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C Technical Guidance and
Precedent

e NUREG-0800 (NRC), Standard Review Plan for
the Review of Safety Analysis Reports for
Nuclear Power Plants (Section 3.5.1.6)

* License Application (Private Fuel Storage, LLC)
for a Proposed Private Fuel Storage Facility in
Utah, NRC No. Docket 72-22

4



Past NRC/DOE
Interactions

" Technical Exchanges on Aircraft Hazards (most recently June 2005)

" August 2005 letter from NRC to DOE describing 13 NRC comments
on the DOE methodology

* November 2005 letter from DOE to NRC responding to 6 of the 13
comments in NRC's August 2005 letter

* January 2006 letter from NRC to DOE providing high-level feedback

to DOE's November 2005 Letter

* November 2006 letter from DOE to NRC transmitting revised
frequency report
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Key Messages

* Aircraft Crash Frequency

* Uncertainty

* Other Considerations
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Aircraft Crash Frequency

0 Regulatory and technical bases to support the
selection of a threshold screening frequency

* DOE plans for enforcement of flight restrictions
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Uncertainty

* Uncertainties in assumptions, data and
information used, methodologies selected, and
analysis techniques

Greater attention to uncertainty as DOE gets
closer to the threshold screening frequency
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Uncertainty - Continued
-~

* Examples of sources of uncertainties:

Credit for any actions or inactions by pilots to reduce the frequency
of aircraft crashes

Classification of aircraft mishaps into various types, and
quantitative analyses using information from the mishap

further
reports

Use of data sets for one week flight activities through Beatty
Corridor to predict flight activities during the preclosure period

Use of Solomon's method versus NUREG-0800 to determine crash
frequency outside the airway width

9



Other Considerations

° Technical basis for not considering other flight
related activities in the PCSA

* If structural robustness is credited in the PCSA,
analyses that will be included to demonstrate
structural robustness
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Summary

" Technical and regulatory bases for the
screening criteria

" Enforcement of flight restrictions

" Consideration of uncertainty
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Purpose
Regulatory Requirements
Key Messages
- Communication of DOE Plans
- Methods and Parameters
- Source Terms
- Confinement and Shielding
- Radiation Exposure and Consequences
- Radiation Protection Program

Summary
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Purpose

* Communicate
* Messages ser

NRC Key Messages to DOE

it to DOE by letter dated
November 2, 2006

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Regulatory Requirements

* 10 CFR 63.111 Performance objectives of
geologic repository operations area through
closure
- References 10 CFR 63.204 Preclosure Standard

- References 10 CFR Part 20 Standards for Protection
Against Radiation

0 10 CFR 63 .112 Preclosure Safety Analysis of
geologic repository operations area

* 10 CFR 20.1101 Radiation Protection Programs

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Communication of DOE Plans

* Discuss plans for developing source terms and
consequence analysis in the preclosure safety
analysis and the radiation protection program in
the license application

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Adequacy of Methods and
Parameters

Analysis should be based on accepted engineering
practices and sound health physics principles

Consider normal operations exposures and Category 1
and 2 event sequences in consequence assessments for
the preclosure safety analysis

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Source Terms
4 <4

Characteristics of high-level waste to be processed
- Number of fuel assemblies

- Enrichment, burnup, and decay time

Types of failure phenomena
- Justification of release fractions: normal and accident

conditions (e.g. drop or seismic)

Release fraction
- Effects of impact energy, oxidation, and high burnup

- Building confinement

NRC/DOE Technical Exchange and Management Meeting 7
November 7 - 9, 2006
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Direct Radiation Exposures and
Airborne Release Consequences

* Direct radiation
- Shielding design features
- Dosimetry

• Airborne release models
- Release fractions
- Building confinement: building leakage, HEPA efficiency, and

TAD canister protection
- Dispersion factors
- Meteorological parameters
- Dosimetry

NRC/DOE Technical Exchange and Management Meeting 9
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Radiation Protection Program

* Commensurate with the scope of activities at the
facility to ensure compliance with the dose limits

* Maintains exposures As Low As is Reasonably
Achievable (ALARA)

° Representative persons (locations, occupancy
times) for estimating doses should be consistent
with identified controls (e.g., restricted areas and
protective features)

NRC/DOE Technical Exchange and Management Meeting 10
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Summary

" Communication of DOE Plans
* Methods and Parameters

* Source Terms

* Confinement and Shielding
* Radiation Exposure and Consequences
* Radiation Protection Program
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AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9. 2006
8:00 AM- 12:00 PM (PT)
11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

And via Teleconference to:

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Tuesday November 7. 2006 (Aircraft Hazards and Source Terms and Consequence Methodolo2y)

8:00 AM Introductions

8:10 AM

8:30 AM

9:00 AM

9:30 AM

10:00 AM

10:15 AM

11:00 AM

11:30 AM

1:00 PM

1:30 PM

2:30 PM

2:45 PM

3:30 PM

3:50 PM

4:00 PM

4:15 PM

4:30 PM

5:00 PM

Opening Remarks

NRC Key Messages on Aircraft Hazards Assessment

Background and Overview of Updated Aircraft Hazards Analysis

Changes in Aircraft Hazards Analysis

Break

Aircraft Hazards Sensitivity Analysis

Response to 13 NRC Issues (NRC letter of Aug. 2, 2005)

Lunch

NRC Key Messages on Source Terms and Consequence Methodology

Radioactive Source Terms and Release Methodology

Break

Consequence and Analysis Methodology

Uncertainty and Sensitivity Analysis

Documents to be Revised

Public Comments

Break/Caucus

Summary Discussion/Closing Remarks

Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (P. Macheret)

DOE/BSC (P. Macheret)

All

DOE/BSC (K. Ashley)

DOE/BSC (K. Ashley)

All

NRC

DOE/BSC (D. Dexheimer)

All

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

All

All

NRC/DOE

All



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8. 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM - 12:00 PM (PT)
11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission Center for Nuclear Waste Regulatory Analyses
Two White Flint North, Room T 7A-1 Conference Room A-237, Bldg. 189

11545 Rockville Pike 6220 Culebra Road
Rockville, MD San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Wednesday November 8. 2006 (Reliability Assessment. Technical Specifications, and Training)

8:00 AM

8:10 AM

8:15 AM

9:00 AM

9:45 AM

10:00 AM

11:30 AM

1:00 PM

2:15 PM

2:30 PM

3:00 PM

3:30 PM

4:00 PM

4:15 PM

4:30 PM

5:00 PM

Introductions

Opening Remarks

NRC Key Messages:
- Reliability Assessment

Reliability Assessment Overview

Break

Human Reliability Assessment

Lunch

Reliability Assessment for Structures, Systems, and Components

Break

NRC Key Messages:
- Technical Specifications
- Systematic Approach to Training

DOE Plans for Development of Technical Specifications

DOE Plans for Systematic Approach to Training

Public Comments

Break/Caucus

Summary Discussion/Closing Remarks

Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

NRC

DOE (W. Spezialetti)

DOE/MTS (J. McMahon)

All

All

NRC/DOE

All



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,
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Thursday November 9. 2006 (Preclosure Criticality and License Application Requirements Mapping)

8:00 AM Introductions

8:10 AM Opening Remarks

8:15 AM NRC Key Messages on Preclosure Criticality

8:45 AM Preclosure Criticality Discussion

9:45 AM Break

10:00 AM License Application Status and Requirements Mapping

10:10 AM License Application Requirements Mapping

11:00 AM Public Comments

11:15 AM Break/Caucus

11:30 AM Summary Discussion/Closing Remarks

12:00 PM Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC

All

DOE (R. Warther)

DOE/BSC (G. Ashley)

All

All

NRC/DOE

All
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Outline

* Background

8 Overall analysis approach

* Changes in analysis since August 2005

* Design Basis, Assumptions, Results

0 Conservatisms

0 Sensitivity analysis

o 13 NRC items for DOE consideration
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o Last technical exchange (TE) with the NRC on
Aircraft Hazards was June 1, 2005

o August 2, 2005, NRC closed KTI PRE.3.01 with
13 items for DOE consideration

o November 25, 2005, DOE responded to 6 of 13
items with the August 26, 2005 revision of the
Frequency Analysis of Aircraft Hazards for
License Application

o The October 2006 revision addresses 12 of the
13 items

o Last item concerns implementation of the
Flight-restricted airspace, which will be
discussed separately

rtment of Energy ' Office of.Civilian Radioactive Waste, Management www.OCr . 9
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Ovrvi'.ew OT Approach

o10 CFR Part 63 Requirements:

- 63.2 Definition of Event Sequence
SEvent sequences that have at least one chance in 10,000

of occurring before permanent closure are referred to as
Category 2 event sequences

- 63. 112 - Requirements for PCSA

Specifically 63.112 (d) specifies that the PCSA must
include the technical basis for either inclusion or
exclusion of specific, naturally occurring and human-
induced hazards in the safety analysis

- 63. 111(b) (2) - Performance objectives for the
Geologic Repository Operations Area (GROA) through
permanent closure

*No member of the public at or beyond the site boundary
will receive, as a result of a single Category 2 event
sequence a TEDE of 5 rem

Department of Energy • Office of Civilian Radioactive Waste Management
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt 4



0 Beyond Category 2 event sequences can be
screened out and not included in 10 CFR Part
63.111(b) (2) public dose calculations:

- Probability < 1 in 10,000 before permanent closure

STime period is duration of emplacement operations

x Not to exceed 50 years

- Objective is met if aircraft crash frequency is
< 2 x 10-6 per year

- Analysis of dose consequences are not required for
beyond Category 2 event sequences

Department of Energy * Office of Civilian Radioactive Waste Management vwvwocnwri 9o 5
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt



Overview of Approach (cont4ý

eAir traffic on Beatty Corridor

- Airway heavily traveled by commercial,
military and private aircraft

- Corridor edge is greater than 5 miles from
North Portal

oMilitary aircraft operations

- Nevada Test and Training Range (NTTR)

- Nevada Test Site (NTS)

V~W~~cwroe'oDepartment of Energy e Office of Civilian Radioactive Waste Management
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt



Beatty Corridor Flights on 6/7/05

Graphic provided by FAA

Department of Energy * Office of-Civillan Radioactive Waste. Management
YMMacheret/AshleyAircraft TE Nov. 7, 2006 rev 7.ppt

*vw.6CrwftM. o.9oV-7



Overview of Approach (conto

Analysis takes credit for a flight-restricted airspace over
the repository:

- Flights by fixed-wing aircraft in Nevada Test Site (NTS) or
Nevada Test and Training Range (NTTR) airspace within
4.9 Nautical Miles (5.6 statute mi) of the North Portal and
below 14,000 ft mean sea level (MSL) are prohibited,

- 1,000 overflights of the flight-restricted airspace per year
are permitted above 14,000 ft MSL for fixed-wing aircraft,

- Maneuvering over the flight-restricted airspace is
prohibited; flight is straight and level,

- Carrying ordnance over the flight-restricted airspace is
prohibited,

- Electronic jamming activity over the flight-restricted
airspace is prohibited.

Department of Energy Office of Civilian Radioactive Waste Management WVW.6CWm.
YMMacheret/AshleyAkircraft TE-Nov. 7, 2006 rev 7.ppt 8



Overview of Approach (cont.)
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oAnalysis uses historical data provided by the
Federal Aviation Administration (FAA) and the
United States Air Force (USAF):

- Flights in the Beatty Corridor

- Military aircraft crashes on the Nevada Test and
Training Range (NTTR) and the Military Operations
Areas (MOA)

Aircraft crashes worldwide for
aircraft of concern (F-15, F-16,

the small military
F-22, and A-10)

Department of Energy 0 Office of Civilian Radioactive Waste Management) YMMacheret/Ashley Aircraft TE Nov. 7, 2006 rev 7.ppt 10



Chagsi 7nah1;/ZZ-, SE n 2005

Updated FAA and USAF data through 2005

o Updated the surface facilities to reflect
design:

- Canister Receipt and Closure Facilities (3)

- Receipt Facility

- Wet Handling Facility

- Initial Handling Facility

- Aging Pads

- Railcar and truck staging areas

- Site transporters (2)

current

Department of Energy e Office of Civilian Radioactive Waste Management
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt
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Changes in Analysis (cOno i

o Revised the flight-restricted airspace

o Included discussion on cruise missiles,
jettisoned ordnance and electronic jamming

o Historic military crash events categorized into
two types:

- Type 0 - those events that are not applicable to
overflights, for example; take-offs, landings, and
aggressive maneuvering

- Type 1 - those events that are applicable to
overflights, which are all other events

o Performed sensitivity analysis

Department of Energy & Office of Civilian Radioactive Waste Management www.
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt 12



S7siý g n asi0s

o Duration of Emplacement Operations is 50 years
or less

o Flight-restricted airspace as described

o Helicopter flights within 0.5 mile of repository
surface facilities are prohibited
(no further consideration of potential helicopter
crashes is required)

U
wwwoE~~vm 089ev13Department of Energy , Office of Civilian Radioactive Waste Management
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Assumptions

o Uniform distribution of overflights above the
flight-restricted airspace and crash-impact
points beneath the flight-restricted airspace

oFlight paths on the Beatty Corridor are
approximately straight, parallel and uniformly
distributed near Yucca Mountain

o Beatty Corridor flight counts increased 400%
from the estimated annual counts based on
actual flight counts from one week in June 2005
and one week in December 2005

o General aviation piston-engine
further augmented with 10,000
to account for flights under 10,

aircraft counts
additional counts
000 ft MSL.

Department of Energy 9 Office of Civilian Radioactive Waste Management
YMMacheret/AshleyAircraft TENov, 7, 2006 rev 7.ppt
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Assumptions (con L)

Only repository surface facilities where spent
fuel is present are considered in determining
the effective target area

o Relevant surface facilities are within a
1-mile circle centered on the North Portal

o Facilities are assumed to be at 100% capacity
and in continuous use for the full emplacement
period

Department of Energy * Office of.Civillan Radioactive Waste ManagementK 6 YMMacheret/Ashley Aircraft TE Nov. 7, 2006 rev 7.ppt W n
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Assumptions (cont.)

Military Aircraft of Concern for flights over and
outside the flight-restricted airspace are the F-
15, F-16, F-22 and A-10

oSmall Military Aircraft Crash Rate is the F-16
crash rate updated to reflect contemporary
flight operations experience

Crash frequency density outside the flight-
restricted airspace is based on the ratio of the
number of crashes that have occurred on the
NTTR and Military Operations Areas, over the
total surface encompassed by these areas

wvuvv~.ocnrwm'.d '.9o 16I" Department of Energy * Office of.Civilian Radioactive Waste Management
YMMacheret/AshleyAircraftTENov. 7, 2006 rev 7.ppt



Assumptions (cont.)

o No credit for pilot action

o No credit for
casks, aging
an impact by

the robustness of transportation
casks or buildings to withstand
an aircraft

Department of Energy 9 Office of Civilian Radioactive Waste Management
YMMacheret/Ashley Aircraft TENov. 7, 2006 rev 7.ppt
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Analytical Results

Three contributors to the crash frequency:

Flights in the Beatty Corridor
uses FAA data for military, commercial, and private
aircraft (lowest contribution to the total crash
frequency)

Flights outside of the Flight-Restricted Airspace
uses USAF data on the crashes that occurred on the
NTTR and MOAs (largest contribution to the total
crash frequency)

* Overflights of the Flight-Restricted Airspace
uses USAF data on F-15, F-16, F-22 and A-10
crashes worldwide (medium contribution to the total
crash frequency)

Department of Energy * Office of.Civilian Radioactive Waste Management wwV woCrwm. cezuov 18
YMMacheret/AshleyAircraftTE Nov. 7, 2006 rev 7.ppt



Ana~ytica~

Preliminary indications are that event
sequences that result from aircraft hazards
are beyond Category 2

Department of Energy - Office of.Clvilian Radioactive Waste Management
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt
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Conservatisms in Analysis

Uncertainties in analysis are compensated
by conservative assumptions:
- No credit for pilot action

- No credit for aging casks, transportation casks, or
buildings to withstand crash without breach

- All overflights of Flight Restricted Airspace are
assumed at 14,000 ft MSL (mean sea level)

Department of Energy e Office of Civilian Radioactive Waste Management
YMMacheret/AshleyAircraft TE-Nov. 7, 2006 rev 7.ppt
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Co t3

o No credit for phased construction

o Distance to Beatty Corridor is chosen to be
conservatively short

o Flight counts on the Beatty Corridor were
increased by 400%

o F-16 crash rate used for military aircraft
overflights of Flight Restricted Airspace and
small military aircraft on the Beatty Corridor,
which is higher than other small military aircraft

Department of Energy • Office of.Civilian Radioactive Waste Management www.ocrwm
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt 21



Conservatisms in Analysis (conLý

o Effective target areas overestimated by not
taking credit for terrain, landscaping,
proximity to other buildings and using the
concrete pad dimensions for the aging pads
instead of just the area occupied by the casks

o Applying the crash frequency density
determined by the crashes that occurred on
the NTTR and MOAs to flights outside of the
Flight-Restricted Airspace even though
aggressive maneuvering occurs well within
the NTTR

Department of Energy 9 Office of-Civilian Radioactive Waste Management www orw,•
YMMacheretAshleyAircraft TENov. 7, 2006 rev 7.ppt 22



Conservatisms in Analysis (¢,

1I

Trace plots of flights
in the NTTR and
MOAs on August 27,
2003.
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Conservatisms in Analysis (c

NAN;T H'RACti Ilot . 6 s Trace plots of flights
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on April 15, 2004.

