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ABSTRACT

This study recommends which structures, systems, and components of the

potential repository at Yucca Mountain are important to safety. The

assessment was completed in April, 1990 ana uses the reference repository

configuration in the Site Characterization Plan Conceptual Design Report

and follows the methodology required at that time by DOE Procedure

AP6.10-Q. Failures of repository items during the preclosure period
are evaluated to determine the potential offsite radiation doses and

associated probabilities. Items are important to safety if, in the event
they fail to perform their intended function, an accident could result

, which causes a dose commitment greater than 0.5 rem to the whole body or

any organ of an individual in an unrestricted area. This study recommends

that these repository items include the structures that house spent fuel

° and high-level waste, the associated filtered ventilation exhaust systems,
certain waste-handling equipment, the waste containers, the waste treatment

bui lding structure, the underground waste transporters, and other items
listed in this report.

This work was completed April 1990 ._,_.,_%. .



This document was written in response to DIM 60 and was completed under WBS
1.2.1.1, but was prepared under the earlier WBS 1.2.4.6.3. The work was

completed in April 1990 and used DOE Administrative Procedures (APs) 6.9Q
and 6.10Q, which later were superseded.
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EXECUTIVE SUMMARY

This study recommends which structures, systems and components of the

potential repository at Yucca Mountain are important to safety. The

assessment follows the method required by DOW Procedure AP-6.10Q (in

Appendix A) and uses the Site Characterization Plan Conceptual Design

Report (SNL, 1987) as a basis. This work was completed in April, 1990 and

AP-6.10Q was superseded at a later date. The term "safety" refers to

radiological safety, as described in the definition of "important" in

IOCFR60.2 (NRC, 1989a).

In accordance with AP-6.1OQ, the repository is divided into compartments,

each of which is uniquely characterized by its inventory of radioactive

materials, design features, and the operations conducted within it.

Compartment locations are assigned to each item on the list of repository

items subject to the quality level assignment process (DOE, i989a).

Credible initiating events that are applicable to the potential Yucca

Mountain repository are then identified on the basis of surveys of

literature on safety analyses and reviews of previous assessments for the

repository. Both external and internal initiation events are considered,

including earthquakes, tornadoes and extreme winds, floods, aircraft

crashes, fires, loss of electrical power, operator errors, and equipment

failures. Event trees are then developed for each compartment to depict

the relevant combinations of failures of items that could result form

various initiating events. Only items whose failure could affect releases

of _:adioactive material are included in the event trees.

Radiation doses at the nearest boundary of the unrestricted area are

calculated for each scenario in the event trees, and an assessment is made

as to whether each scenario is credible. To determine which repository

items are important to safety, this assessment initially assumes that

repository items would not withstand severe credible events unless the

items are important to safety, this assessment initially assumes that

repository items would not withstand severe credible events unless the

_tems were identified as important to safety and designed and co::s[_ructed

accordingly. Because items that are not important to safety would n(_t

- vi



necessarily be designed or constructed to withstand severe credib|e

events, these items could fail as a result of such events.

In accordance with NCR (1989b), when accident analyses take credit for an

, item/s function to prevent or mitigate the release of radioactivity (or to

prevent criticality), the item should be designated as important to

safety, placed on a Q-list, and subjected to an appropriate QA program.

This study recommends that these repository items include the structures

that house spent fuel and high-level waste, the associated filtered

ventilation exhaust systems, certain waste-handling equipment, the waste

containers, the waste treatment building structure, the underground waste

transporters, and other items listed in this report.

The items important to safety should be designed, fabricated, and

constructed to more stringent requirements than other items that are not

important to safety. For example, items important to safety should be

designed and constructed to maintain their safety functions during

credible initiating events. These events form the basis for design of

items important to safety and are called design basis accidents. This

study identifies several references that describe design basis accidents

and general methods to select the associated design conditions.

- vii/viii -



I.0 INTRODUCTION

i.i Purpose

The purpose of this assessment is to recommend which structures,

, systems, and components of the potential Yucca Mountain repository

are important to safety, as defined in 10CFR60.2 (NRC, 1989a). The

assessment will contribute to the development of design criteria

and quality assurance (QA) requirements for the repository. The

results can also be used in the next phase of repository design.

1.2 Scope

This radiologicai safety analysis considers failures of repository

structures, systems, and components during preclosure operations,

including the waste emplacement, caretaking, and decommissioning

periods. The assessment follows the method required by DOE

Procedure AP-6.10Q (Appendix A) and uses the Site Characterization

Plan Conceptual Design Report (SCP-CDR) (SNL, 1987) as a basis.

This work was completed in April, 1990 and AP-6.10Q was superseded

at a later date. The results of the assessment include the

following:

o _ list of repository structures, systems, and components

important to safety (hereinafter called repository items

important to safety)

o A list of repository items not important to safety, which were

evaluated as candidate items subject to the quality level

assignment process

o The report documentanion (including a list of references and

- sources of information) demonstrating that each step of the

DOE procedure has been completed

i-i



o Safety recommendations that result from the analysis,

including recommended design requirements (for items important

to safety), operational limitations, and QA stringency

1.3 Organizational Approach

This report is organized into eight sections, including this

introduction. The remaining seven sections are as follows"

o Section 2.0, Bases for the Assessment, which describes the

repository facilities, defines "important to safety," and

identifies the method and assumptions used in this assessment

o Section 3.0, Development of Potential Accident Scenarios,

which describes the repository compartments, identifies

potential initiating events, and develops event trees showing

potential failures that could result in accidental releases of

radioactivity

o Section 4.0, Event Tree Analyses, which evaluates the

consequences and probabilities of accident scenarios

o Sectiop 5.0, Identification of Items Important to Safety,

which presents the assessments that identify repository items

important to safety

o Section 6.0, Safety Recommendations, which describes the

recommended design requirements and operational limitations

that result from the analyses

o Section 7.0, Conclusions, which summarizes the results of the

assessment and identifies areas requiring further evaluation

o Section 8.0, References, which presents a list of references

and sources of information

1-2



DOE Procedure AP-6.10Q, Identification of Items Important to

Safety, is attached as Appendix A.

-g
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2.0 BASES FOR THE ASSESSMENT

This section describes the repository facilities, defines the term

"important to safety," summarizes the method used to identify items
4

important to safety, and presents the major assumptions used in

this study.

2.1 Facility Description

The reference configuration of the repository corresponds to the

conceptual design documented in the SCP-CDR (SNL, 1987). This

subsection describes the repository facilities and systems as they

would appear if the conceptual design were followed. Additional

information is included in SNL (1987).

2.1.1 General

The repository design is based on the annual receipt of

3,000 metric tons of uranium (MTU) of spent fuel and 400 MTU of

vitrified high-level waste (HLW). The spent fuel will be received

as pressurized water reactor (PWR) and boiling water reactor (BWR)

fuel assemblies. The fuel pins will be removed from most of the

assemblies at the repository and consolidated into containers for

disposal. The vitrified HLW will be received in canisters and

overpacked in containers for disposal. A total of up to 70,000 MTU

of spent fuel and vitrified HLW will be received by rail and truck

over the operating life of the facility.

The overall site is composed of surface and undergro,md facilities

linked by a combination of shafts and ramps, as shown in the

perspective sketch and overall site plan in Figure 2-1. The

surface and underground facilities are generally described below.

2.1.2 Surface Facilities

The surface facilities include the facilities at the tops of the

shafts and ramps, and the central surface facilities. The central

surfaue facilities are located on gently sloping terrain at the

2-i/2-2
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eastern base of Yucca Mountain. The facilities are divided i11to

three adjacent areas: the waste receiving and inspection area, the

waste, operations area, and the general support facilities area.

Shippi,_g casks are received and inspected in the waste receiving

and in:_T_ection area prior to transfer into the waste operations

, are_. '_!,(w_-;t.-eoperations s.<-e_ includes the rail yard and truck

parking lot and the surface waste-handling facilities where

radioactive materials are stored or handled. The general support

facil, ities area includes administrative facilities and other

support facilities where no radioactive materials are present.

The ._;urface faci]_ities that hand].e and store radioactive materials

include five major areas:

o Waste-handling building #1

o Waste-handling building _2

o Waste treatment building

o Perforl,nance confirmation b,_ilding

o Cask transport area

Shipping casks are transported from parking areas in the waste

operations area to the receiving bays in one of the waste-handling

buildings. A two-stage approach to repository construction

requires two waste-handling buildings. For the first several years

of operation, only waste-handling building #I (WHB-I) will be

available for waste-handling functions. During this period,

construction of waste-handling building #2 (WHB-2), a full-capacity

building, will be completed.

WHB-I is designed to receive and prepare 400 MTU/yr of spent fuel

or vitrified HLW for subsurface emplacement. During Stage i, spent

fuel assemblies will be processed without any consolidation. When

° WHB-2 begins operations during Stage 2, WHB-I will handle only

defense HLW shipments and a relatively small amount of West Valley

HLW. WHB-2 will be dedicated to receiving, consolidating,

packaging, and handling spent fuel0
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The waste-handling buildings contain receiving and shipping bays

where casks are removed from their carriers and prepared for

unloading, shielded hot cells where spent fuel and HLW are handled

and packaged, and other supporting facilities. The cask receiving

and shipping bays are steel-framed structures. The hot cells are

reinforced concrete structures.

I

The waste treatment building r_ceives site-generated radioactive

wastes, both liquid and solid, and processes these wastes into a

solid form suitable for disposal.

The performance confirmation building is located near the portal of

the waste-handling ramp. Containers of spent fuel and HLW are

removed from emplacement for observation, testing, and evaluation

as part of the repository performance confirmation program.

Retrieved waste containers are received, sampled, tested, and

repackaged in the performance confirmation building for return and

emplacement underground.

The cask parking lot includes space for 315 truck trailers and

70 railcars to provide interim storage of up to 6 weeks of waste

throughput.

2.1.3 Underground Facilities

The underground facilities are located under the ridgeline of Yucca

Mountain. A ramp is used for transporting waste from the surface

to the underground disposal area. Another ramp is used to convey

mined tuff to the surface. Four vertical shafts (two exploratory

shafts, an emplacement exhaust shaft, and a men-and- materials

shaft) are located near the northeast boundary of the underground

waste emplacement or disposal area. The shafts are used for

underground ventilation and for access of personnel, supplies, and
q

equipment.
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During repository operations, mining development areas are

separated from the underground emplacement areas (where radioactive

materials are handled) by partitions. These partitions serve as

ventilation and access barriers. No radioactive materials are

permitted in the underground mining development area. To prevent

leakage of potential radioactive contamination, ventilation air in

the emplaceme_,t area is maintained at a lower pressure than

ventilation in the development area.

Underground development includes mining, installation of ground

support (e.g., rock bolts), excavation of emplacement boreholes,

installation of utilities, and construction of support facilities,

such as shops, warehouses, and offices. In the emplacement area of

the underground repository, containers are placed in vertical

boreholes in the floor of each emplacement drift. The underground

repository is divided by three main drifts - the waste main, the

tuff main, and the service main. A perimeter drift encircles the

repository. Each emplacement panel is bounded by parallel panel

access drifts, the perimeter drift, and one of the main drifts.

Parallel emplacement drifts, containing the emplaced waste, run

perpendicular to the access drifts and are equally spaced for the

length of the panel.

Other areas in the underground facility include emplacement service

shops, development service shops, training areas, a decontamination

area, and a performance confirmation area.

2.2 Definition of "Important to Safety"

10CFR60 defines "important to safety," with reference to

structures, systems, and components, as "those engineered

structures, systems, and components essential to the prevention or

• mitigation of an accident that could result in a radiation dose to

the whole body, or any organ, of 0.5 rem or greater at or beyond

• the nearest boundary of the unrestricted area at any time until the

completion of permanent closure" (NRC, 1989a).
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NRC (1983a) provides further clarification that "structures,

systems, and components are important to safety if, in the event

they fail to perform their intended function, an accident could

result which causes a dose commitment greater than 0.5 rem to the

whole body or any organ of an individual in an unrestricted area."

In this report, the terms "radiation dose" and "radiation exposure"

are used with the same meaning as "committed dose equivalent."

The items important to safety are to be placed on a Q-list, as

required by APo6.10Q (Appendix A). Additional NRC guidance on the

Q-list is provided in NUREG-1347 (NRC, 1989b): "The primary

purpose of developing a Q-list is to assure that those structures,

systems, and components essential to prevent or mitigate the

release of radionuclides to the environment are subject to

appropriate quality control." Also, "it is the NRC staff position

that those items for which DOE is taking credit in the prevention

or mitigation of release of radionuclides should be subject to a

IOCFR50, Appendix B (o_ equivalent) QA program." In addition, "the

Q-list should include significant items such as the 'design' to

preclude criticality" (i.e., features that prevent criticality), as

stated in NRC (1989b).

In summary, the above NRC guidance indicates that when accident

analyses take credit for an item's function to prevent or mitigate

the release of radioactivity (or to prevent criticality), the item

should be designated as important to safety, placed on a Q-list,

and subjected to an appropriate QA program.

2.3 Method

This assessment follows the method required by DOE Procedure AP-

6.10Q, Identification of Items Important to Safety (see Appendix

A). The method involves 13 steps, as described in Table 2-1. The

table identifies the subsections of this report in which each step

of the assessment is discussed. 0
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TABLE 2-I

PROCEDURAL STEPS FOR

IDENTIFYING ITEMS IMPORTANT TO SAFETY

Ste m Description SubsectionL

i Select Documented Design Configuration 2 1

2 Define Compartments 3 1

3 Assign Compartment Locations to Items 3 1

4 Identify and Screen Initiating Events 3 2

5 Develop Event Trees 3 3

6 Estimate Doses 4 1

7 Classify Scenarios as Credible or Not 4 2
Credible

8 Identify Credible Scenarios Exceeding the Dose 5.1
Criterion (Q-Scenarios)

9 Identify Any Other Scenarios Exceeding Other 5.1

Criteria (Q-Scenarios)

I0 Eliminate NQ-Scenarios from Further Analysis 5.2

ii Evaluate Q-Scenarios to Identify Items 5.3

Important to Safety

12 Construct a List of Items Important to Safety 5.3

13 Iterate the Above Steps for Future Stages of 7.2

the Design

Source: Appendix A
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In Step 1, a documented design configuration is selected for the

repository. This configuration is described in Subsection 2.1.

In Steps 2 and 3, the repository design configuration is separated

into compartments. Compartment locations are assigned to each

repository structure, system, and component included on the

Candidate List of Items and Activities Subject to the Quality Level J

Assignment Process (DOE, 1989a). These steps are described in

Subsection 3.1. (Note that the identification of items important

to safety is part of the "quality level assignment process.")

In Step 4, initiating events are identified and screened. External

and internal initiating events are discussed in Subsection 3.2.

In Step 5, event trees are developed for credible initiating events

that could lead to a significant radiological release. Subsection

3.3 describes the event trees for accidents involving failures of

repository items.

In Step 6, radiation doses are calculated to determine the

consequences of each scenario in the event trees. Subsection 4.1

describes the radiation dose calculations.

In Step 7, scenarios are classified as credible or not credible, as

described in Subsection 4.2.

In Steps 8 and 9, credible scenarios that exceed the dose criterion

of 0.5 rem or other specified criteria are identified. These

scenarios are designated as Q-scenarios. These steps are described

in Subsection 5.1.

In Step I0, other accident scenarios that either are not credible

or do not exceed the dose criterion are designated as NQ-scenarios
I

and are eliminated from further analyses used to identify items

important to safety. This step is discussed in Subsection 5.2.

2-10



In Step Ii, Q-scenarios are evaluated to identify the specific

items that would prevent or mitigate the events and thus be

classified as important to safety. This evaluation is presented in

Subsection 5.3.

• In Step 12, the list of items important to safety is developed.

This is discussed in Subsection 5.3. A list of items that are not

important to safety is also included.

In Step 13 (the last step), the above steps are iterated for future

stages of the design. This step and other areas requiring further

analyses are described in Subsection 7.2.

This report (and the list of references in Section 8.0) comprises

the documentation that demonstrates that each of the above steps

has been completed.

