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1. INTRODUCTION

Guidance for Developing the SCP-CDR and SCP Q-List (Q-List Methodology)

was transmitted to the project offices on April 25, 1986. Q-List workshops

were held at each of the project offices in July 1986 to discuss

implementation of the guidance. During these workshops questions arose

regarding clarification of the guidance, especially in interface areas such as

application of graded QA once an item becomes Q-Listed. HQ agreed to review

the open questions and provide appropriate responses. This document contains

clarification to the guidance and answers all open questions identified at the

workshops.

The workshops provided an excellent opportunity to discuss each project's

specific concerns and ideas. As a result, the need for a Design

Classification System (DCS) became apparent. This system enables the

repository designers to meet system reliability requirements without being

forced into a binary system whereby a component is either on the Q-List or it

is not. Additionally, the proposed Design Classification System conforms well

to the graded QA approach forming a consistent design/QA matrix. Section 2

discusses the proposed DCS.

It became apparent also that separation of special activities, such as

site characterization activities, from the Q-List was beneficial from a design

and QA implementation viewpoint. The Activities List was created, therefore,

to ensure that proper QA is provided for these special activities. Section

2.4 discusses the Activities List.
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Section 3.0 discusses responses to the NNWSI Q-List workshop held at Las

Vegas, NV on July 15-16, 1986.

Section 4.0 discusses responses to the BIP Q-List workshop held at

Richland, WA on July 18-19, 1986.

Section 5.0 discusses responses to the SP Q-List workshop held at

Columbus, OH on July 28-29, 1986.

Section 6.0 discusses impact of the enclosed clarification on the SCP.
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2. PROPOSED DESIGN CLASSIFICATION SYSTEM

2.1 CENTRAL Q-LIST WORKSHOP ISSUES

At each workshop questions arose as to what Q-Listing an item or activity

meant from a design and QA standpoint. For example, should activities be

Q-Listed and, if so, which parts of the activity should receive QA and should

hardware associated with the activity be designed to specific Part 60

criteria. Questions also came up as to whether an item which receives Level 1

QA is also a Q-List item. Systems that have ALARA impact, or are important to

DOE from a reliability viewpoint, for example, will need special QA and design

requirements. What is their relationship to the Q-List? Additionally,

questions arose regarding where to place systems deemed important to

"preservation of the retrieval option" since neither the important to safety

category nor the important to waste isolation category logically fit. The

guidance documents had not clearly addressed all these interfaces and

additional clarification was requested by the projects.

2.2 CATEGORIZATION REQUIREMENTS

From a repository designers perspective combining systems, components,

and structures with related activities and licensing requirements into a

single list can cause confusion since requirements which are applicable will

vary. Codes which are applied to the design are established to consider the

relative functional importance of public safety, industrial personnel safety,
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and reliability functions of the hardware. In addition, historically, only

hardware items are included on Q-Lists since placement on the Q-List brings

about special design criteria requirements as well as special QA requirements.

These concepts are graphically expressed in Figure 2.2-1 which shows that

repository hardware can be divided into four logical categories, each of which

will have special design and Q requirements. These categories are; items

important to preservation of the retrieval option, items important to safety,

items important to waste isolation, and items important to DOE for operational

and reliability reasons. Note that the associated design and QA requirements

will likely vary from category to category, but will be more stringent than

those associated with standard non-critical hardware.

Both the DOE and the NRC recognize that the mined geologic repository

system is unique from a licensing viewpoint in that various features of the

geologic system may be depended on for meeting post-closure performance

objectives. These geologic features, therefore, cannot be compromised during

site characterization or repository construction and activities related to

barrier characterization, for example, may need support of QA to ensure that

the integrity of the site is not compromised. Additionally, other special

activities such as studies or laboratory tests which the DOE may want to use

in the LA for licensing purposes will require subpart 'G' QA. Appropriate

portions of these special activities should be subject to QA control but it is

proposed that any special activity subject to QA control procedures be placed

on an Activities List (see Section 2.4) rather than on the Q-List. It is

recognized that a methodology is required for defining which related

activities and which areas of the related activities should be subject to

subpart 'G' QA.
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The concept of establishing several hardware categories to capture items

with "like" requirements and including only hardware items on the Q-List leads

one to consider implementation of a design classification system. Separation

of hardware items from special activities is consistent with the NRC's view in

10 CFR 60 subpart G, as well as in NRC's NUREG-0804 discussions.

2.3 DESIGN CLASSIFICATION SYSTEM DESCRIPTION

The proposed Design Classification System is a three-level system which

provides a method for correlating and specifying the design and QA

requirements for repository hardware. Such requirements ensure that each

hardware item will perform with an appropriate degree of reliability under

projected normal nd abnormal operating conditions, including design basis

accidents. The system is analogous to that currently being used on the

DOE-WIPP program and in the nuclear power industry.

Table 23-1 provides proposed bases and criteria for assigning the

appropriate design class to a repository item. Design Class 1 contains items

important to public health and safety. Design Class 2 contains items

important to DOE from an operational or reliability viewpoint, as well as

items important to preservation of the retrieval option. Design Class 3

contains items which do not typically require any special design or QA

requirements. This proposed Design Classification System is a strawman for

discussion purposes but appears to provide a sound conceptual vehicle for

resolving many of the design and QA issues expressed at the workshops.
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Table 2.3-2 is a rudimentary tabulation of basic design requirements

which may apply to classified items. Table 2.3-3 provides examples of typical

hardware design groupings associated with the various hardware sub-categories

given in Table 2.3-2.

As indicated in Table 2.3-4, only Design Class 1 items would be placed on

the QList* and only these items would receive QA Level 1. Note that Design

Class 1A is associated with items important to safety, while Design Class 1B

is restricted to engineered barriers important to waste isolation. Natural

barriers, such as characteristics of the site itself, would be defined via the

performance allocation process and activities associated with these natural

barriers would be placed on a separate Activities List (see Section 2.4) and

would receive Level 1 QA.

Design Class 2 items would receive Level 2 QA but those items placed in

Design Class 2A would receive Level 2** QA (equivalent to Level 1) due to

their increased reliability needs. Design Class 3 items would received Level

3 QA.

*Q-List is defined as: "Systems, components, and structures important to

safety and engineered barriers important to waste isolation."

37OLDRAFT -6- 10/24/86



2.4 ACTIVITIES LIST

2.4.1 Activities List Definition

The proposed definition of Activities List, i.e. those actions wich

receive Part 60 subpart G QA is:

"List of activities which are-associated with preserving the

integrity of, ensuring the performance of, and assessing the safety

of (1) natural system barriers important to waste and (2) Q-Listed

items; or, activities whose undertaking could adversely affect the

performance of those items and barriers."

2.4.2 Discussion of Related Activities

In accordance with 10 CFR 60 Appendix G, activities to be included are

site characterization, facility and equipment construction, facility

operations, performance confirmation, permanent closure, and decontamination

and dismantlying of surface facilities. Specific activities within the 10 CFR

Part 60 Subpart G QA program, such as control of design, purchasing

fabrication, inspection, and maintenance (10 CR 50 Appendix , Introduction)

need not be identified on the Activities List. Table 2.4-1 provides a listing

of typical major site characterization-related activity categories for

consideration. Each major activity will have sub-activities associated with

it as illustrated in Table 2.4.2 for the shaft excavation activity. Of course

the sub-activities can also be subdivided.
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In order for a sub-activity to be placed on the Activity List, selection

criteria are required to determine if a portion of the sub-activity needs to

be controlled to ensure that Part 60 performance objectives are not

compromised. Once identified, the targeted activity can be defined and

described in a procedure which will be subjected to one or more review and

approval cycles, as specified in the Procedure Review Cycle. The Procedure

Review Cycle is a QA Level 1 document which would likely require NRC

acceptance. After the sub-activities requiring QA are identified, then

different types of QA Level 1 control could result as exemplified in Table

2.4-3 for shaft excavation.

