3000111000 Vt.

ALL CLADDING FAILED.
<0.04 FAILED WHILE DRY

FRACTIONAL RELEASE OF SOLUBLE
SPECIES <6x10 PER IF OF
INVENTORY IN FAILED CONTAINERS

ENGINEERED ENVIRONMENT

WATER CHEMISTRY ACCEPTABLE FOR
CONTAINER AND WASTE FORM
PERFORMANCE

FRACTION OF SOREHOLES WITH WALL
TEMPERATURE FALLING BELOW
BOILING POINT 0.01 PER YEAR

FOR 300 yr.

NO LIQUID WATER CONTACTING
CONTAINER FOR 90% OF
PACKAGES. 5 LITERS PER
PACKAGE PER YEAR FOR
REMAINING 10X

FOR 3000101000 yr.

< 5 LITERS PER PACKAGE PER
YEAR FOR 90% OF PACKAGES.
<20 LITERS PER PACKAGE PER
YEAR FOR REMAINING 10X

METALLIC CONTAINER

FOR t1300 It.

FRACTION OF CONTAINERS FAILED
£0.05

FOR 300(<11000 yr.
FRACTION OF CONTAINERS FAILED
10.2

6359-2/12-7-87lVU

0 

~0-

t * NUMBER OF YEARS AFTER REPOSITORY CLOSURE
EBS * ENGINEERED BARRIER SYSTEM

Figure 6.3.5.9:2. Performance allocation strategy for the reference case for Issue 1.4 (containment with waste package).

(( c



CONSULTATION DRAFT

Table 8.3.5.0-1. Performance measures and goals for Issue 1.4 (containment
by waste package)

System Performance Tentative Needed
element measure goal a- confidence

Engineered
environ-
ment

Quantity of liquid
water that can
contact the
container

For t <300:
No liquid water contact-
ing the container for
90% of packages, <5 L
per package per year for
the remaining 10% as their
emplacement holes cool
below the boiling point

High

and

<1.0%/yr of the total
number of emplacement
hole walls will fall
below the boiling point

For 300 < t < 1000:
<5 L per package per
year for 90% of the
packages and <20 L per
package per year for the
remaining 10% as their
emplacement holes cool
below the boiling point

and

High

High

Quality of liquid
water that can
contact the
container

<1.0%/yr of the total
number of emplacement
hole walls will fall
below the boiling
point -

t High

Constrain water chemistry
to acceptable levels
for performance of
container and waste form

High
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Table 8.3.5.9-1. Performance measures and goals for Issue 1.4 (containment
by waste package) (continued)

System Performance Tentative Needed
element measure goala confidence

Container Fraction of For t <300: High
containers that <0.05
have failed

For 300 < t < 1000: High
<0.20

Waste form Release rate of For t < 300-ir: High
radionuclides from <2.0 x 10 per yr of
the ensemble of the total curie
breached packages inventory of the

ensemble of
breached packages

For 300 < t 1000: High
<5.0 X 10 per yr of
the total curie
inventory of the
ensemble of
breached packages

a~~~~~~~~~~~~~~~~~~~~~~
at = years after repository closure.
bFailure is defined as a breach allowing air flow of 1 x 10 atm-ca3 /s.

Performance allocation

Performance is allocated to the engineered environment to provide a
situation favorable to the performance of both the container and the waste
form. The in situ conditions provide a host rock only partially saturated
with water and at atmospheric pressure, and a very low downward flux of
water. The thermal field developed by the waste package thermal loading and
the repository emplacement configuration will raise the temperature of the
near-field rock above the boiling point, drying it out, and retarding the
return of liquid water. Because of this combination of natural and
engineered features, performance goals are set for the amount of liquid water
per yr that can contact the container, for the rate at which conditions
permitting liquid water to contact packages is established, and for the
chemical quality of the water. After cooling below the boiling point, most
waste packages are not expected to be exposed to liquid water because of the
limited water flux available in the host rock, the heat generation from the
packages, and the air gap over most of the interface between the packages and
the host rock. To provide a bounding assumption to control performance
allocation to other system elements, bounding values of 5 L of water per
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package per year contacting 10 percent of the packages during the first
300 y after closure, and 5 L of water per package per yr contacting 90
percent of the waste packages and 20 L water per year for the remaining
packages, for the period from 300 to 1,000 yr after closure is assumed. This
goal is consistent with that set in Issue 1.10 (Section 8.3.4.2), where the

basis for selecting the goal and the performance parameters and model inputs

that will be used to achieve this goal are discussed in more detail. A
characterization goal is set for the mode of water flow into the borehole, to

ensure that processes connected with fracture flow and concentration of the
salts carried in low concentrations by the ground water do not upset the
simple bounding process we have described.

Performance is allocated to the waste package container to meet the
first design objective and to aid in meeting the second and third design
objectives. The major performance goal is less than 20 percent failures up
to 1,000 yr after closure, where failure is defined as a breach large enough
to allow significant air flow (1 x 10 atm-cm /s) into the container. This
is to meet the first design objective. The second performance goal for the
container is to have less than 5 percent failures up to 300 yr after closure.
This is to apply to containers in contact with liquid water as well as those
not in contact with liquid water, to aid in meeting the third design objec-
tive of limited radioactivity release rate during the containment period.

Performance is allocated to the waste form, including the cladding of

spent fuel, to aid in meeting the second and third design objectives of
retaining radioactivity inside the aste packages and limiting radioactivity
release rate from the engineered barrier system. Glass waste forms can
release radionuclides only through alteration and transport by liquid water.
The glass-waste form, when exposed in failed packages, is allocated perform-
ance limiting the rate of release from the failed package; this rate is less
stringent than the performance goal set (in Issue 1.5) for the controlled
release period and is expected to be achieved.

Spent fuel has several potential modes of waste release; hence,
performance parameter goals have to be set to limit the fractions of the
total radioactivity available for these release modes to meet the waste form
performance goal. The performance allocations change over time since the
proportions of different radionuclides in the total inventory change over
time. The fuel cladding is also allocated performance for several purposes.
During the first 100 yr after closure, when there is still a significant
amount of Kr-85 gas in the spent fuel, the intact cladding can help contain
this nuclide. During the first 300 yr after closure, the fraction of intact
cladding under liquid exposure conditions can help limit the release rate of
Cs-137 and Sr-90, the major components of the radioactivity inventory during
that period. For time periods when the fuel is still hot enough to oxidize
appreciably if exposed to air (this temperature range is well above the
boiling point of water), the intact cladding can prevent exposure of the fuel
matrix to air. The performance assigned to the cladding while still dry is
improved by the absence of liquid-based corrosion modes.

The reasons why. these performance measures and-their goal values were
selected can be clarified by examining-the strategy for each of the three

design objectives set to satisfy the substantially complete containment
requirement of this issue.
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The first design objective, limitation of the fraction of failed
containers, relies on performance assigned to the containers and to the
engineered environment. The environment performance goals relied on are the
water chemistry and the limited fracture flow processes.

The second design objective, ensuring a substantial retention of radio-
activity inside the waste packages, will be met if the waste packages meet
the third design objective. For performance allocation and design purposes,
the NNWSI Project takes the surface of the waste emplacement boreholes to be
the boundary of the engineered barrier systgm. At a release rate under the
third design objective of less than 1 x 10 per yr, the fraction of radio-
activity retained inside the waste packages during the 1,000 yr will be
greater than 0.99, provided the average half-lives of the radionuclides
released do not exceed the average waste package inventory half lives. In
fact, the radionuclides that may be released in part during the containment
period are predominantly those with relatively short half lives, in parti-
cular Kr-85, Cs-137, and Sr-90.

The third design objective, limiting the rate of radioactivity release
from the engineered barrier system, relies on performance allocated to the
engineered environment, the waste package container, and the waste form. The
performance allocation differs for three time periods during the 1,000-yr
containment period as the proportions of radionuclides of different types
change, the environmental conditions change, and the container and fuel
cladding are exposed for longer times to potential failure modes. The
specific performance allocations for the three time periods are discussed in
detail below.

The bounding values for many of the parameters discussed in this and the
following sections are not expected to occur. Insufficient information is
available to select more realistic values at this time, but it is expected
that data gathered during the site characterization program and by the
testing programs on performance of waste forms and container materials will
provide the basis for determining the bounds for anticipated processes and
events.

Rationale for division of the containment period into segments

As noted in the preceding sections, the 1,000-yr containment period will
be one of continuously changing environmental conditions and rapidly changing
radionuclide inventory. One of the most significant environmental aspects of
this period will be an early high temperature peak during the first 100 yr
after emplacement of the waste, followed by a much more gradual decline in
temperature. The types and quantities of radionuclides that contribute to
the total radioactivity also undergo major changes during this period, with
early times dominated b relatively short-lived fission products and the late
times dominated by long-lived actinides' Because the environmental condi-
tions play a large role in determining the performance of the various compo-
nents of the waste package, and the changing makeup of the radionuclide
inventory imposes different demands on the containment barriers as a function
of time, the containment period has been divided into three subperiods: 0 to
100-yr postclosure; 100- to 300-yr postclosure; and 300- to 1,000-yr post-
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closure. The rationale for selecting these divisions and the performance
allocated to key system elements during each subperiod is discussed below.
This is followed in subsequent sections by more detailed discussions of the
performance allocated to each system element and the justification for the
goals set for these allocations.

The reference performance allocation case given in Table 8.3.5.9-1 and
Figure 8.3.5.9-2 uses bounding conditions based on the present understanding
of the repository emplacement environment, the expected performance of the
waste forms in that environment, and the data available on the performance of
metals in similar environments. In setting the performance goals, allowance
has been made for the uncertainties in the site and materials properties data.

0- to 100-yr postclosure. During this time period, the waste packages
and near-field rock will experience the highest temperatures achieved during
the postclosure period. The temperature of the borehole wall is expected to
be well in excess of the boiling point of water for a large majority of
packages. The effect of this thermal pulse on the environment will be to dry
out the surrounding rock and thus preclude the possibility of liquid water
contacting the majority of the waste packages. In the absence of liquid
water, there are few credible mechanisms for producing failure of the
containers and no mechanisms for the release of radionuclides other than
those that can exist in a gas phase.

The thermal pulse is a direct result of the high radioactivity of the
waste during this period. The dominant contribution to the total radio-
activity comes from the nuclides Cs-137, Sr-90, and their very short-lived-
daughter products, Ba-137M and Y-90. These four nuclides alone account for
about 85 percent of the total activity at the start of this period, declining
to about 50 percent of the total by 100 yr after closure. Cs and, to a
lesser extent, Sr can migrate during reactor operation to grain boundaries
and the pellet-cladding gap in the fuel where they are readily accessible for
release when contacted by water. It is expected that less than 2 percent of
the inventory of these readily soluble gap and grain boundary'-elements will
be in this form in unoxidized fuel.

The fuel.in pins with failed cladding within failed containers will be
contacted by oxygen in the repository air. Because of the high temperatures
expected during this period, such conditions may result in the oxidation of
the U fuel to higher oxidation states. This has two effects: (1) to
increase the fraction of gap and grain boundary elements (i.e., Cs and Sr)
that is available for rapid release in water and (2) to allow all of the
Kr-85 inventory in such oxidized fuel to be released rapidly as a gas. Fuel
that might oxidize in the first 100 yr but does not contact water is assumed
to have its entire inventory of gap and grain boundary elements available for
rapid release at some later time. The conditions under which the gap and
grain boundary elements can be released (conditions under-which liquid water
can enter a waste package, contact the waste form, and then exit) and the
conditions under which the fuel can oxidize are mutually exclusive; if
liquid water can contact the waste form, it will be too cold to oxidize the
fuel significantly. Nevertheless, oxidation of the fuel early in the history
of the repository will affect the performance of the spent fuel waste form at
later times by increasing the size of the gap and grain boundary inventory of
readily soluble elements like Cs, I, and Tc.
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In addition, during this period, there are significant quantities of the
radionuclides Kr-85 and -3 (approximately 300 and 40 parts in 100,000 of the
total inventory, respectively) present in the spent fuel waste form. In
unoxidized spent fuel, about I to 2 percent of the Kr-85 may be present in
the pellet-cladding gap as a gas and is available for immediate release
without the mediation of liquid water. -3 is thought to be fixed by the
cladding and is unavailable for rapid gaseous release.

The requirements driving the performance goals set for the first 100 yr
after closure are as follows:

1. Limit the quantity of fuel that can oxidize during this period to
2 percent of the total inventory of the failed containers.

2. Control the annual release of Cs-137, Sr-90, and their daughter
products (as5well as other gap and grain boundary elements) to less
than 1 x 10 per yr of their own total inventory.

3. Control the annual rlease of gaseous radionuclides (e.g., Kr-85)
to less than 1 x 10 per yr of their own total inventory.

The first requirement is met by the number of allowed cladding failures
(less than 2 percent).

The second of these requirements is met by the combination of the goals
for allowed container failures ( percent), limited water availability (less
than 10 percent of the packages being wet), number of cladding failures, and
the total number of packages allowed to be initially contacted by liquid
water in a single yr (less than 1 percent per yr; i.e., it takes at least 10
yr for the progressive wetting of the 10 percent of the packages). The need
to control the release of the remaining fraction of these elements that is in
the UO matrix rather than in the rapidly released gap and grain boundary
inventory requires that an additional gotl for the fractional release rate
for elements in the matrix be set at 10 per yr.

The final requirement is met by a combination of the allowed number of
container failures, allowed number of cladding failures, limited quantity of
Kr-85 available for rapid release from unoxidized fuel (less than 2 percent),
and the first requirement to limit the amount of fuel that can oxidize.

From the foregoing, it can be seen that the container and the cladding
are important both in limiting radionuclide releases and in preventing
oxidation of the fuel during this period.

100- to 300-yr postclosure. The environmental conditions in the period
100 to 300 yr after closure are expected to be characterized by borehole
temperatures considerably lower than in the first 100 yr, though still well
in excess of the boiling temperature of liquid water for most of the
packages. As in the first 100 yr, this will preclude the possibility of
liquid water contacting the majority of the waste packages.

By 100 yr after closure, the inventory of Kr-85 will have decayed to an
insignificant level and the inventory of gap and grain boundary radionuclides

8.3.5.9-12



CONSULTATION DRAFT

will have decayed to-50 percent of the total activity. By.300 yr, these ele-
ments will contribute less than 5 percent to the total radioactivity. The
percentage of the inventory accounted for-by the actinides rises from approx-
imately 50 percent at year 100 to more than 95 percent at year 300, with
approximately 90 percent of the total activity due to isotopes of Am and Pu
alone..

As in the first 100 yr, fuel exposed to the repository air has the
potential to oxidize and redistribute radionuclides to locations where they
are readily accessible for rapid release upon contact.with-water. Though the
oxidation would proceed more slowly because of the lower temperatures, fuel
exposed to air during this period may oxidize on a time scale of tens to
hundreds of.years. Thus, the cladding and containers must continue to
protect the majority of the fuel from oxidation to avoid increasing the
fraction of gap and grain boundary elements available for rapid release.

Because of the rapidly changing radionuclide inventory-during this
period, the requirements of containment are different at the start of the
period than those at the end. The requirements driving.the performance goals
set for this period can be summarized as follows:

1. Limit the quantity of fuel that can oxidize to less than 4 percent
of the total inventory in the failed containers.

.2. Limit the annual release of gap and grain boundary elements early
in this period to-less than 2 x 10 per yr of their own total
inventory.

3. Limit the annual rel ase of actinides, specifically Pu and Am, to
less than 1.3 x 10 pef yr.of their own total inventory
(equivalent-to 2.5 x 10- per yr of their inventory in-failed
containers).

The first requirement is met by the number of cladding failures allowed
to occur while.the fuel is dry and therefore hot enough to oxidize
significantlyl(less.than 4 percent).

The second requirement is met by the cmbination of.the.goals for
allowed container failures, limited quantity of water (less.than 10 percent
of the packages being wet), number of.total cladding failures (less than 10.
percent), and the-total number of packages that are initially contacted by
liquid water in a single year (less than 1 percent). Note that overall, a
goal of 10 percent failed cladding is set but only 4 percent of..the cladding
is allowed to fail while dry.' This reflects the fact that once the waste has
cooled sufficiently to allow liquid water to contact it, the cladding has
fulfilled its primary function of preventing oxidation of the UO . Since the
inventory of gap-and grain.boundary elements decay's to.a.minor f4 action of
the total.inventory during this period, the cladding is not as important in
controlling the rapid release of these elements as it is in the first 100 yr
after closure. .

As in the first 100 yr, the release of the fraction of gap and grain
boundary elements that are actually in the UO2 matrix is controlled by, the
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goal of a fractional release rate of lO 3 per yr in addition to the goals for
container failure, cladding failure, and water 'availability.

The third requirement, control of the release of actinides, is met by
the combination of goals for allowed container failures, the limited quantity
of water, and the low solubility of these elements is ground water of the
expected composition.

300- to 1,000-yr postclosure. The environmental conditions during the
years 300 through 1,000 after closure are expected to be characterized by
slow cooling of the repository. A substantial fraction of the waste packages
are expected to remain above the boiling point of water throughout this
period. Though the expected conditions are that no liquid water will contact
any of the waste packages, a goal is set that allows a limited quantity of
water (less than 5 L per package per yr for 90 percent of the packages and
less than 20 L per package per yr for the remaining 10 percent) to contact
all the packages in the repository in a time-distributed manner.

The radionuclide inventory of the waste at 300 yr after closure is
dominated by the actinides, which account for about 95 percent of the total
radioactivity. At 1,000 yr after closure, the total inventory is one-half
that at 300 yr. The contribution of Am and Pu isotopes to the total rises
from about 93 percent at 300 yr to about 97 percent at 1,000 yr. By 300 yr
after closure, the makeup of the gap and grain boundary inventory has changed
significantly from earlier times; the contribution of Tc-99 to the fraction
available for rapid release is comparable to that of Cs and Sr at 300 yr, and
becomes the dominant radioactivity in this fraction by 1,000 yr at which time
it comprises about 750 parts in 100,000 of the total inventory.

Fuel temperatures are'expected to'drop to values at which oxidation of
UO proceeds quite slowly. Nevertheless, significant oxidation may occur in
full that experiences cladding failure at temperatures well above the boiling
point of water during this 700-yr period.

Though its contribution to the total radioactivity in spent fuel is only
40 to 80 parts in 100,000 of the total inventory, control of the release of
C-14 becomes a minor concern during this period. Unlike the other radionuc-
lides present in significapt quantity between 300 and 1,000 yr after closure,
C-14 can be released as a CO gas without requiring liquid water to contact
the waste. The'available data2, however, indicate that less than 'percent of
the C-14 inventory is readily available for rapid release in this manner.

The requirements driving the performance goal set for this period can
summarized as follows:

1. Limit the annual elease of actinides, particularly Am and Pu, to
less than 5 10 per yr of their own total inventory (equivalent
to 2.5 x 10 per yr of their inventory in failed containers).,

2. Limit the annual release of gap and grain boundary elements (e.g.,
To) to less than 1.2 x 10 per yr of their own total inventory.

3.. Limit the annual release of C-14 as loCO to less than 2 10- of
the total C-14 inventory. 2
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4. Limit the amount of oxidized fuel to less than 4 percent of the
total amount of fuel.

The first requirement is met by a combination of the goal for container
failure (less than 20 percent), the goal for the quantity of water that is
allowed to contact a waste package (less than L per yr), and the low
solubility of these elements in ground water of the expected composition.

The second requirement is met by a combination of the goal for container
failure, the goal for the fraction of these elements available for rapid
release from unoxidized fuel, the number of packages initially contacted by
liquid water, and the limit on the amount of oxidized fuel given in the
fourth requirement. Release of the fraction of these elements not located in
the pellet-cladding Eap or on grain boundaries is controlled by the goal of a
greater than 1 x 10 per yr fractional release rate for the gap and grain
boundary elements that are located in the U02 matrix.

The third requirement is met by the combined goals-for container failure
and the quantity of C-14 that is available for rapid gaseous release.

The final requirement is met, as in previous time periods, by the goal
for the fraction of cladding that is allowed-to fail at high temperature
(dry).

Performance parameter goals for the containment period

The following sections present more details on the performance allocated
to each system element and the justification for the goals set for these
allocations.- In instances where the supporting information or activities for
an allocation are drawn from another issue, that information is not repeated
here. Instead, a brief summary of that material is given together with a-
reference to the appropriate section of the SCP.

Performance parameters goals for the engineered environment

As indicated in Table 8.3.5.9-1, performance measures and goals are set
for both the quantity and quality of water than can contact a waste package
during the containment period. Performance parameters and goals for water
quality are given in Table 8.3.5.9-2.

The quantity of water that contacts a waste package will affect the
degradation rates of both the container and the spent fuel cladding. In
addition, with the exception of Kr-85 and C-14, significant release of
radionuclides from a package requires the mediation of liquid water. The
expected case under anticipated conditions is that no liquid water will
contact the waste packages during the entire containment period and beyond.
Nevertheless, the goal for the quantity of water that can contact a waste
package is set to be none for 90 percent of the packages and less than 5 L
per package per yr for the remaining 10 percent of the packages during the
first 300 yr after closure. The corresponding goal for years 300 to 1,00
after closure is less than 5 L per package per yr for 90 percent of the
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Table 8.3.5.9-2. Parameters and goals developed through performance allocation for Issue 1.4
(containment within waste package) (page 1 of 3)

System Performance Parameter Current Needed
element measure .Parameter goal confidence confidence

-Container Failure rate Material composition. 98% of closed waste
packages conform to
Project material
specifications

Medium High

Material microstruc-
ture

Residual state of
stress

All corrosion and
mechanical mecha-
nisms

Oxidation and uniform
corrosion

Inclusions, void
spaces, and phase
and grain boundary
segregations less
than specified
levels

Highest tensile stress
not at external
surface

Less than 0.001ta con-
tainer breaches dur-
ing the first 50 yr
after closure

No more than 90% of
container thickness
removed over the
first 10,000-yr
post closure

Medium High

'I

Low Medium

Medium

Medium

High

High

C C.
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Table 8.3.5.9-2.. Parameters and goals developed through performance allocation for Issue 1.4
(containment within waste package) (page 2 of 3)

System Performance Parameter Current Needed
element measure Parameter goal confidence confidence

Container
(continued)

Failure rate
(continued)

Localized corrosion

I . , . .- , -* .I

Less than 1% of con-
tainers to breach due
to localized corro-
sion in the first
300-yr after closure

Less than 5 of con-
tainers'to breach due
to localized corro-
sion in the first
1,000-yr after
closure

Medium High

Medium High

a
0

ie

3Failure by stress-
assisted corrosion

Less than 2% of con-
tainers to breach
due to stress corro-
sion in the first
300-yr after closure

Low High

, .

