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Task 1 : PROGRAM STATEMENT

 Description:

— A compilation of documents that establish the purpose of the
power plant and the RAM Program.

* Results:
— Scope of work
— Basis of Design
— Functional Requirements
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Task 1 : PROGRAM STATEMENT
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Task 2 : SCHEMATIC DRAWINGS

 Description:

— Establish a current set of accurate existing condition drawings.

* Results:
— 129 Drawings
* Engineering Design
* Operations
* Maintenance
e Training
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Task 2 : SCHEMATIC DRAWINGS

Lj{__ - Operating/Training Procedures. i
N Z. Maintenance Planning/LOTO.
E ; - Engineering documents.
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Task 3 : OM&R ANALYSIS

 Description:

— Evaluation of the effectiveness of the current OM&R practices along
with recommendations.

* Results:
— Phase 1 improved RAM-1 compliance from 55% to 74%.
— Phase 2 has an anticipated compliance of > 90%.
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INITIAL REVISED
:::::i’:ii DESCRIPTION COMMENTS STATUS STATUS
(Phase 1)
6 RAM DESCRIPTION .
6.1 Predevelopment Phase
OM&R SUMMARY TABLE Effectt
6.1 Ri i ts for the Impl ti f the P Df R
1.2 equirements Tor the Implemenation o e Program . .
EFFECTIVENESS CRITERIA | EFFECTIVENESS LEVEL Maintenance T
2'1”’ f_?s‘cp'a"tlee“:ip“;:_f v OPERATIONS blete reactive Regular repeat repairs of
.1.C ITespan o ant ani ITe-extension Vietho O eratll:lna,- _ FFE uenc .
o1d Functional Requirements P 5 quency 2 tenance. Regular extensive damage to
6.le Availability Requirements Operations — Duration 3 ez and major failures. | equipment.
f pliahilitv Reauiiramen: . -
= = — = - Preventive Frequent repairs, many are
5 —_ . -
C ha rt 1 - Outage Operations — Extent tenance, mostly repeat. Resulting damage is
E Operations Average 267 jve maintenance. occasionally extensive, but
__ BOD MAINTENANCE ent failures, mostly local.
— i )
2 oo Maintenance — Frequency 5 times major.
- Blly implemented Occasional repairs, some are
= 400 Maintenance — Duration 2 ntive Maintenance repeat. Damage is mosthy
= _ ) ) ]
S 20 Maintenance — Extent 2 with occasional contained to the local
= jve maintenance. component.
a8 0 Maintenance Average 2.00 mented Preventive Repairs are rare, few are
¥ = . .
1234567 8910111213 REPAIR tenance plan, with rare | repeat, and damage is
Cutage | | Repair — Frequency 3 jve maintenance. typically caught before it
- . spreads. Some Root Cause
Repair — Duration 3 )
6.4 Program Revision Analysis performed.
Develop Comparative Performance Reports Based on P Re FIEIiF — Extent 2 rare reactive Repairs are very rare W’ith
6.4.a. and Goals . r :
6.4.b Develop Exception Reports for Action Repair Average 267 tenance. Implementing | almost no repeat repairs,
Identify and Evaluation High-Impact Exceptions...Root C & I - Ctive an d,."-::r Relia b”it‘g." and Root Cause n"-";F‘lEl"y'SI-S
6.4.c should also be considered. OMER Tota 2.45 " . .
6.4.d Review Critical Equipment Failure Trends EFEd Maintenance. Drl:l'u'llj E_S fEEd b EE.k to mﬂdlﬁ’
6.4.e Compare Actual to Projected Budget Operations & Maintenance.
Review, Assess, and Adjust the Plan According to Performance and Make
6.4.f Changes in the Program. | The current program is still in development with only portions of it effectively utilized. | 3 | 3 |
Average: | 2.75 I 3.68 |
Percent Compliance: 55.1% 73.6%



fz Product
Task 4 : SINGLE-POINT FAILURE (SPF) ANALYSIS

 Description:

— Evaluate every component in the power plant to determine if its
single failure could potentially cause an outage of the MPP.

 Results:
— 101 Systems/Sub-Systems _, _KNOWN
|_
— 16,000+ components evaluated. % U
— 898 single-points of failure identified (~6%) i’
— 201 operational 2
=l O
— 178 human error 2
)
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Task 4 : SINGLE-POINT FAILURE (SPF) ANALYSIS
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Task 4 : SINGLE-POINT FAILURE (SPF) ANALYSIS
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Task 5 : FAILURE MODES, EFFECTS, AND
CRITICALITY (FMECA) ANALYSIS

 Description:

— ldentify the modes of failure of the critical (single-point of failure)
components.

e Results:

— Numerical values were established to rank and prioritize
the risk.

» Pareto Charts
» Risk Plots
» Risk Reduction Value
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Task 5 : FAILURE MODES, EFFECTS, AND

CRITICALITY (FMECA) ANALYSIS
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Mitigation Recommendations
* 276 Failure Mode Causes Identified

* Mitigation Techniques Include:
— Operational, Maintenance, Engineering

e Recommendations
— 65% Estimated Risk Reduction
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RPN

400

Causes Ranked by Initial RPN
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328

256

184

112

40

» 78 causes were evaluated and may
(RPN less than 100).

be considered low risk

» 140 causes were evaluated and may be considered

moderate risk (RPN between 200 2

ma vk > D8 causes were evaluated and may
L (RPN above 200).