North Portal
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Sensitivity Analysis

Pilot Action:

oOverall crash frequency would be reduced
significantly if pilot action were credited in
the analysis for:

- Flights outside of the Flight-Restricted
Airspace

- Overflights of the Flight-Restricted Airspace

Department of Energy * Office of Civilian Radioactive Waste Management
YMMacheret/AshleyAircraft TE Nov. 7, 2006 rev 7.ppt
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Sensitivity Analysis (cont.)

Altitude of Overflights:

Using a higher altitude than the minimum
allowable of 14,000 ft MSL would reduce the
overall crash frequency (low impact)

F-16 Crash Rate:

Using a weighted averaged crash rate for F-16s
and F-15s would reduce the overall crash
frequency (low impact)

Department of Energy e Office of.Civillan Radioactive Waste Management
YMMacheret/AshleyAircraft TE Nov. 7, 2006 rev 7.ppt
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o Distance to the Edge of the Beatty Corridor:

- Using a more realistic distance (8 miles) from the
facilities to the edge of the Beatty Corridor would
reduce the overall crash frequency (low impact)

o Phased Construction:

- Assuming that the aging pads have an 80% capacity
factor and that several of the facilities do not
become operational until ten years after initial
operations would reduce the overall crash frequency
(medium impact)

, LJ ý C; ; I VVWW0CrVM.oe~pov27Department of Energy 9 Office of Civilian Radioactive Waste Management
YMMacheret/Ashley AircraftTENov. 7, 2006 rev 7.ppt



Sensitivity Analysis (c vt

Counts in the Beatty Corridor:

o Annual estimates from observed counts in the
Beatty Corridor were increased by 400% for
use in the analysis:
- Further increasing the Beatty Corridor flight counts

used in the analysis by a factor of two results in a
small increase to the overall crash frequency

- Further increasing the Beatty Corridor flight counts
used in the analysis by a factor of ten results in a
medium increase to the overall crash frequency,
which still remains below the screening threshold

j Department of Energy * Office of Civilian Radioactive Waste Management 28
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Military Crash Density:

o The crash frequency density is based on the number of
crashes that occur in the NTTR and the military operational
areas (MOAs) over the time period of interest

o Starting in 2006, it is assumed that zero, one, and two crashes
per year as well as the average crash rate of 1.16 crashes per
year occurs every year for 10 years

o After 10 years:

- For 0 crashes/yr - decrease in overall crash frequency
(medium impact)

- For 1 crash/yr - decrease in overall crash frequency
(low impact)

- For 1.16 crashes/yr- decrease in overall crash frequency
(low impact)

- For 2 crashes/yr - increase in overall crash frequency
(medium impact, screening threshold not reached)

Department of Energy * Office of Civilian Radioactive Waste. Management www,, 9OV
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Sensitivity Analysis (

Categorizing Event Types:

o 10% of Type 1 changed to Type 0
- No change in the overall crash frequency

o10% of Type 0 changed to Type 1
- No change in the overall crash frequency

o All Type 0 changed to Type 1
- Overall crash frequency increased (low impact)

Note: Type 1 events are applicable to overflight
Type 0 events are not applicable to overflight

Department of Energy * Office of-Civilian Radioactive Waste Management www
YMMacheret/AshleyAircraft TENov. 7, 2006 rev 7.ppt 30



Sensitivity Analysis cont°

Glide Ratio / Distance to Crash:

o 10% increase in the glide ratio by increasing
the distance to crash

- Overall crash frequency increases
(medium impact, screening threshold not reached)

o 10% decrease in the glide ratio by decreasing
the distance to crash

Overall crash frequency increases
(low impact)
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Sensitivity Analysis (conto)

Solomon Model Gamma Factor:

* To show the relationship between the gamma factor
(y) and the crash frequency, the crash frequency was
determined with all aircraft types using the same value
for y:

-y = 2 for all aircraft

*Overall crash frequency decreases
(low impact)

-y= 1.6 for all aircraft

*Overall crash frequency remains the same

-y = 1 for all aircraft

*Overall crash frequency increases
(large impact but overall frequency remains below
screening threshold)
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Sensitivity Analysis Cnoto

Honoring the Flight-restricted Airspace:

o To exceed the frequency threshold, more than
1,500 violations per year of the flight-
restricted airspace would have to occur,
assuming the following adverse flight
conditions:

- Additional flights are at
14,000 MSL)

- Flights perform combat
overflights in a straight

6,500 ft MSL (instead of

training (instead of
and level manner)
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13 NRC ITEMS
Implementation and Monitoring of Flight Restricted
Airspace:

- DOE has decreased Flight Restricted Airspace radius to 4.9
NM, which will be just within the northern border of the
land withdrawal area. This will place the Flight Restricted
Airspace completely within DOE/NNSA airspace control.

o Pilot Actions Outside of Flight Restricted Airspace:

- No credit is being taken for pilot actions

- The estimated frequency for crashes that originate outside
of the Flight Restricted Airspace is the dominant
contributor to the total crash frequency.

- This was addressed in August 2005 revision to the analysis
and augmented in October 2006 revision.

0
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13 CfTE$ on o
o Crash Frequency Analysis Methodology Using

Solomon's Model:
- This concerns altitude variations of flights

- Analysis uses gamma factors inherent to the Solomon
Model

- Gamma factors are based on aircraft type, which includes
the altitude of the aircraft

- Addressed in the current revision of the analysis with a
more detailed discussion and a sensitivity analysis.

The analysis shows that the data collected on military
aircraft crashes compares well with Solomon's model.

SAbout 5% of the crashes from the data travel approximately
3 mi or more following pilot ejection.

SThe Solomon Model shows that at 3 mi from the edge of the
airway, about 3% of the planes travel further
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13 NRC ITEMS (cont)

o Use of United States Air Force (USAF) Mishap
Reports:

A discrepancy existed in the number of USAF crash reports used
in the May 2005 analysis and the data used by Private Fuel
Storage

- The October 2006 analysis adds information on about 160
additional mishaps

0 Categorizing USAF Mishap Reports:
- The frequency analysis relies on the list of aircraft mishaps and

a categorization of the mishaps as applicable or not applicable
to the repository. The categorization is based on the identified
cause of the event.

- A revised discussion clarifying the process of categorizing the
events has been included in the August 2005 revision of the
analysis and augmented in the October 2006 revision.

- A sensitivity to the categorization has been included in the
October 2006 analysis
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o USAF Mishap Reports (unknown causes of
mishaps):

- Similar to previous concern

- The number of "unknown crashes" has been
reduced to one based on the additional information
collected at the Air Force Safety Center. The event
has been conservatively categorized as a Type 1
event, meaning that it is applicable to overflights.

o USAF Mishap Reports (mismatch of data):

- Similar to previous two concerns

- Data has been verified and compared to PFS
licensing exhibits

Department of Energy * Office of-Civilian Radioactive Waste Management
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13 NRC oES 7n,
o Jettisoned Ordnance:

- A discussion of jettisoned ordnance has been
included in the October 2006 analysis

- DOE is proposing that no ordnance be carried over
the Flight Restricted Airspace

- Ordnance originating from outside the Flight
Restricted Airspace has been screened on
probability

o Cruise Missile Testing at Nevada Test Site:

- Discussion has been included in the October 2006
revision of the Identification of Aircraft Hazards
report

- Cruise missiles have been treated as an ordnance
and screened on probability
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13 NRC ITEMS (conto'

o Bird Impact:

- A reference supporting the assumption on bird impacts
has been included in the August 2005 revision to the
analysis. In addition, the additional military crash data
collected supports the assumption.

oUtilization Factor- Aging Pads:

- Eliminated by the revised analysis inputs and
assumptions

o Structural Credit - Analysis Methodology:

- Eliminated by the revised analysis inputs and
assumptions

o Structural Credit - Transportation Casks:

- Eliminated by the revised analysis inputs and
assumptions

39
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Summary

*Preliminary indications are that event
sequences as a result from aircraft hazards are
beyond Category 2

oWe believe that we have provided the
methodology and basis, both today and in the
Frequency Analysis of Aircraft Hazard report,
such that it will lead to the resolution of your 13
items

www~erwm; e~40
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Acronyms

* ALARA
* ARF
* CD-1
* CSNF
* DPC
* GROA
* HEPA
• HLW
• HVAC
* PIDAS
* SNF
* TAD
a WHF

As Low as Reasonably Achievable
Airborne Release Fraction
Critical Decision - 1
Commercial Spent Nuclear Fuel
Dual Purpose Canister
Geologic Repository Operations Area
High Efficiency Particulate Air (filter)
High Level Waste
Heating, Ventilation, and Air Conditioning
Perimeter Intrusion Detection and Alarm System

Spent Nuclear Fuel
Transport, Aging, and Disposal Canister
Wet Handling Facility

Dpartment of Energy * Office of Civilian Radioactive Waste Management
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OUTLINE

* Radiation Protection Program and ALARA
Overview

Source Terms

Consequence Methodology

*Uncertainty and Sensitiviity Analysis

* License Application Supporting Documents
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Radiation Protection Program OvM7 Kw

* Management policy and commitment to the goal of maintaining
occupational worker and public doses below regulatory limits
and consistent with ALARA principles

* Site and Operations Area Layout:

- Offsite exposures - site location distant from population centers

- Onsite exposures

* GROA restricted area to protect individuals from radiation exposure
is contiguous with security boundary

*Additional radiological access controls are provided at individual
facilities to further segregate areaS"

*GROA restricted area expands during phased construction process

Note: On the following drawings, the security boundary is shown by the extents of the
permanent and temporary Perimeter Intrusion Detection and Alarm System (PIDAS)

*Department of Energy * Office of Civilian Radioactive Waste Management wv~cw~o~o
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Radiation Protection Program Overview
Layout

For illustration only

Completed
Construction

EPhase

Permanent PIDAS

------- .. Temporary PIDAS

-•:•.... \ 'PHASE ONE

COMPLETED

M mN
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Radiation Protection Program Overview
Layout (cont.)

For illustration only

Permanent PIDAS

f Temporary PIDAS

A
I -~ -

PHASE FOUR
" COMPLETED

J+t~ flCA

I
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Radiation Protection Program Ovpsw
Shielding

* Radiation Shielding

- Contained radiation sources:

* Processed waste forms (SNF and HLW)

* Process wastes (HEPA, ion exchanger, etc.)

* Staged and aged waste forms

- Shielding Types:

" Permanent bulk shielding

" Transportation cask, aging overpacks, and transfer casks

" Shield doors and labyrinths

" Pool water

SDepartment of Energy * Office of Civilian Radioactive Waste Management OOV
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Radiation Protection Program Overview
Shielding (cont.)

Design bases:

- Maximum source terms for waste forms

- Barrier shielding thicknesses determined at location
of maximum dose rate

- Building areas classified by required access and
occupancy and potential radiation level

- Exterior building surfaces at grade: < 0.05 mrem/hr

- Interior barrier thicknesses based on expected
occupancy: < 0.25 mrem/hr in normally occupied
spaces

Deprtment of Energy 9 Office of Civilian Radioactive Waste Management00
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Radiation Protection Program Overv13W
Confinement and Ventilation

* Confinement and Ventilation:
- Waste Form Confinement:

*Waste form matrix - SNF fuel pellet and HLW glass matrix

*Cladding - SNF
0 Sealed Containers - TAD, DPC, HLW and DOE SNF Canisters, and

Waste Package

* Sealed Casks - transportation

- Facility Confinement and Ventilation:

*Building areas classified by level of, or potential for airborne
contamination

o HVAC air flow design limits spread of radioactive contamination
between confinement zones

*Exhaust HEPA filtration mitigates airbol ne releases from waste
processing areas

*Subsurface air pressure gradients and ventilation barriers control
flows

Department of Energy * Office of Civilian Radioactive Waste Management 9or-rvvn
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Radiation Protection Program Overview
Radiation Monitoring

* Area and Airborne Radiation Monitors:

- Monitor radiological conditions and provide local
display and alarm functions:

" Area radiation monitors

" Continuous air monitors

- At surface and subsurface exhausts:

* Airborne effluent monitors

- Criticality detection and alarm monitors at locations
consistent with Reg. Guide 3.71 and ANS standards

Department of Energy * Office of Civilian Radioactive Waste Management www.0crwc 19 0
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Radiation Protection Pro gra Ove P!w
ALARA

*Goal to minimize the number of workers receiving
doses > 500 mrem/yr

* ALARA is an integral part of the design process with
strong management support and commitment

*Design principles considered for ALARA:

- Eliminate or reduce radiation sources prior to occupancy

- Contain or confine radioactivity to reduce releases

- Minimize time in radiation or radioactive airborne areas

- Maximize distance from radiation sources

- Use radiation shielding, including temporary shields

Department of Energy Office of Civilian Radioactive Waste Management11
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Radiation Protection Program Overviw
ALARA (cont.)

0 ALARA in the Design Process:
- Baseline design developed with consideration of general

ALARA design criteria and features

- Perform Multi-discipline ALARA design reviews:

" Involves designers and operational health physics personnel

" Considers worker activities in each facility/area:

)) Normal operations, maintenance, surveillance, testing, etc.

>> Category 1 event sequences

" Perform worker dose assessments as necessary

" Identify design options to reduce potential exposures

Department of Energy e Office of Civilian Radioactive Waste Management www*ocrwm r o v 12
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Source Terms
Changed by All Canister

Source Terms Changed by CD-1 Process:

a All canister approach (CSNF, Naval SNF, DOE SNF and
HLW)

0 Naval SNF, DOE SNF and HLW canisters placed directly
into Waste Packages

o CSNF arrives mainly in TADs with some in DPCs or
uncanistered in a transportation cask

o No handling of bare CSNF in air

0 Features of TAD handling process:

- CSNF waste to be placed into TADs at originating facility

- Welded shut, not opened at YMP handling facilities

- Provides confinement of the spent fuel sources, no
contamination spread to handling areas

- Placed directly into waste packages

Department of Energy * Office of Civilian Radioactive Waste Management ww 6.eC ov,-
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Source Terms
Changed by All Canister Approach (cont.)

= Features of DPC or uncanistered fuel in cask
handling process:

- CSNF arriving in DPCs or cask handled under water in
the WHF

- Remotely controlled equipment to
Waste Packages

- Cask opened, DPCs cut open, and
removed and staged under water

remove and insert into

CSNF assemblies

Depmtmnt d of EftVy * Of f CM?, Ion RFaftc.•"sle Wtste Man" et %WMv."..a r n 0oe.gov 14
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Changed by All Canister Approach ý©cft0

* Features of DPC or uncanistered fuel in cask
handling process:

- Assemblies placed into TAD within overpack under water

- TAD lid set in place and overpack lid secured in place
under water

- TAD and overpack raised and moved into welding station

- Water level lowered to just below TAD lid

- TAD welded shut, drained, vacuum dried, and inerted

Department of Energy & Office of Civilian Radioactive Waste Management ov 1 5
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Source Terms
Normal Operation

* Minimal surface facility airborne releases:

- From processing DPCs or uncanistered CSNF

- DPCs cut open, and CSNF assemblies removed under
water

- Releases from 1% CSNF with clad defects, under water
in the WHF

- 100% gaseous release (e.g., 85Kr, 3H) with credit for water
decontamination factor for iodine:

* Follow Regulatory Guide 1.183 guidance

* Minor subsurface facilities releases:

- Resuspension of emplaced waste package surface
contamination

- Neutron activation of air and silica dust

Department of Energy - Office of Civilian Radioactive Waste Management
YMDexheimer/SchulzTsai_ConsequencesTE_Nov. 7, 2006 rev 9.ppt 16



Source Terms
Normal Operation (cont.)

