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Overview
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Achieving equipment reliability (ER) requires
identifying and managing risk. Risk-based
processes that identify, select and control high-
risk equipment failures bring focus to high-risk
equipment maintenance. Cost reductions and
improved safety margins can result.
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Nuclear Industry ER Risk Classification
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& Background

= Good performance

= NRC focus: risk informed

= Though competitive, has high labor cost
& Nuclear

= Equipment focus

= AP-913 critical ER categories
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Equipment Reliability Steps

N

& Select equipment

@ Apply ER process

& Standardize methods

& Format analytical results for use
& Systematize methods
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Risk Classification

A
N

L

& Based upon direct failure (SPV’'s)
@ AP-913: eight categories

& Approximately three critical classifications
= Safety (S)

= Operations (O)
s Cost (C)

& Noncritical (X): no foreseeable direct failure
consequence
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Failure context
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& Loss of functions
& Systems
& Direct failure consequences
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Failure-based ER focus
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' k like faul
Look like fault
Failure-based ER Ranking :
Voting-Ranked Equipment Classification: Appropriate for Q - | trees
treatments T i
Component Component Criticality ‘./-' . -
S-1 A voting scheme assures that safety "Q" equipmént P
willrecive appropriate treatment in fabricagion'and P
0-0 S installation to preserve the failure functign(s)-- inthis
c-o Each part failure path case one (1) in sixteeng@. P
- retains its functional failure Beva
X-0 identity .7 Safety -- S
R
e :
Subcomponent Operations
(Production) -- O
S-1
o-1 Cost--C
ost --
c-0 Parts
X-0 .
S-1 No Direct Effect -- X
0-3
C-0
X-0 Critical Safety
PMs -- 1
Sub-parts
S-1
O-5
c-2
X-0
Failure Mode S o o ccC C o X X o o (o6 C C C
S-1
O-7
C-6
X-2
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Equipment-based ER focus

Ve
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, - Ciritical PRA cut
Component-based ER Ranking !
Component-Ranked Equipment Classification: Appropriate for ) sets
PM-treatment /_ P T T T T T
Component Component-based PM Criticality 7 Lo
. .z
S-1 Hardware-based criticality assignment elevate: PM/ ,./‘
0-0 S treatments to the highest level in the tree -- offen safety.
Result: task-heavy, ultra-conservative PXf prografs.
c-0 - // 7
X-0 neato s f ey cavce 7o Safety -~ S
functional failure L
N :
Subcomponent Operations
(Production) -- O
S-1
o-t Cost--C
ost -
c-0 Parts
X-0 ,
S-1 No Direct Effect -- X
0-3
c-0
X-0 Critical Safety
PMs -- 16
Sub-parts
S-1
O-5
C-2
X-0
1 11 11 11 1
Failure Mode S o (0] cc C o X X o o [eye} c Cc Cc
S-1
0-7 Treating all failures based upon Equipment Classification: elevates
C-6 PM treatments unnecessarily to the component's risk level --
X-2

ignoring actual function failure effects!
o'® CORE
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Contrasts

(1) Upward vs. downward

(2) Event vs. hardware
(3) Function vs. form

(4) Internal viewpoint vs. external

Risk-Informed Equipment
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Classification Method Comparison
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Equipment Based Failure-based
(1) Hardware focused (1) Function-loss risk focused

= Equipment classification

_ drives program (2) Consequence based (e.g., risk-

(2) Failure chain equivalence based)

= Equal = Dominant/high-risk failures

= Template source stand out
(3) Scheduled tasks — PM (3) Discriminates and prioritizes

failures by consequence

= Focused on scheduled
maintenance results

=  Weighted equal
= Redesign (rarely)

(4) General (4) Contextual (Takes more

= Expertise less important — technical expertise)
common templates = Focuses work

= More work volume = Assesses context
&' CORE
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Risk-Based ER Focus Benefits

(1) Develops risk/reliability understanding
(2) Provides more exact work basis

(3) Simple checks & tests increase

(4) Total PM workhours drop

= Eliminate non-critical failure PMs
= Extend critical PM to justifiable, appropriate intervals
s Convert time-based to condition-directed tasks

Reduce costs, while improving reliability

oe CORE
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Management Support Required
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& Executive Sponsorship
& Maintenance planner involvement