After approval of the activity procedure, execution of the activity would

require Level 1 QA and in most cases personnel may require training and

certification.

For SCP purposes, it is proposed that a discussion of the methodology to

be used to identify activities to be placed on the Activities List be

provided, along with a preliminary list of candidate activities for inclusion

on the list.
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FIGURE 2.2-1. Categorization of QA Items and Activities
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Table 2.3-1. Design Classification System

Design Class Functional Considerations

la Items essential to the preclosure protection of the
health and afety of the public, i.e.:
- Prevent from exceeding 0.5 rem
- Mitigates to 0.5 rem*

lb Items essential to the post-closure protection of the
health and safety of the public, i.e.:

Engineered barriers important to waste isolation

2a Items not included in Design Class 1 that are relied on
for:
- Preservation of retrievability option
- Prevention of major contamination
- Confinement and control of process

radioactivity effluent
- Shielding for Waste Handling Building rod

consolidation cells
- On-site radioactivity monitors (accidents)
- Surface lag storage
- Emplacement operations
- Support of Design Class 1 items

2b Items not included in Design Class 2a that are relied
on for:
- Important to worker health & safety
- Major impact on facility operations
- Post-accident radiological monitoring
- Potential for minor contamination
- Design or fabrication complexity or uniqueness
- Support of Design Class 2 items

3 All items not included in previous classes

NOTE: Design Class 1 includes systems, structures, and components, including
engineered barriers, for surface and subsurface application, but not including
natural features such as host rock.

* The DOE is currently discussing application of 5 rem limit for design basis
accident mitigation with the NRC.
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Table 2.3-2. Basic Design Requirement for Classified Items
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Table 2.3-3. Typical Hardware Design Groupings*

VENTILATION MECHANICAL UTILITIES, WASTE INSTRUMENT/
STRUCTURES/ AIR ANDLING HANDLING - & OTHER SYSTEMS CONTROLS

SUPPORTS EQUIP. & SYSTEMS & STRUCTURES ELECTRICAL

* Hot Cells * Filters (EPA * Cranes, Hoists * Steam * Electrical
* Waste Handling Exhaust, others) * Transporters Wil) * Potable water -powor supplies

Facility Ducts, Piping, * Conveyors, Carts Process water -distribution
Dampers, Elect., * Manipulators Cooling water Radiation
I&C * Casks Fire protection Alarms
Blowers/Fans Radwaste Controls
Cooling & Heat -gas Criticality
Removal -liquid Conltrols
Breathing Air -solids Alarms
Instruments & Admin., Train- Lighting
Process Air ing, gmt Computer Sys.

Security Packup Inst.
* Radiation Controls

Monitor ng



Table 2.3-4. Design Classification System
and -List/QA Requirements

Design Class Functional Considerations Q-Listed QA-Level

la Items essential to the preclosure Yes 1
protection of the health and safety of
the public, i.e.;
- Prevent from exceeding 0.5 rem

Mitigates to 0.5 rem*

lb Items essential to the postclosure Yes 1
protection of the health and safety of
the public, i.e.;

Engineered barriers important to
waste isolation

2a Items not included in Design Class 1 that No
that are relied on for:
- Preservation of retrievability option
- Prevention of major contamination
- Confinement & control of process

radioactivity
- Shielding for Waste Handling Building rod

consolidation cells
- Surface lag storage
- Emplacement operations
- Support of Design Class 1 items

2b Items not included in Design class 2a that No 2
that are relied on for:
- Important to worker health and safety
- Major impact on facility operations
- Post-accident radiological monitoring
- Potential for minor contamination
- Design or fabrication complexity or

uniqueness
- Support of Design Class a items

3 All items not included in previous classes No 3

Note: Design Class I Includes systems, structures, and components,
including engineered barriers, for surface and subsurface
application, but not including material features such as host rock.

* The DOE is currently discussing application of 5 rem limit for design basis
accident mitigation with the NC.

** QA requirements equivalent to Level 1 will be applied.
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Table 2.4-1. Typical Major Site Characterization Ativity Categories
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Table 2.4-2. Shaft Excavation Sub-Activities
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Tabe 2.4-3 QA Level 1 Control -

Shaft Excavation Sub-Activities
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



3. NNWSI WORKSHOP RESPONSES

3.1 IMPORTANT TO WASTE ISOLATION (ITWI)

3.1.1 Items Important to Waste Isolation

Items important to waste isolation are those barriers, structures,

systems, and components which are relied on to meet the postclosure

performance objectives in 10 CFR 60 subpart E.

Specifically, the following subpart E performance objectives must be met:

Overall System

Overall system performance objective for the geologic repository

after permanent closure as provided in 10 CR 60.112 and in the EPA

Standard, 40 CFR Part 191 for both anticipated and unanticipated

processes and events.

Engineered Barriers

Containment requirements for the Engineered Barrier System and the

waste packages as given in 10 CFR 60.113(a)(1)(i)(A) and

60.113(a)(1)(ii)(A) for anticipated processes and events.
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Control of the engineered barrier system release rate as given in 10

CFR 60.113(a)(i)(i)(B) and 60.113(a)(1)(ii)(B) for anticipated

processes and events.

Geologic Setting

Pre-Waste Emplacement Groundwater travel time requirement as given

in 10 CFR 60.113(a)(2).

3.1.2 Implementation

Barriers, systems, components, and structures important to waste

isolation will be identified in the performance allocation process to develop

the site characterization program. Performance will be allocated to both

engineered barriers (e.g. the waste package) and natural barriers (e.g. the

host rock and hydrostratigraphic units). Engineered barriers that will be

relied upon to demonstrate that the performance objectives are met will be

subject to design criteria and quality assurance requirements. The natural

barriers themselves, will, of course, not be subject to design criteria.

However, many of the activities associated with characterization of the

natural barriers will be subject to quality assurance. It is expected that

reallocation of performance may occur as additional information is acquired in

the site characterization program. Therefore, activities associated with

those natural barriers relied upon in the present performance allocation

should be subject to quality assurance. Furthermore, relevant activities

applicable to natural barriers which may be relied upon in future performance

allocation should also receive this attention. In view of the lack of
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information regarding site characteristics, it is prudent to presume that the

testing and analysis of all elements of the geologic setting within the

controlled areas will be subject to appropriate quality assurance.

Any engineered barrier determined in the performance allocation process

to be important to waste isolation will be placed on the Q list. The item

will be placed in Design Class lb (See Section 2.3) and appropriate design

criteria will then be imposed. Activities associated with the barrier such as

design, testing, and performance analysis will be placed on the activities

list.

Natural barriers will not be placed on the Q list. However, activities

that are part of the program to characterize any of these barriers in the

geologic setting within the controlled area will be placed on the activities

list. These activities include testing and analysis of the site and any

activities that may significantly affect the performance of any natural

barrier in the site.

3.2 RETRIEVAL REQUIREMENTS

3.2.1 Introduction

It is recognized that the NWPA requires the DOE to maintain an option for

retrieval of emplaced waste and 10 CR 60 establishes certain criteria by

which the retrieval option must be implemented.

The emphasis of the NWPA and the NRC's statement of consideration

relative to retrieval is on the following:
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1. Maintaining the retrieval option at all times during the operations

phase and some specified time beyond that, such that the NRC can

have a viable option if they are not satisfied with the anticipated

performance of the repository at the time the DOE makes an

application to amend its license to permit decommissioning and

sealing of the repository; and

2. Demonstration of "proof-of-principle" such that, at the time of the

License Application, the NRC is satisfied that the technology and

operational systems can be put into place, notwithstanding the

anticipation of adverse underground conditions.

In a license application, therefore, the DOE would need to address three

major requirements, each concerned with demonstrating the adequacy of its

plans to implement retrieval if it were required. They are as follows:

1. Preservation of the retrieval option;

2. Protection o public radiological safety during retrieval operations

(60.111(a) proposed revision); and

3. Plans for alternate storage of radioactive waste, should retrieval

be required (60.21(c)(12)).

