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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 B.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 normazl 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 conditionms.

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 guidelires.
Fipally, 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 should
be 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

Dur1ng 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
2t the repository before its permanent closure.

Preclosure safety assessment is a major component of -the overall
licensing strategy, providing & 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 reducang
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) prov1d1ng 1nformat10n to. the
general public on preclosure repos1tory safety :

The general categor1es of risks that will be cons1dered w1th1n 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 will
address costs of actual r1sks but not perce1ved rlsks

The preclosure safety assessment w111 address r1sks dur;ng the follow1ng
preclosure act1V1t1es Do e . = 4,,, .;A

1. Construct1on of surface fac111t1es and subsurface excavat1ons

f.'2;',0perax1ons, 1nc1ud1ng (a) rece1pt handlzng, and preparatlon 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 :

.:j‘éij Retrxeval operat1ons, 1f requ1red

. 4. Decomm1ss1on1ng, 1nc1ud1ng the removal of the surfaee fac111t1es and
- the permanent sea11ng of underground fac111t1es.- S

The DOE plans to 1nc1ude many types of safety analyses w1th1n the over-
all structure of the mnalytical techniques of safety assessment.:- For the
analyses performed by the repository projects, the DOE is de?eloping 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 & preclosure safety assessment

B 8030501-1
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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 progranm
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:

RAP--radiological risk from accidents to the public.
RAW--radiological risk from accidents to the essential workers.
RRP--radiological risk from routine operations to the public.
RRW--radiological risk from routine operations to the workers.
NAP--nonradiological risk from accidents to the public.
NAW--nonradiological risk from accidents to the workers.
NBP--nonradiological risk from routine operations to the public.
NRW--nonradiological risk from routine operations to the workers.
COSTR--economic risk from radiological accidents.
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 0ffice 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 sach phase of repository operation, (2) accident
sequence likelihood information, (3) information on dominant routine :
releases, (4) occupational exposures, (5) items important to safety, (8)
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-
dress1ng each risk category. In developing the analytical approaches, the
major considerations w111 be addressed collectively to reflect their inter-
dependence. : :

A general description of the radiological risks that can result from
accidents and routine operat1ons during repository construct1on, -operation,
retrieval, and decommissioning is briefly prov1ded in the follow1ng
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.should 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 w111 pr1mar11y affect workers and have lzttle or no
publxc effects: : : : S »

Construct1on—-rout1ne act1V1t1es

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

. ¢ould 2lso 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 2 minor
impact on repos1tory workers. - . .

- Operat1on--acc1dents o

Radlologlcal r1sks to the pub11c from acc1dents dur1ng repository

~operat1on 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

‘8.3.5.1-5
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nonradiologiéal 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 radiocactive 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.

Retrieyal-—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 comstruction.

Decommissioning--routine operations

Workers will be exposed routinely to low levels of radiation during the
decomnmissioning 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

8.3.5.1-8
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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 eand 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 assessingﬁr#diological risks frbm
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., conceptuzl, 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,

: Stepil:.mRepSSitory familiarization-and-identification~of initiating evéﬁts

' The objectives of step 1 are (1) to identify and describe the physical

- configurations and processes of the repository systems and support systemns to
" be modeled, and the dependencies among them, and (2) to identify the accident

. initiating events to be considered in the risk-assessment. The system de- °

_ scription information includes surface and underground facility layout, engi-

' 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). - ' S - :

‘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 conmstruction, 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 obJectlve of step 2.is to 1dent1fy the potent1al eccident sequences
that could occur following the initiating events. Accident sequences are .
commonly identified using an event tree modeling approach. €iven 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 and subsurface systems, repository processes, snd reactions of.
the operator to the initiating event., The potential accidents are screened,
usually through en 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 DBAs 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 modeling and a2 common nam1ng scheme for the .
repos1tory systeus. and support systems.