,1 . .. I
.. . ! s . . I ..

..

Less than 10% of con-
tainers to-breach
due to stress corro-
sion in the first
1,000-yr after closure

Low High

-
I - . - , 
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Table 8.3.5.0-2. Parameters and goals developed through performance allocation for Issue 1.4
(containment within waste package) (page 3 of 3)

System Performance Parameter Current Needed
element measure Parameter goal confidence confidence

Container Failure rate Failure due to Less than 1% of con- Medium High
(continued) (continued) mechanical causes tainers to breach

due to mechanical
causes in the first
300-yr after closure

Less than 3% of con- Medium High
tainers to breach
due to mechanical
causes in the first
1,000-yr after closure I

;

. .

.

at = number of years since reporting closure.

.- ¾ 
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packages and less than 20 L per package per yr for the remaining 10 percent.
These goals parallel those set in Issue 1.10, waste package characteristics.
(postclosure) (Section 8.3.4.2), where the basis for selecting the goal and
the parameters and models that will be used to demonstrate that the goal has
been met are discussed in more detail.

In addition to goals for the total quantity of water that can contact-
the waste packages, goals have been set for the rate at which the ensemble of
packages are initially contacted by liquid water. As stated in Table
8.3.5.9-1, the goal for this process is to allow no more than 1 percent of
all the emplacement hole walls in the repository to fall below the boiling
temperature of water in a single yr, subject to the restrictions on the total
number of packages allowed.to be contacted by water at a given time. This
goal is selected in order to spread out in time the potential release of the
readily soluble, gap and grain boundary radionuclides, which, if released in
a single yr, would violate the radionuclide release control design objective
for the containment period.. The assumption that release of'radioactivity
from a failed container via aqueous transport could occur as soon as the
package falls below the boiling point is extremely conservative. This
assumption does not consider the fact that though the borehole wall might be
below the boiling point, the container.and the waste within the container
might not necessarily be below the boiling point. Thus, even though liquid
water ight exist at the borehole wall, it is not necessarily available to
contact or enter the container. In addition, any water that enters the
container might be vaporized and would not be available' for liquid transport
of radioactivity. Further, once the temperature of the waste falls below the
boiling point,:it might take a considerable amount of time for water to
accumulate-within a container to the level of the breach.

The chemistry of the water that can contact either the container or the
waste can have a large effect on the performance of these materials. For
instance, as is discussed.in-a later section, the corrosion behavior of the
stainless-steel alloys under consideration is sensitive to the chloride
content of the water with -which it comes in contact. Thus, goals are set for
the composition of the water contacting the waste packages so that the water
will be similar to that currently thought to exist within the-undisturbed
environment in the unsaturated Topopah Spring tuff at Yucca Mountain. The
detailed constraints are given in Table 8.3.5.9-2, and the characterization
goals for.water chemistry to be.achieved during site characterization are
given in Issue .lO (Section 8.3.4.2). Section 8.3.4.2 also provides the -

rationale for the.selection-of the goals listed in Table 8.3.5.9-2. The
tests and analyses to provide.for the characterization of the water will-be
done under Characterization Program 8.3.1.3 (geochemistry) and Design Issue
1.10 (Section 8.3.4.2) and are not repeated here. - -

The method by which-water-is delivered to a waste -package-can affect
both the corrosion-rate and -mechanism. Water that drips from a fracture onto
a hot container -surface might vapoiate, leaving behind a residue of.salts.-
These salts might accumulate and'be dissolved in a later water flow, -thereby -

creatin4 small volumes of solutions with higher ionic strength than that
given in.Table .3.5.9-2 and discussed in the preceding paragraph. A charac-
terization goal. for- the water flow mechanism has thus been set to determine
whether dripping.of -water from.fractures is likely under -anticipated condi-
tions.. If it is likely, then the fraction of waste packages for which it -
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will occur will be estimated. The activities dealing with this flow
mechanism are described in Issue 1.10 (Section 8.3.4.2.4.3).

Performance parameter goals for the waste forms

As indicated in Table 8.3.5.9-1, a performance measure and goal has been
set for the waste form during the containment period. The performance
parameters and goals for this measure are given in Table 8.3.5.9-3.

The performance measure is based on the design objective of controlling
the release of radionuclides from the ensemble of waste packages during the
containment period to no more than 1 part in 100,000 per yr of the total
radionuclide inventory present in that yr. The goal for the measure is
expressed in terms of the allowed release from the ensemble of failed waste
packages for the periods 0 to 300 yr and 300 to 1,000 yr after closure. The
different numerical goals for these two periods reflect the different goals
of 5 percent and 20 percent failed containers for the pre-300-yr and
post-300-yr periods, respectively.

Because of the difference in behavior of the glass and spent fuel waste
forms, different performance parameters are assigned to them (Table
8.3.5.9-3). Because only one mechanism exists for release from the glass
waste form (aqueous dissolution of the waste glass), only one parameter is
given for the glass waste form: the fraction of the inventory of a glass-
containing waste package in the effluent from such a. package per yr. A 
larger number' of parameters are assigned to the spent fuel waste form because
of the larger number of release modes possible for it. The different release
modes possible for the spent. fuel waste form arise from the- fact that it is a
heterogeneous material, consisting of several radionuclide-bearing components
(cladding,- assembly hardware, fuel, etc.). In addition',-differentiradio-
nuclides may be released from a single component by different mechanisms
(e.g., gaseous release.of Kr-85, rapid release of the gap and grain boundary
inventory and release. via dissolution of the U0 matrix). 'In contrast to--
this, the-glass.waste form is a relatively homogeneous material. It must be
noted that the complexity of the description of the spent fuel waste form
implies neither the superiority nor inferiority of the material'in terms of
the ultimate performance that will be demonstrated.

Glass waste form.- The numerical goals for the glass waste form
performance parameter (Table 8.3.5.9-3) are set so that the glass waste is
allowed to release only its pro rata share of the repository inventory of
radionuclides. The goals differ for the pre-300-yr and post-300-yr time -
periods because of the goal for a smaller number of failed packages in the
first 300 yr after closure.

-The glass performance parameter goal is very similar to the performance
parameter.goal set, for the controlled release period under Issue 1.5. -How-:

ever, the smaller number'of failed: waste packages in the containment period -
allows a.higher concentration.of radionuclides-to be present in the
effluent solution from failed packages-than is permissible in the controlled
release'-period, -when all of the-packages are assumed to -have-f ailed. -In- .
addition) in the- controlled release, period, releases must be controlled orf an )
isotope-specific.basis, rather than on the basis of the total-Cur&--invewntory
as is the case -in the containment period.' -

8.3.5.9-20
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Table 8.3.5.9-3. Waste form performance parameters and goals for Issue 1.4 (containment by waste
package) (page 1 of 3)

Performance Tentative Needed Current Current
Performance measure parameter goals confidence estimated range confidence

GLASS WASTE FORM

Release rate from
the ensemble of
breached packages

Fraction of the radio-
nuclide inventory
in effluent solu-
tion from failed
packages

For t < 3 yr:
<2.0 x 10

per yr

For 300 < t
S 1,000_ Or:

<5.0 x 10
per yr

Nigh

High

<1.0 x 10-4 per yr

<1.0 x 10 5 per yr

Medium

Medium 'a
IRq SPENT FUEL WASTE FORM

Fraction of cladding
failed in failed
containersa

For t 100 yr:
<0.02 failed

For 100 < t
5 300;

<0.10 failed
overall

High

Nigh

0.001 to 0.02

0.001 to 0.10

Medium

Medium

<0.04 failed
while dry

For 300 < t
5 1,000:
No limit on

total

Nigh

NAb

0.001 to 0.10

NA

LOW .

NA
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Table 8.3.5.9-3. Waste form performance parameters and goals for Issue 1.4 (containment by waste
package) (page 2 of 3)

Performance Tentative Needed Current Current
Performance measure parameter goals confidence estimated range confidence

SPENT FUEL WASTE FOUM (continued)

<0.04 failed
while dry High

High

0.001 to 0.10

0.005 to 0.04

LoW

MediumFraction of total
inventory of gap and
grain boundary
elements aailable
for rapid release
from uoxidised
fuelc

<0.02

I
IPraction of C-14

inventory available
for rapid release
as a ga

Solubility of U Pu,
and Am

<0.01 Higb 0.002 to 0.02

< x 10 -' per L

Low

For t 30:
<2 x 10 of a
package inven-
tory of these
elements per L
of water

High Sigh

( C C
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Table 8.3.5. 9-3. Waste form performance parameters and goals for Issue

package) (page 3 of 3).
1.4 (containment by waste

'Performance Tentative Needed Current Current
Performance measure parameter goals confidence estimated range confidence

. .

SPENT FUEL WASTE FORM (continued)
.. . .

.
.

: - Solubility of U. Pu,
. and Am (continued)

. . .. .

.
.

.

. . .
.

. .
. . . .

; , . :
. . .

. . .

. .

.

,

.
.

For 300< t High
1,000

<5 x 106 of a
package inven-
tory of these
elements per L
of water

Fractional release
rate from failed
containers of all
other radionuclides
not in the rapidly
released gap and
grain boundary
inventory

< x 10-6 per L

<10 4 per yr 

<10 5 per yr

High

Medium

Medium

0

IFor 100 < t
5 300:
S2 x 10 4
per yr

For 300 < t
5 1,000: .
<2 x 10

- per yr

High

High

aNumerical definition of cladding failure is to be determined.
bNA = not'applicable-.
Cpraction-of total inventory of gap and grain boundary elements available for rapid release from

oxidized fuel will depend on the degree of oxidation and other fuel conditions. For the purpose of the
performance allocation a conservative value of 1.0 is used.
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The tests, analyses, models, and model inputs that will be used to show
that the goals for the glass waste have been met are the same as those used
to resolve Issue 1.5 and are not repeated here. Detailed discussion of these
items may be found under Issue 1.5 (Section 8.3.5.10).

Spent fuel waste form. Performance parameters are defined and goals set
for several components of the spent fuel waste form in Table 8.3.5.9-3.
Specific performance is assigned to the cladding, the gaseous release
behavior of C-14, the fraction of the inventory of gap and grain boundary
radionuclides available for rapid release, the solubility of actinides, and
the reaction rate of the U02 matrix. Each of these are discussed in the
following paragraphs.

Performance measure for cladding. Performance is assigned to the
cladding in order to limit the oxidation of the U at high temperatures
throughout the containment period, and to control he release of gaseous
Kr-85 during the first 100 yr of the containment period. Cladding is also
assigned performance in order to limit the release of gap and grain boundary
radionuclides in the first 300 yr after closure. Different parameter goals
for the allowed fraction of failed cladding have been set for the three
different time periods of the containment period. A goal of less than 2
percent failed cladding in failed containers is assigned to the first 100 yr
after closure. A small fraction of the cladding will have failed during
reactor service or during storage and handling before emplacement in the
repository. It is expected that less-than 0.5 percent of-the cladding will
fall into this category. The remaining fraction of failed cladding allows
for the-unavoidable uncertainty in the fraction-of as-received failed
cladding and allows for -the occurrence of additional failures after emplace-J
ment. As previously discussed, the majority of the waste ackages-are
expected toIremain dry during the first 100 yr after closure. In the' absence
of liquid water, the only mechanism for causing cladding failure is that of
stress rupture. If the cladding on a fuel rod is to fail by this mechanism
it will most likely do so at early times, when the fuel temperatures are
highest',and-therefore the internal pressure in fuel rod is the highest. The'
available dhata on this failure mechanism suggest that it will not be an
important: factor in limiting the life of cladding provided the design goals
on peak cladding temperature are met (Section 7.2.1.3.3). Hydride reorienta-
tion in the cladding has the potential for reducing cladding strength and
thus decreasing its ability to resist stress rupture; however, data on the
extent to which this process occurs imply that it will not be a significant
factor in.-causing cladding failure in the repository. The goal of less than
2 percent cladding failures in the first 100 yr is thus judged to be achiev-
able and demonstrable.

Goals of .a total of less than 10 percent total failed cladding and less
than 4 percent dryl cladding failures (in failed containers) are' set for the'
period 100 o.300 yr after closure. A distinction is made between 'dry" and
'wet' cladding for two reasons: (1) once the fuel has cooled below the
boiling point of water, it will no longer oxidize at a rate sufficient to
degrade -its performance significantly, and the cladding has therafore ful-
filled its primary purpose; (2) once the cladding comes in contact with
liquid water, additional mechanisms for failure, such as stress corrosion
cracking, become possible. The limit on 4 percent dry cladding failures in
failed containers limits the amount of oxidized fuel, a limit that is
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necessary to ensure the performance of.the fuel at later times. Since few
additional cladding failures by stress rupture are expected to occur after
the temperature peak in the first 100 yr after closure (or during the
preclosure period), the goal of 4 percent dry.failures at 300 yr (2 percent'
additional stress rupture failures in the interval 100 to 300 yr) should be
achievable. The limit of 10 percent on the total number of failed fuel rods
at 300 yr was chosen to.help limit the release of gap and grain boundary -
radionuclides during the first 300 yr after closure. The larger allowance
given to the total number of failures versus dry failures reflects the pos-
sibility that some of-the cladding may be contacted by.liquid water during
this period. Note that the packages whose temperatures fall below the
boiling point and have the potential to become wet will be those that have a
low radionuclide inventory, specifically the short-lived fission products
Cs-135, Sr-g0, and their daughter products. Since a primary concern during
this time is to.control the release of these radionuclides, the assumption
that the cladding failures and the inventory.in wet packages are randomly
distributed is a conservative one.

After 300 yr postclosure, no performance requirement is placed on the
cladding; the reference case allows for 100 percent failed cladding, subject
to the constraint that no more than 4 percent-of the cladding is allowed to
have failed when it-is above the boiling point of water. This constraint, as
discussed above, is imposed to ensure that no more than 1 percent of the fuel
in the repository (4 percent cladding failures times 20 percent failed,
containers is 0.8 percent of the total fuel inventory) becomes significantly
oxidized.

The tests, analyses, models,.and model inputs that will be used to
demonstrate.that the goals on cladding failures have been met-are discussed
in detail under Issue 1.5 (Section 8.3.5.10), where they are grouped together
with the other waste form characterization, testing, and modeling activities.
That section also discusses the work planned for characterizing the oxidation
rate'of spent fuel and the effect of oxidation on the release of radionu-
clides. The reader is referred to that section for further information on'
these topics.

Performance measure for gap and grain boundary inventory rapid release.
During reactor operation a fraction of certain volatile fission products that
are not soluble-in the the UO matrix can migrate..to the pellet-cladding gap
or grain boundaries, where thiiy are available for rapid release upon contact
with water. Included in this group are the.elements Cs, I, and.to a lesser
extent, Sr and Tc. As discussed in a preceding section, these nuclides domi-
nate the radioactivity 'inventory of the fuel during the first 200 to 300 yri
after, closure. Control over their release is therefore a primary concern if
the containment design objectives are-to be met. In unoxidized fuel, the
fraction of the.inventory of these radionuclides that is in the gap and grain
boundary (as opposed to remaining within the U matrix) appears to be
approximately equal to the fraction of fission ases released from the fuel
(the fission gas release). It is expected that, on average, the fission gas
release of the fuel emplaced in the repository will be less than 1 to 2 per-
cent; hence, a performance parameter goal has been set that specifies that
less than 2 percent of the inventory of these radionuclides will be available
for rapid release in unoxidized fuel. This goal applies to both solid-and
gaseous radionuclides present in the pellet-cladding gap or on grain
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boundaries. For the purpose of setting goals, it has been assumed that once
the fuel becomes oxidized, the entire inventory of fission gas and gap and
grain boundary elements is available for rapid release. This is a conser-
vative assumption because oxidation of the fuel is not a simple one-step
process. During oxidation, U progresses through several intermediate
phases (U 0 , U 0 , U 0 , then2U ) and it is expected that much of the fuel
will not ePcomelftlly3o idized. it appears that gross redistribution of the
fission products does not occur until the U 0 stage of oxidation is reached;
therefore, only in fuel that is oxidized to3 this stage will the entire inven-
tory of gap and grain boundary elements be available for rapid release.
Demonstration that the goal set for the rapid release fraction of the gap and
grain boundary elements has been achieved will be done under Issue 1.5
(Section 8.3.5.10).

Performance measure for carbon-14 rapid release. Carbon-14 is present
in the spent fuel waste form both in the fuel and on or near the exterior
surfaces of the fuel cl ding and assembly hardware. A fraction of C-14 can
be released rapidly as CO when air contacts the waste form at elevated
temperatures. The presence of liquid water is not necessary for this release
to occur. A goal has been set that would limit the release of C-14 in this
way to less than 1 percent of the inventory of this radionuclide in spent
fuel. The limited data in hand suggest1that less than 0.3 percent of the
C-14 is available for rapid release as C . Demonstration that this goal
has been met will be done under Issue 1.5 (ection 8.3.5.10).

Performance measure for actinide solubility. Goals have been set for
the solubility of the elements Pu, Am, and U. These elements constitute
about 95 percent of the radioactivity in the spent fuel waste form after
300-yr postclosure. The goal1 were chosen to limit the release of these
elements to less than 5 x 10 of the total'spent fuel inventory, which is
half of the dign goal for the containment period, thus leaving an addi-
tional 5 x 10 of the inventory to be released in the form of other radionu-
clides. The numeric values given in Table 8.3.5.9-3 are expressed in terms
of a package inventory per liter of water and take into account both the
goals on water quality and quantity and the number of container failures.
Though the intermediate goal of limiting release of these elements to
5 x 10- of the total inventory remains the same, different numeric values
are given for the time periods before and after 300 yr postclosure. The
difference arises because of the different number of container failures and
amount of liquid water available during these time periods. The concentra-
tions of Am and Pu will be limited to extremely low levels in ground water of
the expected composition by the precipitation of phases containing these
elements and current data indicate that this goal can be achieved. The
tests, analyses, models, and model inputs used to demonstrate that the goal
has been met will be conducted under Issue 1.5 and are not repeated here.
The reader is referred to Section 8.3.5.10 for a detailed discussion on these
topics.

Performance measure for the release of other radionuclides. 'The final
performance parameter for the spent fuel waste form is the fractional release
rate' of all radionuclides that are not accounted for by the other parameters.
This category includes the fraction of gap and grain boundary elements that
are present in the UD matrix, other fission products, activation products
that are 'present in ate fuel, cladding and hardware,' and the other actinides
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and their intermediate decay products. The solution concentration of some of
these elements is expected to be limited by their solubility (e.g., Zr, Sn,
Ni) but a significant portion of the inventory will not be so limited (e.g.,
Tc).. As before, different numerical goals are assigned for the-periods 0 to
300 yr and 300 to 1,000 yr after closure because of the changing goals on
water availability and number of container failures, as well as the changing
composition of the radionuclide inventory.

The release of other radionuclides from the fuel itself will-be-governed
by the reaction rate of the UO matrix and the availability of water. For
those nuclides that are not.liLited by their solubility to solution concen-
trations corresponding to fractional release rates lower than the goals set
for this parameter, it will be demonstrated that their release is controlled
to the specified limits by a combination of the reaction rate-of-the UO and
the limits on the availability of water. 2 

Release of radionuclides other than C-14 from nonfuel components
(cladding and assembly hardware) will be governed by the generalized cor-
rosion rate of the materials involved. As in.the instance of radionuclides
released-from the fuel itself, many of the elements' released from these
sources will be limited by their solubility. Those that are not will-be
shown to have release rates lower than that specified by the parameter goals.

The tests, analyses, models, and model inputs used to demonstrate that
the goal for the release of other radionuclides from the spent fuel waste
form has been met will be conducted under Issue 1.5. The reader is referred
to Section 8.3.5.10 for a detailed discussion of these topics.

Performance parameter goals for the container .

The performance measure allocated to the container in Table 8.3.5.6-1 is
thefraction of containers that have failed. The performance goal is divided
into two time intervals-as follows:

1. For the first 300'yr after repository closure, less -than 5 percent
of the total population of emplaced containers will fail. A failed
container is-defined as one with a deffct sufficiently large to -

sustain..an air flow of x 10 atm-cm /s. (This flow rate is the
: same numerical value as the ASME leak tightness test described in

ASME Section V, Article 10, Appendix IV, 198 Edition). .

2; For the interval from -300 to 1,000 yr after repository closure, less
than 20 percent of the total population of emplaced containers will

- fail. The same definition of a failed container applies in this
time period. ' -

This-performance measure must be further divided-to assign meaningful-
performance parameters and goals for those parameters.- The division is along
two lines: container material type and degradation modes. The-container -

material has not yet -been selected. Materials from two separate alloy. fami-
lies are under consideration. - This is reflected in Figure 8.3.5.Q-1 (model
hierarchy) by the. division of the container degradation model into the
copper-based and austenitic alloy families. The option of a ceramic liner-is
an alternative case and has not been assigned a performance measure. The
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performance parameters are divided into the two alloy families because the
degradation behavior is substantially different between families and substan-
tially similar within families. The performance measure is also divided into
Isubmeasures' by degradation mode because different modes have different
controlling parameters.

Table 8.3.5.9-4 lists the detailed degradation mode submeasures. One or
more performance parameters are identified for each mode. In each case,
these performance parameters were selected because they were regarded as the
key measures for predicting the container degradation. Some failure modes
have more than one parameter identified because a combination of these may be
employed to establish the performance. Performance parameter goals are also
listed. Table 8.3.5.9-5 lists the model inputs for each degradation mode. A
brief explanation of the performance parameters follows. More detailed
discussion of the performance parameters and explanation of the models is
deferred to Information Needs 1.4.1, 1.4.2 and 1.4.3. (Sections 8.3.5.9.1
through 8.3.5.9.3).