& Aggressive “can do” mentality
= Avoid compromising fundamentals
= Retain cost focus
= Avoiding bogging on details
» Implement results
& Organizational Change Support
“Uncompartmentalizing” maintenance
= Applying results
s Example: Maintenance performing recommended-delete non-critical PMs

& Teamwork
= Build joint engineering/maintenance/operations teams

o'e CORE
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Strategy

& For credible equipment failure
= Interrupt next fault node
= Use redundancies, margins & instrument/alarms

& Options

= Simple checks/inspections

= Discovery tests unveiling hidden failures

= Condition assessment (predictive/diagnostic)
= Replacement/rework (including overhaul)

= Combination

= [Redesign]

Risk-Informed Equipment
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ensate System Risk Map
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” File Edit Yiew Insert Format Records Tools Window Help

- |2 x|

[e2-B|@Ry oo

X 2 A¢|V91|_|m|>m|

=k R T S S na

E3 Component Spleadsheel [Cmp Fasl Manlpulallon]

[EQID Findler: ||

-1

Group:

SYS EQID/CmpRegTag

EQID Lock Status

EQID/Cmp Reg Name

Cmp Ci Eng Data A MM
Template

Key

Master Model Used

Selection Basis

Primaty Associated Equip

CD [13CoMUvO21 4%+ ALVE

LF HTR TRM A IMLET

RecStatus: [active [+

ISOL YLV

VALYER [GATE (]

HC [= I Minor seat leakage not critical; valve must operate to

-1 isolate offset rupture heater tube leak For turbine

Lok, E

1ICDMUVOZ14A%+
ALYOP

CD [IMCONEO4C**HTERCH

Lo PRESSUIRE

FecStatus: [Active JE |

FEEDWATER HEATER

HTE:CH [HEATER/SUPE[LT

o = | Potential load reduction; reduce load to protect

- IMCDNEDIA**HTE;I turbine, single train only .,

C0 [[13CDMHS0045**CKTERK

SWITCH HAMND

RecStatus: |Active ;I

waCIUM BREAKER

CETERE |swITCH (]

HS [= | Required to rmanually break vacuum in emergency For

- 1ICDNHS0214#hC] - |[1urbine safety.