*Direct radiation from contained sources:

- In-process waste forms within shielded transfer
equipment, shield walls, and/or pool water

- Staged or aged waste forms outside facilities within
shielded casks or overpacks

- Accumulated waste (HEPA, dry active waste,
exchanger, filters, etc.) within shield walls

- Low-level liquid waste tank

pool ion

Department of Energy . Office of Civilian Radioactive Waste Management
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Source Terms
Normal Operation (cont.)

0 Average PWR or BWR assemblies based on:
- Base case annual spent fuel arrival scenario for entire

emplacement period:
* Historical and projected fuel discharge characteristics (burnup,

enrichment and decay times) for each year
" Determine annual average fuel characteristics for each year

- Select the maximum of the annual averages

- Inventories calculated with SCALE v4.4

* CSNF crud consisting of 60Co and 55Fe:
- Based on bounding measured PWR and BWR data:

" PWR 60Co - 140 ptCi/cm 2 and 55 Fe - 5,902 gCi/cm 2

" BWR 60Co- 1,254 pCi/cm 2 and 55Fe- 7,415 gCi/cm 2

- To be decayed to the average age of spent fuel

Department of Energy * Office of Civilian Radioactive Waste Management www.9cNr v8
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Source Terms
Event Sequences

o Design goal to prevent or mitigate Category 1 and Category 2
event sequences through design features:

- Category 1 event sequences (>1 during preclosure period)

- Category 2 event sequences (>1x 10-4 during preclosure period)

o Hazards analyses underway:

- Internal hazards analysis

- External hazards analysis

o Event sequence analyses and categorization

Screening process to determine frequency of event sequences
that could potentially result in a release of radioactivity or direct
exposure

Department of Energy * Office of Civilian Radioactive Waste Management
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Source Terms
Event Sequences (corto

Maximum PWR assemblies:

5% initial enrichment, 80 GWd/MTHM burnup, 5 year
cooling time

Maximum PWR fuel characteristics from fuel discharge data (477 kg
initial uranium loading, 69 GWd/MTHM, 5.0% enrichment, and 5
years decay) conservatively increased to 80 GWd/MTHM to provide
adequate design margin

o Maximum BWR assemblies:

5% initial enrichment, 75 GWd/MTHM burnup, 5 year
cooling time

Maximum BWR fuel characteristics from fuel discharge data (197 kg
initial uranium loading, 65.55 GWd/MTHM, 4.28% enrichment, and 5
years decay) conservatively increased to 75 GWd/MTHM to provide
adequate design margin

* CSNF crud with 5 year decay
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Source Terms
Event Sequences (cont.)

0 Vitrified HLW Canisters:

- Per canister source terms for vitrified HLW provided by
four sites: Savannah River Site, Hanford, West Valley, and
Idaho National Laboratory

- Basis: Projected maximum or bounding inventory per
canister from each site

CNaval SNF Canisters:

- Source A - Crud release for canister breach without fuel
damage

- Source B - Fuel and crud release for canister breach with
fuel damage

- Basis: Bounding releases provided by the Naval Nuclear
Propulsion Program (NNPP)

Department of Energy 9 Office of Civilian Radioactive Waste Management w
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Source Te7m7
Event Sequences ýconL°

DOE SNF Canisters:

- Over 250 DOE fuel types

- Calculated for specific reactor types, fuel types,
burnups and decay times

- Basis: Bounding and average inventories
by National Spent Nuclear Fuel Program

estimated
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Consequence Methodoyogy
Normal Operation

Key Assumptions:
- Maximum annual throughput for each year of

operation

- Credit for HEPA filter efficiency of 99% per stage:

*Two stage HEPA filter efficiency credit 99.99%

* ASME N509-1989 defines a HEPA filter as having an
efficiency of > 99.97% for 0.3 pm particles

*Testing per Regulatory Guide 1.52 requires a leakage
and penetration of less than 0.05% per stage

- Aging pads and staging areas at full capacity

- Annual average meteorology
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Consequence Methodology
Category 1 & 2 Event Sequences

Key Assumptions:
- 100% of the fuel assemblies are damaged following a drop

event

- HEPA filter efficiency of 99% per stage:

" Two stage HEPA filter efficiency of 99.99%

" Credit only during HVAC operating period supported by
reliability analyses

- 9 5 th percentile meteorology
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Consequence Methodo I y
Onsite Meteorology

*ARCON96 methodology

* Based on 5 year (1998-2002) hourly meteorological
data from Site 1 located 1 km SSW of north portal

o Dispersion factors determined:

- Between all surface and subsurface facility exhausts
and intakes

- At restricted area boundary distance from surface
facilities exhausts

- Building wake included

- Elevation differences and wind direction

- Exhaust velocity and vent diameter considered
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Consequence Methodology
Site Meteorology

* Based on 5 year (1998-2002) hourly meteorological data
from Site I

* Annual average X/Q determined using Regulatory Guide
1.111 for a ground level release

* 9 5 th percentile X/Q determined using Regulatory Guide
1.145 for a ground level release

e* IQs calculated at:

- Site boundary from surface facilities and subsurface
exhaust shafts (sector dependent)

- Nearest resident as identified in Biosphere Model Report

- Restricted area boundaries surrounding each subsurface
exhaust shaft

Department of Energy - Office of Civilian Radioactive Waste Management wm.Oe.om
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Consequence Methodo oy
Dose Receptor

Facility Radiation Worker:

- Occupational workers within the restricted area (GROA)

- Direct radiation from contained sources

- Airborne doses from surface and subsurface facility
releases

- 2000 hrs/yr for normal operations

- Considered for Category 1 Event Sequences
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Consequence Methodoiogy
Dose Receptor (conto)

Offsite public:
- Located at the site boundary

- Consumes locally produced food grown at location of
closest resident

- Characteristics of receptor based on Biosphere Model
site-specific survey data:

" Occupancy

" Fraction consumption of locally grown food

- Considered for normal operations, Category 1 and
Category 2 Event Sequences

* No credit taken for any post accident protective
measures for offsite members of the public
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Consequence Methodology
Dose Receptor (cont.)

Onsite public:

- During phased construction:

" On site outside of the restricted area

" construction workers adjacent to operating facilities

- Following completion of construction:
* On site outside of the restricted area

* Located at the restricted area boundary closest to the facility

- 2000 hrs/yr for normal operations

- Considered for normal operations and Category 1 Event
Sequences

* No credit taken for any post-accident protective
measures for onsite members of the public
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Consequence Methc do ©
Confinement Barriers

o SNF Cladding:
- Normal operations - cladding confinement intact:

* 1% fuel assemblies have cladding defect

- Drop event:

*Largely intact but damaged following a drop event
* Release fractions based on single tear

* TAD, DCP, or Canister:
- Normal operations - canister confinement intact

- HLW canister drop event:

* Particulate leak path factor (LPF) of 0.1
>> NUREG/CR-6672 indicates a particulate LPF of 0.02 for

impact speed of 60 mph pressurized to 5 atmospheres
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Consequence Metho7oncgy
Confinement Barriers (con o

Transportation Cask:
- Cask drop event with CSNF or HLW:

" Particulate Leak Path Factor of 0.1

" Based on NUREG/CR-6672- 60 mph impact

0 Transfer Cask and Aging Overpack:

- No retention

Handling Facility Structure:
- Provides ventilation confinement for operational HEPA

filtration

- No credit for building retention of released particulates
through plateout or gravitational settling:

'Future MELCOR study to evaluate

Department of Energy * Office of Civilian Radioactive Waste Management
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Consequence Methodology
TAD Drop and Breach

• Key Assumptions:

- TAD contains 21 PWR or 44 BWR assemblies

- Initial burst and subsequent oxidation of CSNF

- Burst isotopic fractions available for release based on
Interim Staff Guidance - 5 (ISG-5) and other literature

- CSNF clad unzipping due to oxidation begins about two
hours after TAD is postulated to breach

- CSNF fully oxidized to U30 8 powder in about 30 days

- Oxidized CSNF release fractions based on Commercial
Spent Nuclear Fuel Handling in Air Study (March 2005)

32
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Consequence Method Io y
Initial Burst Release

* Airborne Release Fractions:

- 0.3 for gases (Tritium, Krypton, Iodine)

- 2 x 10. for volatiles (Cesium, Rubidium)

- 3 x 10.5 for particulates, including Strontium

- 1.5 x 10-2 for crud (Cobalt, Iron)

eRespirable Fractions:

- 1.0 for gases, volatiles, and crud

- 5 x 10-3 for particulates

Department of Energy e Office of Civilian Radioactive Waste Management
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Consequence Methodology
Oxidation Release

* Releases occur continuously during

oxidation/unzipping process

* Airborne Release Fractions:

- 1.0 for Tritium

- 0.3 for other gases (Krypton and Iodine)

- 1.2 x 10. for fuel fines and particulates

* Respirable Fractions:

- 1.0 for all oxidation releases

* To be re-evaluated pending completion of fuel testing
at Pacific Northwest National Laboratory

YMDepartmen T of Energy Office of Civilian Radioactive Waste Management
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on seaq uenceMeh ooy
GENII z rs'ogyn

o GENII developed by Pacific Northwest National
Laboratory

o Customized by Pacific Northwest National Laboratory to
meet specific YMP needs:

- Input site specific x/Q values
- Sensitivity analyses using Federal Guidance Report 13

dose conversion factors
o Key features include:

- Models for radionuclide transport in air
- Decay and progeny generation
- Plume dispersion and depletion
- Building wake
- Plume rise
- Wet and dry deposition
- Intake by plants and animals
- Consumption of contaminated plants and animal products
- Capability to perform sensitivity/uncertainty analyses

WWW.~rwrl. OC 35
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Consequence MethodoIogy
Dose Conversion Fator

* The exposure pathways modeled in GENII Version 2 include
inhalation, air submersion, groundshine, resuspension, and
ingestion

o ICRP 60 based weighting factors applied to each of the 23
organs to obtain the effective dose equivalent

o Federal Guidance Report 13 dose conversion factors for
inhalation and ingestion:

- Inhalation lung class based on ICRP-72 recommendations

- Selection based on fission product release or oxide form

- Inhalation dose conversion factors based on 1 ýtm particle size

o Shielded direct doses calculated using ANSI 1977 flux to dose
conversion factors

Evaluation to compare with ICRP-74 dose conversion factors
based on ICRP-60 weighting factors

Department of Energy * Office of Civilian Radioactive Waste Management www.ocrwr 0 o-0
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Uncertainty and Sensitivity 11ays

*Relative importance of the input parameters
Establish individual parameter contribution to
total uncertainty

o Use SUM 3 statistical analysis module of GENII
Version 2

Perform regression analysis to determine the
sensitivity of parameters

Department of Energy * Office of Civilian Radioactive Waste Management Vo0 37
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Performance Objectives
Onsite Member Offsite Member of

Event Sequence Type Dose Type Worker of the Public the Public
Normal operations and TEDE 5 rem/year 100 m rem/year 15 mrem/year
Category 1 100 mrem/year

Normal operations and Highest TODE 50 rem/year NA NA
Category 1
Normal operations and LDE 15 rem/year NA NA
Category 1
Normal operations and SDE 50 rem/year NA NA
Category 1
Normal operations and External dose: NA NA 2 mrem in
Category 1 Highest of DDE, anyl hour

LDE, or SDE for the
unrestricted area

Notes: DDE - deep dose equivalent; LDE - lens dose equivalent; SDE - shallow dose equivalent; TEDE - total effective dose
equivalent; TODE - total organ dose equivalent; NA - not applicable.

YMDepartment of Energy s Office of Civilian Radioactive Waste Management
SYMflexheimer/SchulzlTsai Consequences TE Nov. 7 20l06 rev 9 ppt 38

-U
!



Dose Criteria
Category 1 Dose Evaluation

Category 1 event doses are aggregated with
normal operation doses

- Weighted by the event frequency

- Added to the normal operation doses

- Demonstrate compliance with 10 CFR Part 63.111

Individual Category 1 event doses are
compared with 10 CFR Part 63.111
Any combination of Category 1 events that
can occur in any one year are compared with
10 CFR Part 63.111

Department of Energy , Office of Civilian Radioactive Waste Management gov
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Radiological Control Boundaries
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Dose Criteria
Category 2 Event Sequences

Performance Objectives
Onsite Member Offsite Member of

Event Sequence Type Dose Type Worker of the Public the Public
Category 2 TEDE NA NA 5 rem/event
Category 2 Highest TODE NA NA 50 rem/event
Category 2 LDE NA NA 15 rem/event
Category 2 SDE NA NA 50 rem/event

Notes: LDE - lens dose equivalent; SDE - shallow dose equivalent; TEDE - total effective dose equivalent; TODE - total
organ dose equivalent; NA - not applicable.

Department of Energy 9 Office of Civilian Radioactive Waste Management 41
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LA Supporting Documents

- GROA Airborne Release Dispersion Factor
Calculation

- Normal Operation Airborne Release Worker Dose
Calculation

- Category 1 Event Sequence Airborne Release Worker
Dose Calculation

- Commercial SNF Accident Release Fractions

- GROA Worker Dose Assessment

- Preclosure Consequence Analysis

Department of Energy e Office of Civilian Radioactive Waste Management www.ocrwni. 0 o 42
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Reliability Assessment

Albert Wong

United States Nuclear Regulatory Commission

NRC/DOE Technical Exchange and Management Meeting
November 7- 9, 2006
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Outline

° Background

° Discuss Key Messages
- Technical Basis

- Reliability Estimation

- Uncertainty

* Summary

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9,2006
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4Background

• Tech Exchange (TE) on 10 CFR Part 63 Preclosure Safety Analysis
(PCSA), May, 16- 17, 2006
- NRC communicated key messages

* DOE Summary of PCSA Reliability Assessment Methodology,
08/25/06

• HLWRS-ISG-02, Preclosure Safety Analysis- Level of Information
and Reliability Estimation (out for public comment)

• NRC key messages from the May TE remain unchanged.
- Need for reliability estimate technical bases
- Need to address uncertainty in reliability estimates

NRC/DOE Technical Exchange and Management Meeting 3
November 7 - 9, 2006



Technical Basis

Technical bases needed to support reliability
estimates for structures, systems and
components (SSCs) in the PCSA

- Applicability (e.g., operating experiences,
environment) of failure data from other facilities and
industries

- Assumptions/limitations
- Uncertainty

Technical bases should be clearly articulated
and documented in the PCSA.

NRC/DOE Technical Exchange and Management Meeting 4
November 7 - 9, 2006



Reliability Estimation

* Approaches to estimate reliability:
- Accepted engineering practice
S -Empirical data
- Modeling

S•Determine the reliability of SSCs at the highest level
(typically at the system level)

* If necessary, then determine the reliability at the next
level down

- Estimate system reliability based on sub-system or component
level reliability

- Justifications needed to assess unique SSCs as a aggregate of
individual sub-systems or components

NRC/DOE Technical Exchange and Management Meeting 5
November 7 - 9, 2006



Uncertainty ý General

L

* PCSA: A systematic examination of the site; the design;
and the potential hazards, initiating events, and their
resulting event sequences and potential radiological
exposures to worker/public (10 CFR Part 63.102(f))

* Statement of Considerations, 66 FR 55742, Nov 2, 2001
- DOE has flexibility to select the type of analysis
- Need to support the approach

- Need to take into account uncertainties

NRC/DOE Technical Exchange and Management Meeting 6
November 7 - 9, 2006



Uncertainty - Issues

Particular attention should be given when:
- An event sequence frequency is near a category boundary, or
- An event sequence dose is close to a dose limit

* Consideration of uncertainty should include
to parameter distributions and assumptions
specific scenario

sensitivities
used in a

* Uncertainty in the quantified inputs to an event sequence
should be taken into account

* Engineering judgments, if used, should have defensible
technical bases

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006
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lSummary

° Reliability estimates for SSCs in the PCSA
should be based on defensible technical bases

* Reliability Estimation should start with SSC
analogues at the highest level, then go to the
next level down,, if necessary

* Uncertainty should be taken into account in
estimating reliability of SSCs in the PCSA

NRC/DOE Technical Exchange and Management Meeting 8
November 7 - 9, 2006



Human Reliability Analysis

Tina Ghosh

United States Nuclear Regulatory Commission

NRC/DOE Technical Exchange and Management Meeting
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Outline

* Key regulatory requirements

* Key messages

• Summary

NRC/DOE Technical Exchange and Management Meeting 2
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Key 10 CFR Part 63
/ ___ Requirements

The PCSA of the GROA must include:
- An identification and systematic analysis of naturally

occurring and human-induced hazards at the GROA,
including a comprehensive identification of potential
event sequences [63.112(b)]
An analysis of the performance of the SSCs to identify
those that are important to safety. This analysis
identifies and describes the controls that are relied on
to limit or prevent potential event sequences or
mitigate their consequences [63.112(e)]

NRC/DOE Technical Exchange and Management Meeting 3

November 7 - 9, 2006
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HRA Integration with PCSA

The human reliability analysis (HRA) for the
Yucca Mountain GROA should be fully
integrated with the overall preclosure safety
analysis (PCSA).