Step 3 Rep051tory systems analy51s ;‘-‘, " ;ii o

N The obJectlve of step 3 is to develop the re11ab11;ty models for the

- repos1tory systems and support systems to. be analyzed. As shown.in =~
Figure 8.3.5.1-3, the information needed for this step, is, obtalned from step
.1 (repository fam111arxzat1on and identification of initiating events); step
4 (buman reliability analys1s), step § (common cause failure. -analysis) ;. ‘and
~-step 6 (data base. development) These systen _logic models 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 repository projects.
The appropriate level of analysis will depend on the design phase and input
from steps 1, 4, 5, and 6. Potential techniques include, fault-tree analysis,
failure mode and effects analys1s (FHEA), -GD- methodology,, &nd reliability. .
block d1agram.. [Note: G0 methodology .computes probzbility that a system
exists in each of 2 few states.] Most likely, a combination of reliability
techniques (e. g., fault-tree analys1s w1th FMEA) will be recommended by the
PRAM program o ; fL . , - ,

»Step 4 Buman re11ab111ty analys15-

The ob;ect1ves of step 4 are (1) to 1dent1£y the human errors to be :
‘ 1nc1uded in the preclosure safety assessment, (2) to provide the. probabll1ty
estimates for these errors, and (3) to assist in the inclusion of human
_ recovery actions to mitigate the consequences of accidents. Human
_reliability analys1s (HRA) has direct input to step 3 and will provide
_insights on how to improve design and to use certain types of procedures and

- 8.3.5.1-8
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operator training. The PRAM program will establish the appropriate HRA
methods, computer codes, and assumptions for each design phase. HRA data
will be developed under step 8 (data base development). The level of HRA
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 8.

Step 6: Data base development

The objective of step 8 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) commen
cause failures; and (5) data used in consequence analysis. The PRAN progranm
. 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 8 for quantification. Each 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
require-ments. 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
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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 rad1olog1ca1 accidents. :

In—plant conseqnence analysis will be performed for the selected design
basis accidents and the full set of dominant sccident 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 cons1stency
. is ma1nta1ned throughout the program. o

Step 9' Env1ronmenta1 transport and- offs1te consequence analys1s

The ob;ect1ve of step 9 is to est1mate acc1dent consequences outs1de ‘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,yilltbe established based on re-
sults from steps 7 'and 8 to minimize the offsite conmsequence analysis effort.
The PRAM program will provideiguidance 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 ysed by the repository ..

- . projects to ensure program consistency. - Many of these methods and. models,

however, may be h1gh1y -site spec1f1c The data w111 -be developed in step 6
Step 10 Uncerta1nty, senszt1v1ty, and 1mportance analyses

Each of the three analyses of step 10 has 1ts own ob;ectzve ‘The ob-
jective of an uncertainty analys1s 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 publzc health
and safety (step 8) can be computed. The objective of = sensitivity
analysis, which is often a useful adjunct to uncertminty 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 §-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 salety 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 PRAM 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 identily
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 9), with additional insights from uncertainty, sensitivity, and
importance analyses (step 10).

8.3.5.1.4 General analytical approach for assessing radiological risks
from routins 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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pub11c radiological safety is shown in the box labeled Fpublic radiological
safety assessment package® in Figure 8.3.5.3-2. The follow1ng provzdes a
step-by-step discussion of the analytical approach.

Step 1: ' Design evaluat1on

. 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 (HLW¥) 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 em1tted from the
central process area and the amount of routine radicactive effluents will be
directly related to the amount of HLW 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 a major role in controlling direct radiation and
release of radioactive effluents to the unrestr1cted area 1nc1ude such
features as : : - -

i. VBarr1er and sh1e1d th1cknesses, compos1tion, and d1stance from the
source and the max1ma11y exposed 1nd1v1dua1

-2. Contaxnment and vent11at1on system character1st1cs (e g ’ repos1tory
- and hot-cell leayout, d1fferent1a1 pressures between areas, openings,
gir locks, and filters).. et e

3. Containment: characteristics of the.waste form {i.e., fnel elements,
»waste package, etc )

4. Rad1oact1ve mater1al release po1nt characterzstlcs (e g 5 stack
=~ height, diameter, exit velocxty, temperature, and dlstance from -
. unrestr1cted area) e e e

