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Used .
Fuel Outline

Disposition

B Purpose and approach

B Treatment of consequences

B Categories of failures/errors

B Choice of hazard analysis method

B Combined Event Tree/Fault Tree example from YMP PCSA*

B Preliminary Event Tree/Fault Trees for wireline emplacement
— Drop-in-hole hazard

— Stuck-in-hole hazard

B Component failure databases (probabilities, frequencies)

B Future work, including drill string emplacement hazards

B References
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Used
Fuel Purpose and Approach

Disposition

B Discriminate between emplacement mode options (drill string vs.
wireline), according to

— What accidents could occur and how likely are they during deep-borehole
emplacement of waste packages

B Primary steps/aspects of hazard/risk
analysis:

1. Hazard identification and event sequence
construction (what can happen? — “causes”)

2. Consequence analysis (what are the
consequences if it happens?)

3. Frequency/probability analysis (how likely is it to
happen?, including uncertainty ranges)

4. Risk calculation (how bad is it? — product of
frequency and consequence)

5. Decision analysis (how should we proceed in
light of the risk?)

© S. D. Sevougian, S.E. New Mexico, Summer 1979
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Used
Fuel Level of Consequences

Disposition

B Cause = Event = Consequence

B Prevention & Mitigation = Safety Functions/Barriers in the
Desi gn Prevention Mitigation

Causes > Hazard Effects

Consequence 1

Threat 3

§ Hazardous
2 Threat 1 Event
“Bow-tie” g ¢ Often used for
o - - -
; * N risk analysis in
D’agram :c[’ Threat 2 TOP | Consequence 2 il i
-g EVenT | Conh‘lol | | Con‘h!ol— sq the o’l ’ndUStry
o measure measure
o
5
:C[J

meaasure
Consequence 3

B Level of Consequence in DBEMHA:

— Loss of operational capability: “yes/no”
— Potential waste package breach condition exists: “yes/no”

« Similar to consequences in Level 1 NPP PRA: “core damage yes/no”

* Burtonshaw-Gunn, S. A. 2009. Risk and Financial Management in Construction, Fig. 3-8,
July 16, 2015 ISBN 978-0-5660-8897-1, Ashgate, also Gower at www.gpmfirst.com



Used
Fuel Some Assumptions & Simplifications

Disposition

B Accident analysis begins subsequent to bolting of shipping cask
to wellhead (including nothing prior to reaching the site)

B Only internal events for now (i.e., omit seismic, weather-related,
etc.)

B No malevolent acts

B No simultaneous initiating events (standard PRA practice
because of low probability and because either event ceases
operations)

B Typical risk consequences not considered at this point, such as
— Personnel risk (e.g., injury or fatality)

— Environmental risks (e.g., groundwater contamination; biota damage)

July 16, 2015



Used . . .
Fuel Wireline Emplacement in Deep Borehole

Disposition

<—— Attach cable head to waste package

Lower waste package
through BOP and downhole

July 16, 2015 6



Used
Fuel Three categories for failures/errors®

Disposition

B Hazardous events can result from either actions (e.g., human acts) or
component failures (e.g. battery, sensor) or a combination—three major
categories....

B Passive component failures (usually towards the top of a fault tree)
— Includes components such as the waste package, casing, tubing, and passive BOP components

— Conditional failure probability (i.e., following a structural or thermal challenge) requires an
engineering calculation (fragility and damage analysis) using process models, e.g., probability of
damage/failure from mechanical stress (dropping, bumping), probability of damage/failure from
thermal stresses (fire)

B Active component failures:

— Includes components such as electric cable head release, wireline winch, wireline sheave
wheels, interlock systems, cranes, active BOP components (rams), UPS, batteries, diesel
generators, wireline (fatigue), etc.

— Failure probability (“demand”-based) or failure frequency (time-based) come from industry and
governmental reliability databases for electro-mechanical equipment

B Human errors/failures

* Also used to classify the “criticality” of minimal cut
July 16, 2015 sets, by Rausand and Hoyland 2004, Table 3.2



Used
Fuel Choosing a Hazard Evaluation (HE) Method

Disposition

B From: CCPS (Center for Chemical Process Safety) 1992.

Guidelines for Hazard Evaluation Procedures, 2nd Edition,
AIChE:

— “Selecting an appropriate HE technique is more an art than a science” Single {allare cveats | Mltple bllure events

Are the accidents

likely to be single or

multiple failure
events?