In Table 8.3.5.9-4, a tentative goal is established for each performance
parameter; this goal is established on the basis of what chemical, metallur-
gical, physical, or mechanical features of the container or the environment
appear to be the key features in determining performance. The current esti-
mated value, or range of values, is based in some instances on measurements
that have been performed in the NNWSI Project-sponsored work and discussed in
Section 7.4.2. In other instances, the current estimated value is based on
information from the technical literature. In all instances, the values
indicated as performance parameter goals are estimates of points where
discernible differences in performance of the metal container occur. Much of
the work outlined under Information Needs 1.4.1 through 1.4.3 is concerned
with establishing critical' values of environmental, metallurgical, and
mechanical parameters where the degradation behavior of the metal barrier
will change significantly and to relate these critical values to the range of
conditions that will occur in the Yucca Mountain repository. As discussed
under Information Need 1.4.2, six candidate materials in two major alloy
families are currently being evaluated for the container. A material selec-
tion process is outlined in Information Need 1.4.2. Part of the input to the
selection process is determining which degradation modes are the most impor-
tant and how the resistance of each candidate material to these degradation
modes should be weighted in the selection process. A further consideration
is the ability to model the various degradation modes. How accurately the
values of these critical environmental, metallurgical, or mechanical para-
meters can be determined may limit the utility of the models.

Many of the degradation modes have a time factor associated with them,
because certain conditions must exist before the particular degradation mode
can occur. For example, the aqueous corrosion degradation modes require the
presence of an electrolyte on the metal surface. The return of the
unconfined water boiling point isotherm will occur over a span of time so
that there will be a distribution of the initiation of aqueous corrosion
modes. Similarly, the performance parameter goals that -are related to
microstructural features in the metal (e.g., formation of brittle phases,
degree of sensitization) are most often dependent on time-at-temperature to
form the microstructural feature.
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Table 8.3.5.9-4. Performance parameters and goals for containers subdivided by alloy family and
degradation moe (pagej, of 4)

Current
PerforMance Degradation Performance Tentatige Needed estimated Current

measure modes parameter goals confidence range confidence

COPPER BASED ALLOYS

Fraction of con-
tainers that
have failed

Metallurgical and
mechanical effects

Brittle phase
fraction

Phase frac-
tion
<0.01

High Phase frac-
tion
<0.01

Medium

Low temperature
oxidation

General aqueous
corrosion

Hydrogen effects

Reduction in
fracture
toughness

Oxidation rate
(R)

General corro-
sion rate (R)

N content

Oxide inclu-
sion phase
fraction

J(emb)/J
<0.7

Average rate
50.9 d per
10,000 yr

Average rate
<0.9 d per

10,000 yr

[N] <0.1
[R(crit)]

Phase frac-
tion
<0.01

igh

Nigh

high

To be deter-
mined

R 0.03 to
3 pm/yr

R Pi 0.4 to
5 pm/yr

NAd

Medium

a

Medium

NAMedium To be deter-
mined

High. Phase frac-
tion-
<0.01

Medium

Localized attaclI Critical
potential for
initiation.

E(crit) -
E(corr)
>100,mV

Nigh E(crit) -
E(cdrr)
P (100 to
800) my

Low



Table 8.3.5.9-4. Performance parameters and goals for containers subdivided by
degradation modea (page 2 of 4)

alloy family and

Current
Performance Degradation Performance Tentatite. Needed estimated Current

measure modes parameter goals confidence range confidence

Stress corrosion
cracking (SCC)

Critical
potential

Ammonia (N )
concentration

Stress inten-
sity (K)

To be deter-.
mined

E(critSCC) -
1 (corr)
> .100 mYV.

[N ] <2

4m. 

K < K(SCC)

To be deter-
mined

High To be deter-
mined

High

Medium

To,.be
deter-
mined

< det.
i 2 ppm

K (0.1 to
3) K(SCC)

NA -

Low

Medium

Low I

IOther effects NA

I y

'. ? .

'I.

. ' . L 

Metallurgical and
mechanical effects

IC AUSTENITIC ALLOYS.,. .I.

Brittle phase.
fraction

Phase frac-
tion
<0.01

J(enb)/J
<0.7

High Fraction
P 0 to
0.03

Medium

MediumReduction in
fracture
toughness

Hig J(emb)/J
P 0.5 to
1.0

Low temperature
oxidation

. . . .. . ~ 

Oxidation ra
,, (IL)

te Average rate
SO.9 d per

. 10,000 yr

High R 0.02 to
0.1 am/yr

L 1 ; 

High

. . . A:

C (
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Table 8.3.5.9-4. Performance parameters and goals for

degradation modea (page 3 of 4)
containers subdivided by alloy family and

Performance Degradation
measure modes

Performance
parameter

Tentatite
goals

Needed
confidence

Current
estimated

range
Current

confidence

.. I ., 11 . . I I I I 4'-~ .AUSTENITIC ALLOYS (continued)

General aqueous General corro-
corrosion sion rate

(R)

Intergranular attack Degree of sen-
and intergranular sitisation,
stress corrosion R(A) (acti-
cracking (IGSCC) vationeratio

in BPR test)

Stress inten-
sity K

Hydrogen effects B content

Martensite
fraction, M

Localised attack Critical
potential

Average rate
SO.9 d per
10,000 yr

R(A) <5%

K < K(ICSCC)

High

High

R Pi 0.04 to
0.3 pm/yr

R(A) 0 to
20%

Medium

Medium

It
IMedium K (0.1 to

3) K(ICSCC)

Medium To be deter-
mined

Low

[0] <0. I
[U(crit)]

U <0.01 by
volume

E(crit) -
E(corr)
>100 y

High

High

Y <0.01 by
volume

R(crit) -
E(corr)

" (O to
900) mV

NA

Medium

Low
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Table 8.3.5.9-4. Performance parameters and goals for containers subdivided by
degradation modea (page 4 of 4)

alloy family and

Current
Performance Degradation Performance Tentatige 'Needed estimated Current

measure modes. parameter goals confidence range confidence

Chloride ion [Ce] <100 High (CL] Medium
content ppm . to 150

pp.

Transgranular stress Critical poten- B(critTCSCC) High To be deter- NA
corrosion cracking tial - B(corr) mined
(TCSCC) > 100 WV

Chloride ion [Ce] <50 High [Cl- A 5 to Medium
content ppm 150 ppm

Stress K < K(TCSCC) Medium K F (O.I to Low
- . intensity 3) K(TCSCC)

Other effects To be To be To be NA NA
determined determined deter-

mined

aSee text discussion for explanations of degradation modes. Section 8.3.5.9.3 contains additional
material explaining some of the interactions between the chemical, physical,-metallurgical, or mechanical
properties.

"Parameters not defined in table are as follows: J(emb) impact strength of the embrittled material;
J =noral mpact strength';' d= container wall thickness, I cm < d < 3 cm; (crit) = critical hydrogen;
B(crit) = critical potential; B(corr) = corrosion potential; K = stress intensity factor; K(SCC) =
critical value of K at which stress corrosion cracking takes place; K(ICSCC) = critical value of K at
which intergranular stress corrosion cracking takes place; (critTGSCC) = critical potential with respect
to transgranular stress corrosion; K(TCSCC) _ critical value of K at which trans ranular stress corrosion
cracking takes place.

CNA'- not applicable;
det. = detection limit.
e PH= electrochemical potentiokinetic reactivation

a
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Table 8.3.5.9-5. Container degradation model inputs,

Needed
Model M I odel inputs ., confidence SCP section

COPPER-BASED ALLOY FAILURE MODELS

Metallurgical
aging and phase
stability

Low temperature
oxidation

General aqueous

Temperature-time projections
Quantity of phase segregation
Mechanical properties of the

segregation products
Electrochemical differences

between segregation
products and base metal

Strain in the container body.
-material and in the heat
affected zone around the
closure

Residual stress

Oxidation rate
Temperature
Radiation field intensity
Identification and quantity

of radiolysis products

General corrosion rate
Composition of water
Composition of corrosion-

product layers
Identification and quantity

of radiolysis products

Hydrogen production rate by .
radiolysis and corrosion

Hydrogen recombination rate
Rate of hydrogen entry into

the alloy
Concentration of hydrogen in

the alloy
Phase structure of the alloy
Mechanical property changes

from hydrogen degradation

High
High
Medium

Medium

8.3.5.9.1.1
8.3.5.9.1.1
8.3.5.9.1.1

8.3.5.9.1.1

Medium 8.3.5.9.1.1

Medium

H High
High
High

Medium

High
High

Medium

Medium

8.3.5.9.1.1

8.3.5.9.1.2
8.3.5.9.1.2
8.3.5.9.1.2
8.3.5.9.1.2

8.3.5.9.1.3
8.3.5.9.1.3
8.3.5.9.1.3

8.3.5.9. 1.3

Hydrogen entry and
embrittlement

Medium

Medium
Medium

High

High
High

8.3.5.9.1.4

8.3.5.9.1.4
8.3.5.9.1.4

8.3.5.9.1.4

8.3.5.9.1.4
8.3.5.9.1.4

Pitting, crevice, -
.and other local-

ized attacks

Critical concentration of
, ions known to favor. these-

modes of attack .
Temperature
Solution pH

IHigh

High
High

8.3.5.9.1.5

8.3.5.9.1.5
8.3.5.9.1.5
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Table 8.3.5.9-5. Container degradation model'inputs-(continued)

Needed
Model Model inputs confidence SCP section

Pitting, crevice, Metal microstructure
and other local- Corrosion potential
ized attacks Pitting (and other critical)
(continued) - potentials)

Stress corrosion Concentration of ammonia
cracking '(and other species) known

to favor stress corrosion
cracking'

Temperature
Stress (and stress
cracking

Alloy segrations
Corrosion potential
Critical potential.for crack

initiation

High
High
High

High

8.3.5.9.1.5
8.3.5.9.1.5
8.3.5.9.1.5

8.3.5.9.1.5

High 8.3.5.9.1.8
.Medium 8.3.5.9.1.6

Medium
High
High

Not appli-
-cable

8.3.5.9.1.6
8.3.5.9.1.6
8.3.5.9.1.6

8.3.5.9.1.7Other potential To be determined
degradation modes :

AUSTENITIC ALLOY FAILURE MODELS

Metallurgical
aging and phase
transformation

Temperature-time projections
Kinetics of phase transforma-

tion reactions
Mechanical properties of the

transformation products
Alloy composition of the base

metal and the weld metal
Strain in-the container body

material and in the heat
affected zone around the
closure

Residual stress

High
High

8.3.5.9.3.2.1
8.3.5.9.3.2.1

Medium 8.3.5.9.3.2.1

. High

Medium

Medium

8.3.5.9.3.2.1

8.3.5.9.3.2.1

8.3.5.9.3.2.1

Low temperature
oxidation

Oxidation rate loss or gain High 8.3.5.9.3.2.2
tests under relevant
conditions'

Temperature High 8.3.5.9.3.2.2
Radiation field intenSity High 8.3;5.9.32.2
Identification and quantity Medium 8.3.5.9.3.2.2

of radiolysis proddcts'- -
- . %., . .;. ". ;~

i I :,. .,.,

-. 3.5.9-34



CONSULTATION DRAFT

Table 8.3.5.9-5. Container degradation model inputs (continued)

- Needed
Model Model inputs confidence SCP section

General aqueous
corrosion

Intergranular
attack and
intergranular
stress corrosion
cracking

Hydrogen entry and
embrittlement

General corrosion rate
Composition of water
Composition of corrosion

product layers
Identification and quantity

of radiolysis products

. High
High
Medium

8.3.5.Q9.3.2.3
8.3.5.9.3.2.3
8.3.5.9.3.2.3

Medium 8.3.5.9.3.2.3

Temperature-time projections High
-Diffusion rate of chromium High

in the metal as a function
of temperature

Diffusion mechanism for Medium
chromium in the metal

Strain Medium
Alloy composition High
Effects of transformation pro- Medium.

ducts on diffusion rates
Composition of carbide pre- Medium

cipitates formed
Amounts of sigma and chi Medium

phases

8.3.5.9.3.2.4
8.3.5.9.3.2.4

8.3.5.9.3.2.4

8.3.5.9.3.2.4
8.3.5.9.3.2.4
8.3.5.9.3.2.4

8.3.5.9.3.2.4

8.3.5.9.3.2.4

8.3.5.9.3.2.5

8.3.5.9.3.2.5
8.3.5.9.3.2.5

8.3.5.9.3.2.5

8.3.5.9.3.2.5
8.3.5.9.3.2.5

Hydrogen production rate by
radiolysis and corrosion

Hydrogen recombination rate
Rate of hydrogen entry into

the alloy
Concentration of hydrogen''

in the alloy
Phase structure of the alloy
Mechanical property changes

from hydrogen degradation

Medium

Medium
Medium

High

High
H High

Pitting, crevice,
and other local-
ized attack

Critical concentration of High
ions known to favor these
modes of attack

Temperature High
Solution p 'high
Metal microstructure Medium
Corrosion potential -igh
Pitting potential High

8.3.5.9.3.2.6

8.3.5.9.3.2.6
8.3.5.9.3.2.6
8.3.5.9.3.2.6
8.3.5.9.3.2.68.3.5.9.3.2.6
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Table 8.3.5.9-5. Container degradation model inputs (continued) u

Needed
Model Model inputs confidence SCP section

Transgranular Chloride concentrations of High 8.3.5.9.3.2.7
stress corrosion water
cracking Temperature High 8.3.5.9.3.2.7

Stress Medium 8.3.5.9.3.2.7
Alloy constituents Medium 8.3.5.9.3.2.7
Other ions in solutions Medium 8.3.5.9.3.2.7
Corrosion potential High 8.3.5.9.3.2.7

Other potential To be determined Not appli- 8.3.5.9.3.2.8
degradation modes cable

Some abbreviated notations are used in Table 8.3.5.9-4 for simplicity in
the entries. These are briefly explained below, along with some remarks on
their interpretation. The reader should refer to the full discussion on
models of degradation modes (Information Need 1.4.3) for additional material
that explains some of the interactions between the chemical, physical,
metallurgical, or mechanical factors. The following discussion of the
performance parameters is arranged by failure mode. In some cases, the
discussion applies to both alloy families; in other cases, the remark is
specific to only one family (and sometimes just to one metal or alloy in that
family).

Metallurgical and mechanical effects. Under these effects in Table
8.3.5.9-4, for both the copper-based and austenitic materials, reduction in
fracture toughness is indicated by the ratio J(emb)/J, where J is the normal
impact strength and J(emb) is the impact strength of the embrittled material.
Other indices of degraded mechanical properties affecting ductility or
toughness may also be applied. For the austenitic materials, formation of
sigma phase was used as the standard for establishing a critical value for
loss in fracture toughness. A similar value is specified for copper-based
materials. The likely embrittling species in Copper and Copper-based alloys
are residual impurities, such as As, Se, and Pb, that precipitate at grain
boundaries. In some cases, oxide or other inclusions could be the source of
the ebrittlement. These effects may be addressed by determining an appro-
priate specification on these residuals and inspection of the container
material. Similarly for the austenitic materials, sigma (and other brittle)
phase formation during fabrication can be detected as part of the container
acceptance criteria.: However, the concern here is formation of sigma phase
if the appropriate metallurgical, strain, and time-at-temperature conditions
are present after emplacement.
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Oxidation and general aqueous corrosion. The entries in Table 8.3.5.9-4

on oxidation and general aqueous corrosion for both alloy systems express the

time-average rate over a 10,000-yr period being such that 90 percent or more
of the initial container thickness remains at all times up to 10,000 yr. The

container thickness is considered a variable with the range of approximately

one to three centimeters. For the purpose of this issue and information
need, this range of container thicknesses allows (1) some options in the

waste package design, (2) some options in processes for fabricating contain-
ers, (3) lower strength materials (such as high purity copper) to be accom-
modated, and (4) a somewhat higher oxidation-general corrosion rate for cop-

per under some environmental conditions.

Hydrogen effects. In Table 8.3.5.9-4, these effects are indicated by

the performance parameters relating to the amount of hydrogen absorbed by the

metal. In most cases, hydrogen is preferentially absorbed and trapped by

or associated with a particular microstructural constituent. In the instance
of the metastable austenitic stainless steels, austenite transformation to

martensite is the key to inducing a condition that may lead to hydrogen
embrittlement. In the case of high purity copper (CDA 102), oxygen pickup
during welding or hot forming may form copper oxide inclusions that are
unstable in a hydrogen-containing environment, resulting in blistering of the

copper. The parameter goal is set such that the hydrogen content in the
metal should be less than 0.1 of the 'critical' hydrogen content, but in both

alloy families that amount is not yet determined.

Intergranular attack and intergranular stress corrosion cracking. For
these effects on austenitic materials, the performance parameter in Table
8.3.5.9-4 is the degree of sensitization. (There is no corresponding sensi-
tization phenomena in copper-based materials.) There are a number of ways to
define 'degree of sensitization', but the one chosen here relates to the
activation ratio as determined in an electrochemical potentiokinetic reacti-
vation (EPR) test. The activation ratio relates to the electrochemical cur-
rent required to 'activate' a previously passivated specimen. The activation
ratio is proportional to the degree of sensitization; the EPR test is partic-
ularly useful in discerning degrees of sensitization in low-carbon austenitic
materials where only a fraction of the grain boundaries are attacked electro-
chemically. For intergranular stress corrosion cracking of the austenitic
materials, the stress intensity factor (K) can also be used as an additional
performance parameter. However, there are some difficulties associated with
using K for this (and all the other stress corrosion cracking) mode(s).
First, all of the candidate materials are normally very ductile materials so
that there is the question of how to incorporate the-plasticity contribution.
Second, the parameter goal that K be below the K(SCC) (the critical value of
K at which stress corrosion cracking takes place) is sometimes difficult to
show experimentally because stresses vary widely over small distances between
the weld and the base metal and because of the uncertainty in detecting the
magnitude and distribution of all flaws. ence, the current estimated range
of K is quite large.

Localized attack. For localized attack in both alloy systems, one per-
formance parameter is expressed in Table 8.3.6.9-4 as the difference between
the 'critical' potential, E(crit)and the corrosion potential, E(corr). The
'critical' potential varies according to several physical, chemical, and
metallurgical quantities (as does the corrosion potential). Also, different
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critical potentials exist according'to the prticular'localized coirosion
phenomena being studied. In the instance of copper-based materials, pitting
corrosion and, selective leaching (for the alloys'only) need to be considered.
The 100 mY difference has been set as the parameter goal; this value is.
based, in part, on previous work discussed in Chapter 7 and in other NNWSI
Project supported work, and, in part, what seems to be a reasonably conserva-
tive value from the literature in comparable environmental settings. It
should be. noted that the critical potential will include effects of micros-
tructural features (inclusions, second-phases, etc.). No particular chemical
species are expected to be present naturally in the ground waters associated
with the Yucca Mountain repository that are especially important in'causing
localized attack on copper-based materials. For the austenitic materials,
pitting and crevice attack need to be considered as types of localized cor-
rosion (selective leaching is not known in these materials). However, in the
instance of the austenitic materials, chloride (and to a lesser extent,
fluoride) ion is present in the natural environment and is of paramount con-
cern in setting one of the parameter goals. Therefore, a chloride ion con-
tent is set in the parameter goal for failure of the container by localized
corrosion (pitting or crevice attack on these materials) and the value set is
100 ppm. This goal is tentative and must be viewed in the light of some con-
troversy, because the chloride ion threshold for the initiation'of localized
attack will depend on other chemical species present in the environment. The
work proposed in Information Need 1.4.2 has the purpose of establishing the
value of critical concentrations of causative ions for localized attack on
the selected container material.

Transgranular stress corrosion cracking. For this effect in the
austenitic materials, a difference between the critical and corrosion
potential is set as the performance measure (Table 8.3.5.9-4). This approach
has been demonstrated in concentrated chloride solutions, but has not yet
been shown to be valid in dilute chlorides, hence the to be determined'
entry for the current estimated value. The 100 mV difference has been taken
as the parameter; goal- from analogy to the localized corrosion failure mode.
As in localized corrosion, chloride ion is the outstanding example of the
causative species for initiating transgranular stress corrosion cracking
(TGSCC), and a critical parameter goal -is set at 50 ppm chloride. This
parameter must also be considered as tentative for the same reasons given
above, and the actual threshold will depend on several other factors (pH,
temperature, other ions present). This threshold is established with the
most susceptible candidate material in mind (AISI 304L). This threshold ill
be less controversial for the more resistant candidate material (alloy 825)
in this alloy family. As in the discussion of the intergranular stress
corrosion cracking (IGSCC) for the austenitic materials, a stress intensity
factor (K) is set as the third performance parameter. The comments made in
that discussion also apply here.

Stress corrosion cracking. For copper-based materials, ammonia-isthe
outstanding causative species for stress corrosion cracking (Table-
8.3.5.9-4). (The crack propagation path is not distinguished as a fundamen-
tall characteristic -of 'the degradation modes as it is for the- austenitic
alloys'.) Therefore, an ammonia oncentration'limit; is set as oni of 'thee per-
formance parameters! Because amzaonia is not present 'inthe-natural eviron--
ment (it would form because of radiolysis) and small'ahounts of ammonia cause
stress Corrosion cracking (SCC) it-the' ost ulnerabld candidate alloys' -
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this family (DA 102 and CDA 613), a very low threshold is set as the
parameter goal. This level is believed to be the detection limit (2 ppm).

Models and model inputs

Models, model inputs, their needed confidence, and forward references to
the information needs are given in Table 8.3.5.9-5 for the different failure
modes in each alloy system. The model inputs are quantities that are measur-
able and quantifiable. The needed confidence is determined by considering
how measurable the quantities are and how important they are in establishing
the model.

Interrelationships of information needs

Information Needs 1.4.1 and 1.4.2 (Sections 8.3.5.9.1 and 8.3.5.9.2)
will provide data to be used'in the analysis of container performance under
repository conditions. The conditions to be considered will include low
probability scenarios (not required for resolution of this issue but needed
for input to Issue 1.1, Section 8.3.5.13), as well as anticipated processes
and events. Models will be developed under Information Need 1.4.3 (Section
8.3.5.9.3) to allow extrapolation of the laboratory data to long times. The
models and data will be combined in analyses to be done under Information-
Need 1.4.4 (Section 8.3.5.9.4) to provide a description of the condition of
the container under anticipated processes and events for 10,000 yr (10 CFR
60.112 and 40 CFR 191.13), for low probability cases for 10,000 yr, and for
expected conditions for 100,000 yr (10 CFR 960.3-1-5).