Moderate Risk
200 > RPN > 100

Low Risk
RPN < 100

ind 100).
be considered high risk

Page 1
Cause
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Task 6 : RAM PROGRAM MANUAL

 Description:

— Summary manual of results and active information to be kept as a
living document.

e Results:

— Provides the structure to proactively control and sustain availability
of the MPP.



fs Product

Task 6 : RAM PROGRAM MANUAL

M PROGRARM MANUAL

Uiz Dass=01

JGRAM MANUAL

UNIVERSITY OF IOWA MAIN POWER PLANT
SCHEMATIC DRAWWNGS

PROJECT No .. 613226

RAM PR




fs Moving Forward...
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Program Statement

Existing P&ID

OM&R Analysis
Single-Point Failure Analysis

= Phase 1

Failure Modes, Effects, & Criticality Analysis
RAM Program Manual

Reliability-Centered Maintenance

Operations, Maintenance, & Repair Guidelines

0 0O N U R WDNER

Specification Guidelines — Phase 2
10. Training
11. Audit
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Cost for Short Plant Outage Event $100,000
Cost for Medium Plant Outage Event $500,000
Cost for Long Plant Outage Event $1,000,000

Probability of Failure Based On Empirical Data

Failure / 10 Years

Failure Mode

(empirical data) Probability
Ultimate Failure 2 0.15
Human Error Failure 7 0.54
Operational Failures 4 0.31

EXPECTED
VALUE
ANALYSIS

Expected Value Analysis On Failure Event

Probability of High, Medium

Expected

TSI (el T and Low Failure Mode Consequence Cost Per| Consequence Cost LT
FMECA Failure Mode RPN Ranking Probability Per Failure Mode R 9 . 9 . Mode
.. (based on quantity of FMECA Ranking After One Failure
(empirical data) (SPF & FMECA) EV %
component) \ (Branch EV)
HL- Human Failure Low Risk 38 0.22 \ $11,626 2%
HM - Human Failure Medium Risk 0.54 119 0.68 ) $182,037 32%
HH- Human Failure High Risk 19 0.11 1// $58,129 10%
OL- Operational Failure Low Risk 0 0.00 $100,000
OM- Operational Failure Medium Risk 0.31 61 0.31 $500,000 $46,923
OH- Operational Failure High Risk 139 0.70 $1,000,000
UL- Ultimate Failure Low Risk 444 0.49 $100,000 $7,607 1%
UM- Ultimate Failure Medium Risk 0.15 395 0.44 $500,000 $33,836 6%
UH- Ultimate Failure High Risk 59 0.07 $1,000,000 $10,108 2%
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Reliability-Centered Maintenance (RCM)

Task Evaluation

Task Cost
Percent Per Failure Total Cost Task LEELS
Reduction Failure Mode | Total Task Cost . | Performance
. Mode Per Consequence |Reduction .
of Failure Addressed Over 10 Years . Ratio
Mode Risk Component After 10 Years | of Risk ($ /%)
for 10 Yrs °
Task 0 - No actions (Baseline) None S0 $7,333,451 0% 0
H E
Task 1 - Lock and Tag 90% $500 “mgr':ly"or $88,000 $4,475,485 | 40% | $111,409
. . Operational o
Task 2 - Preventive Maintenance| 50% $10,000 Failure Only $2,000,000 $7,638,451 23% $330,479
Operational
Task 3 - PM Inspection 30% $1,000 |andUltimate | $1,098,000 $7,213,405 17% | S434,295
Failure
Task 4 - Engineering 60% S0 All Failures $20,000,000 $22,933,381 60% | $382,223
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— AIM Maintenance Software

BENJAMIN  About Logout

Search Browse

SPF Last Edited by KEN LEFLER ©n 01/28/2016 03:14 PM Status OPEN

Single Point Failure Project Group

Extra Description

Account Setup shop Estimated Project Type MAINTENANCE

Planned Work Orders

Budget Change Order Actual USED FOR MAINTENANCE RELATED PROJECTS, SUCH AS BOILER OUTAGES

Cost Analysis Shop Person

Sent Email Service enforce Distribution  No

Notes Log

User Defined Fields

Status History Work Orders

B Work Order Description
16-278692 Field tag and label critical interface valves that can lead to unplanned plant outage if operated. Provide follow-up training to operations shift supervisors and operators. SEW-V-014 to find lecation, see PAID 117.2 Quadrant I-9. OPEN 50.00
16-278693 Field tag and label critical interface valves that can lead to unplanned plant outage if aperated. Provide follow-up training to operations shift supervisors and operators. RWS-V-660 to locate, see P&ID 119.1 Quadrant B2 OPEN 50.00
16-478695 Field tag and label critical interface valves that can lead ta unplanned plant outage if aperated. Provide follow-up training to operations shift supervisors and operators. CWS-Y-624 to lacate see P&ID 117.1 Quadrant -3 OFEN 50.00

Description

16-478692 Field tag and label critical interface valves that can lead to unplanned plant outage if operated. Provide follow-up training to operations shift supervisors and operators,
SEW-V-014 to find location, see PEID 117.2 Quadrant -9,
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e Real Data

— Tremendous Amount of Real MPP Risk Data
— Ability to Data Mine
— Justified Additional Personnel

e Utilizing Maintenance Software

— Upload into existing AIM Program
— Sustainable approach

 Control Risk

— Prioritize Maintenance Tasks
— Monitoring Risk Mitigation
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PROs CONs
— ASME Structured Approach — Initial Investment
— Pinpoint Precision of — “Snapshot” Data
Equipment Criticality + Must Be Maintained
— Real RiSk Numbers —_ Assumption Quality

— Foundation to Sustain a
Reliability Program

— Applicable to New Design
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