Consider usin; Consider using
FMEA or HAZSP FTorET

— Detailed flow charts and criteria for choosing the best HE method (seven pages)

B After DOE 1997: DOE Standard: Hazard Categorization and i) h*-‘?i“‘?zlf‘fe‘ﬁ
Accident Analysis Techniques for Compliance with DOE Order

5480.23, Nuclear Safety Analysis Reports. DOE-STD-1027-92:

— For a Nuclear Hazard Category 2 Facility (facility with a potential for “significant on-site

Figure 53 (continued)

consequences):
Type/Complexity of Facility Recommended Hazard Evaluation Method
Low-Complexity Checklist Analysis or other simple “Hazard Analysis”
Single-Failure Electro-Mechanical Systems Failure Modes and Effects Analysis (FMEA)

Systems with Redundant Barriers or

Requiring Multiple Failures Event Tree Analysis (ETA)

Large, Moderately Complex Processes Fault Tree Analysis (FTA)
Complex Fluid Processes Hazard and Operability Studies (HAZOP)
High Complexity Facilities Integrated Event Tree and Fault Tree Techniques (ETAs/FTAs) <—YMP PCSA*

July 16, 2015 * Yucca Mountain Project Pre-closure Safety Analysis 8



psed Example from Yucca Mountain Pre-Closure

Disposition Safety Analysis (PCSA)

B Combines ETA and FTA:

— Each “pivotal event” (i.e., intermediate event) in the PCSA event sequences was
decomposed using a fault tree to define its probability of occurrence

B PCSA used a well-established methodology codified in various NUREGs
of the U.S. NRC (e.g., see NRC 1983)

B Example hazardous events associated with Canister Transfer Machine
(CTM) operations inside the Canister Receipt and Closure Facility (CRCF):

HOIST TROLLEY ! Y Iy _
POSITION EMCODER / o2 01:5)_

CANISTER HOIST ] SHIELD BELL
TROLLEY (o) Q) I—’-Z‘ TW.I%NEE&%ITIUN
CTM: Transfers waste I o8 del e o I
canister from transportation T | o LD BELL
cask to waste package % - / LLLLLLL
TH1 I
i |
|
\— CANISTER TRANSFER MACHINE w
. ﬁ SH ELD
b
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Used
Fuel

Disposition

Example Event Tree/Fault Tree Combination

for Canister Transfer Machine (CTM)

A

O

060-CTM-XXXXX = Basic Event |dentifier

LEGEND

Undeveloped Event — event for
which specific failure data are
unavailable, and, therefore,
generic data are applied

Basic Event — lowest level event
in the fault tree that has event
failure data

Transfer Gate — linking to another
fault tree. A number in a transfer
gate refers to a sheet number in
this figure.

“OR" Gate — produces a
successful outcome if any of the
inputs are successful

"AND" Gate — produces a
successful outcome if all of the
inputs are successful

00249DC_LA_2681b ai

Safety barriers/intermediate events —»

CTM-DROP-ONTO-CASK

electro mechanical

Drops with human

failures event
GATE-20-8 GATE-20-2

Drops from Crane
Mechanical Failures

Canister Shielding HVAC Moderator
Containment Remains Confinement Prevented from
Remains Intact Intact Maintain Entering Canister
INIT-EVENT CANISTER SHIELDING | CONFINEMENT | MODERATOR END-STATE-NAMES
0K
DE-SHIELD-LOSS
Structural
Challenge to
Canister
RR-FILTERED
RR-FILTERED-ITC
| RR-UNFILTERED
Drop of object
onto cask

RR-UNFILTERED-ITC

GATE-36-1

Two block related

Collision with

S'plll'i(]ll\‘ crane

failures slide or port movement
gate causes drop
GATE-36-200 GATE-36-60 GATE-37-4

002460C_LA_26780.ai

—

End states

OK

Direct exposure, shielding
loss

Radionuclide release,
filtered by HVAC

Radionuclide release,
filtered by HVAC, also
important to criticality

Radionuclide release,
unfiltered by HVAC

Radionuclide release,

unfiltered by HVAC, also
important to criticality
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Used
Fuel

Disposition

Preliminary “Structural Challenge”

Event/Fault Trees for Wireline Emplacement

Generated with SAPHIRE v8.1.24
Top and intermediate events in fault

tree shown in blue; basic events
shown in purple

Structural Challenge | YWaste Package Mot # End State
to Waste Package Ereached [Phase - ]
INIT-STRUCTURAL  |LOSS5-BEREACH
DK-COMTIMUE

