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Objectives

» Illustrate how Exelon Corporation uses PSA for
risk management associated with maintenance

» Demonstrate how PSA insights are applied to
maintenance configurations

» Illustrate the consideration of risk using risk
management tools

» Review potential for cost savings produced as
illustrated by examples.
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2 Sessions:

» P25 Approach —
e Background
* Method

> P26 Tool Demonstration —

 Procedures

e Computer Code
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Background: Different Perspectives

» “Limited” Business Perspective:
* Maintenance Outages are Time Shutdown
* Time Shutdown i1s Money Lost
* Thus, “Take everything out of service on-line”
» “Limited” Regulatory Perspective:
* On-line Maintenance 1s Equipment Unavailable
* Equipment Unavailable 1s High Risk
* Thus, “Take nothing out of service on-line”
» In common:

* Recognition that Maintenance must be performed
* Tool needed to satisty both perspectives - PSA
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Background: “Maintenance Rule”

» 10CFR50.65 Section (a)(4) states, “Before
performing maintenance activities
(including but not limited to surveillance,

post-maintenance testing, corrective and
preventive maintenance), the licensee shall
assess and manage the increase 1n risk that
may result from the proposed maintenance
activities.
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Risk Management In Plant Operations
RISK ASSESSMENT OPTIONS

> QUANTITATIVE (PSA)

e Numerical Limits

» QUALITATIVE (DEFENSE-IN-DEPTH)

* Equipment available for each Safety Function

» BLENDED APPROACH
* Both PSA and Defense-in-depth results are used
* Most adverse of PSA and Defense-in-depth 1s limiting
* Defense-in-depth 1s used if PSA results are unavailable
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Risk-Informed Approach to
Risk Management

Optimized Blended
Process Decision-making

f Process

Risk Monitoring Qualitative Tools: | Quantitative Tools:
» Defense in Depth - CDF
 Functions, Events * LERF

Regulation/ Regulation: Industry Guidance:| Work Control

e Ul 10 CFR 50.65 (a)(4) NUI\/IARC 93-01 Plant Procedures
Basis (Section 11)
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Risk Management in Plant Operations --
Method Considerations

» On-line vs. Off-line maintenance

» PSA risk assessment options

» Risk acceptance criteria options
» Risk status communications
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Risk Management In Plant Operations
CONSIDERATION OF ON-LINE vs. OFF-LINE MAINTENANCE

» For both, goal of Risk Management is reduction of risk
consistent with maximum scheduling flexibility and
reduced outage duration

« Maintenance Rule applies to both
* Defense-in-depth applies to both

» On-|
» On-|

1ne condition 1s one “steady state” vs. off-line

1ne time for operator action generally shorter than

oft-]

1ncC

» PSA and Defense-in-Depth used for on-line risk;
Defense-1n-depth alone for off-line
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Risk Management In Plant Operations
PSA RISK ASSESSMENT CRITERIA OPTIONS

» All Require PSA Computation of Plant
Configuration Risk

» Evaluation of Temporary Risk Increase

» “Speed Limit”
e Absolute Limits
 Relative Limits

» Cumulative Absolute Risk
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PSA Risk Assessment Criteria Options
TEMPORARY RISK INCREASE DEFINITIONS

Maximum Allowable Risk Level R,

)
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DEFINITIONS:
New Risk Level (R,) R, = CDF,

R, = CDF,

CR = CDF,/CDF,

Increase _ _ CDP =R x (ty-t4)
In Risk Incremental Risk Increase = ICCDP = (R;- Rp) x (t>t4)
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PSA Risk Assessment Criteria Options
RISK “SPEED LIMIT” APPROACH

UNACCEPTABLE

ACCEPTABLE
Speed Limits Can Be

Either:
- Absolute Values or

- Relative Increases
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PSA Risk Assessment Criteria Options
CUMULATIVE RISK APPROACH

Maximum Cumulative Risk, R,

aAlje|nwN)