The issue will be resolved under Information Need 1.4.5 (Section
8.3.5.9.5), where the analyses from Information Needs 1.4.4 (Section
8.3.5. 9.4) and 1.5.4 (Section 8.3.5.10.4) will be compared with the
interpretation of substantially complete containment.

The schedule information provided for information needs in this section
includes the sequencing, interrelationships, and relative durations of the
activities in the'information need. Specific durations and start/finish
dates for the activities are being developed as part of ongoing planning
efforts and will be provided in the SCP at the time of-issuance and revised
as appropriate in subsequent semiannual progress reports.

8.3.5.9.1 Information Need 1.4.1: Waste package design features that affect
the performance'of the container

Technical basis for addressing the information need

This information need addresses the important features of the waste
package design that affect the performance of the container. Under this
information need, the as-fabricated and as-assembled waste package is first
characterized with respect to ensuring the integrity of the as-emplaced
container. A close relationship also exists between certain design param-
eters, the manufacturing processes by which the container is fabricated and
closed, and the ultimate performance of the container in the preclosure and
postclosure repository environment. Some decisions on design details will,
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therefore, depend on which metal of the several candidate materials is
selected and how the waste package is fabricated, assembled, and emplaced in
the repository. Characterization of the properties of the as-emplaced con-
tainer is an important part of resolving this issue because many of these
properties influence the behavior of the container during the containment and
postcontainment periods. This information need addresses those features of
both the reference and the alternative design that characterize the as-
emplaced package and that influence the behavior in later periods. The
reference design is a metal container, and the alternative design is a
ceramic liner inside a metal container.

Link to the technical data chapters and applicable support documents

The characteristics of the waste package are discussed in Chapter 7.
Characterization and description of the waste form contents of the package
are given in Section 7.4.3. The six candidate waste package container mate-
rials are introduced and discussed in Section 7.4.2 on the metal barriers. 
Representative mechanical properties and the metallurgical industry standard
composition ranges are given in Section 7.3 for each candidate material. The
waste package design and a brief discussion on fabrication and welding (or
other closure) processes for'producing the waste package are given in Sec-
tion 7.3. Some aspects of the repository description and layout design
influence this information need; these are found in Chapter . No previous
work has been performed by the NNWSI Project on ceramic liners as container
materials; thus, no discussion of ceramics was presented in Chapter 7. The
major portion of this and the following information needs under this issue
(1.4) are concerned with properties of a metallic container, but the appro-
priate indication is made where the work will substantially differ"if a
ceramic-lined container is shown to be technologically feasible and the
Project decides to pursue this option.

Parameters

Information needed from other information needs includes

1. The reference and alternative waste package designs, from Informa-
tion Need1.10'.2 (Section 8.3.4.2.2).

2. The temperature at the container surface and projections of the
change in temperature with time. This comes from Information
Need 1.10.4 (Section 8.3.4.2.4) and is based on the thermal power
load per container (Information Need 1.5.1, Section 8.3.5.10.1) and
the areal power load (Information Need 1.10.3, Section 8.3.4.2.3).

3. The radiation field intensity in the near-package environment and'
projections of its change with time, from Information Need 1.10.2
(Section 8.3.4.2.2).

4. Emplacement configuration (horizontal or vertical) in' the reposi-
tory; from Information Need 1.10.3.

5. Thickness of the metal' container, from Information Need 1.10.2.
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6. Design configuration of the metal container plus ceramic liner, from
Information Need 1.10.2.

7. The process history of the container body and other assembly compo-
nents (e.g., bottom and top lids, weld filler metal) used in the
assembled and closed waste package container, from Information Need
1.10.2.

Data for the following parameters are to be obtained:

1. The candidate container materials. The six candidate materials are
classified into two broad alloy groups: (1) copper and copper-based
alloys and (2) austenitic materials (iron- and nickel-based alloys).
The specific candidates in the first group are oxygen-free high-
conductivity copper CDA 102 (UNS C10200), aluminum bronze CDA 613
(UNS C61300), and 70/30 copper-nickel CDA 715 (UNS C71500). The
candidates in the second groups are austenitic stainless steel AISI
type 304L (UNS S30403), austenitic stainless steel AISI type 316L
(UNS S31603), and nickel-based austenitic alloy 825 (UNS N08825).

2. The principal candidate for ceramic liner material is high-density
alumina, but other materials that are chemically resistant and
structurally stable may be considered.

3. The mechanical properties of the container material in the as-
emplaced condition, from which the relative projected changes of
these are established for the repository preclosure, the contain-
ment, and the postcontainment periods.

4. The microstructural characteristics of the container material in the
as-emplaced condition. Projections of any changes in the micro-
structure of the container after emplacement (Information Needs
1.4.2 and 1.4.3) are based on characterization of the as-emplaced
microstructural condition.

5. Certain physical properties of the container material that are rele-
vant to the waste package design analysis.

6. The state of stress (nature, magnitude, and distribution).that
exists in the container at the time of emplacement and projections
of the changes in the state of stress after emplacement.

7. The integrity of the assembled and closed waste package container as
it is emplaced into the repository. The integrity of the closure
weld or other closure process is of special importance.

8, The surface condition of the assembled, closed, and emplaced waste
package container.-

9. For the option of a ceramic-lined waste package, a similar set of
properties and characteristics of the ceramic liner.
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Logic

The container temperature, radiation field, and state of stress and the
expected range and variation of these parameters during the containment and
postcontainment periods are used in establishing the test conditions that are
part of the study areas more fully discussed under Information Needs 1.4.2
and 1.4.3. The emphasis of the present information need is characterization
of the condition of the container as it is emplaced in the repository. The
next two information needs (1.4.2 and 1.4.3) use this information for pre-
dicting the characteristics of the container in the later periods. In some
instances, certain design features bear on the selection of the container
material. Much of the information on mechanical and physical properties of
the candidate container materials is available from published sources. These
properties are not environmentally dependent and so are not site-specific to
Yucca Mountain; therefore, compilation of existing information should
suffice.

For the option of a ceramic-lined container, the important physical and
mechanical properties of the ceramic liner are closely linked with the pro-
posed feasibility study on this design option. These properties will be
discussed in Activity 1.4.1.2 (Section 8.3.5.9.1.2).

Two activities are included in this information need (1.4.1). The first
activity is based on using a container fabricated from one of the six candi-
date metallic materials. This includes both copper-based and austenitic
alloys. Some activities are common to both alloy groups, and some are spe-
cific to (or are more emphasized in) one group, as indicated in the following
descriptions.

The second activity is based on a composite waste package consisting of
a ceramic liner inside a metal container. This activity will introduce some
unique features not found in the first, and is less well defined because the
feasibility of producing such a composite waste package must first be eval-
uated. In the composite waste package, the choice of the metal outside the
container is less important since the ceramic material serves as the barrier
to achieve the regulatory containment objectives.

Activities that are to be pursued to completion depend on which con-
tainer material is eventually selected and the outcome of the feasibility
study on the ceramic-lined container. The activities that support the selec-
tion process for the metallic container materials are explained in the next
information need (1.4.2).

The presently available information on the items discussed in this
information need is probably adequate to serve the needs of material selec-
tion, except possibly in the area of welding effects. The Project intends to
evaluate the existing information during the time up to material selection
and to undertake only those laboratory measurements needed to support mate-
rial selection. After the final container material is chosen, a test plan
will be developed (Milestone P259) for the selected material to supply the
data needed to support the repository license application.
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8.3.5.9.1.1 Activity 1.4.1.1: Integrate design and materials information
(metal container)

The following subactivities support this activity.

8.3.5.9.1.1.1 Subactivity 1.4.1.1.1: Mechanical properties

Objectives'

The objective of this subactivity is to compile available data on-the
mechanical properties of the candidate materials over the temperature range
of interest (approximately room temperature to 300'C).

Parameters

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 interrela-
tionships between mechanical properties and microstructural properties is
also required. This includes the effect of such factors as phase distribu-
tion, grain size, inclusion content, and previous plastic deformation. The
effect of the strain rate on the mechanical properties is also needed. While
individual mechanical properties were just listed, the entire stress-strain
relationship merits attention to enable the evaluation of the toughness of
the material when subjected either to low strain rate or to high strain rate
processes that can later develop in the containment period. -

Description

Depending on the results of the compilation, experimental determination
of any inadequately known mechanical properties will be performed. Extended
time at temperature may change the values of the mechanical properties, and
this effect will be considered 'in the compilation. For the austenitic
materials (including alloy 825), there will be little need for additional
experimental work for this activity because of the extensive published infor-
mation on this subject. However, some experimental work may be required to
determine the properties of the welded-austenitic material because of the
inherently more complex structure of the weld and its dependence on many pro-
cess variables that will be determined in the future. Because the data on
mechanical properties of the copper-based materials at the higher end of the
repository-relevant temperature range is not as extensive as that for the
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austenitic materials, some experimentail work may be needed to fill the infor-
mation gaps.

The low strength of high-purity copper (DA 102) suggests that a long-
term, low-temperature creep phenomenon may lead to a degradation mode that
would be most important for the 'retrieval period' following emplacement of
the container in the repository. The somewhat thicker container sections
(approximately 2-3 cm) that likely will be required for a high-purity copper
waste package because of its lower yield strength will likely impart greater
creep strength as well. But this supposition will need to be supported by
analysis of stresses (and strains) that will develop in the postemplacement
period and by a comparison of the results with available creep rupture data
for this material over the temperature range of interest. Creep appears to
be a less significant potential degradation mode for the solid-solution
hardened copper-based alloys and the austenitic materials.

8.3.5.9.1.1.2 Subactivity 1.4.1.1.2: Microstructural properties

Objectives

The objective of this subactivity is the compilation of available
information and characterization of the microstructures of the candidate
copper-based and austenitic materials to predict the microstructural
properties of the as-emplaced container. Predictions of microstructural
properties are compared with examinations of microstructures in prototype
containers. The characteristics of the as-emplaced container microstructure
serve as a basis for predicting what microstructural changes will occur in
the postemplacement time periods.

Parameters

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

1. Primary phases present and their distribution.

2. Secondary phases, their distribution, and evidence of precipitation
reactions.

3. Segregation effects.

4. Grain size and distribution of grain size.

5. Evidence of preferred orientation.

S. Identification and distribution of nonmetallic inclusions.
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The time at elevated temperature (during the container fabrication and
closure process) is influential in determining these features.

Description

The work in this subactivity is primarily concerned with the
microstructure of the emplaced container. Projections of microstructural
changes from the time of emplacement form the basis of analysis for the
different corrosion, oxidation, and embrittlement degradation modes that can
occur after emplacement. These projections are pursued in Information Needs
1.4.2 (Section 8.3.5.9.2) and 1.4.3 (Section 8.3.5.0.3) under the topic of
aging phenomena.

A major emphasis in this subactivity is development of the ability to
predict what the microstructural features should be for the as-emplaced
container. These predictive abilities derive from an understanding of phys-
ical and mechanical metallurgy of the container material-and the effect of
the thermochemical process history on the microstructure of the container
material. This will be substantiated by (1) examination of laboratory-size
specimens that are produced to simulate the fabrication and welding processes
to be used on actual size waste package containers and (2) examination of
prototype containers (of the dimensions and process history as the actual
production container but not filled with waste). E

The experimental work in this subactivity will establish what population
of examined microstructures of laboratory- and prototype-size containers
constitutes a representative sample population of production-size containers.
Standard laboratory metallographic and microscopic techniques are available
for characterizing microstructures. Advanced microscopic techniques-may be-
needed to the extent of resolving subcritical size particles that would later
grow into potentially detrimental microstructural features. The need for
these will be indicated by the modeling activities (Information Need 1.4.3)
with regard to the container material and degradation mode(s) requiring this
amount of attention. After a material is selected-for the final design and
after fabrication of prototype containers is undertaken, a thorough charac-
terization of a representative as-fabricated and as-assembled container will
be needed.

Most of the techniques for thorough characterization of microstructures
involve destructive examination of the metal cross-section; therefore,
quality control of the container production stream is obtained by periodic
examination of unfilled quality control containers that have the same process
history as the filled containers. Work in this subactivity will provide the
technical-basis for establishing the frequency of this inspection for process
control. Some nondestructive, semiquantitative- techniques-can be'routinely
used in the production facility for evaluating certain microstructural
features (e.g., amount of ferrite in the weld determined by magnetic flux
measurement techniques). Which features to pursue will depend on the outcome
of the modeling activities in deciding which microstructural features are
most important to affecting the container performance. Some destructive
testing on prototype or witness specimens will be needed to confirm that the
desired microstructure is obtained. For example, evidence of copper oxide
inclusions in copper or significant sigma phase formation in candidate
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austenitic stainless steels during the fabrication and welding process would
likely be considered detrimental and would be cause for rejection.

With respect to the copper-based materials, the microstructures are gen-
erally simpler than those for the austenitic materials; however, segregation
effects in the alloys may be more important because of the electrochemical
implications of the wide difference between the more noble copper and the
active alloy additions. Because a high percentage of copper is produced by
recycling, the accumulation of potentially harmful impurities and their
effect on embrittlement is noted for evaluation. Specifications requiring
virgin copper or high-purity remelt scrap might be necessary.

The microstructure of the as-fabricated and as-assembled (by welding or
other process) prototype containers must be thoroughly characterized, because
it is not always possible to perform successfully all the possible variations
scaling up from specimen or coupon-size workpieces. This more extensive
characterization will only be pursued on the material selected for-the
advanced design and the process selected for actually fabricating the waste
package container.

8.3.5.9.1.1.3 Subactivity 1.4.1.1.3: Physical properties

Objectives

- The objective of this subactivity is to compile those physical proper-
ties whose values are needed for design and for projections of changes in the
container in the postemplacement environment (i.e., temperature field, radia-
tion field, stress field).

Parameters

The physical properties of interest include

1. Thermal conductivity.
2. Density.
3. Coefficient of thermal expansion.

Description

These physical properties are not site or environment dependent, and so
compilation from existing literature sources should be sufficient. How these
properties depend on such factors as alloy compositions (and permissible
variations) and temperature, however, is needed as waste package design
information. These properties are not expected to be significantly affected
by the fabrication processes for forming or joining the container materials.
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8.3.5.g.1.1.4 Subactivity 1.4.1.1.4: State of stress in the container

Objectives

The objective of this subactivity is to analyze the state of stress at a
number of locations in the container and to project the changes in the state
of stress with time and temperature during the containment and postcontain-
ment periods. When possible or feasible, the analysis will be supplemented
by actual stress measurements on prototype containers.

Parameters

The initial state of stress at emplacement will depend on many process-
ing variables in forming, assembling, joining, and handling the'container and
the residual stresses that these'different processes impart to the container.
The steady-state service load on the container (mostly due to its own weight
and that of the contents)-also figures in the analysis. Projections of the
stress to different postemplacement time-periods will consider the effects of
any expected additional static or dynamic loads.' The state of stress-is
concerned with the magnitude, nature (tensile, compressive-, or shear), and
axiality of the stresses, and the corresponding strains in the container
materials associated with the stresses.

Description

The stress in the container is expected to vary considerably from loca-
tion to location. The container lid and bottom-will likely be designed with
a thicker section than the main body in an effort to contour the stress.
Different fabrication processes my be used for the main -body (e.-g., rolled
and welded plate) and the lid and bottom sections (e.g., forgings), resulting
in different stress and microstructure patterns. Other container-fabrication
processes under consideration eliminate some or all of the assembly welds,
and it is possible to anneal the container body before the waste form is
placed inside. These considerations have the objective of reducing residual
stress in the as-fabricated container shell. The residual stress is expected
to be highest at the closure weld, since it will be impractical torelieve
all this stress by a postweld heat treatment. (Some localized stress
relieving may be possible, if this can be performed in a hot cell and without
damaging the waste form.) Proper selection of the welding process and weld
parameters can create less residual tensile tress at the surface. Another
possibility is a postweld surface peening process to put the outside surface
.of the weld i compression. All-the weld processes and processes. to mitigate
against high residual' tensile stresses, such as 'surface peening, will haveto
be evaluated in terms of being practical in a hot cell and not creating an
undesirable side-effect problem.

There may be'significant differences in fabrication processes between
the copper-based and austenitic groups, which may lead to separate stress
analyses. The density. of copper is higher-than that of the'austenitic miter-
ials, and a thicker wall section will probably be specified if high-purity
copper (ODA 102) is selected. The yield stress of copper is considerably
lower than that of the other-candidate materials. The copper-based alloys
have yield strengths comparable to those of the candidate austenitic
materials. -
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Calculational analyses of the state of stress will be supported by .
actual strain gage measurements on prototype containers with simulated waste
form contents and closure welds.

8.3.5.9.1.1.5 Subactivity 1.4.1.1.5: Characterization and inspection of
weld integrity

Objectives

The objective of this subactivity is to determine the soundness of the
weld joints, with primary emphasis on inspection of the final closure weld.
Nondestructive evaluation techniques are available to make this inspection
and to determine the nature, population, size, and distribution of flaws.
Detection of flaws in the welded region is important in ensuring the initial
integrity of the as-emplaced waste package; analyses of some of the possible
degradation modes (in Information Needs 1.4.2 (Section 8.3.5.9.2) and 1.4.3
(Section 8.3.5.9.3)) depend on whether flaws are present above a critical
size at which they might be expected to grow as cracks during later time
periods.

Parameters

The parameters of this subactivity include

1. Weld process selected.
2. Weld process parameters (particularly those related to heat input).
3. Composition of filler material (for some weld processes).
4. Composition of weld cover gas.
5. Microstructure of weld.
S. Inspection method selected.

These parameters are interactive in determining the integrity of the
weld. They influence how the weld can be inspected and how the signal or
pattern from the technique used for the inspection can be interpreted.

Description

The welding process and welding parameters (such as heat input and the
rate of heat input, which are often determined by the current and voltage,
number of passes, and time of each pass) have an important effect-on the weld
integrity. Similarly, the cooling rate after welding is important. Both
filler and autogenous processes are under consideration. The composition and
microstructure in the fusion zone are important. The nature and composition
of the protective cover gas are important to prevent significant oxidation in
the weld region. The weld geometry, weld thickness, metallurgical composi-
tion, grain size, grain orientation, and other metallurgical and icrostruc-
tural considerations govern the kinds of nondestructive evaluation techniques
and the sensitivity and precision with which flaws can be detected.

Autogenous -weld processes are commonly used for the copper-based mater- K
ials.. The welded microstructure is expected to be simpler for the copper-
based materials than other materials considered, but any tendency for the
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alloying elements-to segregate will need to be evaluated. The high heat
input required to weld pure copper may cause possible problems for the waste
form inside the container. Also, high-purity copper tends to-pick up oxygen
readily, and so control of the cover gas composition becomes very important.
Small amounts of oxygen in the copper can cause embrittlement in some envi-
ronments,.but small additions of deoxidizing elements (most commonly
phosphorus) alleviate the problem.

Autogenous and filler.metal processes can be used to-weld the austenitic
materials. For welding some of the austenitic materials, a filler material
of somewhat different composition from that of the base material is used to
produce the desired microstructure or to compensate for alloying elements
that are lost by oxidation or evaporation. It will'be important to demon-
strate that.any compositional differences between the filler and base
materials do not result in undesirable galvanic interaction between the two
materials. Also, the composition and control of the composition of the cover
gas during the welding operation is important in ensuring high weld integrity
:and process consistency. The number of alloy components (including the
titanium addition used to stabilize carbide formation) and the all-austenitic
structure of alloy.825,sometime presents concerns about weld cracking; these
are overcome by control of the microconstituents (especially the carbon,
phosphorus, and sulfur) and the cover gas composition.

Because the weld inspection technique is so closely tied to the material
and process variables, selection and development of the inspection technique
will-parallel the efforts made on selecting the candidate container material
and on selecting and developing the container fabrication and closure weld
processes.' Because of nondestructive inspection techniques, all the con-
tainers destined for the repository can be inspected. However, many details
of conducting the inspection will need to be-addressed in the future, includ-
ing the constraints of remotely performing the operation. Interpretation of
the signals-or images produced by the nondestructive test will also have to-
be worked out. This will likely involve inspection of prototype weldments
and container sections with intentional flaws of different kinds, sizes, and
distributions.

8.3.5.9.1.1.6 Subactivity 1.4.1.1.6: Characterization of the container
surface

Objectives

The objective of.this subactivity is the:detection of potentially.
harmful surface conditions on the as-emplaced container, resulting from.
handling-operations.: These conditions (seemingly innocuous at emplacement
and, therefore, not a cause of. waste package rejection) mayrlead to condi- .
tions that will favor one of the degradation modes discussed in Information
Needs 1.4.2 (Section 8.3.5.9.2) and 1.4.3 (Section 8.3.5.9.3). Two classes
of conditions are of concern: (1) mechanical defects such as scratches and
gouges that could develop into crevices or into stress raisers and (2) chemi-
cal contamination of the surface. Of particular concern are residues of
chloride ion that could result in locally high concentrations of chloride ion
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developing .at a later period. Both mechanical.defects and chemical contami-
nation will be of more concern with types 3041 and 3181 stainless steel (SS)
materials, which are more susceptible than the other materials being con-
sidered.

Parameters

The production of surface defects and contamination depends on many pro-
cess and operational variables. These will become better defined as deci-
sions on process selections are made and details of the operations are more
focused. The critical sizes of surface defect or levels of-chemical contam-
ination will be determined in activities dealing with the various degradation
modes and with the sensitivities of accelerating the degradation modes
(Information Needs 1.4.2 and 1.4.3).

Description

Much of the work in this subactivity will be directed toward developing
ways of detecting small mechanical defects and surface residue concentra-
tions. Detailed specifications for container handling in the surface facil-
ity and in the repository will be made in an effort to minimize potentially
harmful surface effects. The extent to which the activity will be pursued
also depends on the material ultimately selected. (Type 304L SS, for
instance, will be much more susceptible to crevice effects and chloride
residues than will alloy 825.) Characterization of the container surface may
not be as critical for the copper-based materials because these materials are
not nearly as susceptible to crevice-induced corrosion effects, or to
chloride-induced corrosion problems, as other materials considered.