These requirements are concerned with different phases of the repository

program although there may be some overlap in time. The site characterization

phase is primarily concerned with item 1.
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3.2.2 MAJOR RETRIEVAL REQUIREMENTS

3.2.2.1 Preservation of the Retrieval Option

The Q-List Methodology primarily addresses preservation of the retrieval

option (item 1 above) to ensure that systems, components, or structures

required to function in order to preserve the retrieval option are designed to

an adequate reliability. As indicated in Section 2.3, these systems would be

classified as Design Class 2a, would receive additional design criteria

similar to 60.131(b), and would receive the equivalent of Level 1 QA. Based

on this evaluation these systems are not required to be placed on the Q-List.

Since this requirement is a fundamental requirement of the NPA, any

system, component, or structure which is required to perform its function such

that retrieval is not rendered impossible or impracticable by a result of its

failure is of significance to the overall performance of the repository.

Unlike item 2 above, the preservation of retrieval option cannot be evaluated

on the basis of radiological dose consequences. It will be evaluated on the

basis of identifying scenarios leading to subsurface conditions which would

render the implementation of retrieval operations to be impossible or

impractical. Examples might include:

1. Failure of a shaft liner, or seal, or borehole seal, which allowed

large amounts of water to flood the subsurface. This could be

caused by inadequate design or external events such as earthquakes,

shaft operating accidents, etc.

2. Inadequate consideration given to waste characteristics and

emplacement configurations which could lead to a criticality

condition.
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3. Uncontrolled settlement or convergence of overlying strata following

mining activity which severely impeded the ability to re-mine and

gain access to the waste.

4. Seismic/tectonic events which would lead to loss of containment from

a significant number of waste packages.

3.2.2.2 Protection of Public Radiological Safety During Retrieval Oerations

As previously discussed, in a License Application, the DOE will be

required to demonstrate a proof-of-principle for retrieval operations, under

anticipated conditions. This means that the proposed procedures, as well as

operation of equipment (systems, components, and structures) would be

subjected to a full safety analysis. Any system, component, or structure

which, through its failure, could create a radiological dose rate to the

public in excess of .5 rem would be considered important to safety.

This retrieval component needs to be addressed in greater detail later in

the design process as it relates to classifying retrieval operational

equipment as important to safety based on radiological analyses of retrieval

operations.

3.2.2.3 Plans for Storage of Radioactive Waste Should Retrieval be Required

These plans will need to be addressed at the LA stage and described in

the LA Safety Analysis Report.
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3.2.3 Practicality of Retrieval

3.2.3.1 Background

10 CFR 60 Statements of Consideration include discussion of retrieval

requirements. This discussion has raised the need for clarification,

particularly with respect to practicality of retrieval.

At issue are the words "The definition indicates that the requirement of

retrievability does not imply ready or easy access to emplaced wastes at all

times prior to permanent closure. Rather, the Commission recognizes that any

actual retrieval operation would be an unusual event and may be an involved

and expensive operation. The idea is that it should not be made impossible or

impractical to retrieve the wastes if such retrieval turns out to be necessary

to protect the public health and safety."

Specifically, the words "or impractical" bring up a need for

clarification. The purposes of this discussion is to provide clarification

for the term "practical" and to provide a suggested method of quantification

of retrieval practicality.

The design and planning of retrieval operations, while considering the

anticipated hostile and subsurface conditions which exist must assume that the

underground environment can be restored to the point where men and machines

can work reasonably efficiently and absolutely safety.
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3.2.3.2 Practicality Issues

The idea of practicality connotes the capability of actually being

executed in fact, as opposed to theory or speculation. Practicality also

implies reasonable schedule executed at a reasonable cost. In the

repository context, this can be translated into a requirement that the

repository design must feature components, systems, and structures that render

retrieval achievable using reasonably available technology on a reasonable

schedule at a reasonable cost. Additionally, safety or retrieval operations

should parallel that of emplacement operations.

Retrieval equipment designs should, then, be subjected to

proof-of-principle testing, as well as mock-up testing and dry runs sufficient

to demonstrate reasonably available technology. The NRC appears to accept the

position that "proof of principles testing adequately demonstrates hardware

practicality. This idea is congruent with the previously published DOE

position on retrievability and retrieval (PRR) which states that "All

retrieval concepts, methods, and nonstandard equipment necessary for the

retrieval of any or all of the emplaced waste shall be:

1. designed and engineered, before license application, so that the

retrieval method will successfully operate and function under a

range of adverse underground conditions.

2. fabricated for mock-up tests during a proof-of-principle

demonstration period before the license application; and
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3. further developed and tested, if needed, under selected repository

conditions during the review of the license application and

repository construction."

3.2.3.3 Factors Affecting Retrieval Practicality

The practicality of waste retrieval is seen to vary with at least three

major functions: time since emplacement, accident occurrence since

emplacement, and the magnitude of the retrieval operation.

Each major factor is discussed below:

A. Time since emplacement. Retrieval is at its easiest around time of

emplacement, when extraction of the just-placed canister from its resting

place could use essentially the same machinery used for emplacement. The

degree of difficulty of retrieval is likely to increase with time since

emplacement. If the surrounding rock strata heats up, for example, a

means of cooling would have to be provided. If the drift is backfilled

and sealed, opening and remining would have to be performed. A possible

complication would exist if the host rock had closed in, gripping or

partially crushing the walls of the canister, then extraordinary and

complicated means would likely have to be brought into play to accomplish

retrieval.

B. Accident occurrence since emplacement. Can abnormal subsurface

conditions be restored on a reasonable schedule and at a reasonable cost
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to where retrieval procedures can proceed? Retrieval would be further

complicated by the occurrence of abnormal or accident situations during

the time between emplacement and retrieval. The effects of postulated

accidents would likely have to be dealt with prior to the commencement of

retrieval operations. This presents the most difficult design regime

likely to be encountered. The concern would be that the same accident

that gave rise to the need for retrieval also precluded it.

The design and planning of retrieval operations, while considering the

anticipated hostile and subsurface conditions which exist must assume that the

underground environment can be restored to the point where men and machines

can work efficiently and safely.

This means that if excessive heat, flooding, strata collapse, etc. is

present, then these conditions must be corrected to the point where the

planned retrieval operation can be implemented. It would only be necessary to

demonstrate that the retrieval operation can be implemented efficiently for a

discrete area of the repository, taking into account anticipated site-specific

problems (pinching of the canisters, breach of canisters, creep in salt, heat,

etc.) Practicality of retrieval should not be a concern since proof-of-

principle testing will show equipment compliance.

The Q guidance paper on development of a site-specific strategy for

implementation of retrieval (April 16, 1986) postulates an "Abnormal Retrieval

Condition" where all of the emplaced canisters are to be retrieved and 25 of

all canisters are assumed to be failed. The 25% value is arbitrary but the

intent of the guidance is to show that one or more failed waste packages can

be retrieved under abnormal conditions.
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The practicality issue becomes significant when accident scenarios are

introduced which lead to severe subsurface conditions such as extensive

flooding, extensive strata collapse or instability, etc. Although it may be

argued that successful retrieval of waste is only a function of sufficient

time and money, this may not, under certain circumstances, be a reasonable or

practical approach.

C. Magnitude of the retrieval operation. The above aspects are compounded

as the number of canisters to be retrieved increase. However, at some

point an economy of scale would probably be realized, and the incremental

difficulty would level off and might even decrease.

3.2.3.4 Suggested Quantification Methodology of Retrieval Practicality

Retrieval practicality can be expressed in terms of cost and schedule.

As indicated in Subsection 3.2.3.2, safety of retrieval operations is not an

issue since it should parallel that of emplacement operations.

Retrieval under normal conditions is not expected to present

extraordinary problems and, as such, ought to be performed in about the same

time as emplacement and with a comparable degree of difficulty.