co[l1acomPswizzz**vaLVEN

LP HEATER. TRAIN C

RecStatus: [Active |

THERMAL RELIEF

WALVER  [MOZZLE LT

HC = ||Equ|pment protection required by code, Could drift,

- 1ICDNPSYDZ20H, ~

1/1F gagged closed can'tisolate heater train, {10 year
k., 1

CD [[13COMFYO0ZEC**ISODEY

ISOLATOR OUTPUT

RecStatus: [active I |

(COMDEMSATE PUMP C

ISCDEY  |WOLTAGE ‘HO -

(e Pump interlock -- protects CO Pump From low Flow

condition (). A low Failure trips its €0 Pumps {20,

1 JCONFTO0ZE*+TN
MITR.

CD [[13COMHCY0003**VALVEX

(COMDEMSATE PUIMP &

RecStatus: [active [+

HOTWELLSIDE ISOL LY

LT
LT

(VALYER: [BUTTERFLY ‘HC -

Allaws condensate pump isolation maintenance.  Walve

- 1ICONHYOD01 ¥y ~

skroked during operation,

CD [1ICDMHCY0004**vALYEY

(CMDS PP C SUCT ISOL

FecStatus: [Active JE |

VLY

vaLvex [euTTERFLY [ HC -

Allows condensate pump isolation maintenance,  Valve

- 1ICDNHYOD01 ¥y ~

stroked during operation,

CD [13CDMHCYO1S5**VALYER

[COMDEMSER,

RecStatus: |Active ;I

HOTWELLS & MKLP

vaLvEs [BUTTERFLY [ hs =

Safety role -- manual operation {backup to automatic

hd 1JCDNHCYO1E4++

valves) far makeup water Yalve stroked during

CO [iMCONEDSA**HTERCH

L0 PRESSUIRE

RecStatus: [Active |

FEEDC'WATER. HEATER

HTEXCH

HEATER/SUPE[L] o =

b
Pptentlal \pad reduction; reduce lnad tp protect

- IMCDHED] A*+HTE ~

1[turbine, single train onky,

CD [[1ICOMHSO013**CKTERK

SWITCH HAND

RecStatus: |Aclive ;I

[COMDEMSATE PUMP

CKTERK [switcH [ HC -

All pumnps normally in service, Although could manually

hd 1JCDNHS001 1%+ -

start purmp lacally i needed |n startup, there wou\d be
" b ik

CD [1acomuvO21Sa**vALVER

LF HTR TRM B [SOL YLY

RecStatus: [active [+

VALYER |GATE HC

Minor seat leakage not cr|t|ca| walve must operate ko

||sp|ate offset rupture heater tube Ieak far turblne
h

1ICDMUVOZ15A%+
ALYOP

CD [1ICOMHS0215**CKTERK,

SWITCH HAMD L

RecStatus: [Active I |

PRESSURE HEATER

LT
(CKTERE [SWITCH L1 HC =

Allows manual Fast |sp|at|pn pF 3 heater due 0] tube

IJCDNHSDZH**CILI !eak flppdln_gl. »Bafken..c-l by automatic operation but at

C0 [[13CoMHS0216**CKTBRK

[SWITCH HAMD LOW

RecStatus: [Active i |

FRESSURE HEATER

(CKTEREK |SWITCH LT HC =

Allows manual Fast isolation of a heater due to tube

- 1JCDNHSO0Z14%+C) »

1 Ieak flppdlng Backed by automatic operation but at
1 ki

CD [iMCONEDSCH*HTERCH

(COMDEMSER. HIGH

RecStatus: [Active |

FRESSURE SECTION

HTERCH |conpenser [ i

Avvoid unlt trip (Mrule) and generation losses,

- IMCDHEDSA**HTE ~

Master Model EQID Copier:

Record: I<| 4 ” S5k |DI |>*| of 284 (Filtered)

Primary/Assoc Kernel EQID Copier: |

IRecprd: 4] 4] 170

» | ri]r#] of 218

|Enter LTA code such as: H, 5, © or C. Identifies "Key" and "Monkey" from 060101 since not used directly here; used on Applied Template Form

Fome [ femps om [

dhistn | 4 @ 23 || B Microsoit word - ASH...| (3] Exploring - CARCMuin..|[€4 RCMtim 3.9

[E3jom
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Template

N

L

GT Tagi [VALYEX-Y GTNamE Free-Flow Check Yalves Hm 5
: = :
- 1212 Air Line
#1142 Bearing Cover Gasket
= 1079: Cylinder Operator
= 1943: Broken Spring
| Inspect spring: 1558
= 1942: Spring Relaxation
Inspect spring: 1557
F 1140; Cylinder Seals
[ 1085 Disc & Seat
[ 1210: Disc Post
= 1081D; Disc Swing Arm
= 1939 Bound
| Check freedom of motion: 1768
£ 2134: Worn/damaged
Inspect disc swing arm: 1770
= 1081: Shaft-#& Bushing
E— 2030: Corroded
Check freedom of motion: 1782
Inspect shaft stem;y/bushing: 1650
FE— 1947: Corroded
#1940 Yielded
F— 1141: Shait Bearing
F-— 1095; shaft Packing
F - 1208; Solenoid Valve
F - 1078 Valve Body T
453: ANALYZED NOT PERFORMED o
455: NORMAL OPERATIONS i
RA: NPFRATINNG BRO1INDS ﬁ
il d'lﬂ Color Key: Parts Part Fallores PM Tasks  Input/Acthorities  WorkScopes

=

8/10/2005

hﬂﬁﬂﬁlu' | colse Key Overrides; Safety items Cost items Operational items

Risk-Informed Equipment
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Partition

N
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Applied Templates Tree View