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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iiGeneeral Guidance for HRA

* Recent NUREGs developed for nuclear power plants,
can provide general guidance
- NUREG-1792, "Good Practices for Implementing Human

Reliability Analysis (HRA)"

- NUREG-1842, "Evaluation of Human Reliability Analysis
Methods Against Good Practices"

* Analysis elements that need to be addressed for the
GROA PCSA include:

- a technically appropriate HRA process
- treatment of errors of commission (EOCs)
- integration of the HRA into the overall PCSA.

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Site-Specific and Facility-
_Specific HRA

In addition to guidance from these NUREGs, qualitative
insights from operating experience from facilities and
activities similar to those planned at the GROA should
be considered to develop and implement the HRA
approach.

* HRA methods, data, and assumptions need to be
justified for application to the GROA.

* Such justification should be made through the results of
a qualitative HRA analysis.

NRC/DOE Technical Exchange and Management Meeting 6
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4C Qualitative HRA Analysis

* Conceptual Modeling of Human Performance

- Includes, for example, the identification of human failure events,
and the identification of important factors influencing human
performance (both traditional "performance shaping" and
contextual factors)

- Should be a large focus of the overall HRA effort

- Should be the basis for all other HRA process steps

- Should guide selection of appropriate HRA quantification
methods

d
NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Ties to Training and
Programmatic Controls

Training and programmatic controls should be tied to the
HRA.

Assumptions made in the HRA should be supported by
an appropriate personnel training program and other
administrative controls for safety.

S°Insights from HRA should be reflected in the
development and implementation of training and
administrative programs for safety.

NRC/DOE Technical Exchange and Management Meeting 8
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Documentation

In a license application, documentation of the
HRA for DOE's PCSA should be sufficiently
detailed such that both the qualitative and
quantitative analysis, as well as the ties to
training and programmatic controls, can be
reviewed.

NRC/DOE Technical Exchange and Management Meeting 9
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Summary

° HRA should be fully integrated with the PCSA.

* General guidance on HRA should be considered
along with site- and facility-specific factors.

* Qualitative analysis for HRA is important.

* HRA assumptions should be reflected in training
and administrative programs.

NRC/DOE Technical Exchange and Management Meeting 10
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Preclosure Licensing
Specifications and Training

Rosemary Reeves

United States Nuclear Regulatory Commission

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006



Outline

Preclosure Licensing Specifications:
0 License Specifications - Overview

o Content of LA

0 Probable Subjects of License Specifications
0 Revisions to License Specifications

* Summary

NRC/DOE Technical Exchange and Management Meeting 2
November 7 - 9, 2006
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License Specifications
>7

License specifications (LS) define the
conditions for safe operation of the GROA and
assure key safety controls are maintained

NRC will impose LS based on important
design assumptions and considerations in the
PCSA and items identified by DOE

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
3



License Specifications
'I

° Consist of license conditions and technical specifications

* May include:
- functional and operating limits
- monitoring instrument and control settings

- limiting conditions

- surveillance requirements

- design features

- administrative controls

* Should be specific, observable, measurable, or verifiable

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
4
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Content of LA

10 CFR Part 63.21(c)(18) requires:

• The Safety Analysis Report must include
identification and justification for selection of
variables, conditions, or other items that are
probable subjects for license specifications

* Special attention given to items that significantly
.influence final design

NF,C/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006
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Probable Subjects for
License Specifications

° Amounts, physical form, and radionuclide
content of the high-level waste being disposed

" Key design features of ITS SSCs
* Key administrative controls and programs

° Key parameters and limiting conditions of
operation

NRC/DOE Technical Exchange and Management Meeting 6
November 7 - 9, 2006



-- WEft
4.q,

Al

Revisions

0 Revision of LS would require amendment to
construction authorization or a license
amendment, requiring NRC approval

* However, 10 CFR 63.44 provides criteria for
changes to the SAR without a license
amendment

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Sumlmary

* NRC would like to understand DOE's plans for
developing preclosure licensing specifications
and their bases

* License specifications assure key safety controls
will be maintained per LA

° DOE will identify probable subjects for license
specifications, but NRC will impose them and
approve changes to them

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
8



Training

NRC/DOE Technical Exchange and Management Meeting 9
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Outline

e Training Overview
0 Regulatory Bases

* Training Requirements

e Systems Approach to Training

* Guidance on Training

l Summary

NRC/DOE Technical Exchange and Management Meeting 10
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Training - Overview

0 10 CFR Part 63 includes requirements for
personnel training, indoctrination, and
qualification

e Comprehensive and integrated training &
qualification program

9 Consider training in the design and engineering
of the facilities, components, and operations

0 Important to safe operation and human- reliability

NRC/DOE Technical Exchange and Management Meeting 11
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REGO

Regul

Subpart H:

3tory Bases (continued)

S

- Operation of ITS systems & components only by
trained and certified personnel

- Training, proficiency testing, certification, and
requalification

- Physical condition and general health of operators

Subpart G: QA program indoctrination and
training of personnel performing activities
affecting quality, special processes, and auditors

NRC/DO E Technical Exchange and Management Meeting

November 7 - 9, 2006
13



Treiining Requirements

Specific training requirements for:
- Operators/Supervisors of ITS Systems & Components
- Specialized Trades (e.g. welders, crane operators)

- Material Control & Accountability

- Quality Assurance Personnel & Auditors

- Security Force

- Radiation Protection Personnel

- Maintenance Personnel

NRC/DO E Technical Exchange and Management Meeting

November 7 - 9, 2006
14



• C Sy•ste

•A systems a

in 10 CFR 5
informed an

• SAT elemen
- Analysis

- Learning o1

- Design and

- Trainee evE

- Program ev

NRC/[

ms Approach to Training

pproach to training (SAT) as defined
5.4 may be considered, using risk-
I performance-based criteria

ts include:

)jectives
implementation

iluation
raluation and revision

)OE Technical Exchange and Management Meeting

November 7 - 9, 2006.
15



Guidance on Training
71

* NUREG 1804, Yucca Mountain Review Plan
* NUREG 1220, Training Review Criteria and

Procedures

* ANSI/ANS 3.1-1993
* NRC Regulatory Guide 1.8
* INPO-managed accreditation program

° Other Standards, NRC Regulatory Guides and
NUREGs

NRC/DOE Technical Exchange and Management Meeting 16
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Summary

10 CFR Part 63 identifies various requirements
for training, indoctrination and qualification of
personnel

Elements of training program should be factored
into design and engineering of facilities,
components, and operations

Systems Approach to Training has been
successful in other applications and may be
considered for YMP

NRC/DOE Technical Exchange and Management Meeting

November 7 - 9, 2006
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Preclosure Criticality

Sheena Whaley

United States Nuclear Regulatory Commission

NRC/DOE Technical Exchange and Management Meeting
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Outline

° Key 10 CFR 63 Requirements
* Relevant Guidance
° Criticality Event Sequences

* Criticality Safety Analysis Administrative Margin
* Neutron Absorbing Materials
* Preclosure Burnup Credit
* Summary
. Questions and Answers

NRC/DOE Technical Exchange and Management Meeting 2
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Key 10 CFR 63 Requirements

• A description and discussion of the design,
including the relationship of the design bases to
the design criteria (63.21 (c)(3), 63.112(f))

* The identification and systematic analysis of
potential event sequences (63.1 12(b))

* An analysis of means to prevent and control
criticality to identify potential items important to
safety (63. 112(e)(6))

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006
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Existing Guidance

" Primary Guidance
- Regulatory Guide 3.71: Nuclear Criticality Safety Standards for

Fuels and Material Facilities

" Useful technical practices
- NUREG -1520: Standard Review Plan (SRP) for the Review of a

License Application for a Fuel Cycle Facility

- NUREG -1536: SRP for Dry Cask Storage Systems
- NUREG-1718: SRP for the Review of an Application for a Mixed

Oxide Fuel Fabrication Facility
- NRC/NMSS Interim Staff Guidance documents

" May need adaptation for Part 63 PCSA requirements

NRC/DOE Technical Exchange and Management Meeting 4
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Criticality Event Sequences

° Criticality analyses should include credible
events

- Depends on fuel handling processes and type and
condition of fuel

° Potential credible events:
- Fuel misloads,

- Damaged fuel, and

- Optimum moderation

° Analyze most reactive credible fuel configu ration

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006
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Criticality Safety Analysis
Administrative Margin

* Technical basis needed for the administrative
margin

* Acceptable upper subcritical limit administrative
margin, evaluation of biases and u
For commercial spent nuclear fuel,

ncertainties
typical

administrative margin of 0.05 and evaluating
biases and uncertainties at a 95 percent
confidence level

- Criteria might also be applied to Category 1 and 2
event sequences with a sufficient technical basis

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006
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Criticality Safety AnalysiS

Administrative Margin (continued)

e Smaller margins generally require more
technical justification

* Draft NRC Fuel Cycle Safety and Safeguards
Interim Staff Guidance-10, Revision 2,
"Justification for Minimum Margin of
Subcriticality for Safety," provides guidance

NRC/DOE Technical Exchange and Management Meeting
November 7 - 9, 2006
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• J4•••:• .Neutron Absorbing Materials

• Reliability and performance credited in PCSA
should determine testing requirements

* If neutron absorber is important to safety:
- May need requirements on the absorber quality and

the handling, fabrication, and test activities

* Qualification plan for neutron absorbers not
currently approved

* Demonstrate acceptability and durability of the
neutron absorber over the licensed service life

NRC/DOE Technical Exchange and Management Meeting 8
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Preclosure Burnup Credit

° NRC-DOE interaction on DOE burnup credit
strategy

* Existing NRC guidance only provides for partial
burnup credit - lack of relevant experimental
data

* Analyses should address uncertainty in data
used to justify burnup credit

NRC/DOE Technical Exchange and Management Meeting 9
November 7 - 9, 2006



Summary

* Key 10 CFR 63 Requirements

* Relevant Guidance

* Criticality Event Sequences

* Criticality Safety Analyses Administrative Margin

* Neutron Absorbing Materials

* Preclosure Burnup Credit

NRC/DOE Technical Exchange and Management Meeting 10
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AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM- 8:00 PM (ET)

November' 9, 2006
8:00 AM - 12:00 PM (PT)

11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission Center for Nuclear Waste Regulatory Analyses
Two White Flint North, Room T 7A-1 Conference Room A-237, Bldg. 189

11545 Rockville Pike 6220 Culebra Road
Rockville, MD San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Tuesday November 7. 2006 (Aircraft Hazards and Source Terms and Consequence Methodolo2v)

8:00 AM

8:10 AM

8:30 AM

9:00 AM

9:30 AM

10:00 AM

10:15 AM

11:00 AM

11:30 AM

1:00 PM

1:30 PM

2:30 PM

2:45 PM

3:30 PM

3:50 PM

4:00 PM

4:15 PM

4:30 PM

5:00 PM

Introductions

Opening Remarks

NRC Key Messages on Aircraft Hazards Assessment

Background and Overview of Updated Aircraft Hazards Analysis

Changes in Aircraft Hazards Analysis

Break

Aircraft Hazards Sensitivity Analysis

Response to 13 NRC Issues (NRC letter of Aug. 2, 2005)

Lunch

NRC Key Messages on Source Terms and Consequence Methodology

Radioactive Source Terms and Release Methodology

Break

Consequence and Analysis Methodology

Uncertainty and Sensitivity Analysis

Documents to be Revised

Public Comments

Break/Caucus

Summary Discussion/Closing Remarks

Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (P. Macheret)

DOE/BSC (P. Macheret)

All

DOE/BSC (K. Ashley)

DOE/BSC (K. Ashley)

All

NRC

DOE/BSC (D. Dexheimer)

All

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

All

All

NRC/DOE

All



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM- 12:00 PM (PT)
11:00 AM- 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference RoomA-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Wednesday November 8. 2006 (Reliabilitv Assessment. Technical Specifications, and Traininp_)

8:00 AM Introductions

8:10 AM Opening Remarks

8:15 AM NRC Key Messages:
- Reliability Assessment

9:00 AM Reliability Assessment Overview

9:45 AM Break

10:00 AM Human Reliability Assessment

11:30 AM Lunch

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

NRC

DOE (W. Spezialetti)

DOE/MTS (J. McMahon)

All

1:00 PM Reliability Assessment for Structures, Systems, and Components

2:15 PM Break

2:30 PM NRC Key Messages:
- Technical Specifications
- Systematic Approach to Training

3:00 PM DOE Plans for Development of Technical Specifications

3:30 PM DOE Plans for Systematic Approach to Training

4:00 PM Public Comments

4:15 PM Break/Caucus

4:30 PM Summary Discussion/Closing Remarks

All

NRC/DOE

All5:00 PM Adjourn



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8. 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM - 12:00 PM (PT)

11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Thursday November 9, 2006 (Preclosure Criticality and License Application Requirements Mapping)

8:00 AM Introductions NRC/DOE

8:10 AM Opening Remarks

8:15 AM NRC Key Messages on Preclosure Criticality

8:45 AM Preclosure Criticality Discussion

9:45 AM Break

10:00 AM License Application Status and Requirements Mapping

10:10 AM License Application Requirements Mapping

11:00 AM Public Comments

11:15 AM Break/Caucus

11:30 AM Summary Discussion/Closing Remarks

12:00 PM Adjourn

NRC/DOE (J. Williams)

NRC

DOE/BSC

All

DOE (R. Warther)

DOE/BSC (G. Ashley)

All

All

NRC/DOE

All
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Outline

a Engineering and PCSA Coordination

0 Concepts of Event Sequence Development

0 Six Steps for Event Sequence Development
and Reliability Analysis

0 Summary

Department of Energy • Office of Civilian-Radloactive Waste Management
YMFrankreliability OverviewTE_11-08-06-rev 5.ppt
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Design, engineering and PCSA evolve together:

- Engineering provides information for PCSA as it is
developed

- PCSA provides ongoing feedback to ensure that
requirements are met

- The PCSA is updated as the design changes to provide a
check on compliance and feedback to design and
engineering effort

o Important outputs:

- List of SSCs that are important-to-safety (ITS)

- Quantitative reliability allocation

- Inputs to technical specifications and limiting conditions of
operation to assure that operations remain in compliance

Department of Energy 9 OfficeetCMii~an.Radloac~tive'Waste Management.. -3
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Syster Response to Perturbation

A Other Consequences

Continued
Operation

Generalized
Performance

Perturbation
'4

Shutdown

Generalized Time
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), The Perturbation )'Aggregative

)Mitigative

) Protective/preventive

)ý Condition for which
consequences such as
worker dose, public
dose, and reactivity will
be evaluated.
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Event Sequence Development and
Reliability Analysis

r4A0qT5RLO3ID

DETIE FACIIY

0SC AN

AggregateEnd States
for Category
I VJ

RESULTS

FAULT TREE DIA:4RAM
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o The PCSA is using standard, accepted
methods and techniques of risk assessment:

- ASME and ANS standards

- NUREG/CR-2300

- Fault Tree Handbook

o Widely used in nuclear, chemical, and
aerospace industries

- Used in EPRI Bolted Storage Cask analysis

f Department of Energy * Office of.Civilian Radioactive:Waste Management 7ww.ocrwrn
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Step 1

Scope ----

L+Im Initiating Event
\ i & External

\L_ Hazards

m

Rep73 _7
I :• - , •.• ,•:•

Included in: Summary of
Preclosure Safety Analysis
Reliability Assessment
Methodology<<

Event
Sequences

Step 4

Support Models

-Ste

Feedback

safety and reliability
information into design

Q-List, Nuclear Safety Design
Basis, Operational
Requirements

EII m. Integrated Mod
.- : & Quantificatio

el ~

Categorization and
Documentation
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t pt Scope

Identify internal and external events:

- Include events that could affect public and/or worker
populations

- Internal events consider:

" Equipment failures

" Human errors

" ITS to non-ITS interactions

- External events consider:

" Seismic events
" Internal floods and fires

" External floods, fires/explosions, windstorms,
construction hazards, aircraft crashes, and other

Departmentof Energy:* Officeoof CivIlaniRadloactiveWasteManagsment. wwwarw, C ... .
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Step 1 (cont)

oPlace event sequences into one of three
categories:

- Category 1 (expected during the preclosure
period)

- Category 2 (not expected during the preclosure
period)

- Beyond Category 2 (less than 1 E-04 over the
preclosure period)

a All waste handling buildings, BOP, subsurface,
aging and intra-site operations within the GROA

Department of Energy Offic of Civilan RadloactiveWasteManagement.
YMFrank-reliability OverviewTE_11-08-06-rev 5.ppt
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o Identification of a comprehensive list of initiating events is an
important step in event sequence development:

- This is different from Nuclear Power Plants which follow years of
established precedence dating from 1974 (WASH-1400)

o PCSA is using Master Logic Diagrams and Process Flow
Diagrams:

- Widely used method for nuclear, chemical process, and
aerospace risk assessments

- Top event of each Master Logic Diagram (MLD) relates to
exposure of individuals to radiation

- Performed for each of the four waste handling buildings,
subsurface areas, aging and intra-site transportation, and BOP

- MLDs use two different types of hazard analyses:
checklist hazard analysis and HAZOP

Department of Energy,* Office of.Civilan Radloactive-Waste Management' w-
YMFrankreliability Overview TE 11-08-06-rev 5.ppt 11



Step 2: Initiating Event Identification
& Screening (cont.)