Accident conditions may significantly complicate retrieval and probably

will delay the commencement of actual retrieval operations until such time as

the major damage has been dealt with. Thus, retrieval after an accident

should be accomplished in about the same time as emplacement plus the

construction time of the GROA. In this manner, the construction period may be

used to recover from the accident occurrence.
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To affix a dollar ceiling value to the retrieval scenarios, for defining

practicality, it is suggested that the cost ceiling methodologies parallel the

schedule ceiling methodologies. Therefore, under normal retrieval conditions,

the retrieval cost ceiling should approximate the emplacement cost. Accident

condition cost ceilings should approximate the sum of normal costs, as figured

above, plus the GROA construction cost as a special allowance to cope with the

effects of the accident.

3.2.4 Proof of Princiole

Can retrieval, under reasonably anticipated conditions, be demonstrated?

As stated in Subsection 3.3.2.2, key features of the retrieval hardware design

should be fabricated or mocked-up and subjected to testing under conditions

approximating those which would likely be encountered in an actual retrieval

scenario. Successful demonstration of operability would constitute an

acceptable proof of concept.

3.2.5 Safety Analysis for Implementation

Could failure of any system, component, or structure during retrieval

operations result in a dose to the public in excess of .5 rem? A safety

analysis for the implementation phase of retrieval must be performed late in

the design process to show that implementation of the retrieval option would

not result in undue risk to the health and safety of the public. If retrieval

operations could result in radiological doses in excess of 500 mrem at or

beyond the nearest boundary of the unrestricted area, then retrieval equipment

would need to be classed as important to safety.
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3.3 Q-LIST METHODOLOGY FIGURE 4-1 CLARIFICATION

In Q-List Methodology Figure 4-1, the final step is to place items on

important to safety list (box 7) if the projected consequence is greater than

500 mrem and the scenario is credible. In order to clarify the intent of this

step an understanding of the difference between preventative and mitigative

systems is required. The following definitions as summarized from Section

5.3.1 are presented:

Preventative System*:

Mitigative System*:

Any system whose design and function actively or

passively stop an event from occurring, or,

reduce the probability of occurrence of an event.

Any system whose design and function actively or

passively reduce the severity or consequences of

an event once the event has occurred.

Several examples of preventative and mitigative systems for various

hypothetical accidents are given in Table 3.4-1. Equipment redundancy can be

used to improve reliability, but this decision should be made on a

case-by-case basis.

The following sub-steps to Figure 4-1 of the Q-List methodology should be

included in determining systems, components, and structures important to

safety:

*System, component, or structure.
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7.a If the projected consequences of the scenario are greater than or

equal to 500 mrem and the scenario is considered credible then a

determination should be made as to which system, component, or

structure is the front-line preventative system. This system must

be Q-Listed.

7.b. The scenario should ten be reanalyzed taking into account the

reduced failure probability of the Q-listed preventative system.

If the scenario is still considered credible, then additional

Q-listed mitigative systems must be provided until the scenario is

no longer credible or its consequences are less than the 500 mrem

dose criterion.

3.4 Q-LIST METHODOLOGY FIGURE.4-3 CLARIFICATION

Figure 4-3, Methodology schematic for preclosure events

(operational/retrieval) impacting ability to perform retrieval", and the text

of Subsection 4.2.1 have been revised to clarify Q-List requirements and

eliminate identification of specific abnormal initiating events. The revised

text and figure are presented in Appendix B.

3.5 COMMON INITIATING EVENTS

Table 4-2, "reclosure Subsurface Facility Initiating Events - Minimum

Set -" of the Q-List Methodology has been revised as shown on the attached

Table 3.6-1 to delete events 9 (Areal Power Density Overload) and 14 (Coupled

Effects), and to revise event 10 (Improper Construction Techniques) to be

included under Event 11 (Operator Error).
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Various initiating events identified in Table 4-2 of the Q-List

Methodology have been reviewed to determine if frequency of occurrence

could be estimated on a generic basis for two or more sites. The following

discussion indicates for which events this may be possible.

"Hoist cage drop of waste package" could probably be treated

generically for the salt and basalt sites;

The "underground flooding" initiating event appears to have

sufficiently diverse causal mechanisms that it should be treated on

a site-specific basis;

Generic treatment of the "Explosion/Fire" event for all three sites

appears feasible from the diesel fuel and explosives aspect, but all

three sites differ from the methane gas viewpoint;

Operator error events are site-specific since the probability per

year is dependent on the total number of personnel involved and the

total number of waste packages being handled;

"Shaft Failure" events are site-specific due to different types of

liners used and different mechanisms for failure;

Drift collapse should be treated on a site-specific basis due to the

different properties of the media and differences in the

probabilities of external events;
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Type I seismic events (those of a less severe nature) appear to have

similar occurrence frequencies at the Basalt and Salt sites, and

these may be candidates for generic analysis. Caution should be

used, however, due to the slightly different accelerations at these

two sites and the differing potentials for damage;

The Tuff site is sufficiently different to preclude its inclusion in

a generic treatment; and

Type II seismic events (those of a more severe nature) again appear

to have similar occurrence frequencies at Salt and Basalt as to be

candidates for generic treatment, while the Tuff occurrence

frequencies should be analyzed separately.

3.6 RADIOLOGICAL SENSITIVITY STUDY

During the Q-list workshop held in Nevada, the NNWSI project participants

expressed interest in obtaining a copy of the "Underground Waste Handling

Accident Sensitivity Study." A draft of the study dated August 1986 was

transmitted to headquarters on September 10, 1986 by WESTON.

3.7 DATA BASES

A detailed listing of availability and risk data sources is given in

Appendix A. The appendix lists document number and date, the title of the

document, and the author or publisher. The documents listed are not

classified, and are available to the public for a nominal fee. The various
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NUREG-documents are available from either the Government Printing Office or

NTIS. NC documents may be examined at the Public Document Room, which is

located in Washington, DC.

A brief discussion of data base development is presented below as an aid

to setting up and effectively using the industry information currently

available. Much of the material, as well as the first five pages of Appendix

A, has been excerpted and condensed from NUREG/CR 2300, the PRA Procedures

Guide, and reference thereto is suggested.

3.7.1 Overview

The development of a data base for accident-sequence quantification is a

multistep process involving the collection of data, the analysis of data, and

the evaluation of appropriate reliability models. It produces results that

specify the numerical values to be used for each event in the fault and event

trees.

The steps that need to be addressed in developing a data base are

discussed in the subsequent sections, in the order the tasks would be

accomplished. As in many engineering analyses, the order may be modified as

the work progresses, or iteration may be required.

3.7.2 Initiating-Event Models

Initiating events are the occurrences that initiate an accident

sequence. The desired measure for such events is frequency. A plant may

experience tens of these events per year or only one in 10,000 years.
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Initiating events are assumed to occur randomly in time, and they are

usually assumed to occur at a constant rate. However, data on events that

occur more frequently indicate that the rate of occurrence may be higher

during the plant's first years than during subsequent years. there are

insufficient data to predict whether or not the frequency of these initiators

might increase in later life.

The Underground Safety Assessment Report gives suggested accident

models. owever, prior to their use, the models should be evaluated for site

specific accuracy and applicability.

It should be noted that in most PRAs initiating events are treated as

single events. However, the initiating event can be quantified by combining

several events. This combination can be accomplished through a fault tree, an

event tree, or a similar tool. While this may not affect the underlying event

modeling and data analysis, it may require quantification tools that differ

from those used to evaluate system/sequence frequency-weighted unavailability

via fault trees, event trees, etc. That is, it may be necessary to quantify

the synthesized initiating event as a frequency, rather than a probability.

3.7.3 Data Gathering

Before collecting and analyzing data, it is important to know what kind

of data are needed. In a PA the events of interest are modeled as events

that occur randomly. In general, they occur either randomly in time or

randomly at each challenge. Thus, for each classification of events, data

will be either x events in time T or x events in n trials (or demands). In

addition, if it is necessary to test the components-reliability models, the
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actual time history of the failures is needed. More specifically, if the

failure of motor-operated valves to open when needed is a class of events to

be evaluated, it will be necessary to search data sources to determine the

number of occurrences for this event, either the number of demands or the time

over which these events occurred, and when each failure to open occurred. It

will also be useful to examine other data bases for information about the

event of interest.