~In add1t1on, as part of the regulatcry performance ver:ficatxon requ1re-
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
pust be provided include (1) gaseous, particulate, and liquid effluent moni-
toring and control equipment, (2) effluent sampling and measuring equipment,
(3) env1ronmenta1 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 miscellanecus operations. Exam-
ples of radiation sources resulting from repository operations are receipt of
HLW shipping casks, releases during spent fuel consolidation, transport of
HLW 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 sites characterization program, the
repository design process, or the environmental and socioceconomic 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) progran
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
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in the unrestricted area need to be described. - The possible pathways -
to the public can be directly through the a1r, water, and so1l or 1nd1rectly
through vegetat1on and anlmals :

' The dlspers1on of a1rborne rad1oact1ve mater1als can result in (1) ra-

dionuclide concentrations in the air that can cause an external dose by .

direct radiation or an internal dose through-inhalation 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 1ocal ‘water.

Analytlcal tools in the form of dzspers1on ‘and pathway models will be
requ1red ‘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 dats (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 soc1oeconom1c and env1ronmental mon1tor1ng program

Step’ 4 - Public radlatxon exposure calculatlon

The last step in the analys1s is the evaluatlon of rad1olog1ca1 exposure

‘that quantifies the maximum dose to'the public postiulated from: the normal

operat1on of the repos1tory and offszte fac111t1es

The paximum dose to an 1nd1v1dua1 at the nearest unrestrlcted 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 & 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 —Bu1ld1ng vent1lat1on, letratzon, and leakage models
2. Radiation shielding models.
3. Atmospheric dispersion models. '
"4, Radiological impact models for transportatzon of LLW
5. Food chain pathways models. = AN
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 characterigation 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 8.3.5.19 (completed analytical techn1ques) Further dis-
cussions of analyt1ca1 tools still needed are contained in Sect1on 8.3.5.20
(techn1qnes reqp1r1ng development) :

1. Regulatory Guide 1.21--Measuring, . Evaluat1ng, and Report1ng Rad1o—
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, 1874).

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

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 Effluents in Routine Releases From Light-
Water-Cooled Reactors (Revision 1, July 1977) (NRC, 1977c).

5. Regulatory Cuide 1.112--Calculation of Releases of Radicactive
Materials in Gaseous and Liquid Effluents Prom Light-Water-Cooled
Power Reactors (Revision 0-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. Saieti Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IAEA, 1883b).

9. 'Safety Series No. 88--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IAEA, 1885).

10. DOE/EP-0023--A Guide for Environmental Radiological Surve1llance at
U.S. Department of Energy Installations (July 1881) (Corley et al.,
1981).

11. DOE/EP-0098--A Guide for Effluent Radxolog1cal Measurements at DOE
Installations (April 1882) (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 rad1olog1cal safety assessment
package' and is- d1scussed bere. : 4 . -

The follow1ng d1scussxon prov1des a step-by-step explanat1on of the
general approach to predict worker radiastion doses during the normal .
operation of the repository.

Step 1: Des1gn evaluat1on

The des1gn package and 51te data are- obta1ned 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
follow1ng text discusses the types of information that are investigated dur-
ing this design evaluation. The high-level waste (HLW) 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 predlcted 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 comsolidation,

and trabnsport 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 a2 major role in controlling direct radistion or release

of radiocactive effluents to the restricted area 1nc1ude such features as.

1. Operations plan parameters such as number of workers present and
oo time to complete tasks ' 3 »

2. .Remote—hand11ng eqn1pment used for tasks in h1gh rad1at1on or h1gh
frequency tasks

3. Ma1ntenance requ1rements of remote hand11ng and hot—cell eqn1pment

4. Barrier and shield thlcknesses, compos1t1on, and distance to workers
from the source. . . . .

. 5;-.Conta1nment and ventilation system characteristics (e.g., repository
- and hot-cell layout, d1fferent131 pressures between ereas, open1ngs,
. air locks, and £11ters) » oL

.6.t~Rad1oact1ve material release- po1nt character1st1cs (e g y stack

.. height, diameter, .exit veloclty, temperature, and locat1on w1thin
.. the restricted. arez), : S
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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. Examples 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 HLW 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

rad1at1on-produc1ng equzpment 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 HLW
throughput and inventories, LLW generation and transport rates, and
normal effluent release rates).