Initiating Event Screening:

Screen if occurrence probability is less than 1 in
10,000 over pre-closure period

External hazard screening:

- Start with comprehensive list of facility hazards

- Screen hazard event if it cannot cause damage
to waste

- Screen based on probability as above

NI Z,
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S3t ep 3: Zeeo mIventý Sequences
PCSA is using event sequence diagrams and event trees

for both internal events and seismic events

o Models the system, equipment and facility response to
an initiating event

o Event sequence modeling includes:
- Functional Dependence: One component or system depends on

another to supply vital functions

- Environmental Dependence: System functionality depends on
maintaining environment within designed or qualified limits

- Spatial Dependence: One system or component fails by virtue of
close proximity to another

- Human Dependence: A system, component or function fails
because of human activify involved with the process

- Common Cause Failures: parametric representation of failure
dependence of redundancy that is not explicitly modeled

- Failures owing to: normal random events, seismic, fire, flood, and
other external hazards

IC
13
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Step 4: Develop Models to Support
Sequences

*Models are developed to calculate initiating event
frequencies and pivotal event probabilities used in
event sequences

oMethods used to calculate initiating event
frequencies and pivotal event probabilities include:

- Fault trees:

" Systems and equipment

" Operation

- Human Reliability Analysis (HRA)

- Data Analysis:

* Equipment and component

" Seismic fragilitiesA
'A

I
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oData Development for Frequency and Probability
Calculations:

- The YMP is a first of a kind:
"Compilations of historical records

" Specific facility records

" Structural analyses

- Bayesian framework is applicable to YMP and will
allow easy updating of information when test and
operational data become available:

~ The utilization of Bayes' Theorem in nuclear reactor PRAs
emerged to deal with high reliability equipment that has few
failures within an industry that was developing its operating
experience
Bayes analysis provides for appropriate aggregating of
different data sources (e.g. NPRD, EPRD, NUCLARR, IEEE-
STD-500, NSWC 98-LE1)

Departmentof Energy- Office'6f.CivilanwRadioactveWasteManagement WWW.O, tW o 15
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te 5: tegrate Model and Quantification

*PCSA uses SAPHIRE ver. 7.27 as the
integration and quantification tool:

- Internal and seismic events

- Internal fire event sequences

- Internal flood event sequences

The location dependence feature of SAPHIRE
will be useful for fire, seismic and flood
events, integration and quantification

\Department.of Energy, -OfflceofCivillanRadioactiveWasteManagement ww.ýrwmn. d.. e "V
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Step 6: Categorization & Documentation

* Interpretation of Results:
- If the mean value (including uncertainties) of an event sequence

< 10. over the preclosure period then no further analysis is
performed

- If the mean value (including uncertainties) of an event sequence
is in Category 1 or 2, then dose is analyzed to evaluate
compliance

- Category 1 event sequences are aggregated such that total
weighted dose to workers and public is obtained

- If an event sequence in Category 1 or 2 indicates a potential fuel
reconfiguration or presence of moderator, then reactivity
calculation is performed

* Documentation:
Master logic diagrams with supporting hazard analyses, event
sequence and reliability analysis, accident sequence
categorization, Q-list, Nuclear Safety Design Bases, and
Operational Requirements

Department of Energy e Office of Civilian Radioactive Waste Management.
YMFrankreliability Overview TE 11-08-06-rev 5.ppt 18



Each task performed by a two or more person
team:

- Teams for WHF, IHF, CRCF, RF, subsurface structures and
equipment, intra-site transport and balance of plant, data
development, and internal/external hazards

- Team members check each other

- Teams review each other's work

Each document undergoes an interdisciplinary
review from engineering and operations
organizations

SDopartnent-of Energy * Office of CIvIlan"RadioactiveWaste M~aniagpment tWC.. ..... . 19
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Summary

* Standard methods supported by well-known
references and widely used:
- Includes comprehensive identification of event sequences

- Reliability analysis includes passive and active
components and uncertainties

- Quantification with uncertainties

- Categorization using mean values of event sequence
probability distributions

* Internal and External Events Included

* Multiple levels of reviews:
- Assures accurate and traceable documentation with

sufficient justification for analysis inputs

Department of Energy:* Office of. CivIIan RadioactiveiWaste~anagernent WWWO~r~f.. .m 20
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Outllk

e What is Human Reliability Analysis?

0 Contrast between YMP and Nuclear Power Plants with

respect to HRA
O Example Identification of Human Failure Events (HFEs)

a Approach to the HRA for YMP PCSA
0 Evaluation of HRA Methods for YMP PCSA

o Summary
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What A i©f

HRA is:

a field of study that attempts to characterize and quantify
human reliability, often within the context of a probabilistic
risk assessment

- a means for representing systematic effects

HRA is not:
- an approach to predict actions or error rates of an individual

or one control room crew during a specific accident
scenario

- geared toward day-to-day human variability

- a subset of psychology (although psychological theories
may be used to derive models)

- the same as human factors (HF), however, HF is part of the
context within which human errors may be identified and
quantified.

Department of Energy * Office of Civilian Radioactive Waste Management .
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Contrast of Nuclear Power nt F
and U P

NPP YMP
* Central control in control room

o Most important human actions
are in response to accidents

* Post-accident response is
important and occurs in minutes
to hours. Short time response
important to model in HRA.

o Multiple standby systems are
susceptible to pre-initiator
failures.

o Decentralized (local), hands on
control

o Most important human actions are
initiating events

o Post-accident response evolves
more slowly (hours to days). Short
time response not important to
model.

O Standby systems do not play major
role in YMP safeguards, therefore
few opportunities for pre-initiator
failures.

4
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NPP

o Auxiliary operators sent by
central control room operators to
where needed in the plant

O Most actions are remote

O Reliance on instrumentation

/gauges as operators' "eyes"

O High complexity of systems,
interactions, and phenomena.
Actions may be skill, rule or
knowledge based

o Many in operation for decades;
HRA may include walk-downs
and consultation with operators

andYEýIfcnt
YMP

o Local control reduces time to
respond

o Most actions are local

o Most actions are local, either
hands on or televised. Less
reliance on man-machine interface.

O Relatively simple process with
simple actions. Actions are largely
skill based.

o First of a kind; HRA performed for
license application, therefore walk-
downs and consultation with
operators are limited

Department of Energy * Office of Civilian Radioactive Waste Management
YMFrankHRA 11-8-06-rev 10.ppt
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Examples of Potentia! HFEs Assoc'ated w*Lli
the Wet Handling Facility

Entry &
Receipt Area

o:o HFE (initiator) -
Failure to
properly set
parking brake
and chock the
truck trailer
may lead to
cask drop

X-fer
Preparation

Area

Decontamination
& Preparation

Area

Exit to Other
Facilities

f

HFE (pre-initiator,
latent failure) - Failure
to maintain steam trap
or improper steam trap
installation may cause
water condensation in
vent line that would
prevent steam release
during water addition to
the cask prior to
transfer to pool. This
may cause cask over-
pressurization and lead
to radiological release
into the building

o. HFE (initiator) -
Failure to lower water
level inside the TAD
coupled with failure to
catch that mistake
may result in poor
welding of TAD lid

o. HFE (initiator) -
Failure to dry TAD
interior prior to
inerting may lead to
water hydrolysis

HFE (initiator) -
Failure to
properly
transfer loaded
STC/TAD onto
siteTransporter
(ST) may
result in STC
fall over

HFE (initiator) - "I

Drop of cask
from a crane

o:o HFE (initiator) - Too
much cold water
quenching may lead to
fuel assembly damage

STC: Site Transfer Canister

TAD: Transport, Aging, and Disposal
Canister

Iof Department of Office of.Civilian Radioactive Waste Management
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HRA is integrated within the overall PCSA

Comprised of both qualitative and quantitative
aspects

Specific methods selected for human error
probability (HEP) quantification should be adaptable
to the YMP

The bases for the identification of human actions,
human failure events, and human error probabilities
include engineering design, operation, maintenance
philosophy, training, procedures and management
philosophy. In turn, HRA feedback influence the
evolution of these bases

Department of Energy * Office of Civilian Radioactive Waste Management wwwgo
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H ApprRAh

Develop event sequences and fault trees:

Identification of initiating events includes human errors
(Master Logic Diagrams supported by Hazard and
Operability studies)

Includes review of layout drawings, system and operation
documents, equipment design documents

Development of event sequence diagrams and fault trees
includes a systematic Identification of HFEs

Quantitative screening using screening value:

- e.g., 0.1 for HEPs

- Screen out event sequences below the Category 2
lower threshold

Department of Energy * Office of Civilian Radioactive Waste Management .oCrwm
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HA Amflac

Quantify human reliability for Category 1 or 2
event sequences that involve human actions:

- The main objective is to identify areas of design or
operation for which safeguards should be added

o Thorough documentation:

- Traceable from HFE identification through
quantification noting assumptions and judgments

Department of Energy 9 Office of.Civillan Radioactive Waste Management
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0 Procedure focused:

- For example, Technique for Human Error Rate Prediction
(THERP)

o Time-response focused:

- For example, Time Reliability Curve (TRC), Human Cognitive
Reliability (HCR), Success Likelihood Index Method (SLIM)

o Context and/or cognition driven:

- For example, Cognitive Reliability Error Analysis Method
(CREAM), A Technique for Human Event Analysis (ATHEANA),
The Human Error Assessment and Reduction Technique
(HEART)

o Simplified:

For example, Accident Sequence Evaluation Program (ASEP),
Standard Plant Analysis Risk-HRA (SPAR-H)

Department of Energy 9 Office of Civilian Radioactive Waste Management 11cwon o -0
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Proceadure Foci7.usýed

* Example: THERP

* Concentrates on failures that occur during
step-by-step tasks

Of limited use for YMP because important
actions are not procedure-driven:

Many operations are skill-based and/or semi-
automated (e.g., crane operation, trolley operation,
canister transfer machine operation, emplacement
vehicle (TEV) operation)

Department of Energy e Office of Civilian Radioactive Waste Management fo
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Examples: HCR, TRC, SLIM

Based on NPP control room experience and
studies

CMost YMP actions do not occur in control
rooms and the time to respond is at least
hours and may be days:

- Time response models are correlated with much
shorter duration simulator exercises. These
models do not apply to YMP.

Department of Energy * Office of Civilian Radioactive Waste Management w w f. o1
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* Examples: ATHEANA, CREAM, HEART

* Independent of facility and process

* More broadly applicable to various industries,
tasks, situations (including YMP) because they
allow context-specific Performance Shaping
Factors (PSFs) to be considered

Can support the variety of contexts, individual
performance factors (e.g., via PSFs) and human
factor approaches

Department of Energy , Office of Civilian Radioactive Waste Management voq
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Examples: ASEP, SPAR-H

Methods pre-suppose NPP actions and define
PSFs based on past NPP PRAs

Too limited for application beyond the NPP
environment:

No ability to investigate context, individual and
human factors that are beyond NPP experience

- HEPs calibrated to other NPP methods

Department of Energy * Office of Civilian Radioactive Waste Management www.oc,-w .d5o,,
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P eM

Much of HRA thought and method
concentrated on representation of
and associated Auxiliary Operator
power operation

development has
NPP control room
activities at full

Nearly all methods have been developed to be used
within a PRA

Exceptions:

CREAM, ATHEANA: useful in discovering human
failure modes without being associated with PRA
event sequences or fault trees

HEART: created as tool to assess human
performance in facilities owing to a variety of
factors: contextual, individual performance,
cognitive, human factors

Department of Energy * Office of-Civilian Radioactive Waste Management
YMFrankHRA_11-8-06-rev 10.ppt
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Subsequent to accident, TMI sequence of events was
analyzed in detail with respect to human
performance
Multiple insights into procedures and operator
behavior emerged:

- Operators do not act like pieces of equipment who
might take a wrong action

- Operator actions far more complex and occur within
context of:
* their previous background and expectations

* current influences

perceived plant conditions

Department of Energy * Office of Civilian Radioactive Waste Management
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A TechnHque fcor Ht~ma Evenmt •Sayi
~(ATh EANA)}

o First major attempt at introducing contextual
elements that could trigger cognitive errors

o Attempted to reconcile observed human performance
with existing theories of human cognition and
reliability models

9 May be applied with an understanding of system and
facility design, plant conditions and PSFs

O Identifies important human-system interactions,
human failure modes and causes

O Results in recommendations for improving human
performance based on these causes

o Current version of ATHEANA uses HEART as HEP
quantification tool

Department of Energy 9 Office of Civilian Radioactive Waste Management .o
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o Based on Holinagel's Context and Control mode of
human cognition

O Retrospective and Prospective search to/from
human failure modes:

Interactive tabulations permit trace-back to basic
human error modes (retrospective) and trace
forward from error modes to higher level problems
(prospective)

o HEPs developed using CREAM are considered
probability of a cognitive error rather than
probability of a human action error:

Two quantification techniques: basic and extended

:T Department of Energy * Office of Civilian Radioactive Waste Management W.,NW.OC 1-,N 9or
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CREAM -I ET

* Basic Process:

- Identify scenario to be analyzed (e.g., from event
sequence)

- Perform task analysis of human actions and
interactions with the hardware

- Rate common performance conditions (using explicit
guidance) to obtain a Cognitive Performance
Condition (CPC) score

- Determine probable cognitive control mode for CPC
score: scrambled, opportunistic, tactical, strategic

- Cognitive failure frequency ranges provided for each
cognitive control mode

Department of Energy 2 Office of Civilian Radioactive Waste Management0YMFrank HRA 11-8-06-rev 10.ppt 
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O Task analysis

o Assign cognitive activity to task

o Cognitive demands and functional failures are
associated with cognitive activity

o Cognitive failure probability uses information

from HEART

Department of Energy & Office of Civilian Radioactive Waste Management
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Human Error Assessment and Reduc•anTechnique ýHEART) 1Wýý's • 8

* Provides procedure using error producing conditions
to adjust nominal HEPs, all of which are based on the
author's extensive database
Generic tasks define basic HEP, together with a
range:

For example, task 'D' (defined as a "fairly simple
task performed rapidly or given scant attention")
is associated with basic HEP of 0.09 (0.06 to
0.13)

* Application requires considerable thought to define
error producing conditions that apply to human
actions during an event sequence

* Pre-application of qualitative aspect of ATHEANA or
CREAM is helpful to sort out context and identify
appropriate HFEs and PSFs

Department of Energy * Office of Civilian Radioactive Waste Management OW, hN m2 20VYMFrank HRA 11-8-06-rev 10.ppt 22



0YMP PCSA emphasizes creating a safe design over
performing detailed human reliability analyses:

- Analyses detailed enough to identify areas to
introduce safeguards

0 Different methods may give widely varying results;
Different practitioners using the same method may
yield widely varying results; Large uncertainties in
HEPs of each individual method due to sparse data,
approximate cognition theories, dependent PSFs
not accurately modeled, etc.