In general, for events involving components in safety systems, the

quantity of interest is the probability that the component cannot perform its

intended function when the initiating event occurs.

Thus, the objective of the data-gathering task is to obtain the raw

information needed for estimating the event-model parameters identified in the

preceding section: (1) the number of failures in time or the number of demands

for reliability models and (2) the frequency of initiating events. The data

may also be used to test the applicability of the event model; in this case,

it is necessary to have the time of each failure. The sources of data may

include plant records, existing data reports, and previous PAs. This section

describes various sources of available data and their attributes; it then

discusses the process of data collection. It is strongly recommended that

representative existing data sources be closely examined to establish clearly

the type of data needed before beginning the collection of plant data.

3.7.3.1 Existing Data Sources

As the data analyst proceeds to determine the appropriate reliability

data, he finds a spectrum of available resources. In some cases a clearly

appropriate source is available. In other instances, however, there are few
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sources of data whose content and format allow unambiguous selection. The

data analyst must decide on the appropriateness of the data he examines. The

data source does not always specify what failure modes or mode is represented;

whether, for example, the pump driver is included in all pump failures; what

environment is applicable; or what the total population is. Often, additional

research may be needed to discover the information not available in the

reported data. Discussed below are the following sources that may be useful

in building a data base for a PRA:

1.. A report (EPRI, 1982b) on the loss of offsite power at nuclear power

plants.

2. A report (cClymont and cLagan, 1982) on diesel-generator

reliability at nuclear power plants.

3. Data summaries of the licensee event reports submitted to the

Nuclear Regulatory commission.

4. The reactor Safety Study (USNRC, 1975).

5. An IEEE data manual on electronic, electrical, and sensing

components.

6. The Nuclear Plant Reliability Data System.

7. The National Electric Reliability Council.

A substantial number of other sources are also available; IDEP, SRENCO, SRI,

Farada, etc.
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3.7.3.1.1 Loss of Off-Site Power at Nuclar Power Plants: Data and Analysis,

This 1932 report presents data on the frequency of loss and subsequent

recovery of offsite power nuclear plants. Thc data were collected

from the sites of 47 plantes. Results presented site and by

National Electric Re1iablity Council Data analysis includes

estimates for confidence limits, assuming a constant of

occurrence. Recovery time is anala1yzed with a log normal distribution for the

time to recover. All raw data are reported to allow the user to perform his

own analysis. This document is the most comprehensive source of data on the

loss of offsite power for PRA usage.

3.7.3.1.2 Diesel Generator Reliability at Nuclear Power Plants: Data and

Preliminary Analysis, EPRI NP-2433

(McClymont and cLagan, 1982). This report presents data related to the

reliability of emergency diesel generators. The sources include plant

records, utility records, and licensee event reports submitted to the Nuclear

Regulatory Commission. The data include both raw information and estimates of

event-model parameters. The report details failure to start, failure to

continue running, and repair times..

3.7.3.1.3 Data Summaries of Licensee Event Reports at U.S. Nuclear Power

Plants

Published by the Nuclear Regulatory Commission, these data summaries are

available as six separate reports:
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1. Diesol Generators (NUREG/CR-1362;
{COULD NOT BE CONVERTED TO SEARCHABLETE TEXT}

5. Primary Containment Penetrations (NtREG/CR-1730; EG&G-EA-518S)

6. Control Rods and Drive Mechanisms (NUREG/CR-1331; EG&G-EA-5079)

They describe the results of analyses of component failures reported to the

Nuclear Regulatory Commission in licensee event reports. Component failures

are reported for individual plants, by reactor vendor, by failure mode, and

for all plants considered together. Included are failure rates, failures on

demand, and some information on repair times. The estimates of event-model

parameters, however, are based on estimates of population, demands, and

exposure time. Hence, the statistical analysis includes estimated information

together with actual plant data.

3.7.3.1.4 Reactor Safety Study, WASH-1400, Nuclear Regulatory Commission,

1975

Appendix III of this report, "Failure Data," contains the failure data

used in the study, including raw data from 1972, notes on test time, notes on

maintenance time and frequency, the results of a human-reliability analysis,

aircraft-crash probabilities, estimates of the frequency of initiating events,
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and some information on common-cause failures. From the assembled

information, this appendix also definies the "assessed range" for each failure

rate. The authors state, however, that "this data may not be sufficiently

detailed, general, or accurate for use in other quantitative

reliability models or in involving greater specificity."

This document contains data for electronic, electrical, and sensing

components. The reported values are mainly synthesized from the opinions of

some 200 experts. Each expert has submitted a low, a recommended, and a high

value for the failure rate under normal conditions and a maximum value that

would be applicable under all conditions (including abnormal ones). The

pooling of estimates was done by geometric averaging, a method judged to be a

better representation of expert estimates, which are often given as negative

powers of 10. While some estimates include hard data, the reader is not made

aware of which estimates are based only on opinion, on hard data, or a

combination of both.

3.7.3.1.6 Nuclear Plant Reliability Data System (PRDS), Southwest Research

Institute

The PRDS collects failure data on safety-related systems and

components. At present, 61 plants are reporting data. The data are compiled

and disseminated in periodic reports to the participants of the program and
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other pontial users. In addition, special searches of the data base may be

request by the participents and others; or the users can access the data

through their computer terminals. Typical information that NPRDS provides

includes t following:

1. The plan operating (i.e., operating, standby, and shutdown).

2. The calculated in-service hours of the system.

3. Outage times.

4. Number of failures per million in-service hours.

5. Number of applicable tests.

6. Number of actuations for standby equipment.

7. Component failure modes and effects.

The main disadvantage is the dependence of the NRDS on regular

participant reporting. If no report is received from a participant in a

reporting period, it is assumed that no failures have occurred. In the near

future, data from plants with irregular reporting will be filtered from the

data base to avoid this disadvantage.
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3.7.3.1.8 National Electric Reliability Council(NERC)

On January 1, 1979, the Edison Electric Institute (EEl) transferred to

NERC the responsibility for operating its equipment-availability data

system--the prime utility-industry source for the collection, processing,

analysis, and reporting of on power-plant outages

performance. The Unit Year computer program produces a for

each individual unit, including statistics for the latest year a

statistics for the life of time unit. In addition, the Equipment Avaliablity

Task Force produces annually a report on equipment availability for a 10-year

period. Finally, the EEI has established a procedure for processing special

requests for the analysis of reliability data.

3.7.4 Component-Data Collection From Nuclear Power Plants

At present, no nuclear plant keeps records of component reliability for

the specific purpose of using them as data for risk assessments. The PRAs

that have been conducted to date have had to depend on other sources for

plant-specific data. These sources include many plant records and procedures

that may be available to the PA analysts. The usefulness of a particular

source depends on the reliability models chosen to represent components in

system fault trees. On the other hand, the availability (or the absence) of

various data sources may affect the choice of models by a system analyst.

Table 3.8-1 lists the most common parameters used to represent components, the

data required to derive estimates of the parameters, and the potential sources

of such data as plants. How these sources can be used on extract needed

information is briefly explained below.
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3.7.4.1 Periodic Test Reports and Procedures

Periodic test reports and procedures are a potential source of data on

failures, demands, and operating time for components that are tested

periodically. Test reports for key components or systems typically contain a

description of the test procedure and a checklist to be filled out by the test

as the steps are performed. For example, in an operating test of an emergency

diesel generator, the procedure may call for starting the diesel and running

it for an hour. The record of a specific test would report whether or not the

diesel started and whether it ran successfully for the entire hour. Another

example is a test of emergency system performance, in which the procedure

calls for the tester to give an emergency signal that should oOpen certain

flow paths by moving some motor-operated valves and starting one or more

pumps. The position of the valves and the operation of the pump are then

verified, giving records of whether the valves and pumps responded

successfully to the demands. As shown by these examples, records of periodic

tests provide a self-contained tally of demands on some components, as well as

the failure (and success) of the component given these demands.