™
14
Ll
-
~
L
o
)
2
| =
i
(]
=
=
D
14

(4¥371/4a9) s21v N Ysiy

©
=
T
@
Q
&
=
o
=
©
S
=
o
2
c
o
&

PSA in On-Line & Off-Line Maintenance Planning
P25/26-

040513




Risk Management In Plant Operations
RISK ACCEPTANCE CRITERIA OPTIONS

»PSA quantitative risk is numerical

» Defense-in-depth risk is qualitative

» Desire criteria:
* Applicable to both
» Considers uncertainty in methods
e Can be widely applied across Exelon plants

e Seem “reasonable” based on industry experience

» At Exelon, risk level criteria based on color

PSA in On-Line & Off-Line Maintenance Planning
P25/26-

040513




Risk Management In Plant Operations
PSA RISK ACCEPTANCE CRITERIA BY COLOR

Green Insignificant Risk Increase

Yellow Significant Risk Increase

Orange Very Significant Risk Increase

Red Unacceptable Risk Increase
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Risk Characterization Using Colors
EXAMPLE PSA RISK LIMITS

Risk Level ICCDP (C) CDF/CDF, (CR)
Green C < E-06 <2

Yellow E-06 <C<E-05 2<CR<10

Orange C > E-05 10 <CR <20

Red C > E-03/yr CR > 20
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Risk Characterization Using Colors

EXAMPLE DEFENSE-IN-DEPTH RISK LIMITS
(N = Minimum Equipment Required for each Key Safety Function)

Two Equipment Availability Options
(more are possible)

> N+1 (or 2) All

N+1 (or 2)

N-1 N
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Risk Characterization Using Colors
RESPONSE TO RISK COLORS

Green Information only

Heightened awareness required; may limit

Yellow unavailability time or take compensatory actions

O Required compensatory actions and equipment protective
range measures; Sr. Mgmt. approval required to enter voluntarily

Red Not to be entered voluntarily; if emergent, immediate
C actions required to reduce risk
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Risk Management in Plant Operations --

Procedures and Demonstration

» On-line
* Basis is 13 Week “Template”
— Separates units
— Separates “divisions” of equipment
— Procedures define actions each week

» Risk evaluation part of work planning

* Operators review risk and determine “emergent” risk

» Oft-line

 Basis is known work
— Past Schedules
— Defense-in-Depth
» Risk evaluation fine-tunes schedule
 Risk evaluation updated for changing conditions
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Plant Staff Responsibilities

Work Planning/Management

» REVIEW schedules for configuration impacts

» ASSESS risk using ORAM-SENTINEL and CREATE risk assessment profiles
» REASSESS risk for emergent conditions

Operations

» ENSURES plant configurations match planned risk assessment.

» REASSESS risk if an emergent condition results in a plant configuration that has
not been previously assessed (“WHAT-IF”).

RISK Management Engineer

» ADVISE & SUPPORT Work Management and Operations for risk & software.
» RUN ORAM-SENTINEL CDF cases for unanalyzed conditions (WHITES).

» REVIEW work week risk profiles

» TREND risk
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Risk Monitor Examples
ORAM-SENTINEL™ BLENDED RISK ASSESSMENT — On-Line

Safety Function Assessment \

Degree of Defense In Depth
Susceptibility to Undesirable (Non-
Core Damage) Endstates

Decision Basis:

Plant Transient Assessment

Susceptibility to Plant Transient
Combination of Transient Potential ..-.

and/or Safety Function Degradation

Probabilistic Assessment

CDF & LERF
Thresholds Based On Relative
Change & Peak CDF
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Risk Management In Plant Operations
RISK MONITOR EXAMPLES - ORAM-SENTINEL™

ORAM-SENTIMNEL Application Mode

@ Flease select the desired mode of operation from the
available options by clicking the associated button.

On-Line Evaluations Outage Evaluations

% s | SCHEDULE PLANNING _ SCHEDULE PLANNING
Provides monitoring of Safety Frovides monitoring of Safety
= Functions, Plant Transients, and Functions, Integrated Safety, and

P5A evaluations during on-line FP55A evaluations during
maintenance. outage-based maintenance.