S

Probabilities are just placeholders

Structural Challenge to
Waste Package

WWEMOO2

Drop Waste Package
During Surface Operations

WENMOO24

M~

‘Waste package drops

Waste package and

Draft

>

Drop Waste Package
Diuring Trip In

WENMDD25

M~

C 1

C 2

ABANDON-SEAL

‘Wireline Breaks During

Cable Head Releases
Accidentally

WWEMODZ253

&
I

Wireline fatigue failure

Electromechanical switch
closes spontaneously

[1 O0E-+00

WWERMOOZEIA [1 OOE+00

without wireline wireline drop together Lawering
WEMDD242 WEMOD243 WEMODZ52
|
I I 1
Safety door opens Wireline winch brake Spooling too fast causes Inadvertent closure of a

accidentally failure birdcage safety doar on the wireline

WEMONZE3A4E [1 DDE+00| PAEMODIEIEAE [1 NOE+00] [MWEMDNZ523 WERMODZ524 VWYEMDDZAZC
Lower cask door opens H H
accidentally | |

WEMODZE3AIEC]1.D0E+0D

Interlock system fails

WEMODZE3A4A [1.00E+0D

Cable head releases
accidentally

WEMONZE3B4D [1 DDE+00

@

July 16, 2015

\Wireline winch brake
failure

Safety door shears wireline

Lower cask doar shears
wireline

WENMIDZEZE4E [1.00E+0D

WWEMOD25242

WWEMOD26243

Winch operator inattention

WENMIDZAIA4A [1.00E+0D

I

1

O

Interlock system fails

Interlock system fails

WWEMOOZAIE4ASA1 DDE+OD

[WENMOID2A3E4E541.00E+0D

Safety door closes
inadvertently

Lawer cask door closes
inadvertently

VWEMOO2A3B4A581 .00E+00

WWEMIDZASB4B58 |1 [00E-+10

O

Cperator presses release
buttan prematurehy

WEMOOZE3E [1 00E+00

Cable head connection to
waste package comes loose

WEMODZE3C  [1.00E+00

Example
End States

1"



Used
Fuel

Disposition

Preliminary “Stuck in Hole” Event/Fault
Trees for Wireline Emplacement

B Generated with SAPHIRE v8.1.24

B Top and intermediate events in fault
tree shown in blue; basic events

shown in purple

B Probabilities are just placeholders

July 16, 2015

WP Stuck Above
Emplacement Zone

Fizhing Atternpt
Successful

Waste Package Mat
Ereached

INIT-STUCK. LOSS-FISHING LOSS-BEREACH
© o
> © @
o
©

WP Sticks in

Above Emplacement Zone

Guidance Casing

VWEMOD43

|

Undetected MNarrowing of Guidance
Casing

Draft

WWEMOD431

A

Human Failure

Equipment Failure

WEMOD4312

VWEMOD4313

|

i

Procedural errar - forgot to run
wireline

'Caliper fails - erroneous reading

WWEMOD2C3A4BEA [1.00E+00] [AVEMDO2C32A4A5A [1.00E+
Guidance casing fails after caliper
log
WEMODZCIA4ASE [1.00E+00]

Example
End States
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Used Reliability Failure Databases for

Dispositon Frequency/Probability*

1. Component failure event databases, e.g.,
— GIDEP (Government Industry Data Exchange Program) in the U.S.

2. Accident and incident databases, e.g.,
—WOAD (World Offshore Accident Databank), by DNV (Det Norske Veritas)
— Oil and Gas UK (co-sponsored by the UK Health and Safety Executive)
— PSID (Process Safety Incident Database), by AIChE

3. Component reliability databases, e.g.,
— OREDA (Offshore Reliability Database), by DNV
— NPRD (Nonelectronic Parts Reliability Database), by RAIC, a DoD center
— PERD (Process Equipment Reliability Database), by AIChE

4. Common cause failure databases
— CCFDB (Common-Cause Failure Database), by the U.S. NRC

5. Various databases cited in YMP PCSA

* First four major categories of “hardware” reliability databases are according to
July 16, 2015 Rausand and Hoyland (2004), Sec. 14.2. Also, see Vinnem (2007), Sec. 5.9. 13



Used
Fuel Future Work

Disposition

B Generate a more detailed wireline fault tree

B Generate a detailed fault tree for drill string emplacement
(see next slide)

B Refine consequence terminology and detail

B Determine available accident frequencies and failure
probabilities that might be applicable to either wireline or
drill string emplacement operations

B Convene an expert panel to review fault trees, accident
frequencies, and failure probabilities

July 16, 2015
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- Thanks for your attention!