8.3.5.9.1.2 Activity 1.4.1.2: Integrate design and materials information
(metal container with a ceramic liner)

This activity presently consists of only one subactivity because the
feasibility of a ceramic-lined waste package must first be demonstrated. As
a fallback position in case a waste package fabricated from any of the six
candidate materials cannot achieve the containment objectives allocated to
the container, a waste package design with an internal ceramic liner is
proposed. (The ceramic-lined container would be proposed only for spent fuel
waste packages.) In this design, the metal container would serve primarily
as a sleevel for transport, handling, and emplacement (and retrieval if
needed) of the waste package; the ceramic liner would provide the performance
allocated to the container. Alumina is viewed as an attractive candidate
ceramic material because it is a natural component of the host rock in the
repository and because it is resistant to dissolution in aqueous environments
over a wide range of intermediate pH (approximately 4 to 10).
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8.3.5.9.1.2.1 Subactivity 1.4.1.2.1: Feasibility evaluation of fabricating
a ceramic-lined waste package

This subactivity is.concerned with several material- and design-related
questions in demonstrating the feasibility of the ceramic-lined waste
package. They are as follows:

1. Can a ceramicbe produced with interconnected porosity close to zero
(to prevent oxygen ingress to the spent fuel and release of gaseous'
radionuclides from the package)?

2. Can the liner be fabricated in dimensions:required for the reference
.waste package?

3. Can the ceramic liner be sealed?

4. Can the integrity of the liner be ensured by inspection before con-
tainer closure and can this assurance be made by direct or indirect
means after the container is closed?

5. Can the ceramic liner be formed in reasonably thin sections so that
heat transfer away from the waste form is not seriously impeded?

6. Is the fracture toughness of the ceramic sufficient so that the
-liner would survive the handling and emplacement operations and the
.steady-state and possible dynamic loads on the waste package (during
the repository operational and containment periods)?:'

7. If an alumina.liner is not feasible, are there other suitable
ceramic materials that are chemically resistant? '

A wide variety of structural ceramics are now being developed by' several
industries to meet new commercial challenges around the world. These
ceramics include alumina (Al 0 ) matrix composites, silicon -carbide (SiC),
silicon nitride (Si N ) the2fimily of SIALONs (Si-Al-O-N), and glass/
ceramic. Each matehil, has its advantages and disadvantages, depending on
the application. Extensive research is under way to overcome the
disadvantages by.combining composition and strengthening mechanisms of these
ceramic material groups. As an example, SiO can be-added to Al 0 to
improve sintering, reduce fabrication costs, and improve means-o tonding
Al 0 to metals and other-pieces of Al 0 . Additions of partially stabilized
zitchnia (ZrO doped with Y or g0)2tt an Al 0 matrix can increase the
Al 0 fracturt toughness by2 factor of three. 2gditions of fibers or
plittlet SiC to an Al 0 matrix further strengthens and toughens (by a factor
of four) the Al 0 matrix. Many other combinations are under investigation
that promise ensgreater improvements.

This feasibility study will initially be concerned primarily with
commercial gradesofAl 0 and well-established*fabrication techniques'for
this ceramic. This will educe concerns about cost, availability,-quality,
and reproducibility.
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Two general fabrication approaches will be evaluated: -2

1. Fabrication of free-standing Al 0 cylinders that would be' shrink-
fitted into a metal container Iand chemically sealed at the step
joints and lid.

2. Spray-coated liners of Al 0 inside metal containers, also
chemically sealed at joints3and lids.

The first general fabrication approach will build on existing cold press
or slip cast and sinter technology of large Al 0 components. Cylinders with
edge joints have been prepared in 22-in. (56-cI)3 diameters (approaching
thediameter of the reference waste package) and in 27-in. (69-cm) lengths.
Step joint technology generally used to nest ceramic parts will be used along
with chemical bonding to ensure good seals and tortuous leaching paths at
joints and end plates. Most of these seals will be made before shrink-
fitting the metal around the liners. The final joint seal(s) will be made
during the shrink-fitting operation, with the exception of the lid seal. The
ceramic lid will be sealed along with the metal lid in the remote welding
operation.

The second approach relies on existing ceramic spray-coating technology
and will evaluate the feasibility of scaling this up to internal diameter
coating of metal pipe sections. The metal pipe section will be preheated to
assist bonding at the metal-ceramic interface, as well as to provide expan-
sion control during cooldown to put the coating into a uniform compressive
load. Coated sections will be welded at the joints and the inside metal
joints will be spray coated with Al 0 before final assembly. The lid will
be seal-bonded in a similar manner to3that used in the previous approach.
Coating thicknesses are generally thin (1/8 in.) (0.3 cm) and nonporous.
Control of residual stresses in thicker coatings needs further development;.
this will be pursued if a thicker coat is needed and the stress creates an
adhesion problem.

The incorporation of fracture toughening additives in the Al 0 depends
on the fabrication approach selected. While fiber reinforcement techniques
may be hard to apply in spray-coating operations, other additives, such as
ZrO , are easily applied by this means. In the unlikely event that Al 0
matix ceramics fail the dissolution studies, more advanced ceramic matrix
materials (silicon carbide, silicon nitride) can be explored.

8.3.5.9.1.3 Application of results

The results of these activities will be used to

1. Describe the as-emplaced container for use in predicting repository
performance..

2. Establish meaningful laboratory test conditions for activities '_>
discussed under Information Need 1.4.2 (Section 8.3.5.9.2). Results
from these tests input into the models for the different degradation
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modes (Information Need 1.4.3 (Section .3.5.0.3)). These test con-
ditions specify the metallurgical and strain conditions that govern
the susceptibility to certain forms of-localized corrosion, stress
corrosion cracking, and hydrogen embrittlement. For some of the
candidate alloys, projections of microstructures that may develop
over the long-term containment 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-emplaced structure serves as
the basis for beginning these projections.

3. Form part of the basis for materials selection for final waste
package designs. The selection process is discussed in Information
Need 1.4.2. That information need sets the basis for establishing
selection criteria and the weighting factors for each criterion. The
performance under anticipated repository conditions'is expected
to be the paramount criterion, but considerations of mechanical and
physical properties plus many practical considerations under the
category of fabricability and weldability may also play an important
role in the selection process. An important part of the fabrica-
bility and weldability issues relates to whether unfavorable
mechanical-microstructural features are produced in an otherwise
resistant material.

4. Form a basis for establishing any additional specifications on the
composition and mechanical properties of the candidate materials
beyond the normal industry specifications. The results from
Information Need 1.4.2 will also be used as input for this basis.

5. Provide guidance in selecting the industrial processes'for forming,
joining, and handling the container. These results will further.
serve as input to information needs under Issues 2.4 (options for
waste retrievability, Section 8.3.5.2), 2.6 (preclosure waste
package characteristics, Section 83.4.3), and 4.3 (waste package
production technologies, Section 8.3.4.4).

6. Complete certain elements of the design that are materials depen-
dent. Most waste package design features, at the conceptual level,
are not sensitive to the material eventually selected.;: At the
advanced designstage,. detail -on the selected material and processes
for producing and handling the container is needed. These results.
are:input into Information Need 1.10.2 (Section 8.3.4.2.2). -

7. Establish the feasibility for the option of a ceramic-lined spent
fuel. waste package. This' feasibility evaluations s based on the

--'"- physical and mechanical propertieso'-f alumina (or othber ceramic
material) and the fabricability. of forming a waste-package 'size

-. liner. This feasibility determination supplies information to
Information Needs 1.4.2 (Section 8.3.5.9.2) and 1.4.3 (Section
8.3.5.9.3).' "'a
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8.3.5.9.1.4 Schedule and milestones

Issue 1.4, which addresses containment by the waste package, contains
five information needs: Information Need 1.4.1 (waste package design fea-
tures that affect the performance of the container), Information Need 1.4.2
(material properties of the container), Information Need 1.4.3 (scenarios and
models needed to predict the rate of degradation of the container material),
Information Need 1.4.4 (estimates of the rates and mechanisms of container
degradation in the repository environment for anticipated and unanticipated
processes and events, and calculation of the failure rate of the container as
a function of time), and Information Need 1.4.5 (determination of whether the
set of waste packages meets the requirements for substantially complete con-
tainment for anticipated processes and events).

The information need numbers and titles corresponding to the timelines
are shown on the left of the following figure. The points shown on the
timelines represent major events or important milestones associated with the
study. Solid lines represent study durations, and dashed lines show inter-
faces.
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The major milestones for Information Need 1.4.1 are the same as those
for Information Needs 1.4.2 and 1.4.3. The activities in this information
need that will be completed in full will depend on the container material
selected and on the models developed in Information Need 1.4.3. Because
these information needs also have a strong link to the performance assessment
activities of Information Needs 1.4.4 and 1.4.5, all the information needs
are shown together on the figure, which presents schedule information in the
form of timelines. The timelines extend to the issuance of final products
associated with the activities presented. Summary schedule and milestone
information for this issue can be found in Section 8.5.2.2.

Barrier material selection, model development, and performance assess-
ment are ongoing, parallel efforts. Model development focuses on the devel-
opment of models that deterministically predict degradation modes of the
container material that are used in the performance assessment activity to
predict container performance for long time periods. Once the container
material(s) is selected, material testing and mdel development will feed
specific information to performance assessment. Data will also be provided
from Issue 1.10 (waste package characteristics). An iterative process will
be used during the performance of these parallel activities until closure of
the issue. Ongoing studies in this information need are currently not con-
strained by other program elements. But as the activity'progresses, the
interfaces with other studies become more important. The schedule for this
information need is directly tied to the completion of the studies undertaken
in information needs in Issues 1.10 (waste package characteristics--
postclosure) and 1.5 (engineered barrier system release rates).

The points on the timeline are described in the following table:

Point
number Description

1 Barrier material selection, model development, and performance
assessment are ongoing, parallel efforts.

2 ' Milestone P265. Complete feasibility evaluation of ceramic-
lined waste package as an alternative design approach.

3 Milestone M265. Metal barrier material selected.

4 Milestone P259. Issue test plan for metal barrier data
acquisition in support of license application>

5 . 'Milestone P260. -Initiate license application'testing for metal
-- barriers. -

6-- - ; -Milestone Z063. Issue final data base for container-material
performance in license application.

7 Milestone P261. Complete data acquisition to support draft-;
- environmental impact statement (DEIS) performance

calculations.
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Point -- 
number Description

8 Milestone P262. Provide input on metal barrier to waste
package performance assessment to support DEIS.

9 Milestone P288. Provide input on other materials to waste.
package performance assessment to support DEIS.

10 Milestone P200. Complete documentation of the results of other
materials testing to support the DEIS.

11 Milestone P040. Issue final report on oxidation/corrosion
.performance of selected container material.

12 Milestone T75. Complete and document waste package
performance analysis codes.

13 Milestone M260. Issue report on preliminary long-term waste
package performance assessments for waste package conceptual
design.

14 Milestone M263. Complete waste package performance assessment
of advanced conceptual design.

15 Milestone Z489. Initiate waste package performance assessment
to support DEIS.

16 Milestone 268.- Complete waste package performance assessment
for license application design.

17 Milestone M273. Issue final report on license application
design waste package performance assessment, regulatory
performance of aggregate of waste packages, and reliability
in meeting regulatory requirements, and waste package
radionuclide source term..,

8.3.5.9.2 Information Need 1.4.2: Material properties of the container

Technical basis for addressing the information need

This information need addresses the material properties of the candidate
metals that are needed to establish the prediction of the performance of the
selected container material. Because the borehole liner will be made from
the same alloy family as the container, information gathered'here will pro-
vide a description of the performance of the borehole liner. Information
from this testing program supplies the models discussed in the Information
Need 1.4.3-(Section 8.3.5.9.3) for each possible'degradation'mode that the
container might experience in the postemplacement repository environment.
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This information need also covers the characterization of the ceramic
material proposed as a liner in an alternative design for spent fuel pack-
ages. This option may be pursued if the feasibility of-producing such a
liner is favorable and if the demonstration that a metal-only waste package
can meet the containment objectives proves too difficult.

Link to the technical data chapters and applicable support documents

The six candidate metallic container materials for the waste package are
introduced and discussed in Section 7.4.2'on metal barriers. Representative
mechanical properties and the metallurgical industry standard composition
ranges are given'in Section 7.3 for each candidate material. The post-
emplacement environmental conditions that will surround the containment bar-
rier are discussed in Section 7.4.1; the geochemical modeling of the environ-
ment is described in Section 7.4.4. The waste package design and a brief
discussion on fabrication and welding:(or other closure) processes for pro-
ducing the waste package are given in Section 7.3.

The material presented in Section 7.4.2 deals with experimental work
performed by the NNWSI Project from 1983 to 1986-and data available from
other published sources. A large portion of this work is centered on
austenitic stainless steels (including some work on austenitic alloy 825),
with a smaller portion centered on copper and its alloys. Although the
earlier emphasis was on the austenitic stainless steels, all candidate
materials are being equally considered in the selection process for the
material to be used in the license application design.

Parameters

Information needed from other information needs includes

1. The candidate container materials (Information Need 1.4.1, Section
8.3.5.9.1).

2. The design features that influence container material selection and
performance of the container material (Information Need 1.4.1).

3. Characterization of the as-emplaced container with respect to its
mechanical microstructural, and physical properties (Information
Need 1.4.1).

4. Scenarios developed to describe the waste package near-field
-environment (Information Need 1.5.3, Section 8.3.6.'10.3).-

5. Results of geochemical modeling calculations to give the chemical
composition and speciation of solutions that may contact the
container (Information Need 1.5.3).

6. Feasibility of using a ceramic-lined waste package (Information
Needs 1.4.1 and 1.10.2, Section 8.3.4.2.2).
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The following data are to be obtained:

1. -A selection of the metallic container materials to be used for
advanced design analysis. The basis on which the selection is made
and the methodology used in carrying out the process are parts of-
this information need.

2. Analyses of the different degradation modes that the candidate
container materials can undergo in the thermal and environmental
conditions expected in the repository after waste package
emplacement.

3. A laboratory testing program centered around the selected material
and the assessment of its likely degradation modes. The results
from the testing program are used in modeling activities to predict
the rates at which the different degradation modes will operate in
the container material.

The work in this information need is divided into four activities. The
first activity concerns the process for selecting the material for the
license application design. The next three activities are specific to the
container materials: (1) copper-based materials, (2) austenitic materials,
and (3) ceramic materials. These three activities deal with the analyses of
the different degradation modes and the testing program needed to provide
data for the predictive performance models in Information Need 1.4.3 (Section
8.3.5.9.3). The subactivities described in the material-specific activities
will not all be completed. Some of the analyses for each material category
need to be performed to provide input into the selection process, but the
full range of testing activities and modeling activities will be carried out
only on the material selected for the final design.

8.3.5.9.2.1 Activity 1.4.2.1: Selection of the container material for the
license application design

This activity is focused on selection of the container material for more
detailed characterization of its properties relevant to attaining the perfor-
mance objectives of the postemplaced container. This activity is presently
limited to the metallic materials; the option of a ceramic-lined container is
viewed as backup position to pursue if the site characterization reveals
information that the environmental conditions are much more aggressive than
now believed and if the fabrication of a ceramic liner is technologically
feasible. Two subactivities support this activity.

8.3.5.9.2.1.1 Subactivity 1.4.2.1.1: stablishment of selection criteria
and their weighting factors

Objectives

The objective of this subactivity is to develop a methodology to select
the container material from the list of candidate materials. A peer review
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group will be formed to review this methodology and its use to arrive at the
final material choice.

Parameters

The following is a preliminary list of the criteria for selecting a
container material for the license application design:

1. Which material will meet the performance allocated to the container
in achieving the containment objectives (substantially complete
containment under anticipated processes and events occurring in the
repository)?

a. Resistance to oxidation.

b. Resistance to general aqueous corrosion.

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

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

e. Demonstration of adequate mechanical properties.

f. Resistance to mechanical embrittlement.

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

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

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

c. Existence of models to extrapolate laboratory data on degrada-
tion phenomena to repository time scales and conditions, or
ability to develop such models.

3. Will the-container material interact favorably with other
components?

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

4. Can the container-be made of this material?'

a. Fabricability of container body. '
b. Weldability of container closeability if a nonwelded closure).
c. Inspectability of closure.
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5. Are the container material and process for fabricating it
practicable?

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

S. How can the confidence in the selection be gained?

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

Weighting factors for each of the preceding criteria will need to be
established. It is expected that criteria 1,2, and 4 will have the heaviest
weighting, but all the criteria have some importance. One approach is to
assign a maximum number of points to each item in the criteria list and a
minimum number for each item that the material must pass. As a rather
extreme sample, it does not good to have a highly corrosion resistant
material that cannot be fabricated and closed.

Where appropriate and available, examples of methods that have success-
fully been used to predict longer term behavior of materials from short-term
laboratory or field tests will be used. Examples may derive from atmospheric
corrosion testing, marine corrosion testing, underground testing, chemical
process industry testing, and nuclear and fossil fuel power plant testing.
These examples will provide information to some of the items listed in
criteria 2 and 8.

Description

Development of the selection criteria and organization of the peer
review group are the first items to be completed in this subactivity. The
NNWSI Project will use its own staff and consultants to develop the selection
criteria and weighting factors. The selection criteria and weightings will
then be reviewed by the peer review panel. Following revision, if necessary,
the criteria will be used to assess the candidate materials and select a
material or materials. The peer review panel will then review the selection
assessments. The peer review panel will consist of approximately seven
individuals with backgrounds in different areas of metallurgy and materials
science and with different work experiences to achieve a balance of view-
points and perceptions.

8.3.5.9.2.1.2 Subactivity 1.4.2.1.2: Material selection

After the review panel is organized and selection criteria established,
the next step is to perform-the selection. Input into the selection process
comes, in part, from (1) the NNWSI Project analyses on the significance of
different possible degradation modes (discussed in the next activity) and (2)
available published literature concerning the performance of candidate mate-
rials in applications and environments that have analogies with expectations
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of conditions in -the proposed Yucca Mountain repository. Depending on the
outcome of the selection process, the NNWSI Project may elect to carry more
than one material forward for additional characterization for the license
application design..

8.3.5.9 .2.2 Activity 1.4.2.2: Degradation modes affecting candidate
copper-based container materials

This analysis concerns the analysis of which degradation modes have any
significant chance of occurring on the candidate copper-based materials in
the postemplacement periods and laboratory testing activities'to provide
information for the modeling activities-discussed in Information Need 1.4.3
(Section 8.3.5.9.3). The candidate copper-based materials-are Copper
Development Association (CDA) 102 (high-purity, oxygen-free copper), CDA 613
(aluminum bronze), and CDA 715 (70/30 copper-nickel).

Two subactivities address the evaluation.

8.3.5.9.2.2.1 Subactivity 1.4.2.2.1: Assessment of degradation modes in
copper-based materials

Objectives

The objective of this subactivity is to evaluate the likelihood of each
potential degradation mode occurring under conditions anticipated at Yucca
Mountain.

Parameters.

The parameters for this subactivity are

1. Literature data documenting the causes for failure of this class of
materials.,

2. Interpretation of these causes of failure in-the context of
fabricating a container (Information Need 1.4.1,.Section 8.3.5.9.1)
and emplacing it in'the Yucca Mountain repository (Information Need
1.5.3, Section 8.3.6.10.3). -'

Description

The corrosion and oxidation resistance of the copper-based material
relies first of all on the electrochemical nobility of copper and secondly on
the formation of a protective surface layer. The protective layer is a thick
oxide that forms on the copper-based materials and acts as diffusion barrier
to mass transport. Thus, the rates of-oxidation and general- aqueous corro-
sion are initially high but become progressively lower with the growth of the
protective layer. The rate of corrosion or oxidation is expected to be
proportional to the oxidation-reduction potential of the-environment, so that
the oxidation or corrosion rate increases with an increase in the oxidizing
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nature of the environment. On the other hand, when the protective layer is
broken, the underlying metal is not very active electrochemically. Hence,
active-path corrosion phenomena (e.g., pitting and stress corrosion cracking)
are usually not as severe as they are with active-passive materials such as
the austenitic materials when the passive film is broken on these. A more
complete discussion of these points is found in Section 7.4.2.

Copper and its alloys do have their vulnerabilities, and a substantial
part of the laboratory testing program is focused on whether these vulnera-
bilities are substantive in the context of conditions at Yucca Mountain.
There are three areas of particular concern:

1. The formation of strongly oxidizing species such as nitrogen dioxide
or nitric acid in irradiated moist atmospheres is expected to
increase the corrosion rates of copper.

2. The presence of ammonia, which can be formed by radiolysis of atmos-
pheric gases in some circumstances, is a concern because it forms
very soluble complexes with copper and destroys protective films.
As a consequence, the general corrosion rate increases substan-
tially, and ammonia provokes stress corrosion cracking (trans-
granular crack pattern) in copper and many copper-based alloys.
Other chemical species have been implicated in causing stress
corrosion cracking in copper-based materials; as with ammonia, the
role of these species is probably one of destabilizing the protec-
tive film. Whether the presence of any of these or similar species
would be significant in the postemplacement environment at a Yucca
Mountain repository-needs to be demonstrated.

3. The presence of segregation effects in the long term, particularly
if there is segregation of the less noble constituent from the
copper, creating a large galvanic cell within the alloy. The segre-
gation effects may be of concern even though copper and the two can-
didate alloys appear to have simple metallurgical icrostructures.

Classification of degradation modes generally follows from the morpho-
logy of the attack (uniform, localized, stress-assisted, embrittlement) as
indicated earlier in the material under the issue-level discussion. For the
purposes of organizing the work in this and the next information need, the
degradation modes have been placed into seven groups. This grouping is based
on the performance models discussed in Information Need 1.4.3 (Section
8.3.5.9.3). The analysis in this information need emphasizes the vulnera-
bilities of the materials, and much of the effort is directed toward estab-
lishing how much these vulnerabilities matter in demonstrating performance of
the material.

Seven degradation modes of copper and copper-based alloys are being
considered:

1. Metallurgical aging and phase stability.
2. Low temperature oxidation.
3. General aqueous corrosion.
4. Hydrogen entry and embrittlement.
.5. Pitting, crevice, and other-localized attack.
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6. Stress corrosion cracking.
7. Other potential degradation modes.