2.4 Assumptions

Major assumptions used in this assessment are as follows:

o The SCP-CDR conceptual design (SNL, 1987) is used as the

reference repository configuration.

o To identify items important to safety, all repository items

are initially assumed to be designed and constructed to

requirements for items that are not important to safety (i.e.,

not designed or constructed specifically to withstand maximum

credible events). Appropriate changes in design requirements

are then recommended for any items that are identified by

analysis as important to safety.

' o Operations at the geologic repository are carried out at the

maximum capacity and rate of receipt of radioactive waste, per

" 10CFR60.21(c) (NRC, 1989a), which corresponds to 3,000 MTU/yr

of spent fuel and 400 MTU/yr of HLW.
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o In the SCP-CDR, the repository areas containing radioactive

materials are surrounded by a fence, which serves to provide

access controls for purposes of radiological protection. This

fence is about 100 m from surface facilities containing spent
b

fuel and HLW, and is assumed to be the boundary between the

restricted and unrestricted areas.

o Although the containers that hold spent fuel and HLW canisters

are not part of the repository (DOE, 1989a), they are included

in this analysis because their failure to perform a

containment function can affect accidental releases of

radioactivity during the preclosure period.

o Shipping casks are not part of the repository and will be

licensed separately in accordance with 10CFR71 (NRC, 1989c).

Therefore, they are not assessed in this study to determine if

they are important to safety. Thie assessment assumes that

shipping casks will function (i.e., provide confinement and

protect the waste) during accidents when the casks are bolted

and sealed, unless the casks could be subjected to accidental

conditions that exceed their design basis.

o The shipping casks will be critically safe when fully flooded.
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3.0 DEVELOPMENT OF POTENTIAL ACCIDENT SCENARIOS

3.1 Repository Compartments

i

To facilitate the assessment, the facility is divided into 20

, compartments (Step 2 of Table 2-I), as listed in Table 3-1. Each

compartment is uniquely characterized by its waste forms and

inventories, design features, and associated operations and

functions during the preclosure period. The locations of these

compartments are shown in Figures 3-1 through 3-4.

A listing of repository items subject to the quality level

assignment process (DOE, 1989a), along with their respective

compartment locations, is given in Table 3-2. Most of the items

listed in the table are part of the exploratory shaft facility

(ESF). However, ali ESF items will be removed prior to repository

operations, except underground openings (shafts and excavations),

shaft liners, and ground support (DOE, 1987a). The remaining

repository items listed in the table are identified at a very

general level (e.g., facilities and buildings); however, in this

assessment, these items are further subdivided to a more detailed

level to identify the structures, systems, and components important

to safety.

3.2 Initiating Events

In this section, both external and internal initiating events are

evaluated to identify the ones applicable to the Yucca Mountain

repository. External events are those caused by natural phenomena

or human activities external to the repository (as defined in

Appendix A). Internal events are those caused by failures or

operator activities at the repository.
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Compartment

1. Cask Transl_rlation Areas Spent fuel _

Spent fuel a_

2, Decontamination Building Site-gensrat_

3. Waste Treatment Building Radioactive
RadioactiveIll

4. Performance Confirmation Building Spent fuel (bl

5. WHB-1 Cask Receiving and Shipping Air Lock Spent fuelan(
Site.generate(

6. WHB-1 Cask Receiving and Shipping Bay Spent fuelan(
Site-generale(

7. WHB-1 Unloading Hot Cell Spent fuelat<

8. WHB. 1 Surface Storage Vault Spent fuel=in(

g, WHB-1 Support Facilities Site-g_neratel

10. WHB-2 Cask Receiving and Shipping Air Lock Same asCom

11. WHB-2 Cask Receiving and Shipping Bay Same asCom

12. WHB-2 Unloading Hot Cell Same as Com

13. WHB-2 Consolidation Hot Cell Spent fuel

14. WHB-2 Packaging Hot Cell Spent fuelInI

15. WHB-2 Surface Storage Vault Spent fuel In

16. WHB-2 Support Facilities Same as Com

17. Underground Waste Emplacement Access Drifts Spent fuel an

18. Underground Waste Emplacement Drifts Spent fuel a_
and inli

19, Underground Development Facilities None

20. Other Repository Support Facilities None



TABLE 3-I

REPOSITORY COMPARTMENTS

Major Operations

Major Items and Functions

inshippingcasks Underground transporter Gas, parking
HLW conlaine_ in undergroundtransporter Waste container Transfer oi waste among the cask parking lot, WHBs.

Site.generated waste vehicles waste treatment building, and waste ramp portal
Other items not affecting radiological releases

w_thlessthan 5 Ci of Co-60 Building structure Decontaminationof contaminated items
Ventilation system
Other items not affecting radiological releases

waslecomprisedo! Co-60 Building structure Receipt, interim storage, processing, and packaging
lie wastecomprisedoi Co-60 Fire protection system of site.generated waste

Waste handling equipment
Filtered ventilation exhaust system
C_her items not affecting radiological releases

,'_sombllesand containers) Building structure Receipt of containers, examination, and repackaging
Waste handling equipment
Waste container

Filtered ventilation exhaust system
Other items not affecting radiological releases

inshippingcasks Building structure Ingress and ogress o4 ,_hippingcasks for WI-iB
waste intransfer casks Waste handling equipment (cask for

site-generated waste)
Other items not affecting radiological releases

HLW Inshipping casks (bolted and unbolted) Building structure Removal of casks from vehicles
waste in transfer casks Waste handling equipment (bridge Cask preparation for unloading

crane, cask transfer cart, etc.)
Other items not affecting radiological releases

Removal o! waste from casks
Same as Compartmsnt 4 Interimstorage and packaging of waste

HLW incontair.ers Building slructure Interim storage '_f containers
Waste handling equipment Transfer of containers
Waste container

Filtered ventilation exhaust system
Other items not affecting radiological releases

w,'_stewith less than 5 Ci of Co-60 Buildl_g structure Support for hot cell operations and maintenance
Ventilation system
Other items not affecting radiological releases

Same as Compartment 5 Same as Compartment 5

_rtmenl6 Same as Compartment 6 Same as Compartment 6

Same as Compartment 7 Same as Compartment 7

Building structure Consolidation of spent luel assemblies
Waste handling equipment
Filtered ventilation exhaust system
Other items not affecting radiological releases

:_ andunsealed containers Same as Compartment 4 Packaging of consolidated spent fuel into containers

Same as Compartment 8 Same as Compartment 8

:" 9 Same as Compartment 9 Same as Compartment 9

_andHLW cuntainers in underground transporter Drift structure Movement of transporter between sudace and
!i Underground transporter underground emplacement drills
_.' Waste container

:_ Filtered ventilation exhaust system
Other items not affecting radiological releases

lhd HLW containers in underground transporter Drift structure Movement of transporter to emplacement borehole
Jlntheemplacement borehole Underground transporter Emplacement and retrieval of waste containers

Waste handling equipment
Waste container

Filtered ventilation exhaust system
Other items not affecting radiological releases

Drift structure Development of underground

Tuff handling systems Support for underground operations
Other items not affecting radiological releases

Various structures and facilities Various supporting functions and operations

i .
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Figure 3. 2. Compartments of WHB-I
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REPOJITORY I'LF.,_.,r_NbT_

Repository Item Compartment Numt

(see Note a) _ Item Number _ (see Note b)_

Waste Package 1.2.2 .

Waste Form 1, 4-8, 10-15, 17,
Container 4 7, 8 1"_, , ,,_, 14-15, I
Emplacement Borehole 18
Liner & Mechanical Appurtenances 18

Repository 1.2.4
Seals 1.2.4.2.3 17
Facilities 1.2.4.3 .

Site Preparation 1.2.4.3.1 20
Communications System 20
Drainage Control System 20
Fencing 20
Landscaping " 20
Railroad - 20
Roads

- 20
Utilities

- 20
Surface Facilities 1.2.4.3.2 .

Waste Handling Facilities 1 -16
Balance of Plant 20
Exhaust Shaft Filter Building 17

Shafts and Ramps 1.2.4.3.3

Emplacement Exhaust Shaft . 17
Exploratory Shafts . 17
Men-and-Materials Shaft . 1 g
Tuff Ramp 19
Waste Ramp 17

Underground Excavations 1.2.4.3.4 17-19
Underground Service Systems 1.2.4.3.5 17-19

Exploratory Shaft Facility 1.2.6.0 Notec
ESF Site 1.2.6.1 Note c

Main Pad 1.2.6.1.1 Note c
Auxiliary Pad 1.2.6.1.2 Note c
Access Roads 1.2.6.1.3 Note c
Site Drainage 1.2.6.1.4 Note c

Surface Utilities 1.2.6.2 Note c
Power Systems 1.2.6.2.1 Note c
Water Systems 1.2.6.2.2 Note c
Sewage Systems 1.2.6.2.3 Note c
Communication System 1.2.6.2.4 Note c
Mine Wastewater System 1.2.6.2.5 Note c

Notes: a. Identification and numbering of repository items subject to the quality level as_

b. Repository compartments and numbers are described in Table 3-1.

c. Ali ESF items will be removed prior to repository operations excepl Jndergroul



TABLE 3-2

E COMPARTMENTS IN WHICH THEY ARE LOCATED

r Repository Item Compartment Number
_ (see Note a) . Item Number (see Note b)

Surface Utilities, Continued
18 Compressed Air System 1.2.6.2.6 Note c
7-18 Surface Facilities 1.2.6.3 Note c

Ventilation System 1.2.6.3.1 Note c
Test Support Facilities 1.2.6.3.2 Note c
Sites for Temporary Facilities 1.2.6.3.3 Note c
Parking Areas 1.2.6.3.4 Note c
Material Storage Facilities 1.2.6.3.5 Note c
Shop 1.2.6.3.6 Note c
Warehouse 1 2.6.3.7 Note c
Temporary Structures 1 2.6.3.8 Notec
Communications/Data Building 1 2.6.3.9 Note c

First Shaft 1 2.6.4
Collar 1 2.6.4.1 1 7
Lining 1 2.6.4.2 1 7
Stations 1 2.6.4.3 Note c
Furnishings 1 2.6.4.4 Note c
Hoist System 1 2.6.4.5 Note c
Sump 1.2.6.4.6 Note c

Second Shaft 1.2.6.5
Collar 1.2.6.5 1 1 7

Lining 1.2.6.5 2 1 7
Stations 1.2.6.5 3 Note c
Furnishings 1.2.6.5 4 Note c
Hoist System 1 2.6.5 5 Note c
Sump 1.2 6.5 6 Note c

Underground Excavations 1.2 6.6
Operations ,- upport Areas 1.2 6.6.1 1 9
Test Areas i.2 6.6.2 1 7- 1 9

Underground Support Systems 1.2 6.7 Note c
Power Distribution System 1.2 6.7.1 Note c
Cor,_munications System 1.2 6.7.2 Note c
Lighting System 1.2 6.7.3 Note c
Ventilation Dis.ribution System 1.2 6.7.4 Note c
Water Distribution System 1.2 6.7.5 Note c
Mine Wastewater Collection System 1.2 6.7.6 Note c
Compressed Air Distribution Systems 1.2 6.7.7 Note c
Fire Protection System 1.2 6.7.8 Note c
Muck Handling System 1.2 6.7.9 Note c
Sanitary Facilities 1.2 6.7.1 0 Note c
Monitoring and Warning System 1.2 6.7.1 1 Note c

. Underground Tests 1.2.6.8 Note c
Integrated Data System (IDS) 1.2.6.8.1 Note c

_ignment process are taken from DOE (1989,',).

'ld _penings (shafts and excavations), shaft liners, and grouncI support (DOE, 1987a).
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A list of credible initiating events is shown in Table 3-3. The

list was compiled on the basis of surveys of literature on safety

analyses (NRC, 1983b; Elder, 1986; Brynda, 1981) and reviews of

, previous assessments for the repository (SNL, 1987), and was

developed on a compartment-by-compartment basis.

Certain types of initiating events are not c_edible and, therefore,

were screened from the list. For example, tsunami and high tides

are not included because the site is far from the ocean. Meteorite

impacts are not credible, and volcanic activity is not expected

during operations at the Yucca Mountain site (DOE, 1986). Chemical

effects from nearby industrial accidents do not require evaluation

(for nuclear power plants licensed by the NRC) if there are no

major storage areas or shipments of hazardous chemicals within 5 mi

of the facility (NRC, 1974a); the Yucca Mountain site satisfies

this criterion, so chemical effects are not credible. Water

intrusion due to flooding into repository facilities is precluded

by locating the waste-handling areas above the probable maximum

flood level.

3.3 Event Trees

In this subsection, event trees are developed for each compartment

to depict the relevant combinations of failures of items that could

result from various initiating events. The Candidate List of Items

and Activities Subject to the Quality Level Assignment Process

(DOE, 1989a) includes general facilities without identifying

individual structures, systems, and components in each faci]ity.

The event trees are developed to include a more detailed breakdown

of individual items that comprise the facilities listed in DOE

(1989a); however, only items whose failure could affect

radiological releases are included in the event trees.

Although there are a large number of initiating events applicable

to each compartment, the relevant combinations of failures of

=l
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TABLE 3-3

CREDIBLE INITIATING EVENTS

A

External Events

Earthquakes (including effects of underground weapons testing)

Flooding

Tornadoes and extreme winds

Aircraft crashes

Loss of offsite electrical power

Offsite range fire

Internal Events

Equipment failures

Operator errors

Fires

Inadvertent detonation of explosives used for mining

Note: Internal events, such as equipment failures, operator errors, and

fires, include events such as the following:

Vehicle collisions

Crane load drops

Loss of electrical power

Improper procedures or procedural non-compliance

Other accidents (e.g., spills)
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items in the conlpartment are basically the same for ali types of

initiating events. Therefore, only one event tree is needed for

each compartment, and the same event tree can be used for each type

of initiating event.

Event trees for each compartment are shown in Figure 3-5 and are

described below. Event trees are not developed for compartments

that contain insignificant radioactivity, as described below.

3.3.1 Compartment I - Cask Transportation Areas

In the cask transportation areas, the items whose failure could

affect radiological releases are the underground waste transporter

and the container. The event tree depicts ali combinations of

failures of these items.

Shipping casks, which are also in this compartment, are not

included in the event tree because they are not a repository item.

Th event tree assumes that shipping casks will function (i.e.,

provide confinement and protect the waste) during accidents when

the casks are bolted and sealed (see Subsection 2.4). Failures of

site-generated waste casks and vehicles are evaluated as part of

the waste treatment building, W-HB cask receiving and shipping air

lock, and WHB support facilities compartments.

The functions of the waste transporter include radiation shielding,

protection of the waste from damage due to impacts from external

objects, and confinement of radioactive material. Failure of this

item could involve loss of any or ali of these functions. The

container confines the radioactivity associated with spent fuel or

HLW, and failure of the container could involve loss of confinement

and potential release of radioactivity from the waste.
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, i ii ii i
i i i Li ii I

RLTERED

COMPART. FIRE WASTE VENTILATION COMPART-

MENT Pf::_'fECTI(DN WASTE HAN_ EXHAUST SCENARIO MENT

NLIvl3ER STRUCTURE SYSTEM TRANSPORTER EQUIPMENT CONTAINER SYSTEM NUMBER M..Ivi3ER STRUC

failure NA 1- 1

failure NA _- fa=lur_

1 NA NA run,ion NA 1 - 2

failure NA 1 -3

function NA _ 8function NA 1 - 4

failure failure NA failure NA failure 3 - 1

3 __ NA failure NA failure 3 - 2

failure 3 -3

failure NA _----_

NA Lu function 3 -4nctlon
NA .3 - 5 failureJ

failure NA NA failure _failure failure 4-1 10 _funcli,'_

fa__flute 4-2

4 failure _ --

-'---" failure _ function 4 - 3 failure
unction NA NA nction 4.4

fa__Ilure 4 -5

fall uure l

unction f_ul function 4 - 6 failure icdon

4-7 _jg _0

failure NA NA 1 2

J_ailure NA NA _ 5-1 =

5 .._ unction NA NA 5-2function failure NA NA 5- 3

NA NA t'
function NA NA 5 - 4

failure NA NA failure NA NA 6 - 1

failure

NA NA _L NA NA 6-2 failure r

n NA NA 6-3 13 _j.failure NA NA failure failure !allure 7-1

la._.Ilu re 7 - 2

7 .-.-.--.. failure -_fu --

nclion 7 - 3 la ilur...._e f

unction NA NA _function 7- 4

f___eIlu re 7 - 5

failure _u -- 14 ...----.

functIon -Iu nction 7 - 6
nclion 7 - 7 'unclio._...n__

Note: NA means "not applicable" because the item is not in the associaled compartment.