3.7.4.2 Maintenance Reports

Reports of maintenance on components are potential sources of data on

failures, repair tims after failure, and other unavailability due to

maintenance. These reports typically include the following:

1. A plant identification number for the component undergoing

maintenance and a description of the component.

2. A description of the reason for maintenance.
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3. A description of the work performed.

4. An indication of the time required for the work or the duration of

the component's unavailability.

The report may indicate that maintenance was needed because the component

failured to operate adequately or was completely inoperable. Such an event

may then be added to the count of component failures. The maintenance report

often gives information about the failure mode and mechanism as well as the

amount of time spent on repair after the failure was discovered. Such

information must be interpreted carefully, because the actual repair time may

cover only a fraction of the time the component was unavailable between the

detection of the failure and the completion of repairs. In addition, the

repair time is often given in terms of man-hours, which means that the actual

time spent on repair could be shorter, depending on the size of the work crew;

the use of recorded man-hours would therefore lead to a conservative estimate

of repair time. The complete out-of-service time for the component can,

however, be derived, because the maintenance record often states the date on

which the failure was discovered and the date on which the component was made

available after repair.

Maintenance reports that record preventive maintenance can be used to

estimate the contributions of these actions to component unavailability.

Again, the report may show that a component was taken out of service on a

certain date at restored some time later, giving a sample of the duration of

maintenance. The frequency of these events can be derived from the number of

preventive-maintenance reports in the calendar time considered.

37OLDRAFT -43- 10124/86



3.7.4.3 Operating Procedures

Operating procedures can be used to estimate the number of demands on

certain components in addition to demands occurring during periodic tests.

This estimate is obtained by multiplying the number of demands imposed on a

component during a procedure by the number of times the procedure was carried

out during the calendar time of interest. Unfortunately, the latter number is

not always easily obtained. For procedures followed during plant startup or

shutdown, the number of times the procedure was performed should be readily

obtainable, but for procedures followed during operation, this information

will be available only from the control-room log.

3.7.5 Expert Opinion

Expert opinion is often used when other information is inadequate. If

neither physical nor theoretical models are available and relative frequency

is unavailable as well, subjective assessment is the only alternative for

obtaining a probability. The practical feasibility of this alternative is

supported not only by theoretical foundations that show judgments about

uncertain events can be expressed as probabilities but also by practical

assessment procedures. The following is a summary of assessment procedures.

After this summary, well-known cautions and guidelines for interpreting and

reviewing expert opinions are presented to highlight the care and caveats that

must accompany the quantitative assessment. The user should be aware that the

subjective estimates frequently used in PAs can have large biases and errors.
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3.7.5.1 Assessment Procedures

Two approaches to subjective probability assessment are in practical

use, either the direct approach or the indirect approach. The direct approach

will be addressed here. With the direct approach, the expert is asked to

declare the probability number associated with the feeling of uncertainty for

the occurrence of an event.

The well-known difficulties in obtaining useful subjective probability

assessments are summarized below in the section entitled "Validity of Expert

Opinion." These difficulties are magnified by by inexperienced, unaided

direct assessments.

The direct approach has the expert state a number that represents the

assessment of the probability. Some studies have shown it possible for people

to become better at assessing their own feelings of uncertainty as

probabilities. This improvement in direct assessment comes from specific

training and guided practiced discipline rather than by trail and error. A

good direct assessment comes from one who is both an experienced expert in

what is known about a technical area (as well as how much is not known) and an

experienced expert on how to express that judgment with little cognitive

bias. This is an uncommon combination of expertise.

3.7.5.2 Assessment Models

The representation used to model the uncertain event, either intuitively

or formally, is a significant part of obtaining a good assessment. How the

expert thinks about the problem of giving a judgment on the event likelihood

should be recorded (see the discussion on "Recording Expert Opinion.") I is
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this representation that fashions the eventual probability that is assessed.

If disputes or questions rise in reviewing the quality of the expert opinion,

a brief description of the thought model can focus the issue to a particular

facet of that judgment.

Often, the expert is better able to provide a judgment by refining the

event description into underlying events or factors. This formal assessment

model can be subdivided until the expert finds it easy to examine each part,

provide an opinion conditioned on each one, and review the formally computed

probability of the original event for completeness and accuracy. This aid to

assessment relieves an expert from making logical, or procedural, errors in

combining the underlying knowledge. Reducing this source of error with the

use of assessment models allows the assessor to focus on revealing a more

subtle bias in the judgment.

3.7.5.3 Validity of Expert Opinion

The validity of a subjective assessment comes from the knowledge content

provided by the expert. The content factor is evaluated from the credentials

provided by the expert. Identifying who knows what and how much is a routine

task for a professional community. Even for a recognized expert, a peer

review can use the assessment model to judge whether or not all the

significant factors were included in the expert's opinion. Inaccuracies,

disputes, omissions, and limits to knowledge can then be examined to improve

the accuracy of the substantive, or content, portion of the probability

assessment.
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It is well known that various biases may accompany the subjectively

quantified assessments of an expert. Experts often overestimate the degree of

certainty of their estimates and claim too high a level of assurance.

Interval estimates for which 98-percent assurance was claimed tended in

reality to have an assurance of about 70 percent (i.e., to include the correct

value 70 percent of the time). Alternatively stated, interval estimates are

often too narrow for the assurance level that is claimed. Tversky and

Kahneman (1974) attribute such bias in part to the phenomenon of "anchoring"

the expert tends to focus, or "anchor," on an initial guess and is reluctant

to deviate too far from the guess in accounting for possible misjudgment. The

results of such studies suggest that the assurance associated with

expert-supplied interval estimates should be reduced from that claimed. For

example, if a 90-percent interval estimate is solicited, then the interval

could perhaps be considered to be an actual 70-percent interval in fitting a

prior.

It is also well known that the manner chosen to encode (solicit) the

subjective probabilities held by the expert is crucial and may significantly

affect the quality of the information.

3.7.5.4 Recording Expert Opinion

The procedure used for assessing expert opinion and the assessment model

used by the expert to construct the judgment should be described in a record

of the expert opinion.
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A subjective probability is an evaluation. The important procedural and

substantive factors in that evaluation should be recorded, like any other

engineering analysis, to permit a peer review to determine the quality of that

result.

This record does not have standard format; however, with time and

experience, one may evolve. Nevertheless, the probability number can be

meaningless without a description of how it was obtained and what its

principal foundations were.

3.7.6 Documentation of the Data Base

An important aspect of developing the data for accident-sequence

evaluation is to document the various steps of the process. This includes not

only the final numbers but also the various assumptions and sources of

information. The reader should be able to trace each data item from the fault

tree or event tree back to the source, with each assumption and calculation

apparent.

Documentation should include the output of the data process (i.e., the

numbers used in quantification) and the general data base used in the PRA.

3.7.7 Assurance of Technical Quality

The term "assurance of technical quality," as used here, refers only to

the quality of the data base that results from the procedures given in this

chapter. Many factors affect the quality of the data base, including the
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overall programming, planning, and scheduling, as well as budget limitations.

The objective of this section is to address the items that will enhance the

data quality within the program constraints.

The most beneficial activities to maximize quality are reviews and

checks. As each data quantity is produced, it should be checked against other

data bases. Major discrepancies should be justified. Other staff members

should review the event quantifications for their models and cross-compart

with others with the same type of events. Finally, the team leader should

review the data, using his experience to look for unusual results. Of course,

outside peer review is an important part of the review process, though

feedback for revision via this path usually takes longer than does feedback

within the study.

Documentation is the key to the quality of the data base. The data

analyst should keep a notebook to document his decisions and assumptions.