WORE RELEASE » YORE RELEASE

ﬁ?] s Single configuration monitor. Single configuration monitor.

Date Time

Date Frame Selection Starting at |ﬂ1-JUH-ﬂﬂ | 0-00
|3n-.1uu-nn | 2400

Ending at
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Risk Monitor Examples
ORAM-SENTINEL™ OPERATOR SCREEN (oG

Status

3 ORAM-SENTINEL - All Modes Maintenance and Safety Function Advisor - [Operations Plant " .ciis
m File Edit Results Reports Tools  Wiew ‘Window Help

ot actual - [E[E] [EEE] |I4I|4M@| =1 =S PSA

IOV | oior  ouerst Results
(ol L}
To: 29-NOY-04 00:00 375d 00h 00m

scar Bl prarll oo I —

jons Status — Plant Transients Status

Safety Fns
CDF RISK INCREASE FACTOR 1.010E 000 -

Status PSARESULTS —— ——=p = ATWS |~ ||| LERF RISK INCREASE FACTOR  1.0Z0E-000 -
CONTAINMENT PRESSURE CONTROL LOSS OF BALANCE OF PLANT 5Y5

125¥ DC POVER LOSS OF OFFSITE POVER ReturnToService Hemai""'-Se'“iceT CompActions
AC ELECTRIC POWER MEDIUM LOCA !
HIGH PRESSURE INJECTION LOSS OF DC |
CONTAINMENT HEAT REMOYAL

LOW PRESSURE INJECTION r
PRESSURE CONTROL

REACTI¥ITY CONTROL =

Schedule!ieul Allﬂcliuiliesl MWorksheet I Current Acts I Save I

Transients )
Status

ety Systems Ealance of Flant TCDntainment Sys. TAC Fower TDC Fower TCDnFiguratiDn

High Pressure Low Pressure Decay Ht Remowval Pressure Control Reactivity

HFPCI System RHRILFPCI RHRIRHRSY Div. 1 ADSISRYs SBLC
RCIC Core Spray RHRIRHRSW Div. 2 RCIC RFSIARNRPT
SSMP Shutdown Cooling
CRD

— Equipment

Foom Cooling List
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Risk Monitor Examples
ORAM-SENTINEL™ SAFETY FUNCTIONS

TYPICAL BWR TYPICAL PWR

P25/26-
040513

Containment Integrity Containment Integrity
Pressure Control Vital Power Sources

Electric Power Subcriticality
Reactivity Control Core Cooling

High Pressure Injection RCS Integrity

Low Pressure Injection Heat Sink

Heat Removal Component Cooling
Secondary Containment
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Risk Monitor Examples
ORAM-SENTINEL™ TRANSIENTS

TYPICAL BWR TYPICAL PWR

Reactor / Turbine Trip » Reactor / Turbine Trip

Loss of Offsite Power » Loss of Offsite Power
ATWS » LOCA

LOCA » Loss of Support
Loss of FW System(s)

PSA in On-Line & Off-Line Maintenance Planning
P25/26-

040513




Risk Monitor Examples
ORAM-SENTINEL™ TYPICAL RISK STATUS

) DRAM-SENTINEL - All Modes Maintenance and Safety Function Advisor - [Dperations Plank Skatus ¥i PSA CR
m File Edit Results Reports Tools  Wiew Window Help

oNm lacrvar B [@EH] EIEIE] WD DE] [SEE] Res‘}lt

leltlng 12-MAY-04 16:28 Nu'l'l Duration: Owerall
Safety Fn Z23-NOY-04 00:00 200d 07h 32m SFAT J PTAT J PSa J

— zarery Functions Status — Plant Transients Status

CDF RISK INCREASE FACTOR 3. 630E+000 -

PSA RESULTS = ATWS |~ || | LERF RISK INCREASE FACTOR | 2 100E.000 v
CONTAINMENT PRESSURE COMTROL LOSS OF BALANCE OF PLANT S5YS

125¥ OC POVER LOSS OF OFFSITE POWER ReturnToService F‘emainlnsﬂvicer CompActions |
AC ELECTRIC FOVER MEDIUM LOCA !