• z_



FETEFED FIL1ERED

WASTE VENTILATION COMPART- WASTE VENTILATION

HANDUNG E XHAUST SCE_ MENT WASTE _ING EXHAUST SCENAF_

'URE EQUIPMENT CONTAINER SYSTEM _R _ STRUCTURE TRANSP(_ITER EQUIRVENT CONTAINER SYSTEM

failure failure lallure 8-1 latlure NA failure tailure failure 15-1

failure 8-2 failure 1 5-2

la,'ure t 15 __ iailure !

failure l lunction 8.3 lailure fL;nc'lion 1 5-3

Ilunclion 8 - 4 un_ctlon 1 5- 4
function NA

failure 8-5 failure 15-5

funcfion [ function 8-6 function function 1 5-6

Ilunction 8 - 7 function 1 5-7

failure NA NA 10-1 failure failure 17-1

lure = failure NA J

function NA NA 10-2 Jfunction 1 7- 2
failure

failure NA NA 1 0-3 failure lailure 1 7-3

t function NA Ifunction NA NA 1 0-4 function 1 7-4

17
failure 17-5

ilure failure NA NA 1 1-1 failure J

J

failure NA J Jfunction 1 7-6

failure NA NA 1 1-2 !

_ncfior _function 1 7-7
function NA NA '_1-3 function

failure 1 7-8

failure {
lailure failure failure failure 1 2-1 ilunctlon NA I funclion 17-9

failure 12- 2 Jfunction 17-1 0

failure [la;Jure J function 12-3

I failure failure failure 1 8-1

funcfion 12-4

!lunct_or failure failure failure failure 1 8-2

failure 12.5 J

failure I lunctlon [ Ifailure failure 18-3function t function 12-6 function function 1 8.4

Ifunction 12-7

1 8 failure 1 8-5

-- Ifailure lallure

failure failure NA faiiCJre 13-1 function 1 8.6

failure 13-2 failure 18-7

au I uno iu !funclior I function 13-3 jlailure function 1 8-8

I

function NA 13-4 I function 1 8-9

function
failure 1 8-10

failure I
failure failure tedure failure 14-1 function [ function 18-1 1

I,unction

f f jfailure 14-2 18-12

failure

failure function 14-3

function 14-4

functio'_

failure 14-5

fau_ure I
function function 14-6 Fig, ut"e 3-5. Ewznt Trrees

function 1 4-7
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3.3.2 Compartment 2 - Decontamination Building

The decontamination building does not handle or store highly

. radioactive materials, and the maximum inventory of radioactivity

is less than 5 Ci. The radioactivity in the decontamination

• building is predominantly Co-60 from crud (activated corrosion

products) from spent fuel. On the basis of calculations in Section

4.0 and the limited quantity of radioactivity in this compartment,

no combination of accidental failures could result in doses

exceeding 0.5 rem at the nearest boundary of the unrestricted area.

Tb,erefore, no event tree is developed for this compartment.

3.3.3 Compartment 3 Waste Treatment Building

The items in the waste treatment building whose failure could

affect radiological releases are the building structure, fire

protection system+ waste-handling equipment, and filtered

ventilation exhaust system. The fire protection system includes

the sprinkler system, sensors and controls that actuate the system,

water supply system, and all other items needed for the fire

protection function. The waste-handling equipment includes storage

tanks, process equipment, transfer casks, cranes, and other

associated items. The filtered ventilation exhaust systems

includes the exhaust ducting, filters, fans, electrical power

supply, and any other items ne<;essary to ensure that exhaust air is

filtered prior to discharge. The event tree for this compartment

depicts the various combinations of failures of these items.

The function of the building structure is to physically support

the systems and equipment in the facility and to prevent structural

collapse. Failure of the structure could therefore result in

collapse along with the loss of functions of other items. If

the fire protection system fails, fire could spread throughout:

the building, igniting combustible materials (including the

!
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site-generated waste) and causing other items to fail. Failure of

waste-handling equipment could involve impacts resulting from drops

or collisions that result in releases of radioactive materials. If

the filtered ventilation exhaust system fails, unfiltered airborne

radioactivity could escape to the atmosphere.

3.3.4 Compartment 4 - Performance Confirmation Building °

In the performance confirmation building, the items whose failure

could affect radiological releases are the hot cell structure,

waste-handling equipment, container, and filtered ventilation

exhaust system. The waste-handling equipment includes the overhead

bridge crane in the hot cell, transfer carts, container cutting

machine, electromechanical manipulators, and other equipment that

handles containers, spent fuel, and HLW canisters. The hot cell

structure includes the shield plugs, shield windows, transfer

drawers, and other items that are part of the hot cell confinement

barrier.

The hot cell structure supports the shielding and other items, and
E

confines any accidental releases of radioactivity in the hot cell.

Failure of the structure could result in collapse along with the

loss of functions of other items. The event tree for this

compartment shows rele:ant combinations of failures of the

structure and other items. Because there are no significant

combustible materials in the hot cells containing spent fuel and

HLW, this study assumes that failures of fire protection systems

(if any) would not affect releases of radioactive materials from

these areas.

3.3.5 Compartment 5 - WHB-I Cask Receiving and Shipping Air Lock

This compartment includes an air lock structure with an unfiltered

ventilation exhaust system. The event tree for this compartment

depicts ali combinations of failures of the structure and any 4
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waste-handling equipment therein. The waste-handling equipment

includes transfer casks for site-generated waste. The event tree

assumes that the shipping casks will function during accidents (see

Subsection 3.3.1).

, 3.3.6 Compartment 6 - WHB-I Cask Receiving and Shipping Bay

In the WHB-I cask receiving and shipping bay, the items whose

failure could affect radiological releases a_e the structure and

the waste-handling equipment. The waste-handling equipment

includes the bridge crane, the cask cavity sampling and venting

system, and the cask transfer car. Failure of the structure could

result in collapse on a cask with an unbolted lid along with

failures of other waste-handing equipment. Failure of the waste-

handling equipment could involve a crane dropping the cask, a crame

falling on a cask (with unbolted lid), a cask falling from the cask

transfer car, or release of airborne radioactivity from the cask

sampling and venting system. Because this compartment does not

have a filtered ventilation exhaust system (SNL, 1987), any

radioactivity released into this compartment could escape to the

atmosphere unfiltered.

3.3.7 Compartment 7 WHB-I Unloading Hot Cell

This compartment includes structures, systems, and components that

are similar to those of the performance confirmation building, and

the event trees are the same for these the compartments. The

waste-handling equipment in this compartment includes the overhead

bridge cranes in the hot cell, waste lifting fixtures, waste

packaging equipment, and waste transfer/storage carts.

3.3.8 Compartment 8 - WHB-I Surface Storage Vault

The WHB-I surface storage vault stores waste containers in sleeves

in a concrete-shielded structure. The items whose failure could

affect radiological releases are the structure, the waste-handling

equipment, the container, and the filtered ventilation exhaust
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system for the vault. The waste-handling equipment includes the

container transfer machine (CTM) and interfacing shield valves.

The ventilation exhaust system includes the exhaust ducting,

filters, fans, electrical power supply, radiological monitoring

system that controls the filtration mode, and any other items

necessary to ensure that airborne radioactivity is filtered prior

to discharge. Failures of the underground waste transporter are

evaluated as part of the cask transportation area and underground

compartments.

If the structure fails, it could collapse onto stored containers

and cause the failures of other items in the building. Failure of

the waste-handling equipment could involve a CTM dropping a

container or other damage to the container and waste. Failure of

the filtered ventilation exhaust system could result in an

unfiltered release of airborne radioactivity to the atmosphere if

the container and waste were damaged. Relevant combinations of

these failures are depicted in the event tree shown in Figure 3-5.

3.3.9 Compartment 9 - WHB-I Support Facilities

Only relatively small amounts of radioactivity associated with

site-generated waste are handled or stored in this compartment.

The maximum inventory of radioactivity is less than 5 Ci, which is

predominantly Co-60 from crud. On the basis of calculations in

Section 4.0 and the limited quantity of radioactivity in this

compartment, no combination of accidental failures could result in

doses exceeding 0.5 rem at the nearest boundary of the unrestricted

area. Therefore, no event tree is developed for this compartment.

3.3.10 Compartment I0 - WHB-2 Cask Receiving and Shipping Air Lock

This compartment includes structures, systems, and components that

are similar to those in the WHB-I cask receiving and shipping air

lock, and the event trees are the same for these two compartments.
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3.3.11 Compartment II - WHB-2 Cask Receiving and Shipping Bay

This compartment includes items that are similar to those in the

WHB-I cask receiving and shipping bay, and the event trees are the
q

same for these two compartments.

3.3.12 Compartment 12 - WHB-2 Unloading Ho_ Cell

This compartment includes structures, systems, and components that

are similar to those in the WHB-I unloading hot cell, and the event

trees are the same for these two compartments.

3.3.13 Compartment 13 - WHB-2 Consolidation Hot Cel]

In the WHB-2 consolidation hot cell, failure of the structure,

waste-handling equipment, or filtered ventilation exhaust system

can affect radiological releases. The event tree for this

compartment depicts relevant combinations of failures of the

structures, systems, and components. The waste-handling equipment

includes the overhead bridge crane, manipulators, fuel

consolidation equipment, dnd other equipment that handles the spent

fuel.

3.3.14 Compartment 14 - WHB-2 Packaging Hot Cell

The packaging hot cell in WHB-2 includes a shielded concrete

structure, waste-handling equipment, containers of spent fuel and

HLW, and the filtered ventilation exhaust system for the hot cell.

Failure of any of these items could affect radiological releases.

Relevant combinations of failures of these items are shown in the

event tree for this compartment. The waste-handling equipment

includes the overhead bridge crane, manipulators, container welding

" station, waste transfer carts, and other equipment that handles

waste containers.
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3.3.15 Compsrtment _5 - WH_-2 Surfa¢_ Storage Vault

This compartment includes structures, systems, and components that

are similar to those in the WHB-I surface storage vault, and the

event trees are the same for these two compartments.

3.3.16 Compartment 16 - WHB-2 Support Facilities °

Only relatively small amounts of radioactivity associated with

site-generated waste (i.e., less than 5 Ci of Co-60) are handled or

stored in this compartment, and no combination of accidental

failures could result in excessive doses. Therefore, no event tree

is developed for this compartment.

3.3.17 Compartment 17 - Underground Waste Emplacement Access Drifts

The structures in this compartment include the rock surrounding the

drifts, ramps, and shafts, and any associated support structures

(e.g., liners, rock bolts). For this event tree, the doors between

the underground development facilities (compartment 19) and the

waste emplacement area are also considered to be part of the

structure. The waste transporter, container, and filtered

ventilation exhaust system (in the emplacement exhaust filtration

facility on the surface) are also included in this compartment.

Relevant combinations of failures of these items are depicted in

the event tree for this compartment. The event tree reflects the

consideration that failure of the drift structure could prevent the

proper function of the filtered ventilation exhaust system due to

blockage of drifts and associated exhaust air pathways (i.e., for

scenarios in which the drift structure fails, the filtered

ventilation exhaust system is also assumed to fail).

3.3.18 Compartment 18 - Underground Waste Emplacement Drifts

This compartment includes the same items as the waste emplacement

access drifts plus waste-handling equipment, which includes the

shield valve, borehole with liner, and shield plug. Relevant
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combinations of failures of these items are depicted in the event

tree for this compartment.

3.3.19 Compartment 19 o Underground Development Facilities

L

No radioactive waste is handled or stored in this compartment, and
¢

there are no items whose failures could affect radiological

releases. Therefore, no event tree is developed for this

compartment.

3.3.20 Compartment 20 - Other Repository Support Facilities

No radioactive waste is handled or stored in this compartment, and

there are no items whose failure could affect radiological

releases. Therefore, no event tree is developed for this

compartment.
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4 .0 EVENT TREE ANALYSIS

4.1 Radiation Doses

The dose consequences for each branch of the event trees should be

• calculated (see Step 6 of Table 2-1). This subsection describes

the method of calculation and presents the analysis of the

radiation doses resulting from each postulated accident scenario.

The assessment of accident doses is performed in accordance with

DOE Procedure AP-6.10Q (Appendix A). Note that this work was

completed in April, 1990 and AP-6.10Q was later superseded.

4.1..1 Methodology

In certain compartments, accidents could damage the waste (e.g., by

mechanical impact), resulting in the release of airborne

radioactive materials. Once released from the waste, the

radioactivity would be directed through various confinement

barriers (e.g., filters) prior to release to the atmosphere. This

radioactivity would be transported and dispersed through the

atmosphere and could result in radiation doses to nearby

individuals.

A graphical model of the process described above is presented in

Figure 4-1. The model provides the basis for evaluating the

accident doses.

The first step of the dose analysis is to determine the

characteristics and types of radioactive materials that may be

damaged during accidents. The radionuclide inventory of the waste

is subsequently evaluated.

Next, the extent of damage to the waste is evaluated to estimate

the fraction of the radioactivity that could be accidentally

° released into the compartment. Any reduction or removal mechanisms

prior to release to the atmosphere are identified and quantified.

Then, the transport of radioactivity through the atmosphere is

4 -i



EXTERNAL INITIATING EVENT

RADIOACTIVE RELEASE R_TION TRANSPORT _ RADIATION

MATE RIAL FRACTION AND REMOVAL "_1-'_ I DOSES

PRIHFIRV CONFINEHE

INTERNAL INITIATIN EVENT

,THER CONFINEHE BRRRIERS

ONFINEHENT BY _ UENTILRTION SMSTEH

WASTE TYPE & MODE & EXTENT OF DAMAGE CONTAINMENT ATMOSPHERIC INt_ALATION &
RADIONUCLIDEINVENTORY FRACTIONALRELEASE & FILTRATION DISPERSION IMMERSION

Figure 4-I. Graphic, al Model of Accidental Radiatlo_

Exposure Pathway

4--2



•. . • %

evaluated and the radiological consequences to individuals exposed

to the radioactivity are calculated.

Individuals could receive accidental radiation doses through
%

various exposure pathways. The exposure pathways are inhalation,

immersion, ingestion, and direct shine from an external radiation

source. Of these four pathways, only the inhalation pathway is

significant and hence is the only one calculated in the accident

dose analysis.

Appendix A indicates that the accident analysis should consider

radiological consequences to the whole body and maximally exposed

organs. The dose calculations in this study consider the major

organs addressed in NRC (1977) and NRC (1981).

Based on the information above, the accident radiation dose is

given by the following equation:

Do = inhalation dose to organ o for an individual (rem)

n = number of damaged waste units (e.g., fuel assemblies)

fi = fraction of radioistope i released from the damaged waste

as respirable airborne radioactivity (dimensionless)

A i = inventory of isotope i (Ci/waste unit)

DCFi, o = inhalation dose conversion factor for organ o and isotope

i (rem/Ci)

R i = fraction of radioisotope i released from damaged waste

. that could escape to the atmosphere (dimensionless)
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x/Q - atmospheric dispersion factor (sec/m 3)

BR - breathing rate (m3/sec)

Application of the above calculation model to the accident analysis

is described below.

4.1.1.1 Waste Types and Radionuc!ide _nyentories

Three types of radioactive wastes are handled at the repository"

spent fuel, HLW, and site-generated waste. Each of these waste

types is described below.

Spent Fuel

Spent fuel is received at the repository in the form of intact fuel

assemblies. The fuel assemblies are either placed directly in

containers or consolidated and subsequently placed in containers.