This notebook will make final documentation easier and make the data traceable

from event results back to the source. It is also important to carefully

document computer runs so that, if necessary, the runs producing particular

results can be found. Often a keypunch error can result in an incorrect

result.

3.8 OFF-THE-SHELF EQUIPMENT

Guidance regarding failure rate data for equipment (i.e., should the

equipment be assumed to be off-the-shelf or safety-grade prior to

determination of Q-List requirements) is presented below.
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Generally, prior to determining that a given piece of equipment belongs

on the Q-list it should be assumed that it is normal commercial grade.

For certain equipment, such as the main line production mechanisms in hot

cells which are likely to be of higher quality, a greater level of reliability

should be assumed. This might also apply to cranes and certain waste form

handling equipment.
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Table 3.4-1. Examples of Preventative and
Mitigative Systems and Features

Preventative Mitigative
Event Systems Systems

Hoist Cask Drop Hoist Emergency Ventilation
Cask Impact Limiters
Crash Beams
Crush Materials

Underground Fire Methane Monitors Fire Detection
or Explosion Ventilation Fire Suppression

Underground Flood Shaft Liner Dewatering Pumps
Aquifer Seals Bulkheads

Seismic None* None

* Prevention of adverse consequences is accomplished through proper design.

** No mitigative systems are provided specifically for the seismic event.
However, consequences with this event can be mitigated by systems such as
emergency ventilation.
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Table 3.6-1

Revised Table 4-2. Preclosure Subsurface Facility
Initiating Events - Minimum Set -

Event Basalt Salt Tuff

1. Hoist cage drop of X X
waste package

2. Hoist cage overtravel X X.
at headframe during
retrieval of waste
package

3. Transporter crash on
ramp, with fire

4. Underground explosion X X X
via commercial
explosives

5. Underground explosion X X
via methane

6. Seismic event X - X

7. Underground flood (or X X X
groundwater intrusion

8. Fire X X X

9. Operator erro- X X X
installation/
pre-closure
operations (including
improper construction
techniques)

10. Shaft failure--
common mode X X
single X X

11. Drift collapse X X X

* Events 1 through 11, as applicable, should be assessed for emplacement as
well as retrieval operations. For retrieval operations, consideration
should be given to the possibility of damaged waste packages.
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Table 3.8-1. Sources of Plant Data

Data Potential
Parameter Requirements Sources

1. Probability of
failure on demand

a. Number of failures Periodic test reports,
maintenance reports,
control-room log

b. Number of demands Periodic test reports,
periodic test pro-
cedures, operating
procedures, control-
room log

2. Standby failure rate

3. Operating failure rate

4. Repair-time distribu-
tion parameters

5. Unavailability due to
maintenance and
testing

6. Recovery

7. Human errors

a. Number of failures
b. Time in standby

a. Number of failures
b. Time in operation

Repair times

Frequency and length
of test and
maintenance

Length of time to
recover

a. Number of errors
b. Opportunities

See la above
Control-room log

See la above
Control-room log, pe-
riodic test reports,
periodic test
procedures

Maintenance reports,
control-room log

Maintenance reports,
control-room log,
periodic test
procedures

Maintenance reports,
control-room log

Maintenance reports,
control-room log,
periodic test pro-
cedures, operating
procedures
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4. BWIP WORKSHOP RESPONSES

4.1 ITWI CLARIFICATION

See Sections 2.4 and 3.1 for clarification of the important to waste

isolation and related activities questions.

4.2 RETRIEVAL REQUIREMENTS CLARIFICATION

See Section 3.2.
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5. SRP WORKSHOP RESPONSES

5.1 ITWI DEFINITION

See Sections 2.4 and 3.1 for clarification of the important to waste

isolation and related activities questions.

5.2 RETRIEVAL REQUIREMENTS CLARIFICATION

Please refer to section 3.2, Retrieval Requirements for discussion of

this issue.

5.3 Q-LIST CLARIFICATION

5.3.1 Preventative/Mitigative Determination

5.3.1.1 Preventative System

Preventative means to keep from happening or to avert some occurrence

from taking place. Hence, a preventive system is one which anticipates some

undesirable occurrence or process and counters it in advance of its actual

occurrence. This may be accomplished by either impeding the development of a

process leading to an undesirable occurrence, or by keeping one or more of the

necessary elements of an equation leading to an accident in abeyance. A

preventative system is defined as any system whose design and function

actively or passively stop an event from occurring, or, reduce the probability

of occurrence of an event.
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5.3.1.2 Mitigative System

Mitigate means to make or become less severe or intense; to moderate, the

severity of an outcome. Hence, a mitigative system is one which exerts its

influence after-the-fact of an undesirable occurrence and acts to lessen its

severity. All systems which act upon the existing circumstances are

mitigative in nature. A mitigative system is defined as any system whose

design and function actively or passively reduce the severity or consequences

of an event once the event has occurred.

5.3.1.3 Clarifying Remarks and Examples

The above definitions allow a given system to be at once preventive as

well as mitigative. They do not, however, allow this situation to exist for a

common occurrence. For example, a fire door may be preventive with respect to

the spreading of a fire beyond its boundary, and it may be mitigative with

respect to lessening the severity of the overall fire damage. Some systems

are generally preventive, and some are mitigative most of the time. The

situation to avoid is one of attempting to generalize certain systems as

always preventive, and others as always mitigative. In order to precisely

determine whether a particular system is preventive or mitigative, a specific

event must be examined.

Additional illustrative examples and discussion of the Q-Listing of

preventive and mitigative systems are presented in Section 3.3, Q-List

Methodology Figure 4-1 Clarification.
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5.3.2 Q-List Methodology Section 4.1.8 Clarification

This section states that, "If the consequence is clearly less than the

criterion, the scenario is eliminated." Since the criterion is 500 mream, a

value "clearly less" than that must be established by each project to ensure

adequate calculational margin.

5.4 DATA BASES

Please refer to Section 3.8 Data Bases for a comprehensive discussion of

this issue. Information and data sources are listed in Appendix A.
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6. SCP IMPACT

The clarifications provided in this document impact the SCP chapter

requirements as indicated in the following sections.

6.1 SCP CHAPTER 6.0

Q-List items will be listed in Chapter 6 and will not address related

activities. Items important to the preservation of the retrieval option will

be placed in Design Class a and will receive the equivalent of Level 1 QA but

will not be on the Q-List.

6.2 SCP CHAPTER 8.0

A list of natural system barriers considered important to waste isolation

will be identified in Section 8.6. Activities related to items important to

waste isolation will be identified on the Activities List as study plans are

completed. This is a necessary pre-requisite since, in order to define

specifically which activities are related to items important to waste

isolation, it is necessary to clearly understand what work at the study plan

level will be performed. In lieu of a list of activities, the projects should

identify in 8.6 what criteria will be applied to activities to determine if

they are related to items important to waste isolation'. An example of such

criteria is presented below.
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Activities Related to Items Important to Waste Isolation

In order to demonstrate the qualities of the natural system which are

important to waste isolation, the activities that affect those qualities must

be identified so that they can be controlled and documented in accordance with

appropriate quality program requirements. Activities related to the natural

system important to waste isolation fall into three general categories. They

are:

1. Activities that alter the natural system barriers considered important to

waste isolation, such as drilling and excavating in the system, and

withdrawing water from and injecting water into the system.

2. Data collection activities that provide measurements of the natural

system barriers considered important to waste isolation. These are the

basis for understanding the relevant characteristics of the barriers.

3. The activities of assessing the description, or model, of the barriers

against the performance requirements of 10 CFR 60.112 and 60.113.