2. Repésitory 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 dxspers1on 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., olfsite 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 progran requirements
and recommendations.
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Step 3: Radionuclide transport evaluation

The third element in the worker rad1olog1ca1 safety assessment package
is radionuclide transport evaluation following release from containment
. systems or repository facilities of radioactive material as a result of nor-
mal repos1tory 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. Analys1s of this pathway
will requ1re 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
8ll 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. Heteorolog1ca1 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: Vorker 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 offsite 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 1nput into the models. Some design
features needed 1nc1ude : ‘ :

1. The processes and activities necessary for the funct1on1ng of the
repository.

2. The layout and physiealbdesign>featﬁres'(i.e., location of processes
and activities, wall thickness and material, personnel occupied
areas, source location and storage, transport, and personnel
corridors) . : : .

3. The repos1tory throughput of rad10act1ve materzals.»

4. The source terms (i.e., rad1onuc11des 1nvolved low—level waste

. generated, material quantities, material form (sol1d liquid,
particulate, or gaseous), conta1ner parameters, and 1ndustr1a1
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:

Repository operations models.

Building ventilation, filtration, and leakage models.
Radiation shielding models.

Atmospheric dispersion models.

LLW treatment and transportation radiological impact models.
Radiological consequences assessment models.

QU‘#NN:—‘

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 sociceconomic 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--0Occupational Radiation Dose Assessment in
Light-Water-Reactor Power Plants-Design Stage Man-Renm Estimates
(Rev. 1, July 1978) (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. 80--Criteria for Underground Disposal of Solid
' Radioactive Waste (IAEA, 1983b).

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

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

7. DOE Order 8430.1--General Design Criteria Hanual 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 requ1red
by 10 CFR 60.1117

, This issue is concerned with the ability to retrieve emplaced waste as
}reqn1red 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 a2ll. 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 relat1ve to the
discussion of retr1eva1 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 emnsure 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 des1gn or performance issues. This relationship between
design and performance issues is shown in Figure 8.3.2.1-1 (Sectlon 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 opt1on and
to retrieve the waste.

In the discussion that follows in this sect1on, the regulatory basis for
address1ng waste retrieval is presented, the approach to resolving this issue
is described, and the interrelationships among the information needs related
to retrzevab111ty 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, 1683) and the NRC regulat1on 10 CFR Part 60. The DOE requirement for
reasonably available technology is contained in 10 CFR Part 960.

8.3.5.2-1
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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 80.

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 DOE 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

8.3.5.2-2
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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 1901.14, 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 functionms.

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. , L

5. Conduct 2 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 b 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 feas1b111ty)
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

8.3.5.2-3
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Figure 8.3.5.2-1a. Logic disgram for Issue 2.4 (waste retrievibility). See Figure 8.3.5.2-1b for legend. Section
B.3.2.1 describes the relationships and interfaces between design and performance issues.
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provides for use in the retrieval comp11ance ‘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
jtems" in the discussions on retrieval to distinguish them from products
(retr1eva1 conditions, compliance analyses, etc) developed by the retrieval
issue. Section 8.3.2.1 explains this relat1onsh1p between 1nput 1tems 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 SCP and, likewise, in the
Site Characterization Plan-Conceptual Design Report (SCP-CDR) (SNL, 1987).
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 SCP-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 rela@ed to retrieval

SCP SCP-CDR?
Topic section section
Waste retrieval schedule 8.1.1.8.4 3.0
Retrievability-related design criteria 6.1.1.7 2.4.4.3
Waste retrieval and shipping operations 8.2.3.2 3.2.2. and
Appendix J
Retrieval requirements and planning- 6.2.9.1. 2.4.4.1
basis time periods
Retrieval conditions 8.2.9.2 6.3.1 and'
: ' Appendix J
Equipment development 6.2.9.3 Appendix J
Iésue 2.4 waste retrievability 8.4.8 8.3.5
(current status)
Issue 2.4 waste retrievability (issue 8.3.5.2 NAb
resolution strategy and future work)
Retrieval philosophy | NA 2.4.4.2 and
3.2.1
Drift ventilation conditions for maintenance NA 3.4.2.2
and retrieval
Requirements for cooling air-vertical NA 3.4.2.3
Waste removal operations for performance NA 4.5.4
confirmation -
Retrieval demonstfﬁtions NA 6.3.2
Full repository retrieval NA 6.3.3
Expected temperature for borehole walls and NA Appendix A
drifts after spent fuel emplacement
Air-cooling requirements--horizontal NA 3.4.3.3
Preliminary liner stress analysis NA Appendix B -
Ventilation and cooling analyses NA Appendix C
Equipment for retrieval NA Appendix D
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CONSULTATION DRAFT