JEGID! 1 MEDNPO LAY PUMPXX : IZI]-NDENS.RTE PLIMP LTAfRYp S 2545
LICONFTO0Z6**IXMITR =] aT Component Iﬂalh; | part Failres J BM Tacks. | nnuts (Authn
1ICEBNFYDOZET *YALYOP =
LICDNHOYO L 54 *VALYEX Applied Templatz State: Locked Revised: l]Tle,fZl]lIIz Revision le:n- 0
1LICDNHSDO1 1 **CKTBRK Gan Template: L | GO Vertical Pump Mulbstage (Lentringal)
LICDNHSDZ 14 % *CKTBRE Bpplizd to: LMEDNPO LA+ PUMPXX
LICDNHYOOOL **YALVER CONDEMSATE PLME
LICDNHY OO0 1 * Y ALYOP T ] - Manf: T bRand
LICDNHYOOA5A T *YALVEY L R R g SR P
F 1 ICDNHVDOASAT T YALYOP Trplt Type! Master CropModel; | 34APED-6 Stage
H-— 1LICDNHY D04 5AT Y ALYOP Camerit 5ta1:k&d bow|52 10 stacks
& LICDMLSLLODES" "THISSW Subtype: Mulbistage; single suctior-single dischargs
- LICDNPDTOLOS5**IXMITR Azsocisted  Mormally runs atlow bo moderate speed 100-900RPM,  Also PMB 248855, See attached Maokar ar
& LICDNPDY0 195 AL YOP Tatnplates: Turbine. ldeally overbaul interyals are coordinated pump -- driver
I_ﬁ LICDONPSYOZZ0* " AL WEX PME Legacy No: 248859 {leigacy number)
Ei LICDNUYOO40A™ *YALYOP Maris/Description: Wertical F‘Um'p, Lowe Sickion F‘re'ssure;n'Ccnndensate ‘Gaality Watsr
T3 L
? 1ICDNUYD21 4:* yALYaPR Template Based upon & large vertical pump with sl:ac}qad stgagges with stuffing bios: packing on last stage, P
e (LICDNUY DD FSH Y ALYOP Basis: Experience suggests a 10-15 year lifeis sustainable bebween averhaul with pressnt (1/1)01) usage
& LICDNZSHOG D3 ** IBISSW pattarns, Pump rotor s supported by the motor thrusk beating:  First applied large wertical pump
W 1 MEDNEO LAY HTEXCH — tﬁmplc‘_tta in the Relishility Pragram,
B IMEDNEOSAH P HTEXCH ? y .
& 1MCDNFO1 AT FILTER Salactiuln Loss of 2 Condensate Pl.llmplcoulu cause a runbaclla tormally alt three pumps rur, |-Iu;|den because
i . fiasls thers |s no total Aow Indication-ro way o detect internal degradation or molar amps increasing
g’-" LMUDNPOLIA™MOTORX fram intermal parts Falurs
i=h:
12: Casing - -
36: Casing Bearings GT Ownirs St?veHoﬁnann AT Craated) U._E-ffﬂ-fz{"?r.a:1'4<+?=_32_.Frl_
29: Coupling ‘Who Aszigred: i August: AT Lpdated; _':D?I?#I;?DD_S 1140507 Thu
722: Coupling Keyway . \Who Created AT; When Assigned 05/24/2002 14,4457 Fri
35; Impellers :l ‘who Updated AT Steve Hofmann Forsign Key: 55516
L InletPinia = AT Revision Nokes: Basie ':.lfa:Ee_m-alj_t_ﬁ rrdifisd |::Iuri_r_|g skand dovrr paricd. '_‘-‘lH::F_r_w_ann Fiz4foE
Expand All ' Collapseall | : '
‘olor'Key: Parts Irart Faslures PM Tasks Input asthorities
MorkScopes Safely iterns Operational items Cost ilems

8/10/2005
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Applied Template Structure: Fault Nodes

&, RCMtrim 3903

E ; ” File Edit YWew Inserk Format Records Tools window Help

- [5] %]

B3 ATuweeviewFiltered : Form
Tag/EQID: 1JEDNBTYDODI**YALYEX

E
[

- 1 JEDNBTYD0D3* *YALVEX

1078: Yalve Body
1079: Cylinder Operator

-~ 1080: Disc Swing Arm

- 1939: Bound
e 2840: Check freedom of mol
2134: Worn/damaged
f 28313 Inspect disc swing arr
: Shaft & Bushing
: Disc & Seat
- 1937: Worn
1938: Separated
e 283 Inspect disc and seat
: Shaft Packing
: Cylinder Seals
: Shaft Bearing
: Bearing Cover Gasket
: Solenoid Yalve
: Disc Post
2143: Worn/damaged
i 2636: Inspect disc post
1212: Air Line
754: OPERATIONS ROUNDS
T55: UNASSIGNED PM TASKS
T56: ANALYZED NOT PERFORMED
T57: OYERHAUL CHECK YALYE
758 NORMAL OPERATIONS