The repository handles both pressurized water reactor (PWR) fuel

and boiling water reactor (BWR) fuel.

The radioactive materials available for release from spent fuel are

the fuel pellet matrix, fission gases in the fuel rod gap and

plenum, and the activated corrosion products (crud) on the exterior

surface of the fuel rods. The fuel pellet matrix is assumed to

consist of a homogeneous mixture of the solid radioactive fission

products generated in the UO 2 fuel pellet from reactor operation.

Fission gases are generated in the fuel pellet matrix during

reactor operation, where a fraction of the gas migrates along the

UO 2 grain boundaries to the fuel rod gap and plenum. The only

significant fission gases in 5-yr-old spent fuel are H-3, C-14, and

Kr-85. An additional source of radioactive material associated

with spent fuel is the crud on the exterior surface of the fuel

assembly. The radioactivity of crud consists primarily of Co-60

(NRC, 1984). Compared to the particulate radioisotopes in the

spent fuel material, the fission gases and crud are insignificant
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contributors to the accident doses and can be neglected for the

worst-case spent fuel accidents considered in this study.

The bounding source term (maximum radionuclide inventory) for spent

fuel is selected for this study to determine a maximum dose. As

, stated in Appendix A, the radionuclide inventory of spent fuel is

obtained from Roddy (1986). On the basis of data presented in

Roddy (1986), the fuel type that results in the maximum

radionuclide inventory corresponds to PWR fuel having a burnup of

60 GWd/MTU and 5 yr out of the reactor. Given a maximum initial

uranium loading for a PWR fuel assembly of 0.469 MTU (DOE, 1987b)

and the data in Roddy (1986) for the reference fuel type, the

radionuclide inventory of spent fuel is calculated, and the results

are presented in Table 4-1.

HLW

HLW is received at the repository in canisters. The HLW canisters

are overpacked in containers at the repository for emplacement

underground. Assessment of the radiological consequences of

accidents involving HLW indicate that the doses are much less than

those involving spent fuel (primarily due to the lower inventory of

transuranics in HLW compared to spent fuel). Because spent fuel is

handled in the same compartments as HLW, only the radiological

consequences of spent fuel accidents are calculated in this study.

Site-Generated Waste

Various types of solid and liquid wastes are generated on site

during repository operations. This waste is characterized in

SNL (1987). The radioactivity of the site-generated wastes

primarily consists of Co-60 (SNL, 1987).
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TABLE 4-1

RADIONUCLIDE INVENTORY OF PWR SPENT FUEL ASSEMBLY AND

ASSOCIATED DOSE CONVERSION FACTORS (DCFs)

d

Radionuclide InvenLory Inhalation DCF (Note b)
....(Note a) (Ci) (Rem/Ci) '

Whole Body Bone Surfaces Lung

H-3 4 40E+02 1.25E+02 9.85E+01 1 25E+02

C-14 I 14E+O0 1.41E+OI 5.08E+01 6 18E+00

Fe-55 8 44E+02 6.29E+02 7.40E+02 2 51E+04

Co-60 2 65E+03 8.20E+04 5.08E+04 1 30E+06
Ni-63 4 78E+02 1.81E+03 -- 2 23E+04

Kr-85 4 83E+03 .... 2 41E4-00

Sr-90 4.83E+04 2 40E+05 2.20E+06 8 50E+06

Y-90 4 83E+04 8 90E+02 9.06E+02 3 _JE+04

Ru-106 i 15E+04 6 18E+04 I.OOE+04 3 80E+06
Rh-lO6 I 15E+04 3 44E-01 1.14E-02 2 32E+01

Sb-125 3 IOE+03 1 58E+03 -- 2 18E+05

Te-125m 7 55E+02 5 84E+01 -- 3 92E+04

Cs-134 3 20E+04 4 55E+04 5 89E+04 3 38E+04

Cs-137 7 60E+04 3 26E+04 5 31E+04 1 62E+04

Ba-137m 7 18E+04 3 21E-OI 1 74E-01 7 O9E+O0
Ce-144 5 72E+03 1 70E+05 6 10E+05 2 90E+06

Pr-144 5 72E+03 9 75E+00 6 91E+00 6 67E+02

Pm-147 1 53E+04 2 46E+04 9 07E+04 2 90E+05
Sm-151 2 41E+02 3 55E+03 -- 4 45E+04

Eu-154 7 93E+03 6 48E+04 -- 5 84E+05

Eu-155 3 82E+03 9 21E+03 -- 9 46E+04

Pu-238 3 95E+03 i lIE+08 8.40E+09 6 08E+08

Pu-239 1 72E+02 1 24E+08 1.04E+IO 5 80E+08

Pu-240 3 21E+02 1 24E+08 1.04E+IO 5 79E+08

Pu-241 7 27E+04 2 50E+06 1 94E+08 i IOE+06

Am-241 7 83E+02 1 28E+08 9 73E+09 6 15E+08

Am-242m 8 IIE+O0 1 26E+08 8 18E+09 2 21E+08

Am-243 3 38E+01 1 28E+08 i 03E+IO 5 95E+08

Cm-243 3 89E+01 8 70E+07 5 78E+09 6 27E408

Cm-244 6 26E+03 6 80E+07 4 56E+09 6 07E408

Notes: a. The list includes radionuclides that each contribute at least

0.I_ of the total radionuclide inventory or individual dose.

b. For accieental releases of radionuclides from the fuel pellet,
the maximally exposed organ is the bone surfaces; for releases

of Co-60 from site-generated waste, the maximally exposed organ
is the lung.
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Most of the site-generated waste exists in the waste treatment

building. According to the material block flow diagrams presented

in SNL (1987), there may be a maximum of approximately 57 Ci of

solid waste and 112 Ci of liquid waste in the waste treatment

building. Waste-handling equipment in the waste treatment building

v contains in the range of 16 to 80 Ci of waste (solid or liquid).

Other areas outside the waste treatment building can accumulate up

to 5 Ci of site-generated waste before the waste is transferred to

the waste treatment building.

4.1.1.2 Release Mechanism and Radionuclide Release Fractions

The fuel rod cladding could breach if spent fuel assemblies are

subjected to a severe mechanical impact. This would allow a path

for the release of airborne radioactive materials, including

respirable-size fuel particles (diameters less than i0 microns)

Other waste that experiences a severe mechanical impact or that

burns could also release airborne radioactive materials. The

fraction of radioactive material that could be released from waste

subjected _o these mechanisms is described below.

This study considers two sources of airborne fuel pellet material

that could be released from spent fuel. The first is the fraction

of the fuel that exists as respirable particles in the fuel rod

when spent fuel is received at the repository. The second is that

generated from accidental impact.

NRC (1988a) indicates that respirable particles of spent fuel

pellet material are generated during reactor operation and are

present in the gap in spent fuel rods. The fraction of the total

spent fuel pellet material that could exist in this form is

reported to be up to 1 * 10 -4 (NRC, 1988a).
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Spent fuel accidents involving severe mechanical impacts may cause

fuel pellet fracture. Studies of the fracture mechanism by Jardine

(1982) and Mecham (1983) indicate that the fraction of simulated

HLW glass specimen fractured into respirable particles is linearly

proportional to the impact energy density:

PF- (2 * 10 .4) (E/V)

where PF m fraction of waste specimen fractured into respirable

particles (dimensionless)

E - impact energy absorbed by specimen (J)

V - volume of specimen (cm 3)

This linear relation is assumed to be valid for spent fuel rods

containing many irradiated fuel pellets.

The energy associated with mechanical impact on spent fuel

assemblies during postulated accidents is estimated by assuming a

fuel drop height. Based on dimensional data in DOE (1987b) for the

referenced spent fuel assembly, the respirable-size fraction can be

expressed as follows:

PF - (2 * 10"5)h

where h = fuel assembly drop height (m)

Therefore, the fraction of airborne fuel pellet material released

from a spent fuel assembly as a result of mechanical impact, ffp,

is calculated using the following equatic l"

ffp = (i * 10-4 ) + (2 * lO'5)h
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The fission gases of H-3, C-14, and Kr-85 are generated in the fuel

pellet matrix during reactor operation and migrate to the fuel rod

gap. Only a fraction of the total inventory of these gases

generated during reactor operation migrate to the rod gap and are

available for release. The fraction of H-3 and Kr-85 ass_ed to be

present in the rod gap and plenum are 0.I and 0.3, respectively

(NRC, 1972). lt is assumed in this study that the fraction of C-14

present in the rod gap and plenum is also 0.i. If it is assumed

that 100% of the gas in the rod gap and plenum is released as a

result of a severe impact or other accident, the resulting gaseous

contribution to radiation doses at the unrestricted area boundary

is negligible compared to the doses due to spent fuel particles.

The release of radioactive materials from solid and liquid site-

generated waste may result from both combustion and large

mechanical impact. ANSI (1981) recommends a value of 0.01 for the

fraction of radioactive material released from either volatile or

nonvolatile solids from combustion. This study conservatively

assumes that this fraction is applicable to releases of

radioactivity from liquid site-generated waste. Additionally, the

value of 0.01 is conservatively assumed for the fraction of waste

(solid and liqui4) released or dispersed as airborne activity as a

result of severe mechanical impacts.

4.1.1.4 Reduction and Removal Mechanisms

Subsequent to release from the waste form, airborne radioactivity

may be confined by barriers or may be directed through filters

prior to release to the atmosphere. In the calculation model, this

reduction and removal mechanism is taken into account by the

parameter R. When functioning, the filtered ventilation exhaust

system reduces the amount of airborne radioactive materials

released to the atmosphere. Also, the waste containers and other

containment features provide 100% confinement when functioning

(R = 0) or no confinement upon failure (R = i).

4-9



The filtered ventilation exhaugt systems associated with repository

containment structures consist of two HEPA filters in series for

removal of airborne particulate materials. ANSI (1981) recommends

that the efficiency of the first stage of the system is 99.9% and

the second stage is 99.0%. Therefore, the filtered ventilation

exhaust systems at the repository are effective at reducing the

amount of solid airborne particles released from waste by a factor

of I * 10 .5 prior to release to the atmosphere (R = i * 10-5).

Gaseous radionuclides (e.g., H-3, C-14, and Kr-85) would pass

through the particulate filters (R = i).

This study conservatively neglects deposition of airborne material

within any of the containment barriers.

4.1.1.5 Transport Mechanisms

The primary mode of transport of radionuclides from accident

releases is the atmospheric pathway. Ra/ionuclides that are

released into the atmosphere will be diluted by atmospheric

dispersion as they are transported to the point of exposure. An

atmospheric dispersion factor, x/Q, is used to estimate

concentrations of airborne radioactivity downwind from the release

point. The atmospheric dispersion factor is calculated in

accordance with the requirements in Appendix A.

NRC (1974b) indicates that the basic equation expressing the

atmospheric diffusion, x/Q, for a ground-level release of

radioactivity for accidents less than 8 hr in duration is:

x/Q = i/_Wuayaz

where

9

W = building wake factor

u = wind speed (m/sec)

Sy = horizontal standard deviation of the plume (m)

sZ = vertical standard deviation of the plume (m)
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The equation for a ground-level release is used because NRC (1974b)

only allows credit for elevated releases if the point of release is

more than two and one-half times the height of any adjacent

structure (i.e., the release is not entrained in the building

wake), which is not the case for the SCP-CDR configuration. The

building wake factor W accounts for the additional dispersion due

to the turbulent wake of nearby buildings.

Accidents addressed in this study are assumed to last less than

8 hr. NRC (1974b) states that for this time duration, a wind speed

of I m/sec and Pasquill Type F atmospheric condition should be

used. Values of ay and az for Pasquill Type F conditions are

presented in NRC (1982).

The study assumes that the maximum exposed individual is at the

boundary of the unrestricted area of the repository directly

downwi_d from the radioactive release. This study assumes the

boundary to be i00 m from the point of release for dose calculation

purposes. The building wake factor W = i unless the radioactivity

is released from reposltory structures, in which case W = 3 (NRC,

1972).

Based on the above, the atmospheric dispersion factor x/Q is

calculated to be 3.18 * 10 .2 sec/m 3, without building wake effects,

and 1.06 * 10 .2 sec/m 3, with building wake effects. These values

overestimate the atmospheric dispersion factors measured

experimentally under similar conditions at other sites (NRC 1982).

When meteorological data specified by NRC (1982) become available

for the Yucca Mountain site, more realistic atmospheric dispersion

factors can be used (see Section 7.2).

m
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4.1.1.6 Dose Conversion Factors

Appendix A states that the radiological consequences be evaluated

for a 50-yr dose commitment to the whole body and maximally exposed

organ. As previously stated, the primary exposure pathway is

through the inhalation of airborne radioactivity. Thus, inhalation

organ dose conversion factors (DCFs) are used in the dose

calculations. The DCFs are obtained primarily from NRC (1981);

DCFs not available in this document are obtained from NRC (1977).

Considering the radioactive material releases associated with the

wastes handled at the repository, the maximum exposed organs are

the bone surfaces for the release of spent fuel particles and the

lung for the release of radioactivity from site-generated wastes

(Co-60). Accidental doses to the whole body are much less than the

corresponding doses to the maximally exposed organ.

4.1.2 Accident Dose Analysis

Radiation doses for each accident scenario of the event trees in

Figure 3-5 are evaluated using the calculation model presented in

Subsection 4.1.1. The doses for each of these scenarios are

evaluated by identifying and quantifying the waste involved in the

scenario, the fraction of material released from the waste, the

reduction and removal fraction, and the atmospheric dispersion

factor. These parameters and the resulting accident doses are

quantified and listed in Table 4-2 for each accident scenario

presented in Figure 3-5.

In Table 4-2, the number of spent fuel assemblies associated with

the scenarios involving failure of waste-handling equipment in each

compartment is evaluated based on the capacity of the equipment.

The fraction of fuel released is estimated based on the height from

which the fuel assemblies could fall as a result of failure of the

equipment. The number of spent fuel assemblies and the extent of °
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ACCIDENT DOSE

Scenario X/Q

Number n f R (sec/m^3) Dose (rem)
(Note a) (Note b) (Note c) ..... (Note d) (Note e) (Note f)

1 - 1 6 1.7E-04 1 3.18E-02 >>0.5
1 - 2 6 1.7E-04 0 3.18E-02 0

' 1 - 3 6 1.7E-04 0 3.18E-02 0
1 - 4 - 0 0 3.18E-02 0

,, ...... ,j

¶ 3- 1 16g Ci 1.0E-02 1 1.06E-02 8.1
3 - 2 169 Ci 1.0E-02 1 1.06E-02 8.1
3 - 3 16 to 80 Ci 1.0E-02 1 1.06E-02 0.8 to 3.8
3 - 4 16 to 80 Ci 1.0E-02 1E-05 1.06E-02 <<0.5
3 - 5 0 0 1.06E-02 0

, ,,,

4 - 1 6 3.4E-04 1 1.06E-02 >>0.5
4 - 2 6 2E-4 to 3.4E-4 1 1.06E-02 >>0.5
4 - 3 6 2E-4 to 3.4E-4 1E-05 1.06E-02 3.9 to 6.7
4 - 4 6 2E-4 to 3.4E-4 0 1.06E-02 0
4 - 5 6 3.4E-04 1 1.06E-02 >> 0.5
4 - 6 6 3.4E-04 1E-05 1.06E-02 6.7
4" 7 ., - 0 0 1.06E-02 0

, , . ,

5 - 1 16 Ci 0.01 1 1.06E-02 0.8
5 - 2 16 Ci 0.01 0 1.06E-02 0
5 - 3 16 Ci 0.01 1 1.06E-02 0.8
5 - 4 - 0 0 1.06E-02 0
6 - 1 14 3.4E'-04 1 1.06E-02 >> 0.5
6 - 2 14 1E-4 to 3.4E-4 1 1.06E-02 >>0.5
6 - 3 0 0 1.06E-02 0
7 - 1 12 3.4E-04 1 1.06E-02 >> 0.5
7 - 2 3 to 12 2.2E-4 to 3.4E-4 1 1.06E-02 >>0.5
7 - 3 3 to 12 2.2E-4 to 3.4E-4 1E-05 1.06E-02 2.2 to 13.4
7 - 4 3 to 12 2.2E-4 to 3.4E-4 0 1.06E-02 0
7 - 5 3 3.4E-04 1 1.06E-02 >> 0.5
7 - 6 3 3.4E-04 1E-05 1.06E-02 3.4
7- 7 - 0 0 1.06E-02 0
8 - 1 3 2.8E-04 1 1.06E-02 >>0.5
8 - 2 3 2.8E-04 1 1.06E-02 >> 0.5
8 - 3 3 2.8E-04 1E-05 1.06E-02 2.8
8 - 4 3 2.8E-04 0 1.06E-02 0
8 - 5 3 2.8E-04 1 1.06E-02 >> 0.5
8 - 6 3 2.8E-04 1E-05 1.06E-02 2.8
8- 7 0 0 1.06E-02 0. • ,. ,

10 - 1 16 Ci 0.01 1 1.06E-02 0.8
10 - 2 16 Ci 0.01 0 1.06E-02 0
10 - 3 16 Ci 0.01 1 1.06E-02 0.8
10 - 4 0 0 1.06E-02 0

, ., ,, , ,,, ,,.