Table 8.3.5.2-1. Directory of discussions related to retrieval

(continued)
SCP ‘SCP-CDR®
Topic , - - section section

An assessment of the feasibility of _ KA Appendix E

disposing of nuclear waste in the

horizontal configuration
Waste reﬁrieval v _ : N : Appendix J
Items important to retrievability NA Appendix L-2

at the Yucca Mountain Repository ' S
Thermomechanical analyses - NA Appendix N

2SCP-CDR = Site Charecterlzatlon 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 ahalyses,
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 de11ver the waste packages to the surface facilities.

These four funct1ons are the organizing prxnc1p1e 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, 1087),
operations reports (Stinebaugh and Frostenson, 10886; Stinebaugh et al., 1986;
Dennis et al., 1984a and 1984b), the NNWSI Project report on a strategy for
retrleval-related compliance demonstrations (Flores, 1988) and the app11cab1e
port1ons of 10 CFR Part 60 and 10 CFR Part ©60.

For each of the four funct1ons, 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
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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, 1988). 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 systenm,
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 horizonmtal, 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 CFR 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).
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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 funct1on 1)

(page 1 of 2)

Process or. activity

. Performance measures

Tentative goals®

Needed
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

Develop backfill removal con-

cepts (if needed)

Monitor drifts and accesses to . .
determine maintenance needs

" Time during which the drifts

and accesses wxll remain
usable :

Amount of spall
Opening displacement

Frequency of maintenance

Time and level of effort for
~backfill removal

Localiged rock and rock support
displacement

" Time 284 yr

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

Opening displacement
- €8 in.

Frequency of needed
maintenance in under-
ground openings
>6 yr average

None--the current design
basis allows for back-
tilling during reposi-

tory closure (i.e, after

the perxod of ratraeva-
bility) '

Monitor displacements
»1 in.

Righ

BHigh

Bigh

NA

Righ
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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 2 of 2)
a Needed
Process or activity Performance measures Tentative goals™ confidence
Design for a specific temperature Drift teaperature Teaperature less than Low
and air quality environment : 50°C (for 50 yr - c
within the accesses and drifts eaplacenent drift‘(g)
or access drift (V)")
Air quality Air quality standards Bigh
met (work areas)
Verify environment for maintenance Air quality Air quality measuresents Bigh
and retrieval operations adequate for retrieval
operations to meet
_ standards
Air quality standards MNedium

Modify environment (as necessary) Time required to modify the
environment for retrieval

met within 8 weeks
(unprotected)

%fhese 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.

bNA = not applicable for SCP.
H = horizontal emplacement; V = vertical emplacement.
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_FIRST WASTE.
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Figure B.3.5.2-3.  Retrieval time frame for design pﬁrposes.
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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 50°C for 50 yr after waste emplacement is initiated.

2. Por 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)

Process or activity

Performance measures

Tentative goals™

Needed
confidence

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

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

. Borehole usability

Rockfall

" Displacement of borehole wall

Borehole liner lifetime

Borehole liner displacement

Borehole liner curvature radivs

Borehole liner displacement

Average rockfall <250 1b

per ft of borshole

Rock displacement <2 in.

" Liner 1lifetine 284 yr

Linerbdisplacenent <2 in.

G))

Liner cur?ature radius
5110 ¢t (A)

Detect displacement
0.5 in.

Linerbdiéplacenent <3 in.

Nedium

Medium
' Bigh
Bigh

Bigh
Medium

Medium
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Table 8.3.5.2-3. Performance measures, goalé, 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 goalsg confidence
Perform corrective actions (as Time required to perform correc- Average time <1 wmoath Medium
required) tive actions per drift (pormal
conditions)

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

%These goals are integiated 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.