| AT Component | Parts

Name: F¥¥ HTR 5A EXT STEAM LINE BLEEDER TRIP YLY

- B E8RY| =@y o 2a® 43 YEY & KD

LTAR#Ep S

10607

Part Failures |PM Tasks | Inputs (Authorities) | WorkScopes |

PFTag: [C1

PM Tasks

PF Mame:
Syrpkom:
Zause Description:
Effect Desc:
Eeta Type:
Safe Life Est:

Bound

| PFEffect visibiley (] Hidden: b4 LTA: S

arm seized

Deposits

Risk of turbine overspeed on trip

3.4

&

PF Effect Type: [Safety Symptom Liit: (3600 isolated valve
SLE Units:
Avwer Life Est: |4 Estd 2 Std Dev: [4]

PM Task Name

Part

Primary Failure

Strategy Interval/Units

Check far air leakage

2144 =

Air Line

Damage/Fatigue

F.OLI

-

C

14 {monkh)

Check for air leakage

2031 =

Cylinder Seals

ornfdamaged

R.OLI

-

1 {rnonkh)

Check for air leakage

2135 -

Solenoid Yalve

Gasket/seal Failure

R.OLI

-

14 {monkh)

Check for leakage

2033 -

Bearing Cover Gasket

Corroded

ROLI

-

14 {monkh)

Check far leakage

1947 -

Shaft & Bushing

Corroded

ROLI

14 {monkh)

Check far leakage

2142 -

Shaft Packing

‘Waornfdamaged

ROLI

14 {monkh)

Check Freedom of mat

1939 =

Disc Swing Arm

Eiound

NORI

1 {monkh)

Check Freedom of mat

2030 -

Shaft & Bushing

Corroded

NORL

1 {monkh)

Check Freedom of mat

2145 =

Shaft Packing

Creertightened

NORL

1 {monkh)

Inspect bearing

2032 -

Shaft Bearing

Corroded

QM

-

i (refuel c

Inspect disc and seat |«

19355 -

Dis & Seat

Separated

QM

-

i (refuel c

Inspect disc post -

2143 =

Disc Post

ornfdamaged

QM

i (refuel c

Inspect disc swing arm | =

Record: 14] 4 |]

2134 -

1 |m

Disc Swing Arm
r#| of 25

Wornfdamaged
4

QM

| afaf === =l==]=]~

C (refuslc| =
[ B

IDTemplate: 126 [+ I

PFSerMum:

1939 PRSMAN:

CmpSerReq: 10607 vI

1319 PartSerMum:

1080

RCMuim39._. &|0] x|

|Estd "2 sigma” - a range ko cover 95% of Failing population. Enter & number,

8/10/2005
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Deliverable: Generator Overhaul WO Tasks

