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/~mm...~. MODULE 8 OBJECTIVE 

II To understand the need for and the benefits 
derived from a systematic review of plar,t 
equipment and performance. 

w To appreciate the importance of applying 
lessons learned to im~prove future plant 
performance. 

II To recognize the importance of observing 
the performance of other plants to avoid 
future potential difficulties. 
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TOPICS 

n Reason(s) for surveillance 

” n Aspects surveyed 

n Methodology for effective surveys 

q Example of various cases 
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TOPICS 

n Assessment of findings 

n Link to future performance 

H Effectiveness of surveillance programs 
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w Good business sense, ensure systems and 
equipmer,: work as required. 

m Legal requirements, condition of operating 
license. 

3 Input for business planning for future work 
programs 

w Building a data bank of the performance 
history of equipment and systems. 
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ASPECTS SURVEYED 
r mmmmBmBEi)%Du 

n Overall plant performance 
- Station capacity factor 
- Scheduled incapability 
- Forced incapability 

- comparison between titilities: PWR’S ; BWR’S 
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ASPECTS MONITORED 

System surveillance is a very extensive topic and the success of a plant rests 
largely with what is surveyed and more importantly what is done with the 
results. Equally important is what is NOT surveyed and what impact this may 
have on plant operation while problems may go on undetected. 

The surveillance is multi- dimensional and should address every area of plant 
operation ie. technical, maintenance, operations, load at various aspects of the 
critical systems, and examine the performance of the systems, equipment and 
components. 

As an example typical causes of incapability are measure and reported eg. 
Diagram, OHN Causes Of Incapability. 

The potential benefits of good surveillance are shown on ‘Benefits In 
Capacity Factor’. 
Witt the appropriate effort and work programs in place about 20% loss is 
avoidable. 

Some of the major gains in capacity factor can be achieved by careful 
monitoring and good measurement of the main thermal cycle. Loss of MW 
output can readily be traced to fculing of the main condensers, air inleakage, 
reheater and reheater drains problem and fculmg of the steam generators. 
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ASPECTS SURVEYED 
-mmIIIHB 

n Overall plant performance 
- Station capacity factor 
- Scheduled incapability 

- Forced incapability 
- comparison between utilities: PWR’S ; BWR’S 

10 System Surveillance 



SYSTEMS SURVEYED 
mmmmmmIHin0 

H Service systems 
- Capacity of DC. batteries 

- Instrument air tank capacities 

-- Chiller system performance 
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SYSTEMS SURVEYED 
mmmmmMm 

n Key process systems control systems 

- Reactoiregulating system 

- Control computer reliability 

- Liquid zone system 

- Heat transport pressure inventory and control 

- Boiler level control 

- Boiler feed water system 
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Jo-... ASPECTS MONITORED 

n Major economic influences 
- Thermal performance of power-train. 

N Boilers 

x Steam system 
D Turbine 

N Condenser 
D Feedwaters 

n Electrical output 
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ASPECTS MONITORED 

n Key items within systems 
- Electrical relays 

- Ground faults 

- Instrument calibration drift 

- Reference leg plugging 

n System chemistry 
-H2inPHT 

- 02 in feedwater 



METHODOLOGY OF 
EFFECTIVE SURVEYS 

mmm1mm1 
n Much work has been done in the nuclear 

industry in efforts to optimize the 
surveillance process. 

n It is generally accepted that organizations 
have to be selective in the choice of the 
systems which will provide the greatest pay 
back. 

n The initial step of selecting which system to 
monitor and why is crucial to the success of 
an optimum program. 
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METHODOLOGY OF 
EFFECTIVE SURVEYS 

n Once the systems have been selected for 
survey;the following general review should 
be carried out on each system: 
- Define performance goals / indicators for 

system 

- Define the importance of system function and 
components 
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I---- METHODOLOGY OF 
EFFECTIVE SURVEYS 

rnrn111BB 
- Define system motoring requirements 

- Identify the data required 

- Identify actions required 

- System monitoring documentation 
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METHODOLOGY FOR 
EFFECTIVE SURVEYS 

that the various views of system strengths and 
weakness be identified. 

n k team approach is required and should be 
made up of knowledgeable staff from 
- Technicai 