HIGH PRESSURE INJECTION LOSS OF DC 0550 - SAFE SHUTDOWN PUMF AND MOT [ «
CONTAINMENT HEAT REMOVAL {HPC - M HPCI PUMPITURBINE

LOY FRESSURE INJECTION . e
PRESSURE CONTROL leltll’lg

REACTI¥ITY CONTROL .
Transient

Ezport I Schedule!ieul All Activities I Worksheet I Current Acts | WHAT-IF Save I

Safety Systems TBaIance of Flant TContainment Sys. TP.I: Fower TDI: Fawer TConFiguration

High Pressure Low Pressure Decay Ht Remowal Pressure Control Reactivity

HPCI System RHRILFCI RHRIRHRSY Div._ 1 ADSISRYs SBLC
RCIC Core Spray RHRIRHRSY DOiv_ RCIC RPSIARNRFPT
SSMP Shutdown Cooling

CRD ﬁ_

Room Cooling

_ Select
Equipment
OOS
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Risk Monitor Examples
ORAM-SENTINEL™ SAFETY FUNCTION STATUS

!-Safetf Function Assessment Decision Path

Assessment Function Diag# Title ! Description
HIEH PRESSURE INJECTIO Il" IHIEH PRESSURE INJECTION

Filter ¥ar Filter ¥ar Yalue

-
m
L]

HIGHFRESSURE REACTOR CORE SAFESHUTDOWH
COOLANT INJECTION ISOLATION COOLING MAKEUF FUMF
[(HFCIAVYAILAELE [RCICIAVAILAELE AVAILAELE

8

SAFE SHUTDOWH
MAKEUF FUMF
AYAILAELE

REACTOR CORE S| SAFE SHUTDOWH

Limiting
(I AVAILABLE HUALAELE Logic Path

SAFE SHUTDOWH
MAKEUF FUMF
AYAILAELE
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Risk Monitor Examples
ORAM-SENTINEL™ TRANSIENT SUSCEPTIBILITY

' DRAM-SENTIMEL - All Modes Maintenance and Safety Function Advisor - [Plant Transzient Assessment ... =]
D File Edit HResultz Reportz Tool View “Window Help

unrz  F|EE EEE] [ E] EEE 2]

Assessment Function Diag® Title ! Description
LOSS OF BALANCE OF PLANT 575 Il]i ILDSS OF BALANCE OF PLANT 5YSTEMS

Filter ¥ar ¥alue Filter ¥ar Yalue =

—

-

Limiting
Logic Path

HIGHFISK EYOLUTION “|HUMEEF OF TORUS SAFESHUTDOWH
FOF LOSZ0OF 14, SWOR COOLINGLOOFS M&KEUF FUMF

TEGGYW AYAILAELE AYAILAELE!
SAFESHUTDOWH
M&KEUF FUMF
AYAILAELE?

SAFESHUTDOWH
M&KEUF FUMF
AYAILAELE?

TORUS OF ORYWELL
HARDEHED YEMT FATH
AYAILAELE:

TORUS OF ORYWELL
HARDEHED YEMT FATH
AYAILAELE?

—|HUMEER OF TORUS SAFESHUTDOWH

COOLINGLOOFE M&KEUF FUMF
AYAILAELE AYAILAELE!

SAFESHUTODOWH
M&KEUF FUMF
AYAILAELE?