The order these degradation odes were presented in does not imply a
ranking according to importance, but rather was developed to streamline the
discussion in this and the next information need (1.4.3). In summary, this
activity reviews the pertinent literature on the different copper-based
material degradation modes as well-as the relevance of previous NNWSI Project
laboratory ork (Section 74.2). This activity assesses the potential for
occurrence of each mode and estimates the severity of attack. All this
information provides input to the container material selection (Activity
1.4.2.1,-Section 8.3.5.9.2.1).

8.3.5.9.2.2.2 Subactivities 1.4.2.2.2 through 1.4.2.2.8:
plan for copper-based materials

The following subactivities cover the laboratory test
appropriate to each of the enumerated degradation modes:

Laboratory test

plans and programs

Subactivity

1.4.2.2.2
1.4.2.2.3
1.4.2.2.4
1.4.2.2.5
1.4.2.2.6
1.4.2.2.7
1.4.2.2.8

Degradation mode

Metallurgical aging and phase stability
Low temperature oxidation
General aqueous corrosion
Hydrogen entry and embrittlement
Pitting, crevice, and other localized attack
Stress corrosion cracking
Other potential degradation'modes

These subactivities will be discussed as a group and will be-pursued (1)
according to which material is selected for the advanced designs and (2)-
where literature review and analysis indicate the need to obtain data speci-
fic to Yucca Mountain conditions. The laboratory test plan will only be -
carried out in full for the aterial(s) selected for the advanced designs.
The sequence of these major activities is given in the schedule and milestone
section at the end of this information need.

Objectives

For the selected material, the objective of this group of subactivities
is to develop and implement a laboratory test plan to-provide information to
the modeling activities in Information Need 1.4.3 (Section 8.3;5.'9.3). The
test-plan is oriented toward quantifying particular degradation modes or
proving that the degradation mode(s) will not be operative under conditions
anticipated at the Yucca Mountain repository.

Parameters

The expected important parameters for each of the degradation modes are
listed under the respective activity for the modeling work in Information
Need 1.4.3.
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Description

The plan is to develop an experimental approach for each of the possible
degradation modes. In many instances, the laboratory investigations are
expected to be performed under environmental, metallurgical, or strain condi-
tions that are intentionally made more severe than those expected to occur in
the repository environment. This approach is used to accelerate the phenom-
enon under investigation so that measurement can be made in a reasonable
amount of laboratory time (hours, days, weeks, months, and in some instances,
up to a few years). Also, confidence in the modeling activities is gained by
systematically extending the period of observation from shorter times with
more aggressive conditions to making predictions for longer times with less
aggressive conditions and then performing tests under these conditions for
confirmation.

This approach requires sufficient understanding of the causative mech-
anisms for each of the degradation modes so that predictions for container
failure can be made, as stated in the performance goals in Issue 1.4 and
consistent with the required confidence level (Table 8.3.5.9-1). It is
further recognized that several of the degradation modes are rather closely
related, and it is possible that one or more can be operable under a given
set of conditions. For example, aging and segregation reactions can lead to
phases that create local electromechanical cells within the material.

The long-term, low-temperature oxidation is expected to condition the
surface of the container and will influence all the other subsequent degra-
dation modes. These points are also taken into account in the modeling
activities.-

In the category of 'other potential degradation modes' particular
corrosion and mechanical degradation processes are possible, but unlikely,
based on the current understanding of conditions of Yucca Mountain. With
regard to high-purity copper (DA 102), the possibility of low temperature
creep has been discussed previously and largely discounted because of the
expected use of a somewhat thicker section (2-3 cm) for a container fabri-
cated from this material. The relatively low temperatures that will occur on
the container surface (maximum peak temperatures in the range of 230 to 250-C
for the spent fuel packages with highest thermal loading) suggest that high-
temperature metallurgical deformation and fracture processes are not signifi-
cant. The possibility of a major change in the waste package environment
caused by the multiplication of thermophilic bacteria has been raised. Cop-
per and its alloys are usually resistant (although not entirely immune) to
microbiological attack, probably because of the toxicity of copper compounds
to lower life forms. To some extent the chemical effects of microbiological
propagation can be evaluated by laboratory testing in simulated environments
(for example, formation of sulfide by sulfate-reducing bacteria could be
important for copper-bearing materials) if later Project analysis indicates
that such microbiological entities could be introduced during the operational
period and could survive in the thermal environment in Yucca Mountain.
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8.3.5.0.2.3 Activity 1.4.2.3: Degradation modes affecting candidate
austenitic container materials

This activity concerns the analysis to determine which degradation modes
have a significant chance of occurring for the candidate austenitic materials
in the postemplacement periods and laboratory testing activities to provide
information for the modeling activities discussed in Information Need 1.4.3
(Section 8.3.5.9.3). The candidate austenitic materials are AISI types 304L
and 316L stainless steels and the nickel-base austenitic alloy 825.

This activity consists of nine subactivities.

8.3.5.9.2.3.1 Subactivity 1.4.2.3.1: Assessment of degradation modes in
austenitic materials

Objectives

The objective of this subactivity is to evaluate the likelihood of each
potential degradation mode to occur under conditions expected at Yucca
Mountain.

Parameters

The parameters for this subactivity-are as follows:

1. Literature data documenting the causes for failure of this class of
materials.

2. Interpretation of these causes of failure in the context of
fabricating a container (Information Need 1.4.1, Section 8.3.5.9.1)
and emplacing it in the Yucca Mountain repository (Information Need
1.5.3, Section 8.3.5.10.3).

Description

The fundamental feature in analyzing the behavior of the candidate
-austenitic materials is understanding that their oxidation and corrosion
resistance depends on the formation -and maintenance of a thin but protective
passive film that slows down the reaction rate between the alloy and the--
environment. Mechanical or chemical processes that break down the passive
film are responsible for initiation of degradation modes. Metallurgical
reactions in the alloy fortify or weaken the stability of the passive film.
Material on the analysis of potential degradation problems in the austenitic
materials is given in Section 7.4.2.

Classification of degradation modes generally follows from the morphol-
ogy of the attack (uniform, localized, stress-assisted, embrittlement) as
indicated earlier in the material under the issue-level discussion. For the
purpose of organizing the work in this and the next information need, the
degradation modes have been placed into eight groups. This grouping is based
in the performance models that are discussed in Information Need 1.4.3
(Section 8.3.5.9.3).
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The analysis of this information need emphasizes the vulnerabilities of
the materials, and much of the effort is directed toward establishing how
much these vulnerabilities matter in demonstrating performance of the con-
tainer. The three prominent vulnerabilities of the austenitic materials that
are important in understanding the degradation modes in a variety of natural
and chemical environments are (1) sensitivity to chloride ion in the environ-
ment, (2) tendency toward developing sensitized (chromium-depleted) micro-
structure, and (3) metallurgical metastability of austenite in the two
candidate stainless steels. These vulnerability features influence the eight
degradation modes around which the laboratory testing and modeling activities
are centered.

The austenitic material degradation modes are the following:

1. Metallurgical aging and phase transformations.
2. Low temperature oxidation.
3. General aqueous corrosion.
4. Intergranular attack and intergranular stress corrosion cracking.
5. Hydrogen entry and embrittlement.
6. Pitting, crevice, and other localized attack.
7. Transgranular stress corrosion cracking.
8. Other potential degradation modes.

As noted previously in the discussion of the copper-based material, the
presentation order is only to facilitate the discussion of the important
parameters for causing the particular degradation modes and does not indicate
the importance of the particular mode. In summary, this activity reviews the
pertinent literature on the different austenitic material degradation modes,
as well as the relevance of previous NNWSI Project laboratory work (Section
7.4.2). The activity assesses the potential for occurrence of each mode and
estimates the severity of attack. All of this information provides input to
the container material selection (Activity 1.4.2.1, Section 8.3.5.9.2.1).

8.3.5.9.2.3.2 Subactivities 1.4.2.3.2 through 1.4.2.3.9: Laboratory test
plan for austenitic materials

The following subactivities cover the laboratory test plans and testing
program appropriate to each of the potential degradation modes just
presented. These subactivities will be discussed as a group.

Subactivity Degradation mode

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 intergranular stress corrosion
cracking

1.4.2.3.6 Hydrogen entry and embrittlement
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Subactivity Degradation mode

1.4.2.3.7 Pitting, crevice, and other localized attack

1.4.2.3.8 Transgranular stress corrosion cracking

1.4.2.3.9 Other potential degradation modes

Subactivities 1.4.2.3.2 through 1.4.2.3.9 will be pursued (1) according
to which material is selected for the advanced designs and (2) literature
reviews and analyses that indicate the need to obtain data specific to Yucca
Mountain-conditions. The laboratory test plan will only be carried out in-
full on the material(s) selected for the advanced designs. The sequence of
the major activities is given in the schedule and milestone section-at the
end of this information need.

Objectives

For the selected material, the objectives of this group of subactivities
is to develop and implement a laboratory test plan to provide information to
the modeling activities in Information Need 1.4.3 (Section 8.3.5.9.3). The
test plan is oriented toward quantifying a particular degradation mode(s) or
proving that the degradation mode(s) will not be operative under conditions
anticipated at the Yucca Mountain repository.

Parameters 

The expected important parameters for each of the degradation modes are
listed under the respective activity for the modeling work in Information
Need 1.4.3.

Description

The plan is to develop an experimental approach for each of the possible
degradation modes. In many instances, the laboratory investigations are
expected to be performed under environmental, metallurgical, or strain
conditions that are intentionally made more severe than those expected to
occur in the repository environment.. This approach is used to accelerate the
phenomenon under investigation so that measurement can be made in a reason-
able amount of laboratory time (hours, days, weeks, months, and in some
instances, up to a few years). Also, confidence in the modeling activities
is gained by systematically extending the period of observation from shorter
times with more aggressive conditions to making predictions for 'longer times
with less aggressive conditions and then performing tests under these condi-
tions for confirmation. -

This approach requires sufficient understanding of the causative mech-
anisms for each-of the degradation modes so that predictions for container,
failure can be made, as stated in the performance goals in this issue (Table
8.3.5.9-1)-and consistent with the required confidence level (highest in the
containment period, lower in the postcontainment period). In addition, --

several of the degradation modes are rather closely related to one another,
and it is possible that one or more can be operable under a given set of
conditions. For example, aging and transformation reactions can lead to
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phases (e.g., martensite)- that are more susceptible to one of the degradation
modes (hydrogen embrittlement) than the parent phase. Some theories of
transgranular stress corrosion cracking i stainless steels ascribe crack
initiation from the bottom of a previously formed pit. The long-term, low
temperature oxidation is expected to condition the-surface of the container
and will influence all the other subsequent degradation modes. These points
are also taken into account in the modeling activities.

As discussed in the previous section on degradation modes for the
copper-based materials, 'other potential degradation modes* covers the cor-
rosion and mechanical degradation modes that appear to be inconsistent with
the present understanding of conditions in the Yucca Mountain repository.
Creep and high-temperature deformation and fracture mechanisms on the austen-
itic materials appear unlikely because of the higher strength (compared with
copper) of these alloys and the relatively low temperatures that will develop
in the near-package environment. Another example in this category is the
propagation of microbiological entities that could exist in the thermal
environment after waste package emplacement and that could cause significant
changes in the chemical nature of the environment. With regard to the corro-
sion of stainless steels, some'combination of circumstances could lead to
aggressive environmental conditions that could result in the formation of
more acidic environmental conditions that would intensify pitting, crevice,
stress corrosion, and possibly hydrogen enbrittlement if sulfuric acid-
forming bacteria could be introduced during the repository operational
period, if a sulfur-containing food source were available, and if the bac-
teria could survive the long thermal period after container emplacement. The
nickel-based alloy is more resistant to acid attack (and concentration of
anionic species that would also occur). Bacteria that use nitrogen or iron
as food sources may also attack iron-based materials. To some extent labora-
tory testing can simulate the chemical effects of the environment modifica-
tion by microbiological entities. Further analysis of whether the correct
conditions for microbiological life forms would ever occur in Yucca Mountain
will be evaluated before initiation of this work.

One of the reasons for exploring the use of a ceramic liner as a
container alternative is the potential occurrence of exceedingly aggressive
conditions (such as those discussed previously) so that any of the candidate
metals could not be successfully demonstrated to withstand these conditions.
This is discussed in the next activity.

8.3.5.9.2.4 Activity 1.4.2.4: Degradation modes affecting the ceramic liner

This activity concerns potential degradation modes that can affect a
ceramic-lined waste package container and testing activities needed to quan-
tify and model these degradation phenomena. The ceramic-lined container is
pursued as an option if the technological feasibility (Information Need
1.4.1, Section 8.3.5.9.1) study indicates such a package can be fabricated
and if it is deemed needed. Alumina is the candidate ceramic material
because of its chemical stability in many aqueous environments. Other cer-
amic materials may be evaluated if they are also chemically resistant and if
they.can be fabricated in the size and shape of a waste package. These
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alternative materials are discussed in Information Need 1.4.1. Two subac-
tivities support this activity.

8.3.5.9.2.4.1 Subactivity 1.4.2.4.1: Analysis of the degradation modes
affecting the ceramic liner

Objectives

The objective of this subactivity is to identify the degradation modes
that have a significant chance of occurring in the repository time scale and
conditions. At the present time, the degradation modes believed to be signi-
ficant are (1) the chemical dissolution of alumina under repository environ-
mental conditions, (2) crack propagation from preexisting flaws and defects
in the material, and (3) crack propagation from an impact occurring during or
after waste package emplacement. 

Parameters

Part of the feasibility evaluation, discussed in Information Need 1.4.1
(Section 8.3.5.9.1), is evaluation of previous experience in fabricating
large ceramic structures. Previous experience should disclose information on
any degradation modes; as for the all-metal containers, interpretation of the
cause of failure in the context of Yucca Mountain conditions is the major
product of this activity.

Description

The fracture toughness of the ceramic is believed to be a more limiting
property than its chemical stability. Determination of crack propagation
will depend on analysis of defects (size, --shape, distribution) produced
during the manufacturing process. In addition, the stress magnitude and
distribution on the-ceramic liner-is important in determining whether-a
preexisting flaw can propagate and how it will propagate. In addition to
slow crack propagation from preexisting flaws, the possibility of high strain
rate and more rapid crack propagation resulting from an impact after the
package is emplaced must be evaluated. Obvious impacts from the waste
package handling and emplacement operations will be avoided (and damaged
packages replaced). The porosity of-the ceramic may also influence the'crack
propagation rate,-and the porosity may also-influence the dissolution rate.
Analysis of the degradation modes in a ceramic liner is expected to be much
more closely dependent on the fabrication process than a similar analysis on
an all-metal containment barrier. Because the work on a ceramic liner is at
the conceptual stage, other degradation modes may be identified as part of
the feasibility evaluation of this design and materials approach.

8.3.5.9.2.4.2 Subactivity 1.4.2.4.2: Laboratory test plan for ceramic liner
materials

Planning for laboratory testing activities for a ceramic-lined waste
package container includes a future activity that will depend on (1) an
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evaluation to determine whether production of a such a package is techno-
logically feasible, (2) the identification of degradation modes of a ceramic
liner, and (3) the position of the NNWSI Project on its anticipated success
in demonstrating that the metal barrier and waste form can provide the
required containment.

8.3.5.9.2.5 Application of results

The results of this information need are used in the scenario and model-
ing activities in Information Need 1.4.3 (Section 8.3.5.9.3), Which in turn
provide information for the estimates of rates and mechanisms of container
degradation (Information Need 1.4.4, Section 8.3.5.9.4) and determination of
the time to loss of substantially complete containment (Information Need
1.4.5, Section 8.3.5.9.5). Because alternative materials and designs are
being currently pursued to meet the containment objectives, decisions on
material selection in this information need and in the Design Information
Need 1.10.2 (Section 8.3.4.2.2) will determine which of the specific testing
and modeling activities will be followed. Further compositional, mechanical,
and microstructural specifications may be required on the selected container
material to ensure a high degree of precision in making performance predic-
tions. These will be established by the testing activities in this infor-
mation need and the modeling activities in the next information need.

8.3.5.9.2.8 Schedule and milestones

The schedule and milestone information for Information Need 1.4.2 is
given in Section 8.3.5.9.1.4 following the discussion of Information Need
1.4.1 (waste package design features that affect the performance of the
container). The activities in this information need that will be completed
in full depend on the container material selected (Activity 1.4.2.1, Section
8.3.5.9.2.1) and on whether the ceramic-lined container is a technically
viable and desirable option (Activity 1.4.1.2, Section 8.3.5.9.1.2).

8.3.5.9.3 Information Need 1.4.3: Scenarios and models needed to predict
the rate of degradation of the container material

Technical basis for addressing the information need

This information need combines the scenarios and conditions for the
near-field provided by Information Need 1.5.3 (Section 8.3.5.10.3) and the
performance of metal materials under a range of conditions provided by
Information Need 1.4.2 (Section 8.3.5.9.2). The models developed here,
together with data developed in Information Needs 1.4.1 and 1.4.2 (Sections
8.3.5.9.1 and 8.3.5.9.2), will be used to predict the performance of the con-
tainer during both the containment period and the postcontainment period.
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Link to the technical data chapters and applicable support documents

The scenarios and conditions for container degradation are derived from
the information onsite geology (Chapter 1), hydrology (Chapter 3), geochemis-
try (Chapter 4), emplacement environment (Section 7.1), waste package design
(Section 7.3), and waste package postemplacement environment (Section 7.4.1).
Some of the'scenarios requiring analysis will arise from information needs of
the total system performance assessment (Issue 1.1), which is discussed in
Section 8.3.5.13.

Performance assessment models that will be used to predict metal barrier
performance are discussed in Section 7.4.5. Design inputs to those analyses
appear .in Section 7.3. Details of activities that will develop waste package
process models that will be implemented in performance assessment modeling
appear in waste package environment (Section 7.4.1)) metal barrier studies
(Section 7.4.2), and geochemical modeling (Section 7.4.4). Further details
are provided in information needs under'Issues 1.5 (Section 8.3.5.10) and
1.10 (Section 8.3.4.2).

Parameters

The information needed from other information needs includes

1. Scenarios developed under Information Need 1.5.3 (Section
8.3.5.10.3) to describe the waste package near-field environment
before container failure.

2. Results of geochemical modeling calculations from Information Need
1.5.3 to characterize the chemical composition and speciation of the
solutions that might contact the container.

3. The container design characteristics from Information Need 1.4.1
(Section 8.3.5.9.1)

4. The container material properties from Information Need 1.4.2
(Section 8.3.5.9.2).

The output parameters for container performance models are tools that
will allow the performance of the container to be predicted under repository
postemplacement conditions.

The scenarios developed under Information Need 1.5.3-(Section -

8.3.5.10.3) will define the range of conditions that correspond to the antic-
ipated processes and events for 10,000 and 100,000 yr. The models developed
here will be used in-combination with the waste package performance ssess-
ment code to provide the predictions of the conditions of the' container for
the first 1,000 yr after repository closure and for the postcontainment
period. This will provide the information needed to calculate potential
releases from waste packages during the containment period and thereafter.
The parameters used in the performance assessment calculations will contain
probabilistic information.
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Logic

Prediction of the long-term performance of the metal barrier under
repository conditions requires that all significant degradation mechanisms be
identified and the probability of their occurrence be quantified. or 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 conditions relevant to the repository. In many instances,
the analysis to determine hether the degradation mode might occur requires
the same model that will allow prediction of long-term behavior. Thus, in
this information need, activities 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
information need will be used in Information Need 1.4.4 (Section 8.3.5.9.4)
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 is requested by the total system performance assess-
ment task.

There are three activities in this information need. The first covers
the investigation of copper-based materials, while the second covers the
investigation of the austenitic materials. After alloy selection, only one
of these activities will continue and only one (or at most two) material will
be the subject of intensive study. Other members of the alloy family may be
included in testing activities if they provide insight into the behavior of
the candidate materials. The third activity concerns models to predict the
performance of a ceramic liner.

The modeling activities discussed in this information need and the
laboratory testing activities discussed in Information Need 1.4.2 (Section
8.3.5.9.2) are closely related. They are both described in fairly general
terms in this document with much greater detail to be provided in the labora-
tory test plan that will be written for the material(s) selected for the
advanced designs. Particularly for localized corrosion and stress corrosion
cracking there is a considerable need to select test methods as well as
materials, and this selection is best left until after the final material is
selected. The sequence of activities is indicated in the schedule and mile-
stone section at the end of this information need.

8.3.5.9.3.1 Activity 1.4.3.1: Models for copper and copper alloy
degradation

The following seven subactivities support this evaluation.
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8.3.5.9.3.1.1 Subactivity 1.4.3.1.1: Metallurgical aging and phase
stability

Objectives

This subactivity will examine the kinetics of segregation effects in the
high-purity oxygen-free copper (DA 102) and the segregation and possible
precipitation kinetics in the candidate alloys CDA 613 and ODA 715. The
objective is to determine whether any signigicant segregation or precipita-
tion of secondary phases could occur under disposal conditions; if they
occur, to what extent; and what the consequences of these reactions are on
induced embrittlement or enhanced susceptibility of the metal-to corrosion
processes.

Parameters

Information needed from other information needs includes

1. Description of the near-field waste package environment (especially
the projections of time-temperature profiles).

2. -Laboratory data on the kinetics of phase segregation reactions.

3. Mechanical properties of the segregation products.

4. Electrochemical effect of segregation products on the base metal.

5. Strain in the container body material and in the heat-affected zone
around the closure.

6. Residual stress;

The output parameters are the prediction of the phases that might be
present in the metal container and the abundance of those-phases-as a
function of time and repository conditions.

Description

In general, there are fewer considerations (compared with those for the
other candidate materials) in the modeling-of the long-term behavior of the
copper systems because of the simple structure of the materials. Copper has
no phase transformations and high-purity copper has no intentional alloy,
constituents. The main concerns are (1) the possibility-of segregation in
the copper alloys over long periods of time and the effects of this on corro-
sion performance, and (2) the precipitation of minor alloy constituents, such
as iron in CDA 715 and tin in ODA 613, and their effects on corrosion and
embrittlement. The aluminum content in CDA 613 approaches the solubility
limit, and the effect of other alloy constituents may favor the precipitation
of second phases in this alloy under some conditions.