Used
Fuel

Disposition

Back-up Slides
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Used
Fuel

Disposition

Preliminary Fault Tree for Drill String

Emplacement

Loss of Control of a3 Waste
Package Group

DS

S

Drop packages while
assembling waste package
graup

Drop string and packages
tripping into the hole

WWaste package group gets
stuck downhale during
emplacement

Drop drill string tripping out
of hale

D53

I

Elevator fails

DS442 [1.0000E+00

Fail to clarmp drill string

DS443 [1.0000E+00

Bad joint in drill string

05444 [1.0000E+00

D50 D51 D52
I 1 | 1
Dirill string not attached to Dirill string attached to Hurnan Error Eguipment failure Guidance casing is
packages packages deformed or collapsed
D540 D541 D510 D511 DS435
: | I I :
I 1 I 1
Inadvertant early release of Equipment malfunction Fail to clamp drill string Undeveloped Event Fail to clamp string Hurman Errar Equipment failure
packages
DS400 D5403 0S410 [1.0000E-+00| [DS100 |1 0000E+00] |DS4210 [1 0000E+D0] [DS20 D521
f'ﬁ Elevatar fails Elewvatar fails Pﬁ Pﬁ
Hurman inadvertantly sends Blind ram and power slips fail, DS412 |1 0000E+00 DS4211 ‘1 0000E+00 Operator fails to react to Sensor on instrumentaion
command to lower packages releasing packages down hole BEad joint in drill string Ead joint in drill string warning from sensors on package fails to repont
instrurnentation package deformed or collapsed casin
DS4001 [1.0000E+00] [DS401 [1.0000E-+00 DS200 1 0000E-03| [DS210 1. 0000E+00
Blind ram withdraws and Bad joint on partially D413 |1 [0000E+00 Ds4212 ‘1 UO00E+00 O Software fails to alert operator
power slips fail assembled waste package Bad joint in waste package Bad joint in waste package of sensor readings on
groug group group defarmed ot collapsed casin
D&4002 [1.0000E+00] |DS402 [1.0000E+00 DE43011 1.0000E+00
® ® D5414 [1.0000E+00 D34213 [1.0000E+00 O

July 16, 2015

O

@]

17




Used
Fuel Selected References

Disposition

B Anderson, S. and B. A. Mostue 2012. “Risk analysis and risk management approaches applied to the petroleum industry and their
applicability to 10 concepts,” Safety Science 50, 2010-2019.

B Atwood, C. L, J. L. LaChance, H. F. Martz, D. J. Anderson, M. Englehardt, D. Whitehead, and T. Wheeler 2003. Handbook of
Parameter Estimation for Probabilistic Risk Assessment, NUREG/CR-6823, U.S. Nuclear Regulatory Commission, Washington DC
20555, ADAMS #ML032900131, SAND2003-3348P, Sandia National Laboratories, Albuquerque, NM.

B Aven, T.andJ. E. Vinnem 2007. Risk Management: With Applications from the Offshore Petroleum Industry, Springer-Verlag London
Limited.

B Aven, T, ). E.Vinnem, and H. S. Wiencke 2007. “A decision framework for risk management, with application to the offshore oil and
gas industry,” Reliability Engineering and System Safety 92, 433-448.

B BORA (Barriere & Operajonell Riskoanalyse) 2007. Operational Risk Analysis—Total Analysis of Physical and Non-physical Barriers,
BORA Handbook Rev 00, June 26, 2007, Preventor AS, Jan Erik Vinnem, Ulstadvn 8, P.O. Box 56, 7541 Klaebu, Norway,
http://preventor.no/projects/bora-barrier-and-operational-risk-analysis/

B Brandsaeter, A. 2002. “Risk assessment in the offshore industry,” Safety Science 40, 231-269.

B BSC 2009. Canister Receipt and Closure Facility Reliability and Event Sequence Categorization Analysis. 060-PSA-CR00-00200-000-00B.
Las Vegas, Nevada: Bechtel SAIC Company. ENG.20090112.0004. November 2008.

B Calixto, E. 2013. Gas and Oil Reliability Engineering Modeling and Analysis, Gulf Professional Publishing (an imprint of Elsevier),
Waltham, MA 02451, ISBN 978-0-12-391914-4.