@, RCMbrim 3.9 M=
File Edit Yiew Insert Format Records Tools Window Help |
- 2z =
_677 E-BESRY BB Y| o|A®E|THEY @ADX D
B Generic Component Templates
= = HELP Release Filters P MNext Gener Add New Gener
lemplatelTAGIEnde —I and Sorts Template Template
»
Cmp Template Data | PartsfPFs Workscopes |EQID Cmp List | Cmp Func Failures | CF Impacts | External Support |
» [ Prev Workscope: D¥ERHAUL = [GENERATOR . ;j (Parameter) WsInt:: 4:C(refuelcy -| «|Workscopes Preview
Next | Chnge* ws W3 Mame/Summary ‘WS Parameter -
S ¥ |UNASSIGNED PM ~ -
GiliRED &5 [NORMAL OPERA = -
PM Tasks |WS Basis {detail description) | WorkScope Notes | O¥ERHAUL > |GENERATOR 2
= MEASURE ~ [VIBRATION -
CmpSerum: (163 v|ID Ackiviby: 3086 W3SerNum: 756 ;l - MEASURE - [VIBRATION -
PM Task Name Part Part Failure Mechnsm Strategy Interval/Units MEASLURE ~ [YIBRATION -
_’ Inspect rokor visually = | Rotor Forging Unbalanced phase currer » [:\TEM =} 6:C (refuel > | REPLACE = [FILTER -
| Perform MDE examination | Rator Forging Retaining ring Failure =|Tem | 6:C (refuel - | TREND = [PERFORMANCE -
Petfarm wedge tightness test [+ | Statar Winding Loose coils - |\TEM -~ 6iC (refuel ~ OEERATIONSIR( ~
— : =1 = : L = = INSPECT ~ [BRUSHES -
_\.-'lsually inspect for loose coils = | Stator Winding Loose coils =|Tem | 6:C (refuel - | |IN5PEET - [GENERATOR =
|| |Inspect coils For damage | Stator Winding Darmaged coils =liTEM =] 630 (refuel = | *| = -
| Perform capacitance mapping 1= | Stator Winding Coil stator cooling leakag = |(OCMFF = § 65 (refuel = |
|| |Inspect wisually For water leak: > | Stator Winding Coil stator cooling leakag = [:TBM [+ | 630 (refuel = |
| Perform stator visual inspectio = | Stator Winding Insulation damage oM Pre ~ | 43 (refuel - |
| |Inspect bearing pits | Grounding Brushes Inadequate electric cont: = |{0CHM Pre = | 1850 (montt = |
| Check brushes For glaxing & w = | Grounding Brushes Inadequate electric cont: = |{0CK Pre = i 1858 (montt = |
| |Inspect cooler tubes | H2 Coolers Cooling water leaks oM Pre ~ | o Rd
Check cooling water heat reme = | H2 Coclers Inadequate water HZ coc = |i0CH Pre x| o Rd
|| = n
Check (sample) tube deposits = | H2 Coclers Inadequate water H2 coc = |i0CK Pre = | 3610 (montt = | Bt:::unlg to Malnhl:r:er:(u Cmd "
| n Eassgn ¥workscopes
Check stator cooling water ben = | Stator Cooling \Water 5 Fails ko cool stakor & rokc | | o Rd ;I g P
Recard: 141 o 1] 1 Dvile el of 4 o Add Default WS 1
1D WorkScope: 786 WS Created: Wed 08/21/2002 15:48 W3 Updated: Wed 08/21/2002 15:48 LI -
Record: 14| 4[] 3 [ o ] oF 11 Recard: 14| 4] 3 i v of
[ Clierk Mame Goes Here Cmp Template Created: Wed 04/03/02 6:36:21 Created By:  Admin =
All Rights Reserved, Copyright @: (1997-2003) CORE, Updated: Wwed 01/15/03 11:27:07 Updated By:  Jim August LI
Record: 14 4 || a1 (v |k le#] of 122 i~
|F0rm iew ’— ’— ’_ '_ I_NUM ’_

start| | 27 @ 3 B || 17 Microsolt Word - 45M... | (3] Explaing - CARCHbim. | [ REMtrim 3.9 [Blem {HE AN NS TESSLE 228rm

Risk-Informed Equipment
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Challenges

N

& Redundancy
= Handling indirect failure risk with defense-in-depth

& Direct risk focus (e.g., SPV’s)

= Maintaining direct failure threat risk focus

= (Ultimately didn't)

» Treated redundancy levels as if they didn't exist, classifying

@ Simplicity

= Defining simple risk classification standards: SOCX

= Safety

= QOperations

= Cost

o'e CORE
Risk-Informed Equipment
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Results

N

L

& Quick hits

= Quick assessments of likely hitters (expansion joints...)
& Non Critical PM WO identification

= Cancellation of many lesser component RT's

= Status instrument calibrations
= Recognition of tasks better address at point of discovery

& Numbers
= 65,000 EQID's
= 15,000 critical: approximately 30/20/50 (%-age, SOC)
= 450 Master/Normal Model EQIDS with Templates Applied
= 60 Templates

o'e CORE
Risk-Informed Equipment
8/10/2005 Reliability Risk Ranking 20




I \'\Il//.