All activities, including those conducted outside of the natural system

important to waste isolation, must be evaluated for their effects related to

the natural system.
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APPENDIX A

Data Base Reference Information



Availability and dates source index

Document number and date
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Availability and risk dates Source index

Document number and date Document title Author or publisher
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Availability and risk data source index
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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Table 7-1
INITIATING EVENT FREQUENCY DATA
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Table 7-1 (Continued)

Initiating Event Frequency Reference Comments

6. Tornado activity 6.824-6 per year(b)

1.0-6 per year

7. Fire in rail switching and truck
warehousing depots

Stone, 1983

Davis, 1983

FARADA. 1972

Bhaskaran, 1979

Within 100 mile of
Hanford site.

Within 100 miles of
Hanford site

Data may be available rom
the National Fire
Protection Agency,
New York

Same

Corrugated stainless
steel wire braid
400 psig
Flex metal hose nclud-
ing pile connection.

8. Explosion in rail switching and truck
warehousing depots

9. Radwaste sampling line rupture/burst

Stainless steel flex line mechanical
failure)

10. Not cell collar seal failures

a) Rotating lip gasket and seal

b) Pressure door hydraulic)

3.973-6 per hour

3.940-6 per hour b)

<2.23-7 per hour

3.765-5 per hour

GIDEP, 1981

FARADA. 1972

(b) Recommended value.



Table 7-1
Continued

Initiating Event Frequency Reference Comments

11. Vehicle hydraulic clamping/locking
system failure

a) Interlock system
b) Hydraulic piston
c) Orientation control system
d) Hydraulic piping system
e) Mechanical pin connections
f) Pneumatic actuator
9) Magnetic ack latch drive

mechanism
h) hydraulic actuator

12. Hot cell shield door seal (pneumatic eals)

1.2-3 per year
5.500-6 er hour
2.000-5 er hour
3.4095-5 per hour
3.250-6 per hour
2.010-6 per hour
7.90-7 per hour

2.90-7 p r hour

Bechtel. 1981
Bhaskaran, 1979
Bhaskaran, 1979
Bhaskaran, 1979
Bhaskaran, 1979

IEEE, 1984
IEEE, 1984

RAC, 1978

a) Pressure door (hydraulic)
b) Electromagnetic radiation

shields
c) Pressure door mechanical)

3.765-5 er hour
5.0847-5 per hour

4.455-5 hour

FARADA 1972
GIDEP, 1975

FARADA 1972

13. Hot cell crane drop

a) Cranes (bridge, composite)
b) Cranes
c) Structural failure of cranes
d) Crane brake falls

1.001-4 per hour
5.00-5 per hour
1.00-5 per hour
3.00-4 per hour

IEEE, 1984
Bechtel. 1981
SRENCO. 1978
SRENCO 1978
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TABLE 7-1
(Continued)
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TABLE 7-2 (Continued)

Failure Rate or Probability
Intermediate Event of Occurrence Reference Comments

17. Cask to borehole seal Intact Need more design Information
given canister breach due to to predict seal failure given
cask motion this condition.

18. Personnel access shaft cage 1.0-5 per year NRC, 1975 Structural failure
failure

19. Waste transport shaft cage 1.0-5 per year NRC, 1975 Structural failure
failure



TABLE 7-3
BASIC EVENT FAILAURE
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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APPENDIX B

Revised Section 4.2.1



4.2.1 Methodoloxy B - Preclosure Events (Operational/Retrieval) Impacting

Ability to Perform Retrieval

Figure 4-3 presents a schematic diagram relating to Methodology B. It is

incumbent upon DOE to evaluate initiating events which may credibly lead to a

local or global retrieval mandate by the NRC and determine which retrieval

equipment, if any, need be Q-Listed and which systems, components, or

structures need to properly function in order for DOE to show capability to

retrieve.

Regardless of the cause, once retrieval is set in motion, the Act and

10 CFR 60 mandate that the action be successfully carried out. Time allowance

for retrieval operations is flexible, and not restriction are specifically

imposed regarding retrieval costs. NRC does indicate, however, that retrieval

must not be impossible or impractical.

Identification of an event which could result in the failure of a system,

component, or structure such that the ability to retrieve is made impossible

or impractical, would require the casual system, component, or structure

(and/or the resulting mitigative item) to be placed in Design Class 2A and

receive additional design criteria and QA. Note that NRC mandated retrieval

of waste packages on a localized or specific basis, as a result of an abnormal

event or accident, is not considered to be under the umbrella of 10 CFR 60.143

(monitoring and testing waste packages of Subpart F-Performance Confirmation

Program). Therefore, retrieval equipment need not be constructed prior to

establishment of the retrieval mandate and Q-List requirements on retrieval

equipment would be limited to the application of Level 1 QA to the design and

prototype testing programs.

10/l/86



In assessing whether retrieval equipment must be Q-Listed based on

important to safety considerations in the SCP-CDR, or whether repository or

ESF subsurface systems, components, or structures must be placed in Design

Class 2A and their design criteria modified, a risk assessment methodology

similar to Methodology A is applied.

All evaluations performed will be preliminary and based on best available

data as augmented by engineering judgment where required. The methodology and

results shall be documented appropriately for reference in the SCP-CDR. The

following sub-sections describe in more detail the methodology depicted in

Figure 4-3, and provide examples, where appropriate.

4.2.1.1 Repository Design Data Base

Reference the repository SCP-CDR design configuration. Document design

data and applicable assumptions required for performing this evaluation, such

as, exhaust ventilation flow rates and configurations, waste emplacement

mode(s) included in the evaluation, waste package design utilized, anticipated

specifications for water control systems, etc.

4.2.1.2 Initiating Event Identification and Screening

An assessment of each candidate event must be made as to its frequency

of occurrence probability. A screening criterion of 10-5/yr shall be used

as a lower bound credible occurrence frequency rate. Initiating events

surviving this initial screening process are considered credible on a

preliminary basis and will then be developed into accident scenarios.
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4.2.1.3 Approximate Event Progression

For the events where retrieval is local, normal retrieval operations are

likely, and no abnormal events need be assumed due to the limited time frame.

Event progressions for the accident scenarios are then developed similar to

Methodology A (See Subsection 4.5) and event tree logic models are utilized.

4.2.1.4 Technical Judgment on Sequence Probability

For all event trees, system failure rate probabilities shall be estimated

based on performance data base information developed for Methodology A. For

identified systems not described in sufficient detail at this state of design,

a failure probability based on performance of similar systems or based on

conservative bounding assumptions must be assigned.

4.2.1.5 Accident Scenario Screening

The accident scenarios are screened against the yr screening

criterion plus a potential additional factor to account for technical and

regulatory uncertainty. Scenarios with probabilities lower than the criterion

are considered incredible and should be eliminated from further consideration.

4.2.1.6 Determination of Q-List Requirements

An assessment should then be made, using Table 4-4 for guidance, as to

retrieval equipment Q-List status. In this table, the severity of event

impact on the waste package and underground environment is related in a matrix

to potential Q-List status for retrieval equipment. Consideration of

Q-Listing specific pieces of retrieval equipment requires event and

3 7OLDRAFT B-3 10/1/86



site-specific technical judgment. The matrix specified in the table is based

on projected accident radiological releases from a single waste package, as

analyzed in the WESTON Preliminary Repository Underground Design Safety

Assessment Report, November 1985, as well as on engineering judgment regarding

potential event impacts on the underground environment. When, based on

technical judgment, the retrieval equipment Q-List status determination is

made it must be determined whether there is reasonable assurance that the

retrieval equipment will be able to properly operate in the underground

environment and perform the retrieval function. If retrieval is considered

possible then the design meets preclosure performance requirements specified

in 10 CR 60.111.

If retrieval is considered impossible or impractical, then the causal

and/or resulting mitigative system or major component or structure is placed

in Design Class 2A and the appropriate design criteria are adjusted to either

reduce the probability of scenario occurrence or to mitigate the

consequences. The scenario is then reassessed to ensure that the retrieval

option is preserved.
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Figure 4-3. Methodology B schematic for preclosure events (operational/retrieval) impacting ability to perform retrieval.



Figure 4-3. Methodology 8 schematic for preclosure events (operational/retrieval) impacting ability to perform retrieval.