- Opeiation 

- I & C / electrical maintenance 

- Mechanical maintenance 

- Manufacturer - where available 
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FIGURE 3-1. SYSTEM MONKORING PRCGRAM 
DEVELOPMENT PROCESS OVERVIEW 



EXAMPLES OF VARIOUS 
CASES 

w A case study on the implementation of an 
integrated maintenance management 
program 

n Darlington equipment aging management 

w Pickering thermal performance : Low tech 
VS High tech surveillance - practices. 

q Reactor noise analysis application in 
Ontario Hydro. 
- A statistical techicpe used for surveillance - 
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EXAMPLES OF ONE CASE 

The Darlington experience showed regular weekly and monthly routines on 
critical areas is essential. Sources of problems found to be: 

l Leaking blowdown valves 
l Leaking CSDV’s 
l Reheater drains flow 
. Condenser performance 
l Calibration of iqstruments for reactor powers 
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Nuder Plant ILife Asurarme fhTLA> 

The program has two major tbmts: 

a) MotiNriq degradation of cxpensivt.fnot easily replaceable pieces of equipment such 
as F’mswe ~bedboiler. etc., and. 

b) Revemative maintenance of critical pieces of equipment (replaceable) such as 
valves, pumps and so cm. 

‘Ihe tint group is &I ucdefway for routke inspection every four years The diffmence 
between Darlingto~ and pmions OH sta?ims is that basekws are done witbio five years 
of operason with an emphasis on detecting small changes so tbat a rate will be determined 
by year 10. This meam going beyond regulatory requirements and doing impeCkm with 
more scope and more precise toding. For example, several boikr N&S arc removed to 
de&t degmdador: < 5% &rot@ walL This acctmcy is not pessih:e with eddy current 
impections. A comprehensive program in this NF’LA area is judged to contribute 10% 
reduction in incapability in later plant years. 

?lx second group of equipment iuvolves aboot 2,000 items, zach one, if failed. either 
cases a i0.S of production or ExpliteS a tit shutdown to te:pair or @ace. System 
enginea have identified these items and Cauups M king put in place to inspect and 
overhaul as requhi. The typical time fmme for thess ate 4 - 8 year inter&. Sews& 
tools have hem purchased to provide effective mti%naace such as valve monitoring 
devices @LOWSCXNIMOVATS), thermography, elztomer teser tool vibration 
monitoring, HX tube cleaner. genaatodtiine iospctioa tools requiring no disassembly. 
We SN also considering a portable skid for nuciear HX shell side chemical cleaning. Xk 
telie.ve this equipmen; maintemxz will achieve 5% reduction in incapability. 

- 
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Jlerodllclion 

Asanews~~wehadu,taLe~ofwhatOHNsgtiooshavedoneintbepasrand 
decide if&se approaches would work for us. A review was done of the causes of 
incapability at those sites and Fw 1 was 001 concltioo. We believe an amual capacity 
factor above 80% atk 20 years may not be achievable. In the e&y days of Pickering A, 
we posted 90% capacity factor but after a dozen years, 80% xv&$ demanding. Wbeo 
pressme tubes cam to the fotefroa capacity i%ctors plummeted. Many of the older 
statio~~~aresuff&t~from~gene*umproblems PobttLepreac,whichhadan 
admirable record of ptodoction achievemeoL appears to be eqmien&s some sqnises 
afler15years. 

wedoddcdbereammmefirst~wentimo~toaimfaan~oal8o4btargetaad 
domcresuiRdinspectioosandpredictivtmainormmrmgumearlytreDdofeqnipmeat 
M-. 

1.0 NpLA 

We have dme units in Engineming servkes that devote memselves to equipment 
iss-aes. The 6tst tit is Ndear Plant Life Assmmce (NPLA) and focuses on the 
expensive, bard LO qlxe items. The o*dm 2 units devote tkmselves to I&C, aud 
roe&mid eqoipmnt 

WC bwe prom in place for paiodic iqections of Steam Generators and 
~~ES.WE Ttibes. Every year we inspect one wit with an accent on more tntm or 
chmnels ad tnikuion of tecboiqtm tb2 find m&ler defect% We me borh UT and 
tube rem~ cm SO-s to chmctak early S&IS of Devon. For pressa 
mtes. we have 3 devim that are Fwdling Mac;line delkere& a camera for liner/erd 
miQg intemsl hrpmion. an tdtrastmic mi iM ptrsme D&e defect detection 
(F’IF’E), and a laser detector (OPlT). ‘lime lest 2 devices enable better 
CbaraaeriTatiooOf~wsatthe~~ 