11 - 1 14 3.4E-04 1 1.06E-02 >> 0.5
11 - 2 14 1E-4 to 3.4E-4 1 1.06E-02 >>0.5
11 - 3 = 0 0 1.06E-02 0

Notes

a. Numbers are assigned to each scenario in the event trees shown in Figure 3-5. The first dii
b. n denotes the number of spent fuel assemblies 'that could be damaged in the accident scen;

suffering damage in the accident scenario,
c. f denotes the fraction of radioactivity released from the waste form.

d. R denotes the fraction of released radioactivity that could escape to the atmosphere, and i=
e. X/Q denotes the atmospheric dispersion factor.

f. The reported doses are those that could be received by the maximally exposed organ (i.e., ei_

J .......



TABLE 4-2

:ALCULATION PARAMETERS AND RESULTS

Scenario X/Q

Number n f R (sec/m^3) Dose (rem)

(Note a) (No_teb) (Note c) (Note d) (Note e) (Note f)
12 - 1 12 3.4E-04 1 1.06E-02 >> 0.5
12 - 2 3 to 12 2.2E-4 to 3.4E-4 1 1.06E-02 >>0.5
12 - 3 3 to 12 2.2E-4 to 3.4E-4 1E-05 1.06E-02 2.2 to 13.4
12 - 4 3 to 12 2.2E-4 to 3.4E-4 0 1.06E-02 0
12 - 5 3 3.4E-04 1 1.06E-02 >> 0.5
12 - 6 3 3.4E-04 1E-05 1.06E-02 3.4
12 - 7 - 0 0 1.06E-02 0
13 - 1 i0 3.4E-04 1 1.06E-02 >> 0.5
13 - 2 1 to 6 3.4E-04 1 1.06E-02 >>0.5
13 - 3 1 to 6 3.4E-04 1E-05 1.06E-02 1.1 to 6.7
13 - 4 0 0 1.06E-02 0 ,
14 - 1 24 3.4E-04 1 1.06E-02 >> 0.5
14 - 2 6 to 24 1.6E-4 to 3.4E-4 1 1.06E-02 >>0.5
14 - 3 6 to 24 1.6E-4 to 3.4E-4 1E-05 1.06E-02 3.2 to 26.8
14 - 4 6 to 24 1.6E-4 to 3.4E-4 0 1.06E-02 0
14 - 5 6 1.6E-4 to 3.4E-4 1 1.06E-02 >>0.5
14 - 6 6 1.6E-4 to 3.4E-4 1E-05 1.06E-02 3.2 to 6.7
14 - 7 - 0 0 1.06E-02 0
15- 1 6 2.13E-04 .....1 1.06E-02 >>0.5
15 - 2 6 2.8E-04 1 1.06E-02 >> 0.5
15 - 3 6 2.8E-04 1E-05 1.06E-02 5.5
15 - 4 6 2.8E-04 0 1.06E-02 0
15 - 5 6 2.8E-04 1 1.06E-02 >> 0.5
15 - 6 6 2.8E-04 1E-05 1.06E-02 5.5
15 - 7 - 0 0 1.06E-02 0
17 - 1 6 2.8E-04 1 3.18E-02 >> 0.5
17 - 2 6 2.8E-04 0 3.18E-02 0
17 - 3 6 2.8E-04 1 3.18E-02 >>0.5
17 - 4 6 2.8E-04 0 3.18E-02 0
17 - 5 6 2.8E-04 1 3.18E-02 >>0.5
17 - 6 6 2.8E-04 1E-05 3.18E-02 16.6
17 - 7 6 2.8E-04 0 3.18E-02 0
17 - 8 6 2.8E-04 1 3.18E-02 >> 0.5
17 - 9 6 2.8E-04 1E-05 3.18E-02 16.6

17 - 10 0 0 3.18E-02 0
18 - 1 6 2.2E-04 1 3.18E-02 >>0.5
18 - 2 6 2.2E-04 1 3.18E-02 >>0.5
18 - 3 6 2.2E-04 0 3.18E-02 0
18 - 4 6 2.2E-04 0 3.18E-02 0
18 - 5 6 2.2E-04 1 3.18E-02 >>0.5
18 - 6 6 2.2E-04 1E-05 3.18E-02 13.0
18 - 7 6 2.2E-04 1 3.18E-02 >>0.5
18 - 8 6 2.2E-04 1E-05 3.18E-02 13.0
18 - 9 6 2.2E-04 0 3.18E-02 0

18 - 10 6 2.2E-04 0 3.18E-02 0
18 - 11 6 2.2E-04 0 3.18E-02 0
18 - 12 - 0 0 3.18E-02 0

_it(s) correspond to the compartment number and the second digit(s) correspond to a sequential number for the scenario
rio, except that values given in units of Curies (Ci) indicate the amount of Co-60 contained in the site-generated waste

-,cludes a containment factor (0 or 1) and a filtration factor (1E-05), as appropriate.

her the bone surfaces or the lung, depending on the radioactive material released). 4-13/4-14
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damag_ to the fuel for failures such as structural collapse are

estimated to be representative of typical inventories in each area.

, The quantity of radioactivity for accident scenarios associated

with compartments handling site-generated waste is estimated ill the

same manner as spent fuel. The capacity of the waste-handling

equipment is used as the basis for determining the quantity of

radioactivity for scenarios involving failure of this equipment.

The total inventory of waste is used for scenarios involving

failures of the structure or fire protection system.

The fraction of radioactivity released to the atmosphere, as listed

in Table 4-2, accounts for any containment functions or filtration

functions indicated for each scenario in the event tree.

The calculated accident _oses listed in Table 4-2 are used for

identifying Q-scenarios and items important to safety, as discussed

in the following sections of this report.

4.2 Scenario Probabilities

The credible initiating events described in Subsection 3.2 could

impose severe loads, temperatures, or other adverse conditions on

the repository structures, systems, and components. Because items

that are not important to safety would be designed and constructed

to normal industrial standards (Brynda, 1981; DOE, 1989b) and not

necessarily designed and constructed to withstand severe credible

events, these items could fail as a result of the severe events.

To determine which repository items are important to safety, this

assessment initially assumes that repository items would be

designed and constructed to normal industrial standards (if certain

items are then identified as important to safety, more stringent

design criteria would be applied to those items).
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Given the above assumption, ali scenarios described in

Subsection 3.3 (and shown in Figure 3-5) are credible. Section 6.0

of this report describes the recommended design requirements and

operational limitations that would reduce the likelihood of

failures of items identified as important to safety, so that many

of the scenarios with potentially excessive consequences would not

be credible.
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5.0 IDENTIFICATION OF ITEMS IMPORTANT TO SAFETY

5.1 Identification of Q-Scenarios

Credible accident scenarios exceeding the dose criterion of 0.5 rem

should be classified as Q-scenarios (see Step 8 of Table 2-1). As

discussed in Subsection 4.2, ali scenarios identified in Figure 3-5

and described in Subsection 3.3 are credible. Therefore, the

scenarios shown in Figure 3-5 with potentially excessive doses are

classified as Q-scenarios. These Q-scenarios are listed in Table

5-1.

Step 9 of Table 2-i indicates that other scenarios not satisfying

the above criteria (i.e., not classified as Q-scenarios in Step 8)

shall be reclassified as Q-scenarios if other conditions exist

(e.g., if the calculated dose and probability of the scenario are

close to the values used to define Q-scenarios). None of these

conditions have been identified for any other scenarios, and no

other scenarios need to be reclassified as Q-scenarios.

5.2 Elimination of NQ-Scenarios

Scenarios that either are not credible or do not have consequences

exceeding the dose criterion of 0.5 rem are not Q-scenarios (i.e.,

NQ-scenarios) (see Step I0 of Table 2-1). In accordance with DOE

Procedure AP-6.1OQ, (this work was completed in April, 1990 and

AP-6.10Q was later superseded) ali NQ-scenarios are eliminated from

further consideration in identifying items important to safety.

These NQ-scenarios are those scenarios from Figure 3-5 that are not

listed in Table 5-I.

5.3 Items Important to Safety

Q-scenarios are assessed further to identify which of the items in

the repository are to be classified as important to safety (see

Step Ii of Table 2-1). The Q-scenarios are characterized by

failures of certain structures, systems, and components, as shown

in Table 5-i. As described in Subsection 2.2, items are important
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Scenario Number

(see Note b) Associated Failures

1- 1 Waste transporter, container
3- 1 Structure, fire protection system, waste-handling equipment, filtered ventilat_
3- 2 Fire protection system, waste-handling equipment, filtered ventila;ion exhau_

'3- 3 Waste-handling equipment, filtered ventilation exhaust system
4- 1 Structure, waste-handling equipment, container, filtered ventilation exhaust
4- 2 Waste-handling equipment, container, filtered ventilation exhaust system
4- 3 Waste-handling equipment, container
4- 5 Container, filtered ventilation exhaust system
4 - 6 Container
5-1 Structure, waste-handling equipment
5 - 3 Waste-handling equipment
6-1 Structure, waste-handling equipment
6 - 2 Waste-handling equipment
7-1 Structure, waste-handling equipment, container, filtered ventilation exhaust
7- 2 Waste-handling equipment, container, filtered ventilation exhaust system
7- 3 Waste-handling equipment, container
7- 5 Container, filtered ventilation exhaust system
7 - 6 Container
8-1 Structure, waste-handling equipment, container, filtered ventilation exhaust
8- 2 Waste-handling equipment, container, filtered ventilation exhaust system
8- 3 Waste-handling equipment, container
8 - 4 Waste-handling equipment
8- 5 Waste-handling equipment, container
8 o6 Container

1 0-1 Structure, waste-handling equipment
10 -3 Waste-handling equipment
1 1- 1 Structure, waste-handling equipment
1 1 - 2 Waste-handling equipment
12-1 Structure, waste-handling equipment, container, filtered ventilation exhaust
1 2-2 Waste-handling equipment, container, filtered ventilation exhaust system
1 2-3 Waste-handling equipment, container

Notes: a. Each scenario could result from any of the credtble initiating events listed on Table 3-3 (unless rh,,

b. Numbers are assigned to each scenario in the event trees shown in Figure 3-5. The first digit(s),
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TABLE 5-1

Q-SCENARIOS

Scenario Number

(see Note b), AssociatedFailures

12-5 Container, filtered ventilation exhaust system
,tilation exhaust system 12-6 Container
laust system 13-1 Structure, waste-handling equipment, filtered ventilation exhaust system

13-2 Waste-handling equipment, filtered ventilation exhaust system
ust system 13 - 3 Waste-handling equipment
, 14-1 Structure, waste-handling equipment, container, filtered ventilation exhaust system

14-2 Waste-handling equipment, container, filtered ventilation exhaust system
14-3 Waste-handling equipment, container
14- 5 Container, filtered ventilation exhaust system
14 - 6 Container
15-1 Structure, waste-handling equipment, container, filtered ventilation exhaust system
15- 2 Waste-handling equipment, container, filtered ventilation exhaust system
15-3 Waste-handling equipment, container

ust system 15-5 Container, filtered ventilation exhaust system
15- 6 Container
17-1 Structure, waste transporter, container, filtered ventilation exhaust system
17-3 Structure, container, filtered ventilation exhaust system
17-5 Waste transporter, container, filtered ventilation exhaust system

_ustsystem 17-6 Waste transporter, container, filtered ventilation exhaust system
17- 8 Container, filtered ventilation exhaust system
17 - 9 Container
18-1 Structure, waste transporter, container, filtered ventilation exhaust system
18-2 Structure, waste-handling equipment, container, filtered ventilation exhaust system
18-3 Structure, container, filtered ventilation exhaust system
18-5 Waste transporter, container, filtered ventilation exhaust system
18 - 6 Waste transporter, container
18-7 Waste-handling equipment, container, filtered ventilation exhaust system
18- 8 Waste-handling equipment, container

ust st,stem 18-10 Container, filtered ventilation exhaust system
18 - 11 Container

s the associated items were identified as important to safety and designed accordingly).

|(s) ce,respond to the compartment number and the second digit(s) correspond to a sequential number for the scenarios.
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to safety if, in the event they fail, an accident could result

which causes a dose commitment greater than 0.5 rem (NRC, 1983a).

The items important to safety are those that are relied on in

accident analyses for preventing or mitigating accidents that could

result in an excessive dose (i.e., greater than 0.5 rem).

In the surface facilities (Compartments i through 16), accident

scenarios that could result in excessive doses can be prevented or

mitigated by the functions associated with the hot cell structures,

cask receiving and shipping bay structure, fire protection system

(for the waste treatment building), waste-handling equipment,

containers, and filtered ventilation exhaust systems. The backup

electrical power supply system is also needed for proper

functioning of the filtered ventilation exhaust systems in the

event that offsite power is lost. Therefore, these items should be

classified as important to safety and are listed in Table 5-2.

In the underground facilities (Compartments 17 and 18), scenarios

that could result in excessive doses can be prevented or mitigated

by the functions of the waste transporter, waste-handling

equipment, and container. These items should be classified as

important to safety and are listed in Table 5-2. Because the

transporter and waste-handling equipment can be designed to

withstand any failures of the drift structure (e.g., drift

collapse), the accident analyses do not need to rely on or take

credit for the drift structure's function (i.e., failure or

collapse of the drift will not result in excessive doses). The

waste transporter and waste-handling equipment protect the

container from severe impacts. Similarly, excessive doses can be

prevented or mitigated without the need for the filtered

ventilation exhaust system (on the surface), because any releases

, from damaged containers can be contained within the transporter and

waste-handling equipment (e.g., shield valve). Therefore, the

underground excavations, drifts, waste emplacement ventilation

exhaust system, and other items that do not prevent or mitigate

excessive doses are classified as not important to safety. These

are listed in Table 5-3. More specific design recommendations for
I
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TABLE 5-2

LIST OF REPOSITORY ITEMS CLASSIFIED AS IHPORTANT TO SAFETY

Repository Item Compartment Number
(see Note a) Item Number (see Note b) ,

Waste Package 1.2.2
Container - 4, 7-8, 12, 14-15, 17-18
Liner & Mechanical Appurtenances - 1 8

Repository 1.2.4
Facilities 1.2.4.3

Surface Facilities 1.2.4.3.2
Waste Handling Facilities - 1-1 6

Hot Cell Structures Containing
Spent Fuel and HLW

Cask Receiving and Shipping Bay Structure
Waste Treatment Building Structure
Waste Treatment Building Fire

Protection System
Filtered Ventilation Exhaust Systems
Waste Handling Equipment (see Note d)
Backup Electrical Power Supply System

Underground Service Systems 1.2.4.3.5 1 7- 1 9
Waste Transporter
Underground Waste Emplacement Equipment
Ventilation Barrier Doors

Notes: a. Identification and numbering of repository items subject to the quality level
assignment process are taken from DOE (1989a).

b. Repository compartments and numbers are described in Table 3-1.

c. Ali ESF items will be r_.moved prior to repository operations, except underground
openings (shatts and excavations), shaft liners, and ground support (DOE, 1987a).

d. Waste handling equipment on this list include the following items that handle spent
fuel and HLW: cranes, electromechanical manipulators, transfer cads, lifting
fixtures, waste packaging equipment, cask cavity sampling & venting system,

"1

consolidation equipment, waste storage racks, container transfer machine and
interfacing shield valves, and other items that handle spent fuel and HLW. Also
included are the waste treatment building tanks, process equipment, transfer
casks, and cranes that handle high,y radioactive site-generated waste.
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LIST OF REPO$1_

Repository Item Compartment i
(s__ote a) Item Number .... (see Note

Waste Package 1.2.2 .