0 Provide technical justification to selection of
methods

partment of Energy * Office of Civilian Radioactive Waste Management WVw.0=rWr• 0 23
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Selection of Qu ftfl1t5o MtfBm©

Method depends on the human failure event:

- For example:

* HEART may be sufficient for skill based HFEs that rely on
man-machine interface

* CREAM may be sufficient for highly cognitive (knowledge-
based) tasks such as decision-making

New quantification method for ATHEANA is under
development

The criteria to select a quantification method for
YMP is still evolving

Department of Energy * Office of Civilian Radioactive Waste Management 4
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o YMP is now being designed:

Risk-informed regulation has changed usual design
process toward close concurrent work by safety analysts,
design engineers, analysis engineers, and operations
engineers

o Emphasis is on safe design and operation:

Relative HEP values are therefore more important than
absolute values

High relative values indicate areas of design
improvement, operational constraints, and/or need for
procedural safety controls

HRA insights will be fed back to the design and operation
processes

Operational constraints and procedural safety
controls may become technical specifications

1111111mr-
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Differences between YMP and conventional NPPs
constrain the selection and application of HRA
methods

0 PCSA team includes human reliability analysts
with background in various HRA approaches,
event sequence development and hazard analyses
to assure integration of HRA within the overall
PCSA

o Quantitative method applied will depend on the
HFE being analyzed

SDocument analysis to level that permits
traceability and facilitates review

Department of Energy e Office of Civilian Radioactive Waste Management
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* Fundamental concepts

- Uncertainties

- Mean values and comparison to a requirement
* Reliability Methods and Data

- Active equipment reliability & data sources
*Type of data and Data sources

*Dependent and common cause failures

- Bayesian analysis

- Passive equipment reliability

- Process of expert judgment

- Software reliability

- Seismic Fragility Analysis

* Summary

ýDepartment of Energy *Office of Civilian Radioactive Waste Management4 oe v
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Continuous Probability Distribution

Ip

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Probability is defined
over an interval of a
PDF and is the area
under the curve for that
interval.

1t
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o A mean value is the
first moment of a
probability distribution

O In a reliability analysis,

it is usually the result
of the uncertainty
analysis, rarely an
input

G By the rules of

probability, the mean of
a PDF of an uncertain
event is the probability
that must be assigned
to the occurrence of
that event. (Howard,
1988*)

* R. Howard, "Uncertainty about Probability: A Decision Analysis
Perspective", Risk Analysis, Vol. 8, No. 1, 1988.
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Probability Distribution Overlapping
Category Goal

A

Category 2 Goal

Probability
Density

J,

All calculated accident
sequence frequencies
in a design yet to be
built are uncertain.

.95% confidence
Mean

4
w-

Accident Sequence Frequency (per year)
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Equoýipment Failure Types

o For equipment failures owing to motion or
change of state (termed active for this
presentation)

o For equipment failures owing to a demanded
load exceeding a load capacity (termed passive
for this presentation)

Department of Energy 9 Office of Civilian Radioactive Waste Management
YMFrenkReliability TE 11-08-06 rev 5.ppt
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Types of Data

©Empirical data collected from industrial reliability/
monitoring/testing studies for specific
components and structures, or empirical modeling
(i.e., computer-based design and simulation)
conducted by equipment vendors or generally
available in the industry. This data may be from
nuclear and non-nuclear sources.

o Generic reliability databases
o Accepted engineering practices and expert

judgments

Department of Energy 9 Office of Civilian Radioactive Waste Management ov-wni, OMn a y - r p 10
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Ge e i Fed Data SoucL

o From Reliability Analysis Center:

- Non-electronic Part Reliability Data:
" Mechanical and electrical components and equipment

"No uncertainties but variability may be deduced

- Electronic Part Reliability Data:

" Electronic part

" No uncertainties but variability may be deduced

- Failure Mode/Mechanism Distributions:
SLists failure modes or mechanisms of mechanical,

electrical, and some electronic parts

Department of Energy - Office of.Civilian RadioactiveWaste Management WWW11erw% 1".
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Generic Field Data Sou rces (otd

OREDA:

Severe offshore environment, will evaluate for
YMP application

NPRDS:

- Failure rates, MTBF, MTTR for nuclear power
plant equipment

CCPS:

Electrical, mechanical, and piping systems
(included uncertainties) for chemical process
industry equipment

Department of Energy Office of Civilian Radioactive Waste Management wvvww ~ 0oW. 1
YMFrankReliabilityTE 11-08-06 rev 5.ppt



Relabity MýITesft( Base Dta $oir7ýs

o Naval Surface Weapons Laboratory LEI-98-LE1

- Mechanical Parts

SMechanical equipment may be analytically
constructed from parts

o MIL-HDBK-217F

- Electronic Parts

o These are just some examples of generic data
sources. Review and selection of the specific
data sources to be used is currently underway.

Department of Energy , Office of. Civilian Radioactive Waste Management
YMFrankReliabilityTE 11-08-06 rev 5.ppt 13



Dependent Failures
* Functional

Shared system, structure, components

Treated in event trees and fault trees

SEnvironmental
Environmental stressors (e.g., temperature, pressure, etc.)

Treated at basic event level

Handbook data sources include environmental dependence

o Human
Man-machine interface (e.g., common training, common
maintenance personnel)
Treated using human failure event identification and human
reliability analysis

* Spatial
- Common location

Treated in event trees and fault trees and in fire, flood and
earthquake analyses

14
Department ofthEergye*Office ofCivilian Radioactive Waste Management
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Multiple failures of similar equipment for which
a specific mechanism cannot be determined
a-priori

o Parametric methods such as Alpha Factor and
Multiple Greek Letter:

The parameters in these models are derived from
nuclear power plant incident records

Evidence that these factors are also applicable in
space systems

O Alpha factor method used because it includes
a mathematically consistent treatment of
epistemic uncertainty

Department of Energy e Office of Civilian Radioactive Waste Management w, 90v"
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(7y7d Thw"em 7 YMP

o The YMP is a first of a kind. It will have no operating
experience during the period of development of the
LA:

Reliability data will have to be developed largely
from sources other than permanent geologic
repositories

o A Bayesian approach is applicable for YMP:

This will allow easy updating of information when
test and operational data become available

Bayes analysis provides for appropriate
aggregating of different data sources

Best method to quantify uncertainties

Department of Energy * Office of Civilian Radioactive Waste Management w:
YMFrankReliabilityTE 11-08-06 rev 5.ppt "- 17



Bays'Theorem is Frundamental to
State-of-Kncwiedge Uncertainty

Bayes' Theorem has been proven to be a
coherent method of mathematically expressing
a decrease in uncertainty gained by an increase
in knowledge (for example, knowledge about
failure frequency). It has been particularly
useful in estimating our knowledge about the
frequency of rare events.

Department of Energy 9 Office of Civilian Radioactive Waste Management .ocrwm 1.8o "
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o Concentrate on Prior Distributions until test and
operational information is available:

- Conjugate

- Maximum Entropy

- Judgment

- Empirical Bayes

- Regression Analysis

- Weighted Posterior

- Two Step Bayes
o Specific method will depend on data available for

each failure rate to be developed

Department of Energy * Office of Civilian Radioactive Waste Management w .ocrw T 19
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Effect of Experience on Uncertainties
Using Bayes' Theorem

4-.

rj2
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Legend

1 failure in 92 missions

1 failure in 25 missions

0 failures in 24 mission

0 failure in 10 missions

Prior

aWLSESumua*. a
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Uncertainty Propagation Fault Tree

P TOP EVENT
FREQUENCY

Probability distributions
of P(x) propagated
through fault tree
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ME-an Value an Uncertainties

Propagation of uncertainties through fault
trees and event sequences to obtain the
mean value, which is based on the
probability distribution function (PDF)

Department of Energy • Office of Civilian Radioactive Waste Management
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MuItiple Methods

All are equivalent, depends on output of structural
or thermal analysis:

- Stress strength
- Factor of Safety (FS)
- Simplified FS based on code allowable
- Implications from the use of codes and standards

- Draft ISG-2 and variations
- Monte Carlo

0 Define load limit:

- Yield

- Code Allowable
- Code Ultimate
- Tested Ultimate

- Material property (minimum, best estimate)
M

Department of Energy 9 Office of Civilian Radioactive Waste Management
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Large -6"\umber 7f L oM 7onent7 S 7

Screening is performed because it is
impractical and unnecessary to use rigorous
methods for each component:

- Event sequences that are below Category 2 will
be screened out if used with conservative
estimates of passive failure probability

- For example, if P = 0.01 for impacts within code
allowable limits and P=1 for impacts beyond the
limits

Department of Energy * Office of Civilian Radioactive Waste Management ww wV.acw 27

YMFrank Reliability TE 11-08-06 rev 5.ppt . 27



J udgment wi~th Codes and S tand:ards -7

* Design of passive equipment to established
codes and standards implies a high degree of
reliability (for stresses within code allowable
limits)

Engineers knowledgeable with the codes and
standards, the function of the equipment and
structural analyses of the equipment combine
their knowledge to develop failure probabilities
with uncertainties

Technical basis and justification of judgment is
essential

Department of Energy * Office of Civilian Radioactive Waste Management www.otrwm ,
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Software Reliabilty

SUse local hardware as safeguards against
software driven erroneous commands:

For example, Cranes and canister transfer machine
have redundant motion limit switches; large shield
doors are electrically interlocked with each other;
trolleys and other package ground transfer devices
have inherent electro-mechanical speed limiters.

SThe CCCF has monitoring, inhibit, and permissive
functions:

Permissives allow operation. They do not cause
operation.

Controller failure rates will be developed for
functional failure modes at the subsystem level.
As such, both hardware and software failures are
included.

Department of Energy 9 Office of Civilian Radioactive Waste Management
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Sesmi c Aalysis Approah

® YMP has elected to use Hybrid Method:

- Based less on judgment than traditional "factor of
safety" method

- The median seismic capacity (C5 0%, or the peak
ground acceleration (PGA) at which there is a 50%
probability of unacceptable performance) will be
calculated directly from the HCLPF value (95%
confidence of a 5% probability of failure) and the
composite logarithmic standard deviation P3c:

* HCLPF can be taken to be the seismic capacity at the 1%
non-exceedance probability of unacceptable performance
(CIo)
Pc considers both aleatory and epistemic uncertainty

Department of Energy * Office of Civilian Radioactive Waste Management 046. o v.ro
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BHybrdl~ fkhe

o HCLPF will be directly calculated using the
conservative deterministic failure margin
(CDFM) approach (C1% = CCDFM)

Structural design engineers can understand and
perform CDFM from standard design code
calculations

Simple parameter alterations to obtain the HCLPF

o Therefore, C5 0% is calculated as follows:

C50% - CCDFM x e 2 .3 2 6 3C

Small range of composite lognormal standard
deviations (typical range of 0.3 to 0.5 for structures
and for equipment mounted on the ground or at low
elevations)

Department of Energy* Office of CivillanRadioactive WasteManagement
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7 L

5 Divide into component categories:

For example, cranes, trolleys, pipes, electrical
cabinets, switchgear, diesel generators,
compressors, pumps, pipes, etc.

5 NPP generic fragilities:

- YMP to be built to the same civil/structural
codes and standards

- Screen out event sequences or component
categories

3 Use CDFM to calculate HCLPF for "weakest"
example in category

o Obtain composite fragility curve for categories
in remaining event sequences

Department of Energy * Office of.Civii~an Radioactive Waste Management
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o Mean value used for event sequence categorization:

- Obtaining the mean values of an event sequence requires
developing and pro pagating the probability distributions
through out the analysis

o Active equipment reliability data & data sources

o Bayes' Theorem is the basis for development of
active component probability distributions

o Passive failure methods compatible with draft
ISG-2

o Seismic fragilities developed using 1% non-
exceedance frequency, median, and composite
uncertainty

o Software reliability is part of the process control
equipment overallreliability

Department of Energy * Office of Civilian Radioactive Waste Management
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Technical Specifications
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General Requirements for Yucca
Mountain License Specifications

* 10 CFR Part 63.21(c)(18)
- The Safety Analysis Report must include

probable subjects of license specifications

* 10 CFR Part 63.42(a)

- License specifications may be included as
conditions of the license

* 10 CFR Part 63.43(a)

- License includes license conditions derived from
the analyses and evaluations included in the
application

Department of Energy * Office of Civilian Radioactive Waste Management www.ocrwm
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Similar Requirements for Nuclear 7ower
Plant Technical Specifications

10 CFR Part 50.34 (a)(ii)(E)(5)

- Identification of probable subjects of technical
specifications

Nor_---
F Department of Energy & Office of Civilian Radioactive Waste Management

YM Sýpezialeftfi T!.S TE Nov. 8, 2006 rev 7.ppt 3



Content of Technical Specifications Patterned
after Nuclear Power Plants and Independent

Spent Fuel Storage Installations

* Content
- Definitions

- Approved contents (adapted from NUREG-1745*)

- Limiting conditions for operation

- Surveillance requirements

- Design features

- Administrative controls

* Standard Format and Contents for Technical Specifications for

10 CFR Part 72 Cask Certificates of Compliance

Department of Energy 9 Office of Civilian Radioactive Waste Management www.ocrwm. od90v
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Technical Specifications Based on 10 CF-
Part 63 and Yucca Mountain Revie P

10 CFR Part 63.43 specifies six categories:

1. Restrictions as to the physical and chemical form and
radioisotopic content of radioactive waste.
[YMP proposed implementation: condition of license and
administrative controls]

2. Restrictions as to size, shape, and materials and methods of
construction of radioactive waste packaging.
[YMP proposed implementation: design features and
LCOs/survei I lances]

3. Restrictions as to the amount of waste permitted per unit
volume of storage space, considering the physical
characteristics of both the waste and the host rock.
[YMP proposed implementation: design features and
administrative controls]

Department of Energy e Office of Civilian Radioactive Waste Management . 90V
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10 CFR Part 63.43 Categories (Cont.)

4. Requirements relating to test, calibration, or inspection,
to assure that the foregoing restrictions are observed.
[YMP proposed implementation: surveillance
requirements and administrative controls]

5. Controls to be applied to restrict access and to avoid
disturbance to the site and to areas outside the site where
conditions may affect compliance with 10 CFR Parts
63.111 and 63.113
[YMP proposed implementation: physical security plan
and administrative controls]

Department of Energy & Office of Civilian Radioactive Waste Management www.ocrwm. oagav
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10 CFR Part 63.43 Categories (COnto•

6. Administrative controls, which are the provisions relating
to organization and management, procedures,
recordkeeping, review and audit, and reporting necessary
to assure that activities at the facility are conducted in a
safe manner and in conformity with the other license
specifications.
[YMP proposed implementation: administrative controls
and quality assurance program]

Department of Energy * Office of Civilian Radioactive Waste Management
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Yucca Mountain Review Plan
Adds a Seventh Category

* Section 2.5.10.1 (1)(e)

- Characteristics of drifts, drip shields, backfill,
ventilation systems, and other structures,
systems, and components
[YMP proposed implementation: design features,
administrative controls, and LCOs/surveillances]

Department of Energy * Office of Civilian Radioactive Waste Management
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Format of Technical Specifications

1. Use and application:

- Three proposed modes:

" Operating (movement of waste forms allowed)

" Standby (waste forms present, but no movement
allowed)

" Shutdown (no waste forms present)

2. Approved contents (replaces safety limits
and limiting safety system settings)

W Department of Energy * Office of Civilian Radioactive Waste Management •.on, ov
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Format of Technical Specifications ýCOM.ý

3.

4.