B CCPS (Center for Chemical Process Safety) 1992. Guidelines for Hazard Evaluation Procedures, 2nd Edition with Worked Examples,
American Institute of Chemical Engineers, New York, New York, 1992.

B CSB (US Chemical Safety and Hazard Investigation Board) 2014. Investigation Report, Volumes 1 and 2: Explosion and Fire at the
Macondo Well, CSB, 2175 K Street, Washington DC 20037, June 5, 2014. http://www.csb.gov/macondo-blowout-and-explosion/

B DOE (U.S. Department of Energy) 2008. Yucca Mountain Repository License Application Safety Analysis Report. DOE/RW-0573,
Revision 1. U.S. Department of Energy, Washington, D.C. (http://www.nrc.gov/waste/hlw-disposal/yucca-lic-app/yucca-
lic-app-safety-report.html#1 )

B DOE (U.S. Department of Energy) 1997. DOE Standard: Hazard Categorization and Accident Analysis Techniques for Compliance with

DOE Order 5480.23, Nuclear Safety Analysis Reports. DOE-STD-1027-92, Change Notice No. 1, September 1997. U.S. Department of
Energy, Washington, D.C. 20585
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Fuel Selected References (cont.)

Disposition

B GranB.A,, R. Bye, O.M. Nyheim, E.H. Okstad, J. Seljelid, S. Sklet, J. Vatn, and J.E. Vinnem 2012. “Evaluation of the Risk OMT model for
maintenance work on major offshore process equipment,” Journal of Loss Prevention in the Process Industries 25, 582-593.

B Marhavilas, P. K., D. Koulouriotis, and V. Gemeni 2011. “Risk analysis and assessment methodologies in the work sites: On a review,
classification and comparative study of the scientific literature of the period 2000-2009,” Journal of Loss Prevention in the Process
Industries 24, 477-523.

B Matanovic, D., N. Gaurina-Medimurec, and K. Simon 2014. Risk Analysis for Prevention of Hazardous Situations in Petroleum and
Natural Gas Engineering, Engineering Science Reference (an imprint of IGI Global), Hershey, PA 17033, ISBN 978-1-4666-4777-0.

B NAIIC 2012. The Official Report of the Fukushima Nuclear Accident Independent Investigation Commission, The National Diet of Japan,
2012.

B NORSOK 2001. NORSOK Standard Z-013, Risk and Emergency Preparedness Analysis, Rev.2., Norwegian Technology Centre, Oslo,
Norway.

B NRC (Nuclear Regulatory Commission) 2000. Technical Basis and Implementation Guidelines for a Technique for Human Event
Analysis, NUREG-1624, U.S. Nuclear Regulatory Commission, Washington DC 20555, ADAMS #ML003719212.

B NRC (Nuclear Regulatory Commission) 1998. Nuclear Fuel Cycle Facility Accident Analysis Handbook, NUREG/CR-6410, U.S. Nuclear
Regulatory Commission, Washington DC 20555, ADAMS #ML072000468.

B NRC (Nuclear Regulatory Commission) 1983. PRA Procedures Guide, A Guide to the Performance of Probabilistic Risk Assessments for
Nuclear Power Plants, Volumes 1 and 2, NUREG/CR-2300, U.S. Nuclear Regulatory Commission, Washington DC 20555, ADAMS #
ML063560439 and ML063560440.

B Pitblado R., B. Bain, A. Falck, K. Litland, and C. Spitzenberger 2012. “Frequency data and modification factors used in QRA studies,”
Journal of Loss Prevention in the Process Industries 24, 249-258.

B Rausand, M. and A. Hoyland 2004. System Reliabiltiy Theory: Models, Statistical Methods, and Applications, Second Edition, John
Wiley & Sons, Inc., Hoboken, NJ.

B Skogdalen, J. E. and J. E. Vinnem 2012. “Quantitative risk analysis of oil and gas drilling, using Deepwater Horizon as case study,”
Reliability Engineering and System Safety 100, 58-66.

B Skogdalen, J. E. and J. E. Vinnem 2011. “Quantitative risk analysis offshore—Human and organizational factors,” Reliability
Engineering and System Safety 96, 468-479.

19
July 16, 2015



Used
Fuel Selected References (cont.)

Disposition

B Smith, C. L.and S. T. Wood 2011. Systems Analysis Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE) Version 8,
NUREG/CR-7039, Volumes 1 through 7, U.S. Nuclear Regulatory Commission, Washington DC 20555, June 2011.