Waste Form - 1, 4-8, 10-15,
Emplacement Borehole - 18

Repository 1.2.4 .
Seals 1.2.4.2.3 17
Facilities 1.2.4.3 .

Site Preparation 1.2.4.3.1 20
Communications System - 20
Drainage Control System - 20
Fencing - 20
Landscaping - 20
Railroad - 20
Roads - 2O
Utilities - 20

Surface Facilities 1.2.4.3.2
Balance of Plant 20
Exhaust 3haft Filter Building 17

Shafts and Ramps 1.2.4.3.3
Emplacement Exhaust Shaft 17
Exploratory Shafts . 17
Men-and-Materials Shaft 19
Tuff Ramp - 19
Waste Rar ,_: - 17

Underground Excavations 1.2.4.3.4 1 7.19
Underground Service Systems 1.2.4.3.5 1 7-19

Exploratory Shaft Facility 1.2.6.0 Notec
ESF Site 1.2.6.1 Notec

Main Pad 1.2.6.1.1 Notec
Auxiliary Pad 1.2.6.1.2 Notec
AccessRoads 1.2.6.1.3 Notec
,.%,reDrainage 1.2.6.1.4 Notec

Surface Utilities 1.2.6.2 Notec
Power Systems 1.2.6.2.1 Notec
Water Systems 1.2.6.2.2 Notec
Sewage Systems 1.2.6.2.3 Notec
Communication System 1.2.6.2.4 Notec
Mine Wastewater System 1.2.6.2.5 Notec
Compressed Air System 1.2.6.2.6 Notec

Note=;: a. Identification and numbering of repository items subject to the quality le,

b. Repository compartments and numbers are described in Table 3-1.

C Ali I_1_" it_,mL... ,,,|II I..._

.................... _ removed prior to repository operations except und_
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TABLE 5-3

TORY ITEMS NOT IMPORTANT TO SAFETY

Repository Item Compartment Number
(see Note a) Item Number (see Note b)

17, 18 Surface Facilities 1.2.6.3 Notec
Ventilation System 1.2.6.3.1 Notec
Test Support Facilities 1.2.6.3.2 Notec
Sites for Temporary Facilities 1.2.6.3.3 Note c
Parking Areas 1.2.6.3.4 Note c

;_/_ Material Storage Facilities 1.2.6.3.5 Notec
_ i Shop 1.2.6.3.6 Notec

_'E_._ Warehouse 1.2.6.3.7 Notec
_i_iili Temporary Structures 1.2.6.3.8 Notec

Communications/Data Building 1.2.6.3.9 Note c
_0 First Shaft 1.2.6.4 -

_0 Collar 1.2.6.4.1 17
2i0 Lining 1.2.6.4.2 1 7
_9 Stations 1.2.6.4.3 Note c
. Furnishings 1.2.6.4.4 Notec

-20 Hoist System 1.2.6.4.5 Note c
17 Sump 1.2.6.4.6 Note c
. Second Shaft 1.2.6.5

,17 Collar 1.2.6.5.1 17
1 7 Lining 1.2.6.5.2 1 7
'! 9 Stations 1.2.6.5.3 Note c
_,1g Furnishings 1.2.6.5.4 Notec ......
'.;17 Hoist System 1.2.6.5.5 Note c
'7-1 g Sump 1.2.6.5.6 Note c
7-1 9 Underground Excavations 1.2.6.6

Operations Support Areas 1.2.6.6.1 19
bte c Test Areas 1.2.6.6.2 17 - 1 9
mec Underground Support Systems 1.2.6.7 Note c
bte c Power Distribution System 1.2.6.7.1 Note c
:otec Communications Syst6m 1.2.6.7.2 Note c
,%tec Lighting System 1.2.6.7.3 Note c
,%tec Ventilation Distribution System 1.2.6.7.4 Notec
!otec Water Distribution System 1.2.6.7.5 Notec
!otec Mine Wastewater Collection System 1.2.6.7.6 Notec
'otec Compressed Air Distribution Systems 1.2.6.7.7 Notec
:otec Fire Protection System 1.2.6.7.8 Note c
,_otec Muck Handling System 1.2.6.7.9 Notec
Notec Sanitary Facilities 1.2.6.7.1 0 Notec
Notec Monitoring and Warning System 1.2.6.7.1 1 Notec

Underground Tests 1.2.6.8 Notec
Integrated Data System (IDS) 1.2.6.8.1 Note c

,ality level assignment process are taken from DOE (1989a).

1.

:pt underground openings (shafts and excavations), shaft liners, and ground support (DOE, 1987a).
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the waste transporter, waste-handling equipment, and container are

included in Subsection 6.1.2.

As discussed in Section 3.2, the inadvertent detonation of

w explosives used for mining may be considered a credible event. If

the underground ventilation barrier doors fail to control access

and fail to preclude the inadvertent introduction of explosives

into the waste emplacement area, the waste could be damaged as a

result of an accidental explosion. Therefore, the underground

ventilation doors are recommended as important to safety and are

listed in Table 5-2.

Some of the Q-scenarios could result in accidental criticality if

the spent fuel containers failed or were not designed to be

critically safe in the event of water intrusion. Therefore, spent

fuel containers are important to safety for criticality safety

reasons. Section 6.0 describes the recommended general design

requirements for criticality safety.

This study assumes that repository waste facilities qre located

above the probable maximum flood level so that no engineered

features would be needed for flood protection; otherwise, some

flood pre_ection features may be important to safety.
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6.0 SAFETY RECOMMENDATIONS

6. i Design

This subsection describes the general recommendations for design of

items important to safety and then discusses some specific

recommendations that result from the preceding analyses.

6.1.1 General

Items important to safety should be designed to more stringent

requirements than items that are not important to safety. This

approach is reflected in many documents that specify general design

criteria for the repository and other nuclear facilities, as

discussed below.

DOE Order 6430.IA, General Design Criteria (DOE, 1989b), states

that "the design of systems, components, and structures that are

not safety class items shall, as a minimum, be subject to

conventional industrial design standards, codes, and quality

standards. Safety class items shall be subject to appropriately

higher-quality design, fabrication, and industrial test standards

and codes...to increase the reliability of the item and allow

credit to be taken for its capabilities in safety analysis." Also,

"safety class itenls shall be designed to withstand the effects of,

and be compatible with, the environmental conditions assoeiated

with operation, maintenance, shutdown, testing, and accidents."

l Similarly, IOCFR60.131 (NRC, 1989a) requires that "the structures,

systems, and components important to safety shall be designed so

that natural phenomena and environmental conditions anticipated at

the geologic repository operations area will not interfere with

necessary safety functions." The regulation also requires that

such items be designed to withstand other accidental conditions,

such as dynamic effects of equipment failures, fires, explosions,

and other emergencies.
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As described above, accident conditions (in addition to normal

conditions) should be used as a basis for the design of items

important to safety. Because items important to safety are relied

on in accident analysis, they should be designed to withstand the

associated credible initiating events, as listed in Table 3-3. _

These credible events are called design basis accidents for items

important to safety.

Numerous documents describe design basis accidents for nuclear

facilities. Section 0111-99 of DOE Order 6430.IA (DOE, 1989b)

specifies some general methods to select the design basis tornado

and extreme wind, design loads from flooding, design basis

earthquake, and other accident conditions that should be used for

designing safety class items for nuclear facilities, including

repositories. Other reports (Brynda, 1981; Elder, 1986) also

provide guidance in selecting design basis accident conditions for

use as design requirements for items important to safety.

NRC (1988b) states that "many guidelines and standards have been

developed in the reactor program and other nuclear programs which

may be applicable for the geologic repository program. For

example, these are regulatory guides covering design basis

earthquakes, floods, and tornado wind velocities which may be used

in the design of the HLW facility and developing the associated Q-

list. While some of these guidelines and standards may not be

directly applicable to a geologic repository, DOE should consider

their use, to the extent practicable, to eliminate the need to

develop new approaches."

However, the inherent radiological hazards of a repository are much

smaller than those at nuclear power plants. The inventory of

radioactive materials in the repository surface facilities is much

less than that in an operating reactor. Also, the temperatures,

pressures, and other conditions that contribute to the volatility

and dispersal of radioactivity are significantly less at a

repository. The stringency of design standards should be

commensurate with the importance of the safety functions, whicb
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reflect the inherent radiological hazards of the facility. The NRC

recognizes this approach in the design of nuclear power plants by

applying design critezia to radioactive waste facilities that are

less stringent than the criteria applied to reactor safety systems.

. Because the radiological hazards are much smaller at repositories,

use of nuclear power plant design basis accidents and associated

" safety criteria and standards may be overly stringent for

repositories in many cases. The design standards for repositories

may be less stringent than those for nuclear power plants without

compromising radiological safety. This should be considered in the

selection of criteria, standards, and design basis accidents for

the repository.

As an example, when determining the design basis earthquake

conditions for the repository, a peak ground acceleration that is

less than a "safe shutdown earthquake" for reactors could be

selected. Alternatively, less stringent structural load

combinations or higher allowable stresses could be considered for

repository design in comparison with reactor designs.

6.1.2 Specific Recommendations

As discussed in Subsection 4.2, certain design requirements would

reduce the likelihood of failures of items identified as important

to safety, so that many of the scenarios with potentially excessive

consequences would not be credible. Recommended design

requirements and design changes that result from the accident

analyses in previous subsections are presented below.

Accidental doses are calculated at the nearest boundary of the

unrestricted area, in accordance with IOCFR60 (NRC, 1989a).

Because accidental radiation doses decrease with distance from the

point of release, relocating the nearest boundary of the

unrestricted area farther from waste-handling facilities would

decrease the accidental doses at that location. Moving the

boundary an additional several hundred meters away could possibly

eliminate several items from the Q-list. This should be considered
_

in future repository designs.
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Criticality accidents should be prevented at the repository by

(I) the absence of water or other moderating materials in areas

containing bare spent fuel and (2) the inherently safe

configuration of spent fuel in areas where water could exist (e.g.,

in shipping casks or in containers emplaced for long durations in

boreholes). Therefore, the repository hot cells should be designed

to preclude water intrusion and the spent fuel containers may need

to be designed to be critically safe when fully flooded.

Subsection 5.3 explained that underground drifts are not important

to safety because the transporter and waste emplacement equipment

would be designed to protect the waste and confine any potential

releases. Designing these items accordingly would prevent

accidental damage to the containers and waste in the event of drift

collapse or other credible impacts and loads (even during container

emplacement or retrieval). Also, the underground emplacement area

ventilation exhaust system is not important to safety because the

transporter and waste emplacement equipment would be designed to

contain any releases of radioactivity from containers damaged

during emplacement or retrieval (e.g., accidental drops).

Therefore, the transporter and waste emplacement equipment should

be designed to provide these functions of protection and

confinement of waste during ali credible events. This includes

drift collapse, single failure of brakes (e.g., provide redundant

brakes), and malfunction of stabilizing jacks (e.g., provide

redundant stabilizers).

The consequences of other potential accidents can be reduced by

incorporating certain design features. In the SCP°CDR, shipping

casks are lifted from their carriers by overhead cranes in the cask

receiving and shipping bay and moved to below-grade cask transfer

cars. The cask receiving and shipping bay can be designed to

enhance safe handling of casks (e.g., eliminating the possibility

of lifting one cask over another, etc.). Also, separating the cask

preparation area from the cask receiving and shipping bay, and

providing a filtered ventilation exhaust system for the cask
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preparation area would ensure that potential releases of

radioactivity in this area are filtered prior to discharge to the

atmosphere. In addition, potential damage to open (unsealed)

containers of spent fuel can be reduced by designing the associated

" handling facilities so that the lifting heights are minimized

(thus, minimizing potential drop heights).

6.2 Operations

Certain operational limitations will be needed for safe handling of

radioactive materials at the repository. These limitations are

reflected by the assumptions or conditions associated with the

accident analyses, as described below.

Spent fuel and HLW acceptance criteria will be needed to ensure

that the types of radioactive materials received at the repository

can be safely handled and that the accident analyses bound ali

possible conditions. For example, the results of the accident

analyses in this report are valid on the condition that spent fuel

has a maximum burnup of 60 GWd/MTU and a minimum cooling time of

5 yr out of the reactor. These types of limitations on radioactive

materials received at the repository should be considered in the

operational procedures for the repository.

Consequences of accidental releases from various hot cells and

repository compartments will depend on the inventory of radioactive

material in each hot cell or in each area that could be affected by

an accident. The inventory of radioactive materials in each hot

cell or compartment should therefore be limited to the minimum

necessary for proper handling and processing of the waste for'

disposal. Excessive accumulation of radioactive materials in one

area may result in situations that are not covered by the safety

, analyses, and therefore the inventories of radioactive materials

should be limited by design and operational procedures.

Certain accidents can be prevented by proper operational controls,

such as precluding explosives or other hazardous materials from Lil_
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vicinity of radioactive materials, and preventing transporter

collisions during container emplacement or retrieval by limiting

access to underground emplacement drifts to one transporter at a

time. Periodic surveillance and inspections can also be performed

to prevent the accumulation of combustible materials in repository

facilities.

6.3 Quality Assurance

Subpart G of IOCFR60 (NRC, 1989a) requires that "DOE shall

implement a quality assurance program based on the criteria of

Appendix B of i0 CFR Part 50... The quality assurance program

applies to ali systems, structures, and components important to

safety." Appendix B of IOCFR50 (NRC, 1989d) states that "quality

as._urance comprises ali those planned and systematic actions

necessary to provide adequate confidence that a structure, system,

or component will perform satisfactorily in service." Quality

assurance (QA) provides additional confidence that the design

requirements (see Subsection 6.1) are properly implemented during

fabrication and construction. NRC (1988b) provides the NRC staff

positions on QA for geologic repositories, including guidance on

applying QA measures to items important to safety.

Appropriate QA programs have been implemented successfully in the

design, construction, and licensing of nuclear power plants.

However, the stringency of requirements should be commensurate with

the importance of the safety functions or the inherent radiological

hazards of a facility. This pertains to QA requirements in

addition to design standards, as discussed in Subsection 6.1.

Appendix B of IOCFR50 (NRC, 1989d) states that "the quality

assurance program shall provide control over activities affecting

the quality of the identified structures, systems, and components,

to an extent consistent with their importance to safety." Because
i

the radiological hazards are much smaller at repositories, the QA

requirements could be less stringent than those for nuclear power

plants. This should be considered in the development of the QA

program for the design and conatruction of r_po_n_v item_

important to safety.

L
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7.0 CONCLUSIONS

7.1 Results

• This assessment recommends which structures, systems, and

components of the Yucca Mountain repository are important to
4

safety. A list of repository items important to safety is given in

Table 5-2. These items include the structures that house spent

fuel and HLW, the associated filtered ventilation exhaust systems,

certain waste-handling equipment, the waste containers, and other

items listed on the table. A list of repository items that are not

important to safety is given in Table 5-3.

This report provides the documentation demonstrating that each step

of the DOE procedure AP-6.10Q (in Appendix A) has been completed.

This work was completed in April, 1990 and AP-6.10Q was later

superseded. Table 2-1 identifies the required steps of the

assessment and the corresponding subsection of this report in which

each step is discussed.

Safety recommendations that result from the analyses are presented

in Section 6.0, including recommended design requirements (for

items important to safety), operational limitations, and QA

stringency.