This-activity will first assess the possibility for alloy constituent
precipitation and segregation in the alloys. If any of these separation
effects are found to be likely, then an appropriate nucleation or diffusion-
based model for the separation will be developed. Results from this model
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will then be used with the models for other degradation modes (such as pit-
ting corrosion and stress corrosion) to assess the potential for container
degradation. For high-purity copper it may be necessary to model the low
temperature creep of the material because of the comparatively low strength
of pure copper. Although the waste package will not be under large static
loads in the environment expected at Yucca Mountain, the thicker walls
considered for a pure copper container may create sufficient self loading to
allow significant low temperature creep over very long times. Again, the
first step will be to assess the need for the model and, if necessary,
develop the model. It may be advantageous to add a small amount of deoxidi-
zer (e.g., P, Be, Al, Cr, and rare earth elements) to the high-purity copper
to prevent oxygen pickup during hot working or-welding. In this instance, a
model for the long-term effect of the deoxidizing element in the metallur-
gical microstructure may be needed.

8.3.5.9.3.1.2 Subactivity 1.4.3.1.2: Low temperature oxidation

Objectives

The objectives of this subactivity are to (1) determine the amount of
metal loss by oxidation and the rate law explaining the oxidation behavior of
the copper-based material over the relevant times and temperatures for the
repository and (2) characterize the oxide or other protective layer formed.

Parameters

The information needed from other information needs includes

1. Results of weight loss or gain tests under relevant time-temperature
conditions.

2. Description of the container environment.

3. Description of oxidation product layers.

4. Effect of radiation on moist air.

The output parameters are rate laws for the degradation of the metal by
oxidation and a model for predicting the behavior of oxide layers under
repository conditions. Occasionally, depending on environmental species
present, other anionic species are incorporated into the oxidation product,
so that a basic copper nitrate, basic copper carbonate, basic copper
chloride, or basic copper sulfate is found in the oxidation product layers.

Description

Tests will be conducted under Information Need 1.4.2 (Section 8.3.5.9.2)
to determine the rates of oxidation over the temperature range of interest.
These data will be used to develop a model for the oxidation process under
Yucca Mountain conditions. Of particular concern with copper and copper-
based alloys is the rate of oxidation that will occur in the time period just
after emplacement when both the.temperature and the radiation dose rate is
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highest. Radiolysis of the expected moist atmosphere can produce oxides of
nitrogen that could cause high oxidation rates and formation of nonprotective
oxides. The limited amount of testing performed in a high gamma radiation
field thus far (discussed in Section 7.4.2) does not indicate excessive
oxidation rates.,

Oxidation studies performed on copper and copper-based alloys-at temper-
atures generally less than 300'C (low temperature oxidation) indicate that
the oxide growth kinetics follow a cubic (or higher order) rate law. The
oxide-layer is dominantly Cu O. No indications of spalling or exfoliation of
the oxide are given. Very little information on oxidation in the presence of
gamma radiation is available.

The main work in the oxidation studies will most probably involve
characterizing the properties of the oxide that would develop on the con-
tainer surface during the long period when the surface temperature is-above
the boiling point of water and the environment is relatively dry. This oxide
film then establishes the surface characteristics of the metal when the
temperature has cooled enough that liquid water can enter the near-package
environment.

8.3.5.9.3.1.3 Subactivity 1.4.3.1.3: General aqueous corrosion

Objectives

The objective of this subactivity is to determine th amount of metal
loss by general aqueous corrosion and to establish whether a uniform pattern
of attack occurs. Aquerous corrosion can occur when a more or'less
continuous moisture film is present on the container surface or when some
portion of the container surface is immersed in water. -

Parameters

The information needed from other information needs includes

1. Results of weight loss tests..
2. Description .of the environment near the waste package surface.
3. Description of corrosion product layers.
4. Chemical modeling of solution composition. -

5. Radiolysis effects in-aqueous media.

The output parameters are estimates of the wastage of the metal con-
tainer that can occur during the containment and postcontainment periods.
The Project would like to be able to characterize both oxidation and general
aqueous corrosion well beyond the thousand-year postclosure period.- Most of
the container surface will still be present in this period, and could thus
provide a catchment location for water. The controlled release rate models
for radioactive nuclides will depend on the potential of the container to
affect water movement to and from the waste form.
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Descriction.

Many of the same points of discussion made on the low temperature oxida-
tion of copper. and copper-based alloys apply to the discussion on general -

aqueous corrosion. Indeed, it is difficult to draw a hard line between -
oxidation and corrosion, and from the point of view of model development,
many of the same features will be found in both phenomena. An important link
between corrosion and oxidation is development of a thin-film electrolyte'
model where the 'dry$-oxidation case is given by the limit of a zero thick-
ness film. Because an electrolyte is present in the aqueous corrosion case,
the model is amenable to experimental verification by measurements of corro-
sion potentials and corrosion currents.

The characterization of the corrosion product layers in general aqueous
corrosion is also important to establish whether the patinas formed on a -
corroding copper surface are protective. In addition, the oxide (including
whatever anionic species may be incorporated with it) characteristics (e.g.,
compositions thickness, and defect structure) govern its behavior with regard
to models for localized corrosion and stress corrosion. Models for these
nonuniform kinds of corrosion will include the treatment of the breakdown and
repair of protective films or layers on the metal surface.

Tests will be conducted under Information Need 1.4.2 (Section 8.3.5.9.2)
to determine the rates of general corrosion over the range of temperature and
water composition that could be expected in the repository. These data will
be used to develop a model for the corrosion process under Yucca Mountain
conditions. The general features of the model will include

1. Prediction of the oxidation-reduction potential in the environments
of interest.

2. Prediction of the corrosion potential for the metal in the
environments of interest.

3. Prediction of the corrosion current (and hence the corrosion rate)
as a function of potential.

The oxidation-reduction potential is a measure of the oxidizing or
reducing nature of the environment, and the corrosion potential is a measure
of the response of the metal to the environmental oxidation-reduction poten-
tial. This model will establish boundaries for the possible range of cor-
rosion potentials as a function of temperature and the nature and concentra-
tion of chemical species in the water (including effects of pH and dissolved
atmospheric gases). Also, the residual effect of radiolysis in the environ-
ment will be considered. By the time the temperature permits liquid water in
the near-package environment, the radiation field is expected to have decayed
to a level at which radiolysis effects are small. The model for corrosion
potentials will also be related to models being developed for localized cor-
rosion, hydrogen embrittlement, and stress corrosion. Prediction of corro-
sion susceptibility depends on the values of the critical potentials required
to initiate and propagate these kinds of corrosion relative to the value of
the corrosion potential.
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8.3.5.9.3.1.4 Subactivity 1.4.3;1.4: Hydrogen entry and embrittlement

Objectives

The objective of this subactivity is to assess what level of hydrogen in
copper-based materials is necessary to cause embrittlement of the material
and to significantly affect other degradation rates and mechanisms. The
subactivity will then examine the environmental'conditions'at Yucca Mountain
to determine whether that amount of hydrogen could conceivably enter the"
metal structure. If the required hydrogen would be'available, the necessary
laboratory studies will be conducted under Information Need 1.4.2 and a model
developed in this subactivity' to determine the effects-of hydrogen
embrittlement.

Parameters

The information needed from other information needs includes

1. Hydrogen production rate by radiolysis and corrosion.
2. Hydrogen recombination rate by all processes.
3. Maximum rate of hydrogen entry into the-alloy.
4. Maximum concentration of hydrogen in the alloy.
5. Phase'structure of the alloy.
6. Effects of hydrogen in copper-based materials.

The assessment of hydrogen effects centers around a bounding calculation
for the maximum availability of atomic hydrogen at the metal surface.
(Molecular hydrogen does not diffuse into the metal.) The analysis will
consider both the external and internal container environments. The latter
is necessary because some fuel rods that breached in reactor service may
contain water that would be released to the container inner atmosphere under
disposal conditions.

The model will consider the maximum rate of hydrogen permeation in the
metal (i.e., the net result of hydrogen entry and loss by outward diffusion).
The total trapped hydrogen will be compared with the level that produces '
significant effects on the container material performance under Yucca Moun-
tain conditions. If the amount of trapped'hydrogen is less than'the critical
level; no further work will be done. If the amount is greater, the effects
of the hydrogen will be assessed. An early determination concerning the
probability for embrittlement of copper should be possible and no further
work will be needed.

One particular effect that occurs in high-purity copper is that of
"hydrogen sickness.' This is caused by the copper' picking up oxygen during a
hot forming or welding operation. The'oxygen forms oxides in the copper that
are unstable in the presence of a hydrogen-containing environment. The
result is formation of water vapor blisters in the copper.' Addition of a
small amount of deoxidizing element (e.g., 'Al, P Be,- Cr, and rare earths) to
the'copper appears to prevent hydrogen sickness.
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8.3.5.9.3.1.5 Subactivity 1.4.3.1.5: Pitting, crevice, and other localized
attack

Objectives

The objective of this subactivity is to determine whether the necessary
environmental conditions will exist to initiate pitting, crevice, or other
localized corrosion attack under Yucca Mountain repository conditions. If
pitting or crevice corrosion were predicted to occur, then the rate of propa-
gation of the attack would be determined. Another kind of localized attack
that is specific to some copper-based alloys is selective leaching of the
less noble constituent (aluminum from aluminum bronze, nickel from copper-
nickel). Therefore, this activity will assess whether selective leaching
could occur in the repository environment.

Parameters

The information needed from other information needs includes

1. Near-field waste package environment conditions, especially the
concentration of ions known to favor these modes of attack.

2. Quantities.of electrolyte needed to set up localized corrosion
cells.

3. Temperature.

4. Solution p.

5. Metal microstructure.

6. Corrosion potential.

7. Pitting (and other critical potentials.

Description

Pitting attack occurs when the temperature and aggressive ion concen-
trations are sufficiently high and the pH sufficiently low to cause localized
corrosion cells to initiate and propagate on the metal surface. The metal
microstructure can also be important because it can lead to local breakdown
of the passive corrosion films and to the establishment of galvanic cells.
Precipitates and inclusions can be particularly important in favoring pitting
corrosion. The ions of concern for copper and its alloys are sulfide and
certain heavy metal ions (e.g., ferric and manganese). These ions are not
present in the waters beneath Yucca Mountain in significant quantities, and
they are not expected to be present in the vadose water at levels great
enough to cause concern. (These species could possibly be introduced during
the repository construction and operational periods.) Metallurgical effects
on localized corrosion initiation will be assessed; these include inclusions
in the metal, precipitation reactions in the metal, and segregation
reactions.
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The model for pitting corrosion will determine critical values for the
electrochemical potential above which pitting occurs and will determine
whether this potential could be reached in the system under anticipated Yucca
Mountain conditions.

Crevice corrosion is not commonly observed in copper and copper-based
alloys, but a full assessment of whether it can occur under repository
conditions will be undertaken. Models for crevice corrosion will use
critical potential analysis combined with an analysis for the potential for
propagation of the crevice attack.' The latter analysis will use the crevice
geometry and-the local chemical conditions as its basis. The data for this
model development will be collected in activities described under Information
Need 1.4.2'(Section .3.5.9.2).

Selective leaching-effects are-possibly tied to the segregation effects
in alloys or to codissolution of'both the copper and other alloy constituents
with later redeposition of the copper as a sponge-like material. Selective
leaching effects are most commonly associated with copper-zinc alloys; of the
candidate materials, the aluminum bronze would appear to have the greatest
susceptibility because of the large electrochemical potential between copper
and aluminum. However, the expected oxidizing conditions in the repository
would be expected to passivate the alloy and mitigate against selective
leaching. This will-need to be demonstrated. Severe metallurgical or
environmental inhomogeneity could conceivably initiate and drive a selective
leaching reaction. Selective leaching effects are tlso'potential dependent,
and so a model for this kind of localized attack will be based on analyses of
critical potentials for initiating and propagating the phenomenon.

The probability of localized forms of corrosion appears to-be of lesser
concern than other corrosion and degradation mechanisms for copper-based
materials. Any modeling activities undertaken for these materials will
determine the critical potential over'a-wide range of environmental condi-
tions and alloy compositions, and relate those potentials to the expected
range of conditions for the repository and for the as-assembled container.
Successful validation of the model in water with-relatively high ionic
contents will'add confidence to the extrapolations needed to reach the
expected repository conditions of low ionic contents.- --

8.3.6.9.3.1.6 -Subactivity 1.4.3.1.6: Stress corrosion cracking

Objectives

The objective of this subactivity is to determine the potential for
stress corrosion cracking-to occur under the repository disposal conditions,
and-if it occurs, to provide a prediction for the rate 'of crack initiation
and growth.-

Parameters

The information needed from other information needs includes

1. Ammonia concentrations that could contact the container.'
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2. Temperature.
3. Stress (and stress intensity).
4. Alloy segregations.
5. Other ions in solutions.
S. Corrosion potential.
7. Critical potential for crack initiation.

Description

By far the most important documented failures and research investi-
gations on stress corrosion cracking (SCC) of copper and its alloys are in
ammonia and ammonia-containing environments. Ammonia (and ammonium ion, and
in some instances, organic compounds that decompose to form ammonia) form
highly soluble complexes with copper. These complexes destabilize the other-
wise protective patinas on copper in most environments and create very active
sites where the stressed protective layer is broken and rapid anodic dissolu-
tion occurs to initiate the crack. Ammonia is effective in initiating SCC in
the most susceptible materials (brasses) at small concentrations. There are
possible occurrences for ammonia formation in the waste package environment.
For example, radiolysis of atmospheric gases (N and H 0) could produce NH.
Although the dominant oxidizing conditions are thought2to mitigate against3
significant ammonia formation, ammonia could form as a transient species and
be present on the container surface in sufficient amounts and for sufficient
times to initiate cracking. Experimental determination of these critical
concentrations and times can be compared with calculations of the radiolysis
reaction yield rates for ammonia.

Ammonia could also possibly form inside those waste package containers
containing water-logged spent fuel. BEven though the spent fuel water pack-
ages will be backfilled with argon, nitrogen will be present as an impurity,
and irradiation of the internal atmosphere can produce ammonia, particularly
since the absence of oxidizing conditions will favor a longer residence time
or higher concentrations of ammonia.

The usual stress corrosion crack propagation mode is transgranular, but
occasionally an intergranular. path is observed. Oxygen (or other oxidizing
species) in conjunction with ammonia also appears to be necessary for crack
formation and likely influences the crack path. Segregation effects in the
alloys (particularly those at grain boundaries) would influence the crack
propagation path, as will the stress (or stress intensity) to maintain crack
growth. Both high-purity copper and aluminum bronze are quite susceptible to
ammonia-induced SCC; copper-nickel is more resistant but not immune to SC
caused by ammonia.

Besides ammonia, other chemical species have occasionally been impli-
cated in causing SCC in copper and some of its alloys. Nitrite ion has been
reported to cause SOC in pure copper; the vadose water associated with Yucca
Mountain naturally contains nitrate ion and radiolysis of atmospheric nitro-
gen may produce various oxides of nitrogen. In the presence of a metal
container (as a reducing agent), some amount of nitrite ion is likely to be
produced.

Many of these important environmental and metallurgical parameters can
be expressed in terms of critical electrochemical potentials that would
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correspond to S initiation and propagation, and a model for S in copper
and the candidate alloys would logically begin with determination of these
critical potentials in ammonia-containing environments and possibly in other
environments free of ammonia.

The addition of tin (in the approximate 0.2 to 0.5 percent range) to
commercial aluminum bronzes is important to prevent SOC in steam environ-
ments.- The CA 613 and 614 grades contain tin in this range. -

There has been one reported occurrence of intergranular cracking of a
laboratory heat of pure 70/30 copper-nickel in a high temperature steam en-
vironment (3000). This might have been caused by the absence of alloy
additions (especially iron) that are present in the commercial version of the
alloy. This occurrence will be investigated and assessed. The role of small
alloying additions may need to be investigated further if one of the copper
alloys is selected for advance designs to ensure understanding of how these
additions work.

8.3.5.9.3.1.7 Subactivity 1.4.3.1.7: Other potential degradation modes

This subactivity will screen other potential degradation modes not
discussed previously to determine whether there is a cumulative probability
of occurrence greater than 0.01 over the'time interval of interest. If the
probability-exceeds that level, a model will be developed for the corrosion
or degradation mode. Examples of models to be screened are mechanical
fracture (e.g., low temperature creep) and the effect of microbiological
activity on the previously discussed corrosion mechanisms.

8.3.5.9.3.2 Activity 1.4.3.2: Models for austenitic material degradation

The following eight subactivities support this evaluation.

8.3.5.9.3.2.1 Subactivity 1.4.3.2.1: Metallurgical aging and phase
transformations

Objectives

This subactivity will examine the kinetics of phase transformations in
the austenitic materials AISI types 304L, 316L, and alloy 825. The objective
is to determine (1) whether phase transformations occur under disposal
conditions; (2) if they occur, to what extent; and (3) the consequences of
these phase transformations on the susceptibility of the metal to degradation
by other processes.
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Parameters

The information needed from other information needs includes

1. Description of the near-field waste package environment (especially
the projections of time-temperature profiles).

2. Laboratory data on the kinetics of phase transformation reactions.

3. Mechanical properties of the transformation products.

4. Alloy composition of the base metal and the weld metal.

5. Strain in the container body material and in the heat affected zone
around the closure.

8. Residual stress.

The output parameters are the prediction of the phases that might be
present in the metal container and the abundance of those phases as a
function. of time and repository conditions.

Description -

This subactivity will address the concern that metastability in some of
the austenitic materials, particularly in types 304L and 316L, might lead to
the production of brittle phases that can significantly degrade the mechani-
cal properties of the material during the containment period. Alloy 825 is
considered a stable alloy; no phase transformations should occur. (However,
some precipitation reactions will occur in this alloy; these are usually
thought to be beneficial (i.e., formation of TiC rather than chromium-rich
X, C ). The long-term effect of possible intergranular reactions involving
alUmInum, titanium, molybdenum, and other alloying elements in this material
will need to be investigated.) Changes in mechanical properties could affect
preclosure considerations such as ability to retrieve the waste packages. In
the postclosure period, changes in mechanical properties are only of concern
if they result in changes in the degradation rate of the container material
by other processes. This is true because the waste packages will not be
subjected to large static or dynamic loads under anticipated conditions at
Yucca Mountain.

The model to be developed will address the issue of whether the long
times at elevated temperature change the microstructure of the metal to the
extent that the corrosion and oxidation behavior of the material is changed.
Some examples of the consideration are the effect of martensite on hydrogen
embrittlement (especially in type 304L), the effect of sigma phase on
enhancing intergranular attack (especially in type 31BL), and the effect of
possible intergranular precipitates in alloy 825. The basic features of the
model to be developed include the following:

1. The kinetics of the phase transformations.

2. The change in mechanical properties as a result of transformations.

8.3.5.9-82



CONSULTATION DRAFT

The transformations to be considered are as follows:

1. Austenite to martensite (especially strain induced).

2. Austenite to ferrite.

3. Austenite to ferrite to sigma.

4. Austenite to sigma.

5. Austenite to other brittle phases (chi, Laves).

6. Austenite to intergranular precipitates (especially in alloy 825).

The transformations to sigma, ferrite, chi, an Laves are nucleation and
growth reactions that will be modeled by diffusional processes. The
transformation to martensite is diffusionless and will be modeled by critical
temperature analysis for the start and end of the reaction.

8.3.5.9.3.2.2 Subactivity 1.4.3.2.2: Low temperature oxidation

Objectives

The objectives of this subactivity are to determine the amount of metal
loss of oxidation and the kinetics of metal oxidation and to characterize the
properties of the protective films and the again of the films with long times
at the repository temperatures.

Parameters

The information needed from other information needs includes

--1. Results of weight loss or gain tests under relevant conditions.
2. Description for the container environment.
3. Description of oxidation product layers.
4. Effect of radiation on the atmosphere surrounding the waste package.

The output parameters are rate laws for the degradation of the metal by
oxidation and a model for the behavior of passivatig oxidation product
layers under repository conditions.

Description

Tests will be conducted under Information Need 1.4.2 (Section 8.3.5.9.2)
to determine the rates of oxidation under repository relevant temperature,
environmental, and radiation dose rate conditions. Because of the low rates
expected, the oxidation rate is not expected to be a degradation mode that
will cause breach of the container in 1,000 yr. Characterization of the
oxidation product layers is important in establishing the conditions that
will prevail on the container surface at a time when water can intrude into
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the waste package environment, wet the surface, and allow various aqueous
corrosion processes to occur.

As discussed in the parallel activity for the copper-based materials, a
model for oxidation (and for general aqueous corrosion, described in the next
section) will be developed.

8.3.5.9.3.2.3 Subactivity 1.4.3.2.3: General aqueous corrosion

Objectives

The objective of this subactivity is to determine the amount of metal
loss by general aqueous corrosion and to establish whether a uniform pattern
of attack occurs. Aqueous corrosion can occur when a more or less continuous
moisture film is present on the container surface or when some portion of the
container surface is immersed in water.

Parameters

The information needed from other information needs includes

1. Results of weight loss tests.
2. Description of the environment near the waste package surface.
3. Description of corrosion product layers.
4. Chemical modeling of solution composition.
5. Radiolysis effects in aqueous media.

The output parameters are estimates of the wastage of the metal con-
tainer that can occur during the containment and postcontainment periods.
The Project would like to be able to characterize both oxidation and general
aqueous corrosion well beyond the thousand-year postclosure period. Most of
the container surface will still be present in this period, and could thus
provide a catchment location for water. The controlled release rate models
for radioactive nuclides.will depend on the potential for the container to
affect water movement to and from the water form.

Description

Much of the discussion on general corrosion of copper-based materials
applies to the discussion on austenitic materials with respect to data acqui-
sition and model development. General aqueous corrosion is not expected to
be a container failure mode during (and well beyond) the containment period,
but characterization of the corrosion behavior and passive films formed on
these materials are of interest in the models being developed for the
different kinds of localized corrosion and stress corrosion discussed in the
next several sections.

The general features of the model will include the following:

1. Prediction of the oxidation-reduction potential of the environment.
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2. Predication of the corrosion potential for the metal in the
environment.

3. Prediction of the corrosion current (hence the corrosion rate) is a
function of potential.

8.3.5.9.3.2.4 Subactivity 1.4.3.2.4: Intergranular attack and intergranular
stress corrosion cracking

Objectives

The objective of this subactivity is to-determine whether sensitization
is a necessary precursor to intergranular attack and intergranular stress
corrosion cracking under the conditions anticipated for the repository at
Yucca Mountain. This subactivity will also determine the model to predict
the time to sensitization for materials under those conditions. For
conditions where cracking might be expected, a model will be developed to
predict the rate of crack growth.