B Thaheem, M. J., A. De Marco, and K. Barlish. 2012. “A Review of Quantitative Analysis Techniques for Construction Project Risk
Management,” in Proceedings of the Creative Construction Conference 2012, ed: M. Hajdu and M. J. Skibniewski, Budapest, Hungary,
June 30 — July 3, 2012, ISBN 978-963-269-297-5, Diamond Congress Ltd., Budapest, www.diamond-congress.hu

B Vesely, W. E., F.F. Goldberg, N.M. Roberts, and D.F. Haasl (1981). Fault Tree Handbook, NUREG-0492, Office of Nuclear Regulatory
Research. U.S. Nuclear Regulatory Commission: Washington DC, January 1981.

B Vinnem, J. E. 2007. Offshore Risk Assessment: Principles, Modelling and Applications of QRA Studies, 2" Edition, Springer-Verlag
London Limited 2007.

B Vinnem, J.E., R. Bye, B.A. Gran, T. Kongsvik, O.M. Nyheim, E.H. Okstad, J. Seljelid, and J. Vatn 2012. “Risk modelling of maintenance
work on major process equipment on offshore petroleum installations,” Journal of Loss Prevention in the Process Industries 25, 274-
292.

B Vinnem, J. E,, T. Aven, T. Husebo, J. Seljelid, and O. J. Tveit 2006. “Major hazard risk indicators for monitoring of trends in the
Norwegian offshore petroleum sector,” Reliability Engineering and System Safety 91, 778-791.
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Used Active Component Reliability Data

Fuel

pisposition Sources from YMP PCSA*

* From BSC (2009, Sec. C1.2): “The data source had to be widely available, not proprietary.”
References from Table C1.2-1 and Sec. C5.

C5.1 *AIChE (American Institute of Chemical Engineers) 1989. Guidelines for Process Equipment Reliability Data
with Data Tables. G-07. New York, New York: American Institute of Chemical Engineers, Center for Chemical
Process Safety. TIC: 259872. ISBN: 978-0-8169-0422-8.

C5.5 *Blanton, C.H. and Eide, S.A. 1993. Savannah River Site, Generic Data Base Development (U). WSRC-TR-93-
262. Aiken, South Carolina: Westinghouse Savannah River Company. TIC: 246444.

C5.6 *Borkowski, R.J.; Kahl, W.K.; Hebble, T.L.; Fragola, J.R.; Johnson, J.W. 1983. The In Plant Reliability Data Base
for Nuclear Plant Components: Interim Report-The Valve -Component. NUREG/CR-3154; ORNL/TM-8647. Oak
Ridge, TN: Oak Ridge National Laboratory. ACC: MOL.20071129.0315.

C5.7 BSC 2007 (Bechtel SAIC Company). Waste Form Throughputs for Preclosure Safety Analysis. 000-PSA-MGRO-
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Reliability of Downhole Equipment

Disposition George King 2010 — One Day Course (390 pp.)

July 16, 2015

Problems Encountered During Wireline
and CT Operations

Activity Y failure on % failure on Comments
first run second run

WL run to EOT in 2-3/8” 14% improve if cool water circulated4

tubing

WL run to EOT in larger <2%

tubing

WL Plug setting 5% Assumes low scale, low paraffin environment

WL Plug pulling 20% 15% Debris over plug is major problem

CT Plug Setting 10 to 15% Problems in sensitivity and depth control

CT plug pulling 10 to 15%

WL Perforating 2%to 3% <1% detona10r.|'c3onductivity problems, assumes tubing is
open to TD

CT Perforating 5% to 8% 3% detjczma'lorfgun-to-gun failure, assumes tubing is open to
TD

Tubing Puncher Charge 5% Depends on magnetic decentralizer operation33

Tube cut off, below packer 75% 5% Incomplete cut without tension™

Tube cut off, above packer 20% 20% Insufficient overpull, coatings & heavy or alloy pipe” "

Sliding Sleeve Operation 10 to 50% depends on age, corrosion and debris, improve with CT
impact tool on CT
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Used
Fuel
Disposition

Event Tree Analysis (ETA)

B Major steps in an event tree analysis (e.g., after Rausand and
Hoyland 2004; CCPS 1992), an inductive technique:

1. ldentification of an initiating event
(hazard) causing the accident or failure

2. ldentification/design of safety functions
/barriers/procedures to mitigate the
initiating event—failure of a barrier
results in an “intermediate” event

3. Construction of the event tree*

Description of the resulting accident
event sequences

5. Calculation of frequencies/probabilities:

frequency of end state(s) =
frequency of initiating event
x probability of each
intermediate event

*Convention: Upper branches represents success
(“true”), while lower branches represent failure (“false”).