Limiting Conditions for Operation (LCO)
and Surveillance Requirements (SR)

Design features

5. Administrative controls

vwww.0crvwrn'.doe.G~V 10oDepartment of Energy * Office of Civilian Radioactive Waste Management
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Technical Specification Bases

*Licensee controlled document

0Format and content patterned after nuclear
plant standard technical specifications

* Administrative controls in technical
specifications

* Technical Specifications link to Preclosure
Safety Analyses (PCSA)

Department of Energy * Office of Civilian Radioactive Waste Management
YM SpezialettiTSTE Nov. 8, 2006 rev 7.ppt
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PCSA Risk Insights Reflected in
Technical Specifications

Limiting Conditions for Operation:

- Selection of PCSA significant SSCs
(structures/systems/components)

- Limiting Conditions for Operation would specify that
Important-to-Safety (ITS) SSCs be operable

- Completion times for specified actions

*Surveillance intervals / frequencies

*Reliability monitoring

* Department of Energy * Office of Civilian Radioactive Waste Management
YM Spezialetti TS TENov. 8, 2006 rev 7.ppt
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Reliability Monitoring is a Part of
Technical Specifications

* Proposed program to be included in the
Administrative Controls section of Technical
Specifications

oReliability monitoring and control program would
contain details on how reliability assumptions for
the component/system would be verified to support
operability determination

*Maintenance program and surveillances assure
component/system are maintained at assumed
reliability

Department of Energy & Office of Civilian Radioactive Waste Management www.ocrw .1
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Reliability Monitoring and Control Program
Contains Details for Determining Operability

* Monitor component/system run times,
demands, and failures to determine reliability

* If needed reliability is not met, corrective
action would be taken

* Increased attention initiated as appropriate

* Reanalysis where appropriate

Department of Energy e Office of.Civiilan Radioactive Waste Management 14ww.oc,.wK ~ J YM Spezialetti TSTENov. 8, 2006 rev 7.ppt 14



Example Technical Specifications

0 3.3.1 Canister Receipt and Closure
Facility (CRCF) Cranes

CRCF Surface Nuclear HVAC0 3.3.8

" Department of Energy 9 Office of Civilian Radioactive Waste Management
YM Spezialetti _TS _TE _Nov. 8, 2006 rev 7.ppt
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Example Technical Specification (conLo}

CRCF Cranes
3.3.1

3.3 CANISTER RECEIPT and CLOSURE FACILITY (CRCF)

3.3.1 CRCF Cranes

LCO 3.3.1 Each Gantry and Crane in Table 3.3.1-1 shall be OPERABLE.

APPLICABILITY: OPERATING
7 3~~~~2NN

xi& N,
ACTIONS

-----NOTE---
Separate Condition entry is allowed for each-Gantry andCrane.

"'/ -- N '

CONDITION REQUIRED ACTION. COMPLETION TIME

A. One or more Gantry or A.1 Suspend waste handIing Immediately.
Crane inoperable. operations withtlhe affected

1ýnit.

AND\

A.2 Place the loadon affected (1] hour
unit-in a safe and stable
condition.

B. Required Action and B.1 Be in STANDBY for the [)days
associated Completion / affectelunit.
Time not met. x =

SURVEILLANCE REQUIREMENTS 7

SURVEILLANCE FREQUENCY

SR 3.3.1.1 Perform FUNCTIONAL TEST of the control system. In accordance with
N ,the Reliability

.Monitoring Program

SR 3.3.1.2 Perform load test. In accordance with
the Reliability
Monitoring Program

Department of Energy 9 Office of Civilian Radioactive Waste Management
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Example Technical Specification (corto4

CRCF Cranes
3.3.1

Table 3.3.1-1 (page 1 of 1)
CRCF Gantry and Crane Ratings

Gantry or Crane I Rating

Cask Handling Crane J 200 tons

Waste Package and Canister Handling Crane.J 100 tons

NEI
Department of Energy * Office of Civilian Radioactive Waste Management
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Example Technical Specification (©©nft
CRCF Surface Nuclear HVAC

3.3.8
3.3 CANISTER RECEIPT and CLOSURE FACILITY (CRCF)

3.3.8 CRCF Surface Nuclear HVAC (SNHVAC)

LCO 3.3.8 Each SNHVAC Train shall be OPERABLE

During movement of WASTE FORMSAPPLICABILITY:

ACTIONS

CONDITION REQUIRED ACTIOW-.,. I COMPLETION
TIME

A. One SNHVAC Train A.1 Restore SNHVAC-train to [7}'days
inoperable. OPERABLE status.

B Two [or more] SNHVAC B.1 Suspend'movement of. Immediately
Trains inoperable. WASTE FORMS._

AND-_ ".1) hou

B.2 \lPacethbe-WASTE FORMS [1] hour
in'a safe-and'stable

ANDcondition: 7.

B.3 Restore at least one train to [2] days
__________,_"_______-OPERABLE status.

C. Required Action and'-- ,,. C.1- -Be_ in'STANDBY for CRCF [1] day
assaciatdddCompletion \ -'

-TimTe of Condition AXor B .
me-.n t.re L•

SURVEILLANCE'REQUIREMENTS

SURVEILLANCE FREQUENCY
SR 3.3.8.1 Operate each SNHVAC train for > 15 mirnutes [ ]days
SR 3.3.8.2 Perform required SNHVAC testing in accordance with In accordance with

Ventilation Filter Testing Program (VFTP) the VFTP.
SR 3.3.8.3 Perform a FUNCTIONAL TEST of each SNHVAC train. [ months

SR 3.3.8.4 Verify each SNHVAC train can maintain a negative
pressure of > [0.125] inches water guage

[ ] months on a
STAGGERED TEST
BASIS

Department of Energy & Office of Civilian Radioactive Waste Management
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Submittal of Technical Specificatiorins

* With LA submittal (Section 5.10):
- List of probable subjects for Technical

Specifications [10 CFR Part 63.21 (c)(18)]

- Basis for selection

* Subsequent to LA submittal:

Representative Technical Specifications for
common ITS SSCs:

*Cranes, HVAC, emergency power, etc.

Department of Energy * Office of Civilian Radioactive Waste Management WW.oCrw"1. me4Jov
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Tech Specs and TAD CSNF Loading

* Loading of TADs licensed under 10 CFR Part
63 will meet the bounding conditions
specified in the Approved Contents section of
the Technical Specifications

* TADs will be discussed at a subsequent
NRC/DOE Technical Exchange, tentatively
scheduled for early 2007

Aoagv 20
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Summary

* Technical Specifications will meet 10 CFR
Part 63 license specification requirements

* Technical Specification format and content
patterned after nuclear power plant and
independent spent fuel installation (ISFSI)
standard technical specifications

* Risk insights and reliability assumptions
reflected in Technical Specifications

Department of Energy * Office of Civilian Radioactive Waste Management www.ocrw O 2ov
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OCRWM Director's Four Objectivs

*. Submit a high-quality, docketable license application to the
Nuclear Regulatory Commission by June 30, 2008

* Design, staff and train the OCRWM organization so that
it has the skills and culture to design, license, and
manage the construction and operation of the Yucca
Mountain Project with safety, quality, and cost
effectiveness

*Address the federal government's mounting liability
associated with unmet contractual obligations to move spent
fuel from nuclear plant sites

* Develop and implement a comprehensive national spent fueD
transportation plan that accommodates state, local and tribMD
concerns to the extent possible

SDepartment of Energy eOffice of Civilian Radioactive Waste Management wV• •.ocrv C".oe.U 2
McMahon TE 11-08-06-rev 6.ppt 2

I , ý.



Training Ma age e tPlin
Docuen Reainsh

10 CFR 63
NRC Regulations

DOE Orders
Federal Law

State Law
Occupational Safety and Health Administration Regulations

NRC Regulatory Guides
Consensus Standards

Training Management Plan

TQ.PRO-1001
LP-2.19Q-OCRWM, Personnel
Trainingand Qualification

----------Training Instruction Manual
and DOE Handbooks

I

Training Program
Descriptionis

Training Materials

Department of Energy o Office of Civilian Radioactive Waste Management
McMahon TE_11-08-06-rev 6.ppt

VvWWC~u~fl¶~.9 3



Systematic Training Process
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Training Poram vrt P~A

* I,
* I
* I Nuclear Industry - Tech Specs & Training 1 nlum

SSC / Functional
Reliability Data

Event Sequences

I
Reliability Assessment

4

Human Reliability
Analysis Data

Design
Development

&

Safety
Analysis

for
License

Application

t
Project Completion

" Final Design
" PCSA/TS/Trng
" NRC SER
" Receipt of LR&P

Repository C
Operations 7M

H

Reliability Requirements

: I - - - - - -

Department of Energy * Office of-Civilian Radioactive WasteManagement
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OCRWM Training and Qualification Process
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AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM- 12:00 PM (PT)
11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

A nd via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-I

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Tuesday November 7. 2006 (Aircraft Hazards and Source Terms and Consequence Methodology)

8:00 AM

8:10 AM

8:30 AM

9:00 AM

9:30 AM

10:00 AM

10:15 AM

11:00 AM

11:30 AM

1:00 PM

1:30 PM

2:30 PM

2:45 PM

3:30 PM

3:50 PM

4:00 PM

4:15 PM

4:30 PM

5:00 PM

Introductions

Opening Remarks

NRC Key Messages on Aircraft Hazards Assessment

Background and Overview of Updated Aircraft Hazards Analysis

Changes in Aircraft Hazards Analysis

Break

Aircraft Hazards Sensitivity Analysis

Response to 13 NRC Issues (NRC letter of Aug. 2, 2005)

Lunch

NRC Key Messages on Source Terms and Consequence Methodology

Radioactive Source Terms and Release Methodology

Break

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (P. Macheret)

DOE/BSC (P. Macheret)

All

DOE/BSC (K. Ashley)

DOE/BSC (K. Ashley)

All

NRC

DOE/BSC (D. Dexheimer)

All

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

All

All

NRC/DOE

All

Consequence and Analysis Methodology

Uncertainty and Sensitivity Analysis

Documents to be Revised

Public Comments

Break/Caucus

Summary Discussion/Closing Remarks

Adjourn



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8. 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM - 12:00 PM (PT)
11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building I

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Wednesday November 8. 2006 (Reliability Assessment. Technical Specifications, and Traininig)

8:00 AM

8:10 AM

8:15 AM

9:00 AM

9:45 AM

10:00 AM

11:30 AM

1:00 PM

2:15 PM

2:30 PM

3:00 PM

3:30 PM

4:00 PM

4:15 PM

4:30 PM

5:00 PM

Introductions

Opening Remarks

NRC Key Messages:
- Reliability Assessment

Reliability Assessment Overview

Break

Human Reliability Assessment

Lunch

Reliability Assessment for Structures, Systems, and Components

Break

NRC Key Messages:
- Technical Specifications
- Systematic Approach to Training

DOE Plans for Development of Technical Specifications

DOE Plans for Systematic Approach to Training

Public Comments

Break/Caucus

Summary Discussion/Closing Remarks

Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

NRC

DOE (W. Spezialetti)

DOE/MTS (J. McMahon)

All

All

NRC/DOE

All



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM - 12:00 PM (PT)
11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Thursday November 9, 2006 (Preclosure Criticality and License Application Requirements Mappin2)

8:00 AM Introductions

8:10 AM Opening Remarks

8:15 AM NRC Key Messages on Preclosure Criticality

8:45 AM Preclosure Criticality Discussion

9:45 AM Break

10:00 AM License Application Status and Requirements Mapping

10:10 AM License Application Requirements Mapping

11:00 AM Public Comments

11:15 AM Break/Caucus

11:30 AM Summary Discussion/Closing Remarks

12:00 PM Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC

All

DOE (R. Warther)

DOE/BSC (G. Ashley)

All

All

NRC/DOE

All



#6 e_ oI'U.S. Department of Energy-
Office of Civilian Radioactive Waste Management

vvw. ocri•/

Ucsn?(_; A p~U~©f~n~ ýLAý SDRa~uznd
remf5) CI(

Presented to: .-
NRC/DOE Technical Exch" "he nadManagement
Meeting on Preclosure•IT•T

--

t

S - ..s -

*

-. . 4-

I

E.!,,:£?;, A . -
L



o Five principal organizations

o 71 sections

o Thousands of figures and tables

0 Nearly 7,000 pages

Dealent of Energy- Office of!.CiviIlan. Radioactive Waste Management
WarlherTENov. 9, 2006 rev .3.ppt
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LA Srhsdu

o Certify LSN by:

o LA Submittal to NRC by:

Dec. 21, 2007

June 30, 2008

Department of Energy., Officeof.Civilian Radioactive.Waste Management. www.oicrwmdoe.Oov
WartherTENov. 9, 2006 rev 3.ppt



LA PmA•eft He Th©Us

oCD-1 Design

o Integrated schedule

o Prevent changes to schedule and design

o LA Project risk management and reduction:

- Scope, cost, schedule

- Technical risk

o LA Management Plan

o Monthly reports

Department of Energy 9 Office of-Civilian Radioactive Waste Management
Warther TENov. 9, 2006 rev 3.ppt 4



UPý3qdramlonft mappmg

o Ensures completeness of LA

o Aligns LA with requirements and guidance
documents

o Provides an aid to reviewers:

- BSC

- DOE

- SNL

- NRC

Ir

Department of Energy e Office of Civilian Radioactive Waste Management
Wa*rther TE Nov. 9,2006 rev 3.ppt 5
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License Application (LA) RequiremenT
Mapping
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Requirements Mapping Ensures
Completeness of LA

* Requirements and guidance mapped to LA
sections and subsections:

- 10 CFR 63.21

- Yucca Mountain Review Plan (YMRP) Acceptance
Criteria (NUREG-1804)

- Other 10 CFR requirements as applicable

• Mapping verified as part of LA development

Department of Energy * Office of Civilian Radioactive Waste Management
Warther/Saldarini TE Nov. 9, 2006 rev 4.ppt
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LA Requirements Mapping
10 CFR 63.21 and YMRP Mapping to LA Sections and CDR Groups
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LA Design Sections Closely Auine
With YMRP

YMRP
Section

2.1.1.1

2.1.1.2

2.1.1.3

2.1.1.4

2.1.1.5

2.1.1.6

Subject

Site Description as it Pertains to
Preclosure Safety Analysis

Description of SSCs

Identification of Hazards and Initiating
Events

Identification of Event Sequences

Consequence Analyses

Identification of SSCs Important to
Safety

Design of SSCs Important to Safety

Meeting the 10 CFR 20 ALARA

Plans for Retrieval and Alternate
Storage of Radioactive Wastes

Plans for Permanent Closure and
Decontamination, or Decontamination
and Dismantlement of Surface Facilities

SAR Section

1.1

1 .2, 1 .3, 1 .4, 1 .5

1 .6

1 .7

1 .8

1 .9

1.2, 1 .3, 1.4, 1.5

1.10

1 .11

1.12

2.1.1

2.1.1

2.1.2

2.1.3

.7

.8

ZDepartment of Energy & Office of Civilian Radioactive Waste Management w oceiecj
Warrther/SaldariniTENov. 9, 2006 rev 4.ppt4



LA Addresses Consistent Set of
Requirements for ITS SSCs

* System description [2.1.1.2.3 - AC1, AC2]

* Operational processes and procedures
[2.1.1.2.3- AC6]

* Safety category classification
[2.1.1.6.3 -AC1]

* Procedural safety controls to prevent event
sequences or mitigate their effects
[2.1.1.6.3- AC2]

AC -Acceptance Criteria (from NUREG-1 804)
ITS - Important to Safety
SSC - Structures, Systems and Components

Department of Energy Office of Civilian Radioactive Waste Managementr V
Warther/SaldariniTENov. 9, 2006 rev 4.ppt5



LA Addresses Consistent Set of
Requirements for ITS SSCs (contL)

• Design bases and design criteria
[2.1.1.7.3.1 -AC1]

• Design methodologies
[2.1.1.7.3.2- AC1]

* Consistency of materials with design
methodologies [2.1.1.7.2.3 1 - AC2]

* Design codes and standards
[2.1.1.7.3.3 I- AC1]

* Design load combinations
[2.1.1.7.3.3 I- AC3]

Department of Energy & Office of Civilian Radioactive Waste Management www.ocrw,. oo
Warther/SaldariniTENov.'9, 2006 rev 4.ppt 6



10 CFR 63.21 Mappinq Typic l
at the LA Section LeveI

10 CFR 63.21(c) - Content of application:

(5) The Safety Analysis Report (SAR) must include:

A preclosure safety analysis of the geologic repository operations area, for the
period before permanent closure, to ensure compliance with § 63.111(a), as
required by § 63.111(c). For the purposes of this analysis, it is assumed that
operations at the geologic repository operations area will be carried out at the
maximum capacity and rate of receipt of radioactive waste stated in the
application.

LA Part-Sect.