V = vertical emplacement; H = horisontal emplacement.
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found to be cred1b1e, 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 horigontal case, a dolly also is included in the current
design concepts. The processes, performance measures, and performance goazls
involved in providing this.ability are presented in Table 8.3.5.2-4.

0f primary concern is the ab111ty 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 2 result, the corresponding performance goals will be
addressed in the repository des1gn 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 eqn1pment components that
night 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 -
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Table 8.3.5.2-4. Performance measures, goals, and needed confidence for processes or activities involved

in removing waste packages f

(page 1 of 2)

rom emplacement boreholes (retrieval function 3)

Process or activity

Performance measures

Design the waste package and trans-
porter with the option to remove
the waste for norwal and credible
abnormal conditions

Verify conditions of equipment and
waste package

Radiation protection

Tiwe required to perfora waste
removal

Removal latch and pull strength

Structural strength of the WP or
dolly

Waste package structural failure
detection

Rewoval equipment performance

) a ~ Needed
Tentative goals confidence
Worker dose < allowable ) High

dose (see Issue 2.7
for specific goals and
‘needed parameters)

Average time for removal  Medium
¢ twice the time for

ewplacement

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

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

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

These performance NA

weasures do not require
site data and will be
addressed in the
‘'repository design plan
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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) . :

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

} e . - 3 : , )  Needed
Process or activity <, -Performance measures . Tentative _goalsa - confidence
Verify operator training Opératdrfcompeténcy certification . These performance ~— ‘.NA

Ahese goals are integrated with goals from other iséues in the discussion of Issue 4.4, preclosure aesxgn and

technical feasxbxlzty (see Section .8.3.2.5, Tables 8.3.2.5-1 through 12). Site-characterization related design or

perfgrmance parameters, their goals, and thexr confidences are also established in the Issue 4.4 dzscussxons
NA = not app11cable for SCP.
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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 . ST
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 pericd 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 thatvthg retrieval requirements set

forth in 10 CFR 80.111(b) are met using reasonably
available technology (Section 8.3.5.2.8)
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Table 8.3.5.2-5. Performance ﬁéasu}és, 36315, and needed coﬁfidéﬁce fof proéesseé'orvéctivities involved
T in transport1ng and delivering the waste to the surface facilities (retrieval function
4)® (page 1 of 2) . S N S .

Needed

Process or activity . Performance measures T@htativefgoalsb ~ confidence
Design the transporter with the Transporter design characteristics Transporter must be able High
ability to transport the waste (braking ability, maximum speed, to operate with antici-
to the surface for normal and cornering ability, radiation pated rockfall in.
credible abnormal conditions protectzon) SR v . . . accesses and drifts
Time required to transport the These performance - NA®
waste to the surface » measures do not require
site data and will be
discussed .in the
. repository design plan
Design the surface waste-handling Time required to unload waste These performance . NA
building and the transporter ) measures do not require
with the ability to unload waste _ site data and will be
at the surface facilities for discussed in the -
normal and credible abnormal AR S e repository design plan
conditions :
Radiation protection These performance NA
measures do not require
site data and will be
- discussed in the
_ repository design plan
Transporter unloading capability These performance NA

measures do not require
site data and will be
discussed in the
repository design plan
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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)® (page 2 of 2)

Needed

Process or activity © v Performance peasures. . Tentative goalsb confidence
Assess the ability to tramsport Transporter drive system perfora- These performance NA
the waste to the surface ance measures do pot require
facilities site data and will be .
: , } discussed in: the
repository design plan
Uperator competency certification These perforsance NA
measures 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 reguire
' site data and will be
discussed in the
repogitory design plan
Operator competency certification These performance NA

waste to the surface measures do not require
site data and will be
discussed in the
repogitory design plan

, ®Requirenents for access and drift usability for transporter operation are included under function 1 (see Table
8.3.5.2-1). = ' : C : . : ‘ o

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
perforaance parawmeters, their goals, and their confidences are also established in the Issue 4.4 discussions.

NA = not applicable for SCP.