July 16, 2015

*
Example event tree End
States
- Sprinkler .
Initiating . Fire alarm is Frequency
event Start of fire ?’;‘?;"n;r: not activated | OU°°MS | (per year)
True Uncontrolled
fire with no B.010°%
True 0.001  alarm
0.01 False  unconmolled L o
True gggg fire with alarm :
0.80 Tue  Controlledfre o .o
False 0.001 with no alarm ’
Explasion
102 per year 0.99 False  Gontrolled fire 19109
0.989 with alarm ;
False .
No fire 2.0-10°
0.20

* Taken from Rausand, M. and A. Hoyland 2004. System Reliabiltiy
Theory: Models, Statistical Methods, and Applications, Second
Edition, John Wiley & Sons, Inc., Hoboken, NJ.
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Used

use Fault Tree Analysis (FTA)—
pDisposition With an example from the YMP PCSA*

B Five major steps in an fault tree analysis (e.g., after Rausand and
Hoyland 2004), a deductive technique:

1. Definition of the problem and the boundary conditions, including definition of “top event”

2. Construction of the fault tree, backwards from “immediate cause events” (just below top
event) to a level of “basic events” or causes

3. lIdentification of minimal “cut sets”**

LEGEND
1 1 I 1 = Undeveloped Event — event for
4. Qualitative analysis of the fault tree o 7 e st s G o
Gate Cauees Drop unavailable, and, therefore,
H H H generic data are applied
5. Quantitative analysis of the fault tree .
O = Basic Event — lowest level event
GATE-36-60 in the fault tree that has event
** Minimal “cut set” = smallest combination of | l | feilure data
. . = Transfar Gate — linking to another
basic events (e.g., component failures) Catson win Colisons i ot trae. A mamber in o tramster
which, if they all occur or exist, will cause Couses Drop Cause Drup gatl rofers 1o a shast number in
’ ’ this figure.
the top event to occur A [\ = 'OR’ Gate —produces a
GATE-36-51 GATE-36-7 successful outcome if any of the
inputs are successful
Fault tree for one of the initiating oot oot Failure of Weight () = AND Gate — produces a
events that might compromise a Spurious Close Limit Control successfu\ outcome if all of the
g P to Stop Hoist inputs are successful
canister in the_YMP Canister Q 060-CTM-XXXXX = Basic Event Identifier
Transfer Machine (CTM) AT 36100 e 00 002460C_LA_2681h ai
\ [ | \ \
CTM Holcing Erake Fairg onirl nterlack Lt Switch Frasture Sersor
on Demand Failure on Demand Failure on Demand Fails on Demand
3.520E-5 1.460E-6 2.750E-5 2.930E-4 3.990E-3

080-CTM—HOLDBRK-BRK-FOH

Figure 1.7-8. Example of Fault Tree of the Preclosure Safety Analysis (Sheet 9 of 12)

NOTE: CTM = canister transter machine.

July 16, 2015 * Yucca Mountain Project Pre-closure Safety Analysis

DB0-CTM—HOLDBRK-BRK-FOD

DOE (U.S. Department of Energy) 2008. Yucca Mountain Repository
License Application Safety Analysis Report. DOE/RW-0573, Revision 1.

060-CTM—IMEC125-IEL-FOD

060-CTM—WTSW126-2S—FOD

060-CTM—INT0125—SRP-FOD

00249DC_LA_2689c ai
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Used
Fuel Strengths of Fault Tree Analysis

Disposition

B Easily combines human and equipment failure (both of which
are expected to be possible in DBH emplacement)

B Can be used to derive the probability of complex intermediate
(“pivotal”) events in an event sequence

LEGEND

CTM Drop Fault <> = Undeveloped Event — event for
Tree which specific failure data are

unavailable, and, therefore,

generic data are appliec

o = Basic Event — lowest level event
in the fault tree that has event
failure data

CTM-DROP-ALL-HEIGHTS A\ = Transfer Gate — linking to another
l fault tree. A number in a transfer

Human | | EguiEment gate refers to a sheet number in

this figure.