7.2 Areas Requiring Further Evaluation

The assessment of identifying items important to safety should be

reviewed, revised, and updated in each design stage (see Step 13 of

Table 2-1). The list of items important to safety could be

different if the repository design changes. In addition, as

additional information is developed in further stages of the

design, the list of items subject to the quality level assignment
v

process (DOE, 1989a) should also be updated to show a more detailed

breakdown of repository structures, systems, and components. The

assessment of items important to safety should be updated to
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reflect the new design information and to determine a more detailed

breakdown of the structures, systems, and components important to

safety.

When meteorological data specified by NRC (1982) become available •

for the Yucca Mountain site, more realistic atmospheric dispersion

models can be used. The corresponding atmospheric dispersion

factors may be significantly less than those used in this study.

Consideration of this data in future accident analyses could result

in changes to the Q-list.

More detailed requirements need to be developed for design of items

important to safety. These requirements should reflect the

considerations discussed in Section 6.0.

In support of future accident analyses for the repository, further

evaluation and testing of the generation of respirable particles

resulting from impacts on spent fuel are recommended.
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•' 1.0 PURPOSE AND SCOPE

l.l The uurucse of this procedure is to identify the exploratory shaf'.. = °

faclll=y (ESF) and repository structures, systems, and compcnents Um_or=ant
to safety (ITS1 _hlch are subject to 10 CFR 60, Subpart G Quality Assuranze

requirements. This procedure specifies the responsibilities and :he metno_s
to be used.

1.2 To determine items important to safety, assessments are applied to "_.he

appropriate and available repository desigr configuration incluc.ing the

incorporation of all ESF items. The assessments evaluate potential pre=lc-
sure accident conditions during the repository waste-receiving, handl'.ng,

processing, emplacement, caretaking, performance conformation, and decommis-

sioning operations. References are given that contain exammles of the
application of such assessments to a repository conceptual design
(SAND84-2641-F).

1.3 This procedure is iterated or repeated for each cc_pleted design phase
of a repository or an ESP in order to review, identify, revise, and establish
the final list of items important to safety.

2.0 APPLICABILITY

This procedure applies to the Yucca Mountain Project Office, Project partici-

pants and their contractors and subcontractors engaged in either the ESF
design and construction, repository design and constm-_ction or the preclosure

performance assessments of the potential repository accident conditions used
to establish the repository items important to safety.

3.0 DEFINITIONS

3.1 ACTIVITIES

3.1.I Activities means deeds, actions, work, or performance of a specific

function or task. In the KLW geologic repository program, the i0 CPR Part 60

Subpart G QA program applies to activities affecting the quality of all

systems, structures, and components impo_ant to safety, and to the design
and charac_eriza_iou of barriers im_ortan_ to waste isolation. These

activities include: site characterization, facility a,_5 equipment

construction, "acility operation, performance confimnation, pertains.ni
closure, and decontamination and dismantling of surface facilities as they

relate to items important to safety and barriers important to waste isolation
' (i0 CPR 60.151). In addition, the pertinent requirements of I0 CFR Part 50

Appendix B apply to all activities affecting the quality of str'icru:es,

Supti Iii lliielll Mi_lati'e l_,ly., i . __
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systems, an_ comp.onen_s lmp.or-.an_ :o safe_y and englneere_ barr'_ers Zmpor_an_ ,.
",o waste "-solataon. These activl_zes lnclude: desagT,_ng (inclucL_ng such

actavz'-¢es as safety analyses, laborauo.-y,testing of waste package maceraais

_ charac'.er,_zethear performance, and performance assessments), purcnasang,

fabrlca_'_ng, handling, sblppxng, storzng, clea.-._-_ erecting, Zns_ai..ng,
'-nspectlng, :es_,.ng, operaulng, maimuaanzn9, repa_-_ng, and mocL:fy,.ng. These
_ypes of ac:ava_aes _o no¢ need _o be identified as par: of the Q-Lis-, or
Quall_y Activities List. However, acuiviuies related to natural barriers

impor_an_ _o waste isolataon should be iden_afied and lis_ed on a Quali'.y
Ac_avzules Lis_. These activities include: performance assessments, sa'.e

c_arac_erlzauion tesuing, an_ ac_ivitaes _ha_ may imp.ac_ the wasne isolan:cn
capa_aiity of the natural barrier. For example, site character__zau._on

activities such as exploratory s_aft construction, borehole drilling, an_
other ac',lvauaes _ha_ csuid p_ysicaliy or chem_c.-l!y alter proper_aes cf :._e
nanural barr'_ers an an adverse way. (NUK£G-!318;

3.2 CONSEQUENCE ANALYSt'S

Conse._uence analysis is a me_hod by which _he consequences of an event are

calculated and expresse_ in some quantitative way, e.g., money loss, _eauns,
or quan_l¢ies of rad.ionucli_es released to _he accessibl_ envzronmen_.

3.3 CKEEIBLE EVENT OR CREDIBLE ACCZDEA_.

"Credible event or credible accident" means an event or accident scenar'-o

which needs to De considered in _he _aslgn of the geologic repos_:$._,
(NUKEG-1318).

3.4 DESIGN BASIS ACCIDENT

A design basis accident (DBA) is a se_ of w®ll-define_ postulated accidents

chosen to es_aDlish or measure the a_equacy of the safe_y design of the
facility.

3.5 DETERM/NISTIC SAFETY ANALYSIS

"Deterministic safety analysis" is a form of safety analysis intende_

primarily to generate safety design parameters for a facility rather than to
measure its safety. Deterministic safeuy analyses are characterized by (I)
evaluation of accident processes and consequences bu_ not of accadent

likelihood, (2) the use of selected, represenuative accidents (generally
design basis accidents) rather than a cmmprehensive, complete set of

accidents to which the facility might be subject, and (3) the use of
pessimistic assumptions and conservauism intended to ensure the presence of

margzns in the design (but at some cost _o the realism of the analys_s).

IIII I I illIII ' III .
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Enhanced marqlns an the _es1_n provade safety marqlns to acc:un_ f:r
.' uncer_.a_nties in the assumptions and inputs to the analyses

• 3.6 E'/ENT TP_rE ANALYSIS

An event tree anaiysls defines a cc_p.rehensive set ¢f accident sequences than

encompasses "..he effects of all realistic an_ pbysmcally possible potent_ai
ac:_._ents. By definition, an initiating event is the beginnlng point in the

sequence. }fence, a .comprehensive lis_ of acciden_-iniuia_ing events must De

co=paled to ensure _.ha_ the evenn trees properly" _eplc_ all UTmCr-.an=
sequences.

3.7 EXTEKN_" EVENTS

Ex-.ernal events are those caused by natural phenomena or human ac'.'.vi'.ies

exuernal _o the repository.

3.8 FAULT TKEE ANALYSIS

A fault tree analysis examines the various ways in which a system designed to

perform a safety func_lon can fail. Each system identlfied in the event _ree
as involve_ in an accz_ent is examined _o de_ermine how failures of

components within tha_ system could cause the failure of the entire sys_am
(NUREG-1318).

3.9 IMPORTANT TO SAFETY

Important to safety, with reference to s_ruc_ures, systems, and comp.onents,

means those engineered structures, sys_ema, and components essential to the

prevention or m/_igation of an accident tha_ could result in a ra_iataon dose
to :he w_ole body, or any organ, of 0.5 rem or grea_er at or beyond the

neares_ boundary of the unrestricted area a_ any time until the completion cf

permanent closure (I0 CFR 60.2)

3.10 INITIATING EVENT

An in/tia_ing even_ is the starting point of an acciden_ sequence that is

generally depicted in an event tree analysis. Initiating events are also
used as the s_arting point in design basis accidents.

3.11 INTE_WtL EVZNTS

Internal events are those caused by failures or operator activities a_ the

repository.

!

I r IIIII III..... I II

" il'_ll¢_lvl Olli,o Illtvlllic, n Sl,ifio¢a_lll Ililtll ! No.0 3 _e 19 AP-6-10Q

I I I • -- I
- II III IIII II

A-5



YUCCA MOUNTAIN PROJECT -AD-, lS
11/88ADMINISTRATIVE PROCEDURE

CONTINUATION PAGE

T_;Lo

A2-6.10Q ID£NT._FICATION OF _'T_.MS_2_ORTANT TO SAFETY

' 2 INTEKAC:=ON MATRIX
l

"_n.era:'.L'n_a'.rlx _-sa sys_ema='- way o _eveloD potential :nitiat'.n_ _v..,ts

_cr each -_ t._e system compar:menus mn the reposmtory.

2 .' 3 IT_.._.SIMPORTANT TO SAFETY

Items important to safety are those engineered structures, systems, and

components essential to the prevention or mztlgation of an ac:i_ent ".hat
could result _n a radiation dose to the whole body, or any organ, of 0.5 rem

or greater at or beyond _he nearest boundary of the /nrestrzcted area at any
tame un=L1 the ccapletlon of permanent closure. (NUKEG-1318)

3.14 M/TIGATI'/E SYSTr-M

A ml'.lgative system is any system whose design an_ function ac:lvely o=
passlve_y reduces the severity or consequences of an even_ once _e event ,has
oc:urred.

3.I._ NON-M_CHANISTIC FAILUKES

Non-mechanistic faiiures are postulated failures which are not based on

prevaously oDserved modes or mechanisms but which are assume_ to prov'_:e
conserva_Lsm :n safety assessments.

3.16 PKEVENTI'/E SYSTEM

Preventive means to keep from happening or to avert some o=:urrence f:om

takzng place. Hence, a preventive system is one which anu'_:1p_tes some
un_esi:able occurrence or process and counters it in advance of 1ts actual
occurrence.

3.17 PROBABILISTIC RISK ASSESSMENT

Probabilistic risk assessment (PKA) (also called "probabilistic safety

analysis') is a structured and methodological analytical approach to safety
analysis intended primarily _o give a realistic picture of the safety prof''e
or risk of the facility.

3.18 Q-LIST

In the geologic repository program, a list of structures, systems, a-_

components important to safety, and engineered barriers important to ..as'e
isolation that must be covered under the QA requirements of I0 C:'R _,

$ubpart G. (NUREG-1318)
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3.19 SAFETY ANALYSIS
I

%

A safety anaiys'.s "s a process t_ sys_ema_i:ally i_.entif'.¢:he hazards -f a

• _OE cperau'_:n, -c :escrabe an_ analyze the a_equacy of :he measures taken -:

eiu_nate, c3nnro!, or mz'.'._ate idenu-fied hazards, ana to analyze an_
evaluate pouenu'_ai ac:'_dents an_ thear assoc'.ated risks.

._.20 SCENARIO

A scenario is an account or sequence of a projected co_rse of aculzn __r
event.

.. . UNDERGROUND FAC_,_TY

U.-.:erur_und facili'.y is ".he underground structure, inclu_lnq openings an_
backfill materials, but excluding shafts, boreholes, an_ _helr seals.
(I0 CFR 60.2)

2.22 UNRESTRICTED AREA

An unrestric_e_ area is any area to which access is not con_rolled by the

li-ensee for purposes of pro_ection of individuals from exposure to racLiat_cn

and radioactive materials, and any area used for residential quarters

4.0 RESPONSIBILITIES

4.1 YUCCA MOUNTAIN PROJECT MANAGER (PM)

The PM assigns a Technical Project Officer (TPO) or a Project Designee to

ensure that the provisions of this procedure are implemented. The PM
authorizes mod/fication or creation of the list of Items Lmpor_ant to Safety.

From tune to time, the PM may cLirect that technical assessment reviews are
conducted on the results of this procedure.

4.2 The PM shall assign the responsibility to the cognizant TPO or a Project

Designee to implement this procedure and assign personnel to identify items
important to safety in the ESF and the repository designs.

4.3 The Yucca Mountain Project Quality Manager and Systems Branch Chief (or

their designees) are responsible for review and approval of the lists of

items important to safety, items not importan_ to safety, and any reports

completed and approved by the TPO as a result of implementing this procedure.
The purpose of the review is to provide assurance that the cancLidate list is

consistent with Project Office and participant procedures. The approval does
' not indicate authentication of the technical data or interpretations

II I I I I III
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conta:ned in _he document, nor _oes _ne approval :eiieve _he ass_cnec

part-:'.Dant of the responsibiii_y for the uefense :f tecnnlcal _ata c: a

• ntercreta'.lo.-.s::nuaane_ t,_erean.

4.3.1 The PM shall issue the results tc _he Chanoe Contrc! Boar_ (C'.B)for

:cnstru:c'_on an_ baseline control of the Prc_ect Q-Last.

4.4 TECKNICAL PROJECT OFFICER (TPO)

The -TPO shall assicn an appropriately qualified pa_zcipant staff mem_e:

(PSM) to perform the assessment and _o _evelop _ae list of _:ems Lmp.or_ant :o

safety. The TPO shall ensure t_at qualified _nd.ivlduais perform any
technacal reviews of the comp.lete_ assessments of Che aCems important :o
safe=y. After the PSM completes tt_e assessments, Che TFO shall, af=er

revaew, approve and transm_= the lists of items ampor=anu tc safety, z:ems
nou _mpo_ant to safety, and ouher assessment _ocumenua¢zon to the PM.

4.5 YUCCA MOUNTAIN PROJECT PARTIC:PANT STAFF MEMBER(S) (PSM)

The PSM shall assemDle a group of people from multiple engineering,
technical, an_ scientific disciplines, including personnel who were no_ a

par_ of the original _esign team to implemen_ the AP 6.10Q assessments. The
group shall be referre_ to as uhe Assessmenn Team.

4.6 The Assessmen¢ Team shall carry out the procedure by evaluating =.he
responses, including the offsite _oses consequences, of t_e facility design

for crecLible accident conditions that might affec_ _.he faca!it=es
performance. The calculated performance predictions shall be compare_ w_th

the regulatory dose criteria to determine which items from A2-6.9Q should be

classifie'A as items important to safety.

4.7 The Assessment Team shall produce a list of the items classified as

important to safety (i.e., a ma_or input for the Q-list). The team shall

also _ro_ce a report that documents the assessments con_ucte_ to Lmplemenu
the procedure. A list shall also be prepared of the items classified as not

important to safe_y.

4.8 After completion of the assessment, the PSM shall review an_ revise any

previous list of items important to safety developed in accordance wxth
AP-6.10Q and/or KP-5.4Q. If a previous assessment has assigned a different

Quali_y Level o= classification of an i_em, the PSM shall notify :._.e

coqnizan_ TPO or ProjeCt Designee that a change request needs to be initiated
for t,ho Q-List maintained by the CCB.

£ff_c¢_.veDa_.e Rev_saon Supo_ao=es _,age ; No. .
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' 4.9 The l'.sus of atems u-4_o_ant to safety, items not umportanu to safety,

and the supccrtlnq re.Der',documentataon shall be suJ_u.tted Dy the PSM to :._e
. _.r aDpr:val an_ :ransmat-.al tc :he 9M• :o_T..'_:an'.T?t or -he Prc3ect Desaunee _ .

4. "_ .'.U.ANG£CONTROL BOARD (CCB)

The CCB shall receive the approved list of items important to safety ._rom the
?M and ccm_zne this list with any list of i=ems impor'.ant to waste isolation

frzm A2-6.SQ to compile the Yucca Mountain Q-!Ist. The. CCB will, after the,.r
9DcrDval, Daseline the Q-list and maln_aln the official Pro3ec_ Q-list.

4..i Exhibit 1 is a flow chart su_mmrizing these responsibilities d/scussod

an 4.1 tc 4.10.

5.0 PROCKDUKE

5.1 This procedure generates a list of items important to safety. ExhiDi _. 2

s_a_marazes ".hemajor steps involved in the procedure.

5.2 As ind/_.ated in Step 1 of Exhibit 2, a documented repository and ESF

design configuration shall De selected by the assessment team ftr ".he

appli :at ion cf thls procedure. The assessment team shall _ocument the _esi..-n
_ocuments use_ an their assessments.

5.3 :n Step 2, the documented design configuration shall be separated into
small zones or areas calle_ facility and system com=.a=T.ments. The :Dmba-

t-.menus shall be named uniquely and shall be selected to facilitate a

systematic assessment process.