C C ' C
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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 retr1evab111ty are
met. The 1nformat1on needs can be categor1zed as follows

1. The f1rst information need is 2 summary of;the,1nformation 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), retr1eva1 conditions, and requests for 1nput items to

- -Issue 4.4." s

2. The next four information needsfcorrespond 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

‘ cr1ter1a), retrieval conditions, and requests for 1nput 1tems as
'shown in F1gure B. 3 5.2-1. L

3.  The last 1nformat1on need ties the other infornation 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 perform1ng the comp11ance analys1s
1nd1cated in F1gure 8 3.5.2-1. - R o

As shown in F1gure 8.3.5. 2 1, the log1c for resolution of this issue
involves ‘an iterative process. As the rep051tory and equipment designs are
refined, work w111 be performed under th1s issue in the following areas:

1. The performance goals (design cr1ter1a), retr:eval cond1t1ons, and
input 1tem requ1rements w111 be refined. .

'»2.7»The strategy and plann1ng documents w111 be ref1ned

- 3. Compllance amalyses will be performed to ver;fy that the de51gn
' meets a11 of the requirements for retr1evab111ty Co

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

Techn1ca1 basis for address1ng the 1nformat1on need

Issue 2.4 requ1res that comp11anoe w1th the retr1evab1lity requlrements
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.

8.3.5.2-23
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Link to the technical data chapters and applicable support documents

Chapter 8 presents the current design, and the status of this issue is
sumparized in Section 8.4.8.. 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 8.3.5.2-8. More detailed information relative to the content of the
input items is provided in later sections that discuss Information Needs
2.4.2 through 2.4.8 (Sections 8.3.5.2.2 through 8.3.5.2.8, 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 2.4.6 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 1nput items (to be provided by

Issue 4.4)

Information
need

Input item

2.4.2

2.4.3

. 2.4.4

2.4.5

2.4.6 .

Drift and access design and supporting evidence

Rock support system design and supporting analyses

Monitoring'system (rock movement) and support anzlyses

Drift and access ma1ntenance program concepts and
supporting evidence

Vent11at1on system design and supporting analyses
(for retrieval operations)

Basis for ensur1ng air qual1ty in operational areas
and evaluating air quality in nonoperational areas

Waste emplacemenﬁ envelope design and supporting analyses
Waste emplacement envelope assessment

Corrective actions (waste emplccement envelope)

- Waste package removal system design and supporting analyses

Concepts for borehole preparation for waste removal
and supportlng evidence :

Demonstratlons of borehole preparatlon for waste
removal and supporting ev1dence

Transporter de51gn concepts and support1ng analyses

, Unload1ng eqp1pment des1gn (surface facility) and supporting

analyses

Demonstrations for waste transport '

' Demonstrations for waSte’unloadiog at the surface

_Reference operat1ons plans

Basis for establlshlng 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

2.4.3

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 displacemént 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 § 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

Rockfall within the emplacement boreholes will average less
than 250 1b 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 minimunm
radius of curvature for the liner is 110 ft (33.5 m)
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Table 8.3.5.2-7. Retrieval-related design or performance goals
(design criteria) (page 2 of 2)

Information , Lo
need - Design or performance goal

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

Worker dose rate durlng removal operat1ons will not exceed
the allowable rate established in Issue 2.7, repository
radiological design criteria (preclosure)

The ability to perform borehole preparat1on tasks will be
demonstrated

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

2.4.5 : None related to site characterization
2.4.6 ' The design basis for the actual retrieval period 1s 34 yr

The ab111ty to perform the retr1eva1 operations using
reasonably ava1lab1e technology is required
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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

2.4.3

2.4.4

Rockfall within the ramp due to a seismic evént, faultihg,
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
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

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
' (p2ge 2 of 2) ' -

Information
need Potential abnormal condition

A waste container pintle failure (vertical onlj)‘due’to
excessive corrosion resulting from radiolysis

A malfunction of the transporter removal eqnipment due to &
- maintenance error :

tUnspec1f1ed failures due to operator error 1nc1ud1ng errors
‘during a11gnment and waste removal

2.4.5 . A transporter palfunction dur1ng transport or unload1ng due
S to a ma1ntenance error -

A transporter collls1on with the ramp, & dr1ft, aux111ary
equlpment or another transporter due to human error:

.Unspeclfled malfunctlons due to operator error 1nclud1ng
errors during alignment and waste unloading operations

O T T R

© 7. 8.3.5.2.1.2 Schedule and nilestones °

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.(compile.design criteria and retrieval conditioms),
and 2.4.1.3 (compile requests for. input items,{from Issue 4.4, preolosure
design and technical feasibility).