Q = "0OR" Gate — produces a
successful outcome if any of the
Failures Involving Electro-Mechanical inputs are successful
Human Events Failures

D = "AND" Gate — produces a
successful outcome if all of the

inputs are successful
060-CTM-XXXXX = Basic Event Identifier

002490C_LA_2681b.ai
GATE-36-58 GATE-36-59

Figure 1.7-8. Example of Fault Tree of the Preclosure Safety Analysis (Sheet 1 of 12)

NOTE: CTM = canister transfer machine.

Source: BSC 2008 [DIRS 180095], Attachment B, Section B4.4.1.8.

DOE (U.S. Department of Energy) 2008. Yucca Mountain Repository License Application
Ju Iy 16, 2015 Safety Analysis Report. DOE/RW-0573, Revision 1.
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Used

Potential “Internal” Hazardous Events for Wireline

Fuel
: o Emplacement—based on emplacement steps
Disposition
oL . . e . Screening
Event Description of Potential Hazardous Event Risk Mitigation Measures, Assumptions, and decision
Identifier (based on sequential emplacement steps) Other Notes (include/exclude)
TOP EVENT | Loss of control of waste package include
Immediate- Drop waste package during surface operations Risk pr_eventlon. measure: Cask/wellhead-safety- include
cause event door/blind-ram interlock system
Immediate- . " .
cause event Drop waste package during trip into hole include
Immediate- | Waste package sticks in guidance casing or .
. o include
cause event | hanger during trip into hole
Prior to attachment of cable head, the operator | Risk prevention measure: Door/ram/wireline
mistakenly opens the lower door on the shipping | hoist interlock system, including a “deadman” lock
Basic event | cask instead of the upper one, dropping out (in case of loss of power or inadvertent exclude
package onto the “safety door” in the wellhead | energization). This event is not considered to be
below “loss of control”.
Upper cask door closes accidentally after cable Risk prevenhonlmelasure: A restraint to prevent
. . : . upper door closing is set prior to cable head
Basic event | head is attached but while lower cask door is h Furth th K has exclude
still closed attachment. Fu 1ermore, the package has “no
] where to go” at this point, so no loss of control
gr??fi T:v?/grpcueifkl?jzso?’ S;%ZE'QS éhzrg?g:(age Risk prevention assumption: Such a drop within
Basic event ! ! ’ b the cask would be small and not cause damage exclude
accidentally tried to spool the cable upward
L b ; to the package, the cask, or the lower door.
beyond the range-limiting pin
Basic event qugr cask door closes inadvertently on the include
wireline
Basic event Lower cask door closes inadvertently on the Risk prevention assumption: Waste package is exclude
waste package strong enough to be structurally unaffected.
Basic event U_ppgr cask door closes inadvertently on the include
wireline
. Wellhead safety door closes inadvertently on the .
Basic event include

wireline

July 16, 2015
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Used
Fuel

Disposition

Potential “Internal” Hazardous Events for Wireline

Emplacement—based on emplacement steps (cont.)

Event Identifier

Description of Potential Hazardous Event
(based on sequential emplacement steps)

Risk Mitigation Measures, Assumptions, and
Other Notes

Screening
decision
(include/exclude)

Wellhead safety door closes inadvertently on

Risk prevention assumption: Waste package is

free fall to the bottom

and tension guage does not indicate this extra
weight on the trip out

Basic event the waste package strong enough to be structurally unaffected. e
Basic event | BOP closes inadvertently on the wireline include
Basic event BOP (blind ram) closes inadvertently on the | Risk prevention assumption: Waste package is exclude
waste package strong enough to be structurally unaffected.
Basic event | Bird cage of wireline Risk prevention measure: Automated speed and include
9 tension control on wireline winch
Basic event | Wireline fatigue failure (I:?;ilrepreventlon measure: Schlumberger TuffLINE include
Basic event | Wireline winch failure include
Basic human | Operator spools waste package “past TD” or Risk prevention measure: Procedural and
2P P P 9e'p software controls; “crush box” on bottom of waste include
event past previous waste package
package
Basic human | Operator pushes cable head release button include
event prematurely
Electrical-mechanical fail-safe in cable head
Basic event | malfunctions and releases waste package include
early
Basic event Unc_letected narrowing of guidance or tieback | Risk prevention measure: Callper log run prior to include
casing or associated hangers waste package emplacement trip
Basic event | Site-wide power failure Risk prevention measure: UPS battery backup include
Basic event ;a%l; head fails to release while package is May not result in a loss of control exclude
. . Requires a joint underlying event with a very low
. Cable head releases on trip out with waste | i i o cable head failed to actuate at TD
Basic event | package still attached, releasing package to exclude
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