SAR-1
SAR-1
SAR-1
SAR-1

.6

.7

.8

.9

Section Title

Identification of Hazards and Initiating Events
Event Sequences
Consequence Analyses
Structures, Systems, and Components Important-to-

Safety; Safety Controls; and Measures to Ensure
Availability of the Safety Systems

Nuclear Criticality SafetySAR-1.14

1 Department of Energy e Office of Civilian Radioactive Waste Management
Warther/Saldarini TE Nov. 9, 2006 rev 4.ppt

7



YMRP Mapping Typically at the
Individual Acceptance Criteria Level

* SAR-1.7 Event Sequences

* YMRP (NUREG-1804) Section 2.1.1.4.3:

-AC 1
"Adequate Technical Basis and Justification are
Provided for the Methodology Used and
Assumptions Made to Identify Preclosure Safety
Analysis Event Sequences"

-AC2
"Categories 1 and 2 Event Sequences are
Adequately Identified"

Department of Energy - Office of Civilian Radioactive Waste Management www ocr 8
Warther/Saldarini TENov. 9, 2006 rev 4,ppt



Other 10 CFR Requirements Are
Mapped As Applicable

SAR-1.7 Event Sequences:

10 CFR 63.112 Requirements for preclosure safety analysis
of the geologic repository operations area:

(b) An identification and systematic analysis of naturally
occurring and human-induced hazards at the geologic
repository operations area, including a comprehensive
identification of potential event sequences;

(c) Data pertaining to the Yucca Mountain site, and the
surrounding region to the extent necessary, used to identify
naturally occurring and human-induced hazards at the
geologic repository operations area;

(d) The technical basis for either inclusion or exclusion of
specific, naturally occurring and human-induced hazards in the
safety analysis

9
Department of Energy 9 Office of.Civilian Radioactive Waste Management
Warther/SaldariniTENov. 9, 2006 rev 4.ppt



Requirements Mapping Information
to Aid Reviewers and Validation

* Requirements cross-referenced in LA:

- Table at front of each major section

- References under subsection titles

* Other cross-reference reports are being
considered to aid reviewers

10Department of Energy e Office of Civilian Radioactive Waste Management
Warther/Saldarini TENov. 9, 2006 rev 4.ppt



Requirements Mapping Tables Prov id
Cross-Reference to 10 CFR 63 and YRP

SAR Information Category 10 CFR Part 63 NUREG-1804 Reference
Section Reference

1.7.1 Technical Basis and Assumptions for 63.21 (c)(5) Section 2.1.1.4.3: Acceptance
Methods to Identify Event Criterion 1
Sequences 63.112(b), (c), and (d)

1.7.2 Categorization of Internal Hazard 63.21(c)(5) Section 2.1.1.4.3: Acceptance
Event Sequences (c), and (d) Criterion 1

1.7.3 Categorization of External Hazard 63.21 (c)(5) Section 2.1.1.4.3: Acceptance
Event Sequences 63.112(b), (c), and (d) Criterion

1.7.4 Categorization Results 63.21(c)(5) Section 2.1.1.4.3: Acceptance
Criterion 2

63.112(b), (c), and (d)

jN~
11

I

Department of Energy • Office of Civilian Radioactive Waste Management
Warther/Saldarini TENov. 9, 2006 rev 4.ppt



Summary

Requirements mapping:

* Ensures completeness of LA

* Aligns LA with requirements and
guidance documents

* Provides an aid to reviewers

- BSC

- DOE

- SNL

- NRC

Department of Energy * Office of Civilian Radioactive Waste Management 1ww.2
Warther/SaldariniTENov. 9, 2006 rev 4.ppt 12
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AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8. 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9. 2006
8:00 AM- 12:00 PM (PT)

11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission Center for Nuclear Waste Regulatory Analyses
Two White Flint North, Room T 7A-1 Conference Room A-237, Bldg. 189

11545 Rockville Pike 6220 Culebra Road
Rockville, MD San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Tuesday November 7, 2006 (Aircraft Hazards and Source Terms and Consequence Methodolowy)

8:00 AM

8:10 AM

8:30 AM

9:00 AM

9:30 AM

10:00 AM

10:15 AM

11:00 AM

11:30 AM

1:00 PM

1:30 PM

2:30 PM

2:45 PM

3:30 PM

3:50 PM

4:00 PM

4:15 PM

4:30 PM

5:00 PM

Introductions

Opening Remarks

NRC Key Messages on Aircraft Hazards Assessment

Background and Overview of Updated Aircraft Hazards Analysis

Changes in Aircraft Hazards Analysis

Break

Aircraft Hazards Sensitivity Analysis

Response to 13 NRC Issues (NRC letter of Aug. 2, 2005)

Lunch

NRC Key Messages on Source Terms and Consequence Methodology

Radioactive Source Terms and Release Methodology

Break

Consequence and Analysis Methodology

Uncertainty and Sensitivity Analysis

Documents to be Revised

Public Comments

Break/Caucus

Summary Discussion/Closing Remarks

Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (P. Macheret)

DOE/BSC (P. Macheret)

All

DOE/BSC (K. Ashley)

DOE/BSC (K. Ashley)

All

NRC

DOE/BSC (D. Dexheimer)

All

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

DOE/BSC (D. Dexheimer)

All

All

NRC/DOE

All



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM - 8:00 PM (ET)

November 9, 2006
8:00 AM - 12:00 PM (PT)

11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Wednesday November 8, 2006 (Reliability Assessment, Technical Specifications, and Training-)

8:00 AM Introductions

8:10 AM Opening Remarks

8:15 AM NRC Key Messages:
- Reliability Assessment

9:00 AM Reliability Assessment Overview

9:45 AM Break

10:00 AM Human Reliability Assessment

11:30 AM Lunch

1:00 PM Reliability Assessment for Structures, Systems, and Components

2:15 PM Break

2:30 PM NRC Key Messages:
- Technical Specifications
- Systematic Approach to Training

3:00 PM DOE Plans for Development of Technical Specifications

3:30 PM DOE Plans for Systematic Approach to Training

4:00 PM Public Comments

4:15 PM Break/Caucus

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

DOE/BSC (M. Frank)

All

NRC

DOE (W. Spezialetti)

DOE/MTS (J. McMahon)

All

All

NRC/DOE

All

4:30 PM Summary Discussion/Closing Remarks

5:00 PM Adjourn



AGENDA

NRC/DOE TECHNICAL EXCHANGE ON PRECLOSURE TOPICS:
1) AIRCRAFT HAZARDS, 2) SOURCE TERMS AND CONSEQUENCE METHODOLOGY,

3) RELIABILITY ASSESSMENT, 4) TECHNICAL SPECIFICATIONS, 5) SYSTEMATIC APPROACH TO
TRAINING, 6) PRECLOSURE CRITICALITY, AND 7) LICENSE APPLICATION REQUIREMENTS

MAPPING

November 7 and 8, 2006
8:00 AM - 5:00 PM (PT)
11:00 AM- 8:00 PM (ET)

November 9, 2006
8:00 AM - 12:00 PM (PT)
11:00 AM - 3:00 PM (ET)

U. S. Nuclear Regulatory Commission Hearing Center
Pacific Enterprise Plaza, Building 1

3250 Pepper Lane
Las Vegas, Nevada 89120

And via Teleconference to:

U. S. Nuclear Regulatory Commission
Two White Flint North, Room T 7A-1

11545 Rockville Pike
Rockville, MD

Center for Nuclear Waste Regulatory Analyses
Conference Room A-237, Bldg. 189

6220 Culebra Road
San Antonio, TX

INTERESTED PARTIES MAY PARTICIPATE VIA TELECON BY CALLING
1-800-638-8081, Passcode 8755# or 301-231-5539, Passcode 8755#

Thursday November 9, 2006 (Preclosure Criticality and License Application Requirements Mappinj!)

8:00 AM Introductions

8:10 AM Opening Remarks

8:15 AM NRC Key Messages on Preclosure Criticality

8:45 AM Preclosure Criticality Discussion

9:45 AM Break

10:00 AM License Application Status and Requirements Mapping

10:10 AM License Application Requirements Mapping

11:00 AM Public Comments

11:15 AM Break/Caucus

11:30 AM Summary Discussion/Closing Remarks

12:00 PM Adjourn

NRC/DOE

NRC/DOE (J. Williams)

NRC

DOE/BSC

All

DOE (R. Warther)

DOE/BSC (G. Ashley)

All

All

NRC/DOE

All
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Lroun

aFive principal organizations

871 sections

0Thousands of figures and tables

0 Nearly 7,000 pages
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LA h a d u ý a

o Certify LSN by: Dec. 21, 2007

o LA Submittal to NRC by: June 30, 2008
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LAjct KFL Th@ l

o CD-1 Design

o Integrated schedule

o Prevent changes to schedule and design

o LA Project risk management and reduction:

- Scope, cost, schedule

- Technical risk

o LA Management Plan

o Monthly reports

SDepartment of Energy.-* Office of.Civilian Radioactive WasteManagement. vw. rvw . n 0a. oerjo V
S art-erTENov. 9, 2006 rev 3.ppt 4
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re mi a n ý a MV mpphg

o Ensures completeness of LA

o Aligns LA with requirements and guidance
documents

o Provides an aid to reviewers:

- BSC

- DOE

- SNL

- NRC

Department of Energy 9 Office of.Civilian Radioactive Waste Management.
Warther TE Nov. 9, 2006 rev 3.ppt
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U.S. Department of Energy
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License Application (LA) Requirements
Mapping

Presented to:
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Requirements Mapping Ensures
Completeness of LA

* Requirements and guidance mapped to LA
sections and subsections:

- 10 CFR 63.21

- Yucca Mountain Review Plan (YMRP) Acceptance
Criteria (NUREG-1804)

- Other 10 CFR requirements as applicable

* Mapping verified as part of LA development

Department of Energy 9 Office of Civilian Radioactive Waste Management vWVWW.ocrwmV . 0Uov
Warther/Saldarini TENov. 9, 2006 rev 4.ppt 2



LA Requirements Mapping
10 CFR 63.21 and YMRP Mapping to LA Sections and CDR Groups

The €olations IIIustrated herom ae summarzleod fomn our datasalO mapping of requiremnts om 10 CFR 6321 LEGEND: CDR GROUPS
sd lb. ThOP 11,o th. LA 500o.. 1Surface Design Group I Subsurface Design &

The -110 Moo00 o shown 0.000.1, the YMRP OrM. af 50 top101 area ol M1.01 and IIh LA sectons acually i Waste Package Group
represent -3.000 dlsroml relatonshtps betanrwo 003 YURP amoeplance citerda ind subcrterola and the LA sections Preclosure Safety
005r010000. An alysis Group_ I Programmatic Group

10 CFR 03 €1rquhomenta - also tracd at gnsaho depth in oulnrolt r O'qu 105000
1141

OU.y 03000 database.1 .t-0o

7Postclsure -Group h.O. et0501, m O
ted.&M€ eschangel

PlnIleg 012, July 12. 2000

10 CFR 6321 COntao9 Atla Yt I.ate,, Tam Uountal Berlit Plan tler, and Sections
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Depatmen of nerg ooffic of ivilan1adioctiv0Wase Mnageent ww0orwn

Wa )erSldarini.02lo 0 TE o.33 A$ 2n- r.ppto x
:04 --00 0 0.I ---- 0 0 0 100 0 5 00 0 0 0 2.2 Ressunch An S ~ ao pmel A pr og a to0500 Cl o sour
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LA Design Sections Closely Aligned
With YMRP

YMRP
Section

2.1.1.1

2.1.1.2

2.1.1.3

2.1.1.4

2.1.1.5

2.1.1.6

2.1.1.7

2.1.1.8

2.1.2

2.1.3

Subject

Site Description as it Pertains to
Preclosure Safety Analysis

Description of SSCs

Identification of Hazards and Initiating
Events

Identification of Event Sequences

Consequence Analyses

Identification of SSCs Important to
Safety

Design of SSCs Important to Safety

Meeting the 10 CFR 20 ALARA

Plans for Retrieval and Alternate
Storage of Radioactive Wastes

Plans for Perm anent Closure and
Decontamination, or Decontamination
and Dismantlement of Surface Facilities

SAR Section

1.1

1.2, 1.3, 1.4, 1.5

1.6

1.7

1.8

1.9

1.2, 1.3, 1.4, 1.5

1.10

1.11

1.12

Department of Energy * Office of Civilian Radioactive Waste Management
Warther/SaldariniTENov. 9, 2006 rev 4.ppt
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LA Addresses Consistent Set Gf
Requirements for ITS SSCs

* System description [2.1.1.2.3 - AC1, AC2]

* Operational processes and procedures
[2.1.1.2.3- AC6]

* Safety category classification
[2.1.1.6.3 -AC1]

* Procedural safety controls to prevent event
sequences or mitigate their effects
[2.1.1.6.3- AC2]

AC - Acceptance Criteria (from NUREG-1804)
ITS - Important to Safety
SSC - Structures, Systems and Components

Department of Energy e Office of Civilian Radioactive Waste Management
Warther/SaldariniTENov. 9, 2006 rev 4.ppt5



LA Addresses Consistent Set of
Requirements for ITS SSCs (contL)

0 Design bases and design criteria
[2.1.1.7.3.1 -AC1]

• Design methodologies
[2.1.1.7.3.2- AC1]

0 Consistency of materials with design
methodologies [2.1.1.7.2.3 I - AC2]

• Design codes and standards
[2.1.1.7.3.3 I- AC1]

0 Design load combinations
[2.1.1.7.3.3 I- AC3]

Department of Energy * Office of Civilian Radioactive Waste Management .0c
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10 CFR 63.21 Mapping TypicD Dy
at the LA Section Level

10 CFR 63.21(c) - Content of application:

(5) The Safety Analysis Report (SAR) must include:

A preclosure safety analysis of the geologic repository operations area, for the
period before permanent closure, to ensure compliance with § 63.111(a), as
required by § 63.111(c). For the purposes of this analysis, it is assumed that
operations at the geologic repository operations area will be carried out at the
maximum capacity and rate of receipt of radioactive waste stated in the
application.

LA Part-Sect.

SAR-1.6
SAR-1.7
SAR-1.8
SAR-1.9

SAR-1.14

Section Title

Identification of Hazards and Initiating Events
Event Sequences
Consequence Analyses
Structures, Systems, and Components Important-to-

Safety; Safety Controls; and Measures to Ensure
Availability of the Safety Systems

Nuclear Criticality Safety

Man Radioactive Waste Management 7 o 7
111110MM'

Department of Energy e Office of Civi
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YMRP Mapping Typically at the
Individual Acceptance Criteria Level

* SAR-1.7 Event Sequences

* YMRP (NUREG-1804) Section 2.1.1.4.3:

-AC 1
"Adequate Technical Basis and Justification are
Provided for the Methodology Used and
Assumptions Made to Identify Preclosure Safety
Analysis Event Sequences"

-AC 2
"Categories 1 and 2 Event Sequences are
Adequately Identified"

Department of Energy * Office of Civilian Radioactive Waste Management www . o
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Other 10 CFR Requirements Ar
Mapped As Applicable

SAR-1.7 Event Sequences:

10 CFR 63.112 Requirements for preclosure safety analysis
of the geologic repository operations area:

(b) An identification and systematic analysis of naturally
occurring and human-induced hazards at the geologic
repository operations area, including a comprehensive
identification of potential event sequences;

(c) Data pertaining to the Yucca Mountain site, and the
surrounding region to the extent necessary, used to identify
naturally occurring and human-induced hazards at the
geologic repository operations area;

(d) The technical basis for either inclusion or exclusion of
specific, naturally occurring and human-induced hazards in the
safety analysis

SDepartment of Energy * Office of Civilian Radioactive Waste Management www42.orw~Warther/Saldarini TE-Nov. 9, 2006 rev 4.ppt9



Requirements Mapping Information
to Aid Reviewers and Validation

* Requirements cross-referenced in LA:

- Table at front of each major section

- References under subsection titles

• Other cross-reference reports are being
considered to aid reviewers

Department of Energy 0 Office of Civilian Radioactive Waste Management
Warther/Saldarini TENov. 9, 2006 rev 4.ppt
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Requirements Mapping Tables Provide
Cross-Reference to 10 CFR 63 and YP

SAR Information Category 10 CFR Part 63 NUREG-1804 Reference
Section Reference

1.7.1 Technical Basis and Assumptions for 63.21(c)(5) Section 2.1.1.4.3: Acceptance
Methods to Identify Event Criterion 1
Sequences 63.112(b), (c), and (d)

1.7.2 Categorization of Internal Hazard 63.21 (c)(5) Section 2.1.1.4.3: Acceptance
Event Sequences 63112(b) (c), and (d) Criterion 1

1.7.3 Categorization of External Hazard 63.21 (c)(5) Section 2.1.1.4.3: Acceptance
Event Sequences 63.112(b), (c), and (d) Criterion

1.7.4 Categorization Results 63.21(c)(5) Section 2.1.1.4.3: Acceptance
Criterion 2

63.112(b), (c), and (d)

Department of Energy & Office of Civilian Radioactive Waste Management www.0Cw1 0.V
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Summary

Requirements mapping:

* Ensures completeness of LA

* Aligns LA with requirements and
guidance documents

* Provides an aid to reviewers
-BSC

-DOE

-SNL

-NRC
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