Results

N

L

8/10/2005

s Culture

» Engineering role acceptance
+ Risk based methods
+ Streamlining

Risk-Informed Equipment
Reliability Risk Ranking
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Fundamental Lessons

N

L

& Process speed
= Output lagged expectations
= Details hindered analysis production
= Complex, non-standard risk classifications slowed development

& Conservatisms
= Safety-classed equipment maintenance rule interpretation
+ Possible vs. certain failure cause interpretation
+ Multiple PM tasks addressing WO'’s (non-safety failure risk)

& Difficulty
= Developing failure data
= Finding sound PM intervals
= Reducing scope (once complete)

o'® CORE
Risk-Informed Equipment
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Conclusions

N

L/
& Risk-based PM development
= Reduces cost
= Improves reliability
& Cost-competitive with other ER development
= Same costs for similar project scope as PMO
= Long-term cost-savings much greater
= Reduce costs by reducing over-prescribed work
& Substantially exceeds AP-913 requirements
= Supports risk-based operations
= Improves all ER risk management

& Though harder to learn and apply, risk-based method
benefits offered are worth it!

Risk-Informed Equipment
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(Supporting Material)
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Component Failure Ris

N

%

considerdtions

NSM: Use Installed Redundancy

Primary failure categories for the operating crew --
Evident & Hidden. Hidden failures require special

k Classification

[Evident] [Non Safety] [Non Operational] [Not Cost Effective]
Hidden Safety Operational Scheduled Mtce Cost Effective
v
Hidden Task Safety Task OpeT’:;f”a' Basic Task No
Selection Selection Selection Selection Scheduled
Option Option Option Option Mtce
v A A v 4
*  Lubrication/
Servicing? (TBM)
LTA -- Logic Tree Analysis *  Hidden Only:
: : Operational/Visual
* How a failure presents itself petogi (©ocM)
End

* What PM options does that leave?
* [Does a Failure warrant scheduled
maintenance?]

8/10/2005

. Inspection/
Functional Check?
(OCMFF)

. Rework/Replace?
(TBM)

. Safety Only:
Combination?

. [Redesign]

Risk-Informed Equipment
Reliability Risk Ranking
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Critical Equipment Task Selection

N

L

8/10/2005

omponen t
Fail Mode

Key Equipment

Lubrication/ ™
Servicing?
(TBM)

Hidden Only:
Operational/
Visual Check?
(oCcm)
Inspection/
Functional >
Check? (OCM/
OCMFF)
Rework/
Replace?
(TBM)

Safety Only:
Combination?

Higher Cost ;,MTEQL _J
Y

Lower Cost

Mtce
Controlled
Activities

No CRDRs
necessary

Task Selection
Options

RCM Scope Selection

LTA -- Logic Tree Analysis
How a failure presents itself
What PM options does that leave?
[Does a Failure warrant scheduled
maintenance?]

Risk-Informed Equipment
Reliability Risk Ranking

Non-Key
Equipment
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Effort Breakdown

q
(1) Classify equipment (risk) 50%
(2) Develop equipment list partition 15%
(3) Apply templates 30%
(4) Generate reports 5%
(5) Interpret results 10%
100%

Classifying risk context allows subsequent template application
and development as an “applied template”

o'e CORE
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& Analysis drives ER program development cost

@ "System study” engineering analysis contributes
significantly (~50% total time)

= Reduced using pre-developed standard rules
= Most significant project cost risk factor

@ 'Learning’ pronounced
m Especially early systems

= Maintaining learning rate requires avoiding rework and
‘reprogramming’

oe CORE
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ER Process
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& Select functional requirements
& Partition equipment

o Develcl))p symmetries; establish components/scope (critical/non-
critica

& Rank equipment (excluding low-risk equipment)
= Based upon credible failures
= Exploits design symmetries
& Develop normal cases
as reusable models
@ Apply templates
= Consider risk
= Use operating context
= Customize application based on context

o'e CORE
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Systems

Condensate
Feedw ater
SG Boiler

I Pimary
Circ Water

N

Monitoring
Fue

Template Applications ~ 45

Unit
Equipment

Condensate

This equipment w
by about 75 PM1
Orders -- abot
templat

Critical
Equipment

:

Templates

. =

Equivalence Groups
Applied Tenplates

Tasks:
selected in (by)
e context
* adjusted for

application

Reference Equivalents ~250

———

Increased focus

&

Equivalence Groups Reference
("Same as" the Model Template
Applied )

Associated ~200

Cowered by
"Associated with "
Equipment

8/10/2005
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