Parameters -

The information needed from other information needs includes

1. Postemplacement environment conditions.

2. Diffusion rate of chromium in the metal as a function of
temperature.

3. Diffusion mechanism for chromium in the metal.

4. Strain.

5. Alloy composition.

6. Effects of transformation products on diffusion rates.

7. Composition of carbide precipitates formed.

8. Amounts of sigma and chi phases.

The output parameters are a model to predict time to sensitization, a
model to predict the probability of intergranular stress corrosion cracking
and intergranular attack, and a crack propagation model.

Description

For the conditions expected at Yucca Mountain, sensitization is thought
to be a necessary precursor (a prerequisite) for the intergranular stress
corrosion cracking and intergranular attack-of the candidate alloys. This
subactivity will examine the premise that sensitization is a necessary pre-
cursor and document the conclusions of that analysis. If sensitization is
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determined to be a necessary precursor, a model will be developed to deter-
mine the time to sensitization under the relevant time-temperature conditions
for the repository. The model will be based on the diffusion of chromium out
of the metal matrix and the precipitation of carbides- on the grain boundaries
of the metal structure. The model will determine the time at which a contin-
uous layer of material with chromium content less than 12 percent exists.
This value is the boundary for which the passive film formed by uniform cor-
rosion becomes unstable and leads to localized attack, especially in oxidiz-
ing environments.

The most important parameters in the model development are temperature,
strain, and alloy composition. Temperature is important because the process
is controlled by an activation energy. Strain is important because this can
result in defects in the metal that lower the activation energy for
diffusion, and alloy composition is important because of its effects on the
diffusion rate of chromium and the availability of carbon to form the grain
boundary chromium carbides.

The model development activities will begin with types 304 and 304L
stainless steel (SS) and then extend to the molybdenum-bearing type 316 and
316L SS. The higher alloying content of the 316 types is expected to
increase the activation energy for the diffusion process and thereby increase
the time to develop a sensitized microstructure. The molybdenum additions
also modify the chromium activity in the matrix and the carbide phases.
Next, the model will be extended to the high-nickel alloy 825. In this
alloy, other kinds of carbides and more complex carbides can form. The
higher alloy content and more complex carbides will require a more complex
mode than that for types 304 and 318 S While alloy 825 is generally very
resistant to sensitization, it is possible to sensitize this alloy.

Phases formed by transformation processes, such as discussed in
Subactivity 1.4.3.2.1 (Section 8.3.5.9.3.2.1), can affect the susceptibility
to intergranular attack in two ways. First, they can have different
diffusion rates for chromium and can alter the time to sensitization of the
metal microstructure. Second, some of the phases form at grain boundaries
and are themselves subject to preferential attack under some environmental
conditions. Examples of the latter are the sigma and chi phases.

Crack initiation does not necessarily imply a defect through the con-
tainer wall. To determine the rate of failure of the container by cracking,
it is necessary to model the crack growth process. This model will consider
the role of stress and oxidation-reduction potential on the rate of crack
growth.

While sensitization appears to be the most important cause for inter-
granular attack modes, the possibility exists that other grain boundary
precipitates could favor localized attack paths in these candidate materials.
Sigma phase formation could be a possible intergranular precipitate in type
318L SS, as well as some of the aluminum, titanium, or molybdenum-rich phases
in alloy 825. The possibilities of these will be investigated here and in
conjunction with the activities discussed under metallurgical again and
transformation.
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8.3.5.9.3.2.5 Subactivity 1.4.3.2.5: Hydrogen entry and embrittlement

Objectives

The objective of this subactivity is to assess what level of hydrogen in
austenitic materials is necessary to cause embrittlement of the material and
to have a significant effect on other degradation rates and mechanisms. The
subactivity will then examine the environmental conditions at Yucca Mountain
to determine whether that amount of hydrogen would be available. If the
level of hydrogen is available, then the necessary laboratory studies will be
conducted under Information Need 1.4.2, and a model developed to determine
the effects of hydrogen embrittlement.

Parameters

The information needed from other information needs includes

1. Hydrogen production rate by radiolysis and corrosion.
2. Hydrogen recombination rate by all processes.
3. Maximum rate of hydrogen entry into the alloy.
4. Maximum concentration of hydrogen in the alloy.
5. Phase structure of the alloy.
6. Effects of hydrogen in austenitic materials.

Description

The assessment of hydrogen effects centers around a bounding calculation
for the maximum availability of atomic hydrogen at the meal surface (mole-
cular hydrogen does not diffuse into the metal). The analysis will consider
both the external and internal container environments. The latter is neces-
sary because some fuel rods that breached in reactor service may contain
water that would be released to the container inner atmosphere under disposal
conditions.

The model will consider the maximum rate of hydrogen permeation in the
metal (i.e., the net result of hydrogen entry and loss by outward diffusion).
The total trapped hydrogen will be compared with the level that produces
significant effects on the container material performance under Yucca
Mountain conditions. High nickel materials (e.g., alloy 825) are sometimes
more susceptible to hydrogen embrittlement than the types 304L and 316L
stainless steels. If the amount of trapped hydrogen is less than the crit-
ical level, no further work will be done; if the amount is greater, the
effects of the hydrogen will be assessed.

8.3.5.9.3.2.6 Subactivity 1.4.3.2.6: Pitting, crevice, and other localized
attack-

Objectives

The objective of the subactivity is to determine whether the necessary
environmental conditions will exist to initiate pitting and crevice corrosion
under Yucca Mountain repository conditions.
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Parameters

The information needed from other information needs includes

1. Near-field waste package environment conditions, especially the
concentration of ions known to favor these modes of attack.

2. Temperature.

3. Solution pH.

4. Chloride and fluoride ion concentration.

5. metal microstructure.

8. Corrosion potential.

7. Pitting potential;

Output parameters are quantities of electrolyte needed to set up
localized corrosion cells and a model to predict the likelihood of pitting or
crevice corrosion.

Description

Pitting attach occurs when the temperature and chloride concentrations
are sufficiently high and the pH sufficiently low to cause localized
corrosion cells to be set up on the metal surface. The metal microstructure
can also be important because it can lead to local breakdown of the passive
corrosion films and to the establishment of galvanic cells. Sulfide
inclusions can be particularly important in favoring pitting corrosion.

The model for pitting corrosion will determine critical values for the
electrochemical potential above which pitting occurs and will determine
whether this potential could be reached in the system under anticipated Yucca
Mountain conditions.

The model for crevice corrosion will use critical potential analysis
combined with an analysis for the potential for propagation of the crevice
attack. The latter analysis will use the crevice geometry and the local
chemical conditions as its basis. The data for this model development will
be collected in activities described under Information Need 1.4.2 (Section
8.3.5.9.2)

The model will determine the critical potential over a wide range of
environmental conditions and alloy compositions and relate those potentials
to the expected range of conditions for the repository and for the as-
assembled container. Successful validation of the model at relatively high
ionic strengths of relevant ions will add confidence to the extrapolations
needed to reach the expected repository conditions of low chloride and other
ionic contents.
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8.3.5.9.3.2.7 Subactivity 1.4.3.2.7: Transgranular stress corrosion
cracking

Objectives

The objective of this subactivity is to determine the potential for
transgranular stress corrosion cracking to occur under the repository
disposal conditions, and if it occurs, to predict the rate of initiation and
growth of transgranular cracks.

Parameters

The information needed from other information needs includes

1. Chloride concentrations of water that could contact the container.
2. Temperature.
3. Stress.
4. Alloy constituents.
5. Other ions in solutions.
6. Corrosion potential.

The output parameters will be critical potentials for crack initiation
and propagation.

Description

The most significant parameters for this mode of degradation are the
chloride ion concentrations in solutions in contact with the metal and the
stress. At very high chloride concentrations, the critical stress is below
the yield stress, while in dilute solutions it-is above the yield stress.
There is considerable uncertainty about the level of 'chloride that would
cause the critical stress to be at'the yield stress. This is important
because the welded zone of a container would be at or near the yield stress.
Therefore, this model development activity will attempt'to determine the
critical chloride level for Yucca Mountain disposal conditions.

The model will consider the initiation of transgranular cracking to
occur when the critical chloride concentration is reached. The concentration
of oxygen, nitrate, and other oxidizing species is expected to influence the
critical chloride level for crack initiation. The model will then provide
the means to extrapolate to more dilute solutions, similar to those expected
in the repository, and to provide a probability for the occurrence of
transgranular cracking under those conditions. Crack growth, following crack
initiation, will be modeled as a function of stress (or stress intensity),
chloride content, p, temperature, applied electrochemical potential, and
content of other ionic species in solution.

8.3.5.9.3.2.8 Subactivity 1.4.3.2.8: Other potential degradation modes

This subactivity will screen other potential degradation modes not
discussed previously to determine whether there is a cumulative probability
of occurrence greater than 0.01 over the time interval of interest. If the
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probability exceeds that level, a model will be developed for the corrosion
or degradation mode. Examples of models to be screened are mechanical
fracture and the effect of microbiological activity on the previously
discussed corrosion mechanisms.

8.3.5.9.3.3 Activity 1.4,3.3: Models for ceramic material degradation

Alumina ceramic has recently been identified as a possible alternative
material for use as a waste package liner. Two possible degradation modes
are currently identified as possible for an alumina ceramic. More
degradation modes may be identified as part of the feasibility study
described in Information Need 1.4.1 (Section 8.3.5.9.1). Additional
degradation modes might be relevant for other ceramic materials. This
activity and its two subactivities will be developed in more detail in
progress reports if it appears that a ceramic liner is a viable design
option.

8.3.5.9.3.3.1 Subactivity 1.4.3.3.1: Dissolution of alumina

This subactivity will provide a model for the rate of dissolution of
alumina ceramic in ground waters that cover the range of those expected at
Yucca Mountain.

8.3.5.9.3.3.2 Subactivity 1.4.3.3.2: Loss of fracture toughness

This subactivity will develop a model to describe the loss of fracture
toughness due to propagation of critically sized flaws through the liner
section. Both slow crack growth modes (from preexisting flaws and sustained
loads) and fast crack growth modes (resulting from impact processes) are
considered. Gaseous radionuclides could be released through interconnecting
crack networks, and a perforation in the liner would allow water to contact
the waste form. Important parameters are the state of stress in the ceramic
at different locations (i.e., nature, magnitude, and distribution of the
stress) and the population, size, and distribution of defects. The defect
characteristics are believed to be sensitive to impurity levels and the
process used to fabricate the liner. The porosity of the ceramic might also
be a source of crack initiation. The crack pattern and crack propagation are
important input parameters to determine the container lifetime of this design
approach. Environmental parameters such as temperature, pH, and speciation
in the water might also influence crack growth rate.

8.3.5.9.3.4 Application of results

Only one of the two metal container evaluations described for this
information need will be carried out in full. The evaluations carried to
completion will be that for the alloy or metal selected for use as the final
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container material. The results of that investigation will be used to
predict the degradation rate of the container material in Information Need
1.4.4 (Section 8.3.5.9.4).

8.3.5.9.3.5 Schedule and milestones

The schedule and milestone information for Information Need 1.4.3 i.
given in Section 8.3.5.9.1.4 following the discussion of Information Need
1.4.1 (waste package design features that affect the performance of the
container). The activities in this information need that will be completed
in full depend on the container material selected (Activity 1.4.2.1, Section
8.3.5.9.2.1) and whether the ceramic-lined container is a-technically viable
and desirable option (Activity 1.4.1.2, Section 8.3.5.9.1.2).

8.3.5.9.4 Information Need 1.4.4: Estimates of the rates and mechanisms of
container degradation in the repository environment for antici-
pated and unanticipated processes and events, and calculation of
the failure rate of the container as a function of time

Technical basis for addressing the information need

Link to the technical data chapters and the applicable support documents

The bases for the models required to obtain these estimates have been
discussed in Section 7.4.5. The activities that develop data, parameters,
and models to obtain these estimates are described in Section 8.3.3., 8.3.4,
8.3.5.9, and 8.3.5.10.

Parameters

Parameters needed for estimating rates and mechanisms of container
degradation include the following:

1. Waste package design (Information Need 1.10.2, Section 8.3.4.2.2).

2. Waste package design features affecting the performance of the
container (Information Need 1.4.1, Section 8.3.5.9.1).

3. Material properties of the container (Information Need 1.4.2,
Section 8.3.5.9.2).

4. Scenarios for anticipated and unanticipated processes and events,
and models for extrapolation of container performance (Information
Need 1.4.3, Section 8.3.5.9.3, and Activity 1.5.3.1.1, Section
8.3.5.10.3.1.1).-

5. Characteristics of the shaft and borehole seals that may affect
waste package container performance (Information Needs 1.12.1,
1.12.2, and 1.12.4 in Section 8.3.3.2.1, 8.3.3.2.2, and 8.3.3.2.4).
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6. Waste package system model and uncertainty methodology (Information
need 1.5.3, Section 8.3,5.10.3). -

7. Waste package environment description (Information Need 1.10.4;
Section 8.3.4.2.4).

The output parameters are the rates of container degradation and
container failure rate.

Logic

Once the environmental scenarios for calculating time to failure of
containers and the models for predicting failure of containers have been
developed and tested, the rates of container degradation may be estimated.
These estimates will then be used to calculate the failure rate of the
container as a function of time. The models and methodologies used for this
calculation are developed in Section 8.3.5.10.3 under Information Need 1.5.3
and applied here for the container failure rate calculation.

One activity will be performed under this information need. It will
exercise both the deterministic system model and its associated uncertainty
methodology developed in Information Need 1.5.3.

8.3.5.9.4.1 Activity 1.4.4.1: Estimate of the rates and mechanisms of con-
tainer degradation in the repository environment for anticipated
and unanticipated processes and events, and calculation of
container failure rate as a function of time

The following two subactivities support this analysis.

8.3.5.9.4.1.1 Subactivity 1.4.4.1.1: Deterministic calculation of rates of
container degradation in the repository environment for anti-
cipated and unanticipated processes and events, and calcula-
tion of container failure rate as a function of time

Objectives

The objective of this subactivity is to use the deterministic waste
package system model developed in Activity 1.5.3.5 (Section 8.3.5.10.3.5) and
the scenarios developed in Activity 1.5.3.1 (Section 8.3.5.10.3.1) to
estimate (1) the container degradation rates and (2) the time to initiation
of release of radionuclides from the waste package. This system model
incorporates models for container performance developed-in Information Need
1.4.3 (Section 8.3.5.9.3).

Parameters

The parameters required for this activity are given in the preceding
combined list in the technical basis section for the information need. The
output parameters are the times at which the corrosion modes can be initiated
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(due to aging, sensitization, and environmental conditions), the rates of
container degradation, and time to initiation of release of radionuclides
from the waste package under specified conditions for the scenarios
representing anticipated and unanticipated processes and events.

Description

The system model is discussed-in Section-8.3.5.O.3.1 The estimates'of
container performance.will be made in three phases: (1) for the design
concepts discussed'in.Section 7.3, (2).for the advanced conceptual design,
and (3) for the-license application design. The later phases will use,
modeling concepts developed in the previous phases, nd therefore are'
difficult to discuss at this point. However, it is likely that analyses'in
all phases will incorporate many--of the same elements.

The analysis of waste package designs will proceed by assembling sets of
system model input parameters developed in Section 8.3.5.9.3 (Information
Need 1.4.3) and executing the system model code to obtain estimates of rates
and mechanisms of container degradation. These estimates will be calculated
for the ange of values of those parameters determined'to be important to
container performance., These estimates will be calculated' for scenarios
that represent both anticipated and unanticipated processes and events. In
addition, in the earlier phases of waste package design, information
developed in the system model calculations will be available as input to
later design phases.

8.3.5.9.4.1.2 Subactivity 1.4.4.1.2: Probabilistic calculation of rates of
..container degradation and distribution of time to initiation
of release of radionuclides from the waste packages

Objectives

Because of heterogeneities in both the environment and components of the
waste package design, deterministic calculation of performance alone will not
be sufficient to provide the performance measures for the set of waste
packages for this issue and to support the reasonable assurance standard'
required by the NRC. The objective of this subactivity is to provide a
probabilistic analysis of waste package container performance addressing
these uncertainties, using the uncertainty modeling methodologies developed
in Activity 1.6.3.5 (Section 8.3.5.10.3.5).

Parameters

The input parameters for the activity are given in the preceding
combined list for the information need. The output parameter is the
cumulative distribution function for time to initiation of release of
radionuclides from the waste package.

Description

The uncertainty methodologies developed in Activity 1.5.3.5 (Section
8.3.5.10.3.5) will be employed using the waste package system model to assess
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the reliability of the waste package with respect to failure of the
container. This task will be accomplished in concert with the phases of
system model development and application. Development of the waste package
system model is discussed in Section 8.3.5.10.3, in the context of a model
for release calculations. However, the waste package system model will also
provide the time to failure of the container. The most likely approach for
determining the distribution for time to failure of the container and
initiation of the release of radionuclides from the waste package will be to
exercise the system model for a range of model inputs selected by a procedure
for sampling from distributions of input variables. The input variables may
be random variables having probability distributions, or they may be
variables that range over known actual distributions. The latter case might
apply for example, to the distribution of package heat generation rates after
all the packages have been loaded and documented. For less important input
variables, bounding distributions may be used.

The uncertainty calculations will be performed for each of the design
phases, although they are only required for the license application design
analysis. This procedure will allow testing on the early design phases, and
modifications of other methodology during later phases. At least to types
of uncertainty will be addressed. First, the uncertainty in the predicted
times to failure of the containers resulting from uncertainties in the
fabrication and environment of the waste packages will be calculated. Then
the secondary uncertainty (that is the confidence in the best estimate of
cumulative distribution function for time to failure of the containers) will
be assessed. Together with the deterministic simulations for bounding cases
for time to container failure, these results will provide the time of
initiation of the radionuclide release from the waste package. Thus, these
results will address container failures, whose limitations during the con-
tainment period is one of the design objectives for resolution of this issue.

8.3.5.9s4.2 Application of results

The estimates of container degradation developed in these activities
will be used as inputs to the activities under Information Needs 1.4.5 and
1.5.4 (Sections 8.3.5.9.5 and 8.3.5.10.4).

8.3.5.9.4.3 Schedule and milestones

The schedule and milestone information for Information Need 1.4.4 is
given in Section 8.3.5.9.1.4 following the discussion of Information Need
1.4.1 (waste package design features that affect the performance of the
container).

I

8.3.5.9-94



CONSULTATION DRAFT

8.3.5.9.5 Information:Need 1.4.5: Determination of7whether the set of waste
packages meets the -requirement f or substantially complete
containment for anticipated processes and events

Technical basis for addressing the information need

Link'to the technical data chapters and the applicable support documents

The basis-for the models required to perform these calculations has been
discussed in Section 7.4.5. The activities that perform these calculations
are described in Sections 8.3.5.9.4 and 8.3.5.10.4. The activities that
develop data, parameters, and models to support the calculations in Sections
8.3.5.9.4 and 8.3.5.10.4 are described in earlier sections of 8.3.5.9 and
8.3.5.10, respectively.

Parameters

The parameters needed for the determination of whether the substantially
complete containment performance objective for anticipated processes and
events is met are a follows:

1. Quanitative interpretation of substantially complete containment.

2. Calculation of times to initiation of release of radionuclides from
the waste package from Section 8.3.5.9.4 (Information Need 1.4.4).

3. Release rate of radionuclides from failed waste packages from
Section 8.3.5.10.4 (Information Need 1.5.4).

The output parameter is a determination of whether substantially com-
plete containment has been satisfied during the containment period. If not
satisfied, a second output parameter is the earliest time at which the
requirement is not satisfied.

Logic

The design objectives set to fulfill substantially complete containment
(discussed in Section 8.3.5.9, under 'Regulatory basis for the issue') set
three objectives to be maintained during the containment period up to 1,000
yr after closure. Evaluation of these objectives requires calculation of
three quantities:

1. The percentage of waste packages which will not, by their own
intrinsic properties, retain all their radioactivity.

2. The fraction of radioactivity retained within the set of waste
packages.

3. The annual release rate of radioactivity from the engineered barrier
system.

The results of calculations to determine time to container failure are
taken from Information Need 1.4.4, Section 8.3.5.9.4. The release rate of
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radionuclides summed over the subset of failed containers and the total quan-
tity of radioactivity inside the.waste packages are taken from Information
Need 1.5.4, Section 8.3.5.10.4. These calculational results are compared
with the design objectives of the interpretation of substantially complete
containment to determine whether this issue 1.4 has been resolved.

One activity will be performed under this information need. It will
compare the calculation of performance of the repository ensemble of waste
packages with the design objectives of the interpretation of substantially
complete containment.

8.3.5.9.5.1 Activity 1.4.5.1: Determination of whether the substantially
complete containment requirement is satisfied

Objectives

Waste package system modeling results developed in Activity 1.4.4.1
(Section 8.3.5.9.4.1) and Information Need 1.5.4 (Section 8.3.5.10.4) will be
used to predict waste package containment performance using the scenarios and
models developed in Section 8.3.5.10.3. The results of these calculations
will then be compared with the interpretation of substantially complete
containment to determine whether all design objectives in the interpretation
have been met for all times during the containment period.

Parameters

The parameters required for this investigation are given in the tech-
nical basis section for this information need. The output parameter is the
determination of substantially complete containment under specified.
conditions represented by the scenarios.

Description

The calculation of waste package container performance was made in
Information Need 1.4.4 (Section 8.3.5.9.4), and the calculations for release
of radionuclides from failed waste packages are performed in Information Need
1.5.4 (Section 8.3.5.10.4). Comparison of these results with the design
objectives given in the interpretation of substantially complete containment
(Section 8.3.5.9) will complete this investigation.

8.3.5.9.5.2 Application of results

The results of this information need will provide resolution to this
issue (1.4).
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8.3.5.9.5.3 Schedule and milestones

The schedule and milestone information for Information Need 1.4.5 is
given in Section 8.3.5.9.1.4 following the discussion of Information Need
1.4.1 (waste package design features that affect the performance of the
container).

a''
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