The schedule information. for these design activities is presented in. the
form of timelines. The timelines extend to the issuvance of the fimal pro-
ducts 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.

Act1v1ty 2 4 1 2 1s an ongo1ng act1v1ty, wh11e Act1V1t1es 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 feas1b111ty) . These relationships are illustrated in
the .following. figure. - ‘ S , o

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 Start advanced Complete ACD

ASSESSMENT conceptual design @ Start license
P © &

ACTIVITY application design

24141
Compile
design
requira-
ments

24.1.2
Compile

retrieval ‘ 6;)
cond . and

perform. }
goals 5 8
24.1.3

Compile ¥ .
requests :

for input ‘

itemns from GD

Issus 4.4 . . — >

TIME 83s212-v8

" 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 8.
2 Receive design requirements list (Milestone Z121) for advanced
conceptual design (ACD) fron Issue 4.4 (preclosura ‘design and
techn1ca1 feas1b111ty) ]
3 Provide output on performance goals and retrieval cond1t1ons to
Information Need 4.4.4 (repository design requiremeats).
4 ‘Receive updated requests for input items and information from

Informat:l.onNeeds242 2.4.3, 2.4.4, 245 a.nd246
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Milestone Z122.. Receive design requirements list for license
application design (LAD) (M11estone Z122) from Issue 4.4
(techn1ca1 feasibility). :

Prov1de updated output on performance goals and retr;eval con-
ditions to Information Need 4 4.4 (repos1tory des;gn require-
ments) L :

‘ Rece1ve deta11ed 1nput 1tems for ACD from Informatlon Needs

2. 4 2, 2.4.3, 2.4.4, and 2.4.5.

| M11estone Z1563. Pre11m1nary reportvcompiling retrieval

- conditions and performance goals:

Output data on retrieval cond1t10ns and performance goals to
Activity 2.4.1.3. : .

. 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 4.4.9.

. Receive requests for 1nput 1tems from Informatzon Needs 2.4.2,

2.4.3, 2.4.4, and 2.4.5.

- _‘MileStope 2154.V_Fina1 report;compiling retrieval,eoﬁditions.

" Request update of input items and performance goals from infor-

mation needs addressing preclosure design and technical
feasibility, spec1f1ca11y 4.4.2, 4.4.3, 4 4.5, 4.4, 6 4. 4 7,

. 4.4.8, and 4.4.9.

'i,Rece1ve updated requests for 1nput 1tems for ACD from Informa-

. tion. Needs 2.4.2, 2.4.3, 2.4.4, .and 2. 4.5 .

‘dtﬂpullestone Z440 Compzle pre11m1nary reqpeSt for 1nput itens

‘from Issue 4. 4 (preclosure design and techn1ca1 fea51b111ty)
Output request for preliminary input items to Issue 4 4 .

Receive updated input item requests from Information Needs
.2:4.2,:2,4, 3 2 4.4, and 2.4.5. -

HV.M11estone Z441 Comp11e f1na1 request for 1nput 1tems £rom

. Issue 4.4. (preclosure design and techn1ca1 fe351b111ty)

: 8 3. 5 2 2 Informat1on Need 2. 4 2, bbeterm1hation that access to the waste

emplacement boreholes can.be provided throughout the retrieva-

b111 Aperlod for normal and credible. abnormal conditions

Thls sect1on descr1bes ‘the’ work that w111 be performed under Informat1on

Need 2.4.2 to ensure safe and reliable access to the emplacement: boreholes
- throughout the period of retrievability and the actual retrieval per1od
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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 dlscussed
for this issue in the 1ntroductory mater1a1 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 8.2.6.3. Ground support systems for the drifts are discussed in
Section 8.2.8.3.8. Ventilation system designs are presented in Section
8.2.8.5, and retrieval conditions are discussed in Section 8.4.8.2.2.

Geomechanical and ventilation system analyses are presented in Section
6.4.10.2.8.

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 SCP-CDR. Ventilation
discussions ar