5.4 In Step 3, _.il of the items from A2-6.9Q shall be assigned a compartment
locat_on and the results documented.

5.5 :n step 4, site specific initiating events shall be identified and
screened for applicaDility to all comparr.ments. Initiating events shall De

separated into internal and external initiating events. Lists of credible

and significant internal and external initiating events requiring further
assessment shall be developed on a compartment-by-compartment basis.

5.6 To establish the internal initiating events in 5.5, at least two methods

shall be used to generate the list. The methods and the screening criteria
shall be documented. The screening process should not reject a credible

event that could lead to a significant radiological release yet should reduce

the number of events requiring detailed assessments in Sr.ep 5.

• IIII III III I I IIIII • II III
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5.7 Al:h_ugn not _n_atory, survey forms and _nterac-."-:n matrazes are two
methods :hat have been used in previous repository assessments to i_ent'_fy

unternal events. The surv._l• fo.n_s document ac:l_ent scenar!os fzr each

::mp.ar_ment _.nat are ju_ged by experienced designers to De :recL;_le.
Zn-.eractaon mauri:es ident'_fy items an each compartment and use the '.uems as

::w an_ c:!uma _esi_nators. Each row _n the mat:'_'_"is then analyzed c:lumn

by column to _dent'_fy possible _nterac_-_ons between items an_ then poten:_ai

:nltia:ing events and cre_Dle acciSent scenarios are _evei:ped and
_ocumented.

5.8 To establish the external initiating events in 5.5, a checklist cf a

wlde spect.-um of external events shall be used in con]_/_ction w_tn
.r.,eria. The checklist, the screening :ri_.eria an_s_e-speclfi: screening - _"

the l_st of zrec_le _n_Lat_ng events requ_r'_ng furtZer assessment shall De
_oc'=nente_.

5.9 In step 5, event trees shall be developed for each lnternal and each
ex-.ernal event in _he screened list to depict, logically and systema_Ica!ly,
uhe various acci_en_ scenar'.os. The intermecLiate events in the event trees

shall represent responses of various i_ems in _he faci!i_y design -.hat occur
after the initiating event an_ hence continue :he accident progression into
an accident scenario (NUKEG/CR-2300).

5.10 :n Step 5, faul', trees shall not be developed until the a_vance_
zonceptual repository _esiqn is ¢omp.leted due to the lack of suffi:_ent

des_qn details for their development until _,hea_vanced conceptual _esign is
completed. Fault trees shall be used to systematically examine the various

ways that a system, an item or a major ccm_onen_ can fail and result _.nan

:nitiating evenu or an intermediate event in an accident scenario.

5.11 In Step 6, offsite dose consequences shall be calculated for each
branc_ in the event tree. The dose consequences shal._ be calculated for a

50-yr dose commitment to a maximally expose_ member of the off site public at
the nearest boundary of _he unrestricted area.

5.12 Assessments shall be conducted, to calculate source terms and the
associated offsite doses. To estaDlisb rad/oactive source terms, the

quantities of radioactlve materials present, the chemical and p_._sical forms
of rachioactive materials, the :achionuclide content, and the accident

conditions shall be considered. Estimates of release fractions of rad_o-

nuclides for each specific accident scenario shall be made and documented

based on their physical and chemical properties and the accident conditions
at the time of the release.

i i I i i _mmm
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, ._.13 The _ose assessments s_all De calculated as the _otal of the ex_.ernaL

exDcsure fr:m "..hepasslng cloud and tns anternal exposure from "_n_alat..onof
ra='_:nuc._:es ;n :he cl:ud. Dose caicu_a'.'-znssnail De perf-rme_ usang:

4

i. XlQ values oDtaine_ fr_n Regulatory. Guide !.2E and Kequlatz.-y Guide

2. Ixmersion 50-yr dose conversion factors oDtaine_ froz Requiat3ry
Guide 1.i09 and NUKEG/CR-1918.

3. ".n:ernal 50-yr dose equivalent conversion face:rs obtained f::m

Regulatory Guide 1.109; ND'KEG/CR-0150, Volume 3, and NUKEG/CR-017Z.

4. The radionuclide inventcry (Ci/MTU) of the spen_ fuel shall be
oDtalned from OKNL/TM-9591. If sl=e meteorology ls avaa!able, the

X/Q from Regulatory Gui_e 1.145 may De use_ :o estaDlish :he dose "_f

ra_,.=zacuive plume meander and cLirec_lonall',y are to be taken anto
ac:ount.

5.14 In S_ep 7, the probability or frequency of occurrence of the accident
:_-enarlos in _he event _rees sh_il be classified. It is sufficien_ to _enote

_._ese evenus as ei_her credible or no_ credible, lt is not requ_.red to

_.euermine a numeriual proDabiliuy for ercernal, in_ernal, an_ intermecLiaue
evenus in the evenu _rees. Similarly, numerical values for fault ".rees are

non required.

5.15 Assessments of the proba_i!ity of occurrences of initia_ing an_
inuermed.ia_e events shall be based 3n the following considerations:

i. Use of existing or published data.

2. Accepted predictive _echniques.

3. Analyses of the performance of the system, and
4. Engineering ]udgmen_ and experience.

5.16 The probability assessments may u_ilize previously published data z;

equipmen_ failures and documented judgments of engineers an_ _echn'-za
specialists experienced in nuclear facility designs and their potent'a"
failure modes.

5.17 Al_hough no_ mandatory, standard/zed forms have been used in prev;-us

repository assessments _o documen_ judgments.

5.18 The event trees constitute a data base for establishing the lis t -;

items im.:'r_.ant to safety. The regulation i0 CFR 60 provides a s'.--

cra_erion, a dose specification, for identifying items importan_ to safe:.

Effec_ave Da_e Revxsaon Supezse_es Pa_e i No.

0 9 o_ -- ,_r-_-,u_
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The following two c:ns-=eratz:ns shall De used in Stec 8 t; _:entafy ateats
LT_.o_ant "3 safety:

I. The dose _-r:ter,.on-anacc'ident scenar'.o mus'. =suse an cffs'.te _.cse

cf 0.5 rem or qreater to meta', cons_derat'_zn an '._en_.=fyangstems
umpo_ant to safety.

2. The DroDabilitv criterion-an initiating event (internal or e_ernal)
or an accident scenario must either De te'rmed '=feeble" A_-.Ze

estumated to have a probability of occurrence greater ".nan

1 x 10"6/year to be considered in identifying items u_por:ant -c

safety.

5.19 ".n a_t_-on t_ the two abcve considerations '.n 5..8, ether

zcnsaOerat'_ens shall be used zn Step 9 to identify :te_s umportant "._ safety

base_ on other project craterza such as:

1. Probabillty of occurrence.

2. Historical licensing experience.
3. Consensus judgment.

5.20 Using the criter,.a in 5.18 or 5.19, the event trees shall be assessed

in Steps 8, 9, I0, II, and 12 _:o identify which items established an the

_eszgn or AP-6.9Q are important to safer,. If the _ose screenzng cr'.uer1:n
of 0.5 rem is exceeded in a credible acc .dent scenario, that scenario shall

be classlfied in Step 8 as a Q-scenario. The Q-scenario shall be fu_..'.e:

assessed in St.|p I0 to i_-entify specific items important to safety.
Scenarlos not exceed.%ng these criteria of 5.17 and 5.18 are classified as not
Q-scenarios or NQ-scenarios.

_.21 AI1 NQ-scenarios from Step 8 shall be assessed again in Step 9 us_n_

the criteria of 5.19 in order to introduce a degree of conservatism into the
assessments of items important to safety. Because of this conservatism,

which could be unnecessarily excessive, some NQ-scenarios from Step 8
reclassified as Q-scenarios in Step 9 may be reclassified as NQ during a

subsequent assessment using this procedure. In such cases, all items
involved in the reclassified Q-scenario will be removed from the list of

items classified as important to safety.

5.22 For Step 9, scenarios not satisfying the criteria of Step 8 shall be

reclassified as Q-scenarios (I) if the scenario is sufficiently similar to

others historically classified as Q-scenarios, or (2) when practical
considerations based on judgment indicate it could be a Q-scenario, or (3) a

calculated probability is sufficiently close to either of the two probabalit'?
criteria of 5.18 that a variation in assumptions or data could cause either

criterion to be exceeded, or (4) when both dose consequences and a caiculaue_

II IIIII IIII I III III............ "

E ffecv._,ve Oat, e Rev_.= =.on Supezae_e• Page No,

0 i0 _9oe AP-6-10Q

= '_ I III =m,=,, ,, ,=, ,,i I
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p::=a:'_liny ace suffi:_ently close no _.he¢:=_er_a values _n 5.18 :nan a

var:aua:n in assumptaons or _a_a could cause them :o exceed _hese values.Scenaraos not reclass_fled in Step 9 as Q-scenaraos shall rema=n as
_-scenari:s.

5.23 _n" Step I0, all NQ-scenar_os shall be eliminated from ....=u:-._ar
co.-.sa_era_aonan a_en_afying _uems impor_an_ to safety.

. ..:nn S_eps 8 and 9 s_all De assessed.24 In Step ll, the Q-scenarios *-
fu.--._erto _den:ify which of the possible i_ems in the facility aes_?r. :r
esua_lished an AP-6.9Q are :o De classified as imp.or-,ant-3 safe-.y. The
assessmenu shall determine which role specafic i_am2 play an t_e acc:&enu
scenarios. These assessments and _he ra_aonale for asslgn'.ngspeclfic :'.=_ms
as umpor-.anuto safeuy shall be _ocumented.

5.25 The assessmen_ in Step II shall include a classification of items frzm
AP-6.9Q. The resul_s shall include a su_mry ua_ula_zon of -,heitems
comparT.ment locauaon, their classafication, and a basas for their class_-
fiaauaon as either important to safe_y or not im_.or_an_to safe_y. Exhiblu 3
as a sample forma_ for reporting the summary tabulation of luems no_
_m_onan_ :o safe_y.

5.26 :onsl_e=ations for classifying specific items as impo_an_ ".:safe:_"
may include:

i. The_: failure d/reCcly causes _he =elease of :a_ioac_ive ma_e::als
rha_ emcee_ _he 0.5 rem _ose criterion.

2. Their failure causes the loss of essenuial consequence mA:i:a_inc
_:ems _haU are relied on _o lower the probability of exceec_nq any
offsz:e acciden_ dose limi_ c=m_erion (e.g., 5 rem) _o less :ban
10-_/yea=, _a_ing in_o accoun_ _he initial failure probability.

5.27 In S_ep 12, a su_nary listing of all i_ems classified as impor_an_ "o
safe_y shall be compiled and documented. The sample fermat for :epo_:'*zg
this cc_ila_ion As shown as L_hi_i_ 4 and shall be referred _o as the l_s_
of i_ems im_:_anm _o safe_y.

5.28 The assessmen_ in _his procedure is iterative. In the facility _es_qn
context, i_eraUive means _au each s_aqe of design generated in _he design
_escrip_ion documents shall be assessed using _he process in Exhibit 2 and
the lis_ of items i_o:_ant _o safety (Ex_it 4) revised if necessary.

5.29 In Step 13, any list of items impor_an_ to safe_y from an ea_l:=_:
desagn s_age shall be reviewed, revised, and updated to reflec_ the cur:ehi
design stage and assessmen_ usin§ this procedure. In this a:era_ive des_Tn

III I II II I I ' ' '"
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prozess, some items in_t_.aiiy class_f'_ed as Lmpor_ant to safe_y and hence
zlace_ "_n".he Pr:oec: Q-!_st wz.i likely be r=_moved and some new &terns a_ed.

ThaS a'.era:ave prccess is illustrate_ Dy the fee_ac_ loop an Exh'_D_'t2.

_.30 The results from these assessments to _entify items as umpcr:ant --

safety stall be used ".o qui_e the deslgn process by feed:ng _ack new
requ'_remen_.s to the facility designers or to the design bases (WM-87). Such

reco=mendations from these assessments for new requirements, which should

result _n an overall improvement in the safety of the repository deslgn,
shall be _ocumented and be included in the assessment documentation as

.-eco_mendations for fur'.net evaiua_on by those respons_Dle for the ,a_._'_ty'--'_
_es_gn.

5.31 All sour:e information on which the analyses of items Lmpor_.ant to
safety is based will be llsted in the documentation of the results of this

procedure and will be baselined as discussed in Section 5.35. This listlng
must De sufficlent to uniquely ident:fy the specific sources of information
use_.

5.32 To implement th_s procedure, the PM shall asslgn the cognizant TPO or

".he Project Deslgnee to implement this procedure. The TPO shall assign a

PSM. The PSM shall appoin_ an assessment team and conduct the assessments
requir_ by this procedure.

5.33 When the PSM completes the assessment, rb..=PSM shall tranmnit to the

TPO for approval the results whach include: (i) the list of items m_por+.an_
tc safety, (2) the lis_ of items not important to safety and (3) any repcr_

documentation. The report documentation shall include objective evidence, or

reference thereto, demonstratlng that each step in the process shown
Exhibit 2 has been completed.

5.34 The TPO shall review, approve, and transm/t the results of implementing
this procedure to the PM.

5.35 The PM (or assigned Designees) shall, after review, accept the results

approved by the TPO. The purpose of the review is "D provide assurance that

the candidate lisU is consistent with Project procedures. The approval dces
not ind/cate authentication of the technical data or interpretat'_ons

contained in the document, nor does the approval relieve the assagned
participant of the responsibility for the defense of technical data or

interpretations contained therein. The PM (or assigned Designees) shall

transmit the list of items important to safety and the associated source

information (para. 5.31) to the Projec_ Change Control Board to be baselaned
in accordance wiuh A_-3.3Q. The CCB will transmit the baselined list to
Document Control for distribution and control in accordance with AP-I.__Q

(Document Control).
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Step l: Select _ccumen-.e_ _es'_gn conflcn_ra_zon.

Step 2: Deflne fac_li'.y and system comparr.ments.

Step 3: Assign ccmp.artmen_ locations to items from AP-6.gQ.

Step 4: I_entify and screen initiating events to estabiish crecLihle atc
sagnaflcant internal and ex_e=nal events.

Step 5: Develop event trees for accident scenarios. If necessary, devei:p
fault :rees.

Step 6: Estunate _ose consequences for event trees.

Step 7: Classify accident scenarios as (I) crecLible, (2) tct cre_ib!e cr
(3) make (optional) qualitative estimates of frequency of
occurrences.

Step _. identify credible scenarios in event trees that exceed dose
criterion and denote as Q-scenarios requiring further assessment.

Step 9: Identify any other scenarios in event trees that exceed other
pro]ec_ criteria and denote as Q-scenarios requiring further
asses sment.

Step i0: Eliminate all NQ-scenarios in event trees from further assessment.

Step ii: Evaluate all Q-scenarios to identify specific items important _-3
safety.

Step 12: Construct list of items identified as important to safety.

Step 13: Repeat, or iterate, steps 1 to 12 for the various stages of design
and review, revise, and update items previously identified as

impor_an_ _o safety.

Exhibit 2. General Steps: Flow Chart for Identifying Items Important to

Safety.
_k

Effe¢_v_ Da_e Revision SuperaeQes P&qe No.
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CIAZ._I}'!CATICN OF ITEMS: SUMMARY OF ITEMS NOT IMPORTANT TO SATETY

COMPARTMENT

..EH LOCATION (S) COMSENTS

Exhibit 3. Sample Format for List of Items Cla_sified as
Not Important to Safety.

I I
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ExhiDit 4. Sample Format for List of Items Classified as Important to
+ Safety.
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Appendix B

INFORMATION FROM THE REFERENCE INFORMATION BASE

USED IN THIS REPORT

This report contains no information from the Reference Information Base.

CANDIDATE INFORMATION FOR THE

REFERENCE INFORMATION BASE

This report contains no candidate information for the Reference
Information Base.

CANDIDATE INFORMATION FOR THE

SITE & ENGINEERING PROPERTIES DATA BASE

This report contains no candidate information for the Site and Engineering
Properties Data Base.
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