4
[ONLINE [15-SEP-00t0 16-SEP-00 |CALC Q208184 | |NUM
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Risk Monitor Examples

ORAM-SENTINEL™ SCHEDULE RESULTS SCREEN
(Equipment OOS Increased for lllustration)

¥ safety Functions Status View

OVERALL STATUS

PSA RISK INCREASE
SX/CCOLSFAT

CONTAINMNT INTEGRITY OL SFAT
CORE CODLING OL SFAT

HEAT SINK OL SFAT

RCS INTEGRITY OL SFAT
SUBCRITICALITY OL SFAT

VITAL POWER AC OL SFAT

VITAL POWER DC OL SFAT

4

' Plant Tranzients Statuz Yiew

April
19 20 A

1l ] B
I
]

LOSS OF OFFSITE POWER
STEAM GENERATOR TUBE RUPTURE

FLOODING
< |
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Risk Monitor Examples
ORAM-SENTINEL™ PSA RESULT TREND SCREEN

* 0RAM-SENTINEL - All Modes Maintenance and Safety Function Advizor
File Edit Beszultz BReportz Database Tool: YWiew ‘wWindow Help

= | |(EE | B |BHE | | = | BB | B R | [k | BEUE |

Mode Importing || Schedule | Recalcs Status SFunctz | Trn=ients | CFg Guidn F='Sf-‘|F'rnF Sgst; XuzT Grph lhat-IF

UNIT1 e =3 =T R e s P Pzl =0 I T I 2 = =
B® P5SA Graph View M= E3

ORAM-SENTIMEL Diate: 02-0:3-01 09:43
[rerston 2.2 4-\Week Rolling Risk Trend - U1 Haael: L-nonas
ISAR_CDFRIF

Iy=1 1 Zda+HI00
1e+024 Cum=%.932e-002

Risk Value inormalized CDF)

1e+00 T T T T T T T
010101 0105101 010901 0113101 0117101 012101 0125101
0000 16:00 16:00 16:00 16:00 16:00 16:00

Configuration Date

Feady — |OMUNE [01-JAMN-D1 to 28-JARM-01 [ [L1-00044 [ [RUR
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Risk Management In Plant Operations
SHUTDOWN RISK MANAGEMENT

» U.S. utilities follow NRC-endorsed guidance

» Applies to all shutdown modes of operation

» Actions and Responsibilities are proceduralized

» Monitors Defense-in-depth for all safety functions
» Generally does not involve PSA

» Identifies protected equipment

» Requires contingency plans

» Requires authorizations and communications
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Shutdown Risk Management
TYPICAL OUTAGE DEFENSE-IN-DEPTH RISK PROFILE

! Salety Functions Status View

November =
m 1 12 4 15 16 17 18 19 20 A 22 23 24 2/ 28 27 28 23 3 .

T
GECAY HEAT REMOVAL| — -
— rosmvmnony|
" FuELpooL mverony|
" FurLpooL coouic|

— acowson]
— scowsony]
oo
— omerow]
CONTAINMENT CONTROL E
— oo
ReactT conrmoL|
T

B (Green) [ (relow) [] [Orange) B [Red [lkernate Mode)
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Shutdown Risk Management
SHUTDOWN PSA ISSUES

» Risk measure: CDF, LERF, both, alternative end
states

» Plant operating states (POSs) to be assessed
* Modes and equipment configurations

e Transition between modes

» Plant configurations to be assessed

* Critenia for differentiating between configurations

» Definition of LERF applied to LPSD

PSA in On-Line & Off-Line Maintenance Planning
P25/26-

040513




Risk Management In Plant Operations

RISK STATUS COMMUNICATIONS

» Plant risk status is generally displayed to all
employees on the website and in the plant

» Plant risk status is reported in daily operations and
plan-of-the-day reports/telecons/meetings

» Contingency plans and protected equipment are
reported for higher plant risk status levels

» Planned changes in plant risk status are reported
including contingency plans and protected equipment
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Use of PSA in Optimizing On-Line and Off-Line

Maintenance Planning
CONCLUSIONS

» PSA i1s used daily in maintenance decision making
by all Exelon plants
* Required by regulation
» Accepted by Work Planners and Operations

» Risk management tools are available to assist
decision making

» Applying risk insights from PSA reduces costs

* Permits acceptable on-line maintenance

* Avoids unacceptable risk and resulting operational
consequences (events, shutdown)
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