Flats for next yeat ate Caland.. internal kpect%m and c&k monitoring. We see 
chlmdria problems as me next majot ixslle faring the older CANDU units and want 
togeta7teadystartonapmgm7.t. 
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Our pipiig programs arc deficient in that we do not have piping surveillance for 
corrosion nor do we have far&e monitoring for bigb energy piping system. A 
“new” approach is being pursued with Ootario Hydra Tecbnologks to develop 
mechanical fatigue pmbes for ose wxt year. These devices existed 40 years ago but 
have been obsolete for 10 years with rcaJly no replacement We have seared the 
tnmufac~g capability from a dcfimct company and will make OUT fnst batch next 
year. 

2.0 Sizniflcaut Eauioment MGntwance 

Ttdsisafumoredi&ultsob;ect :tisnevercIeawheretodrawtbelinebccaose 
onegetsthesenseofwecan~~ifequiplnentisfallingapartin~ryears. 
TbeNPLAisashave.%yin”,buttm- in msintenaoce eidxr by owrhxls, 
or pre-empted replacement is generally resisted because of restricted resowca. Fire 
fightbIg takes a bigher pziority over long tetm issues. oM&A cod staff numbers are 
~iofact~isan~~matitmusttrenddownwardmObeo~y 
ccmpetltive in a chauglng marktplace. 

Before rttsirttenaace s&fare consumed with couective mtitenance, we consciozsly 
filled their plate with a high preventive mainteDance w&load. The following 
programs are in place by the F’mdoction Spport Unit, and the other two wits in 
Ektgka: 

1. Heat Exchangers and Steam Generators. 

- nuclear HX inspecti=. and a possible chemical cleaning of a S/D cooling 
I-IX. 

- CleatdDg of conve.ntioMl EM’S a minimum of ewly 4 year;. 
- sGwater~gewy4yearsandchemical~~gevery1oyears 

2. Major Pomp Motor Sets. 

- disassemblyikqecdo of a sample of pumps and motors tqinoing at year 
12 

3. AOWMOV program doing routine MOVATS aud flowscanner tesang (spwialist 
fnnction) 00 ctiticd valves 

4. Roll&e ovfx!md of critical switchgear. 

5. Routine tbcrmograpby of mcchakal and &c&al cqoipnent (s@a!ist 
fUtlCtiOtl). 

6. Vtkation Monitoring of 1200 pieces of rotating e+ipmcnt (specialist foactionj. 
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7. Elastomer Testing. 

The above techniquea ate applied to equipment, that in the Engin~ring-Maintena 
commonity ale commwly conaidemd to be cost effect*e; ie, not necessarily on critical 
equipmenf but on equipment judged to fail soot if a littIe effott is not put in to diagnosis 
and repaidadjust 

1. 170 systems evaluated for risk of Unit/SWion sty. Expert judgment used 
wmbincdwithhis~yofsimilarplam~. About35syspmrsbigbligbted 

4. Call-ups put in place, spare pans ordered, support documenhtion tithed. 

5. on-~oir,g smveilbce review by Engineers of .YWCE+S of program. 

2) A .separate process is used for station ‘life tJ~%tening” equipment Steam 
Clenemtora, Cabling, F’mssure Tubes. Pipmg, Major Civil Sm Xi, 
etc. (> 50 MS or > 6 mcatbs to repair). Each ia assessed for degrhtion 
mechaniaos and a psiodic impztion plan pot in place. 

The review dey;rited above has i&.ntified ahxt 2,aoO pieces of equipment for which 
cauopsarebeiugputinplace. Thenormaltimefmmeisakmt4-8yearsfortkst 
inspection. Tbls pmgtam is scheduled fa complerion in 1997 aflex which tJm monitoring 
for succe&faihwe begins and adjustments made on an ongoing basis. 



2.2 &talame of plant Eatlhlent 

To prevent unreliable operation in tbe 2540 year range. we need to replace classes 
of equipment which is eitbex difficult to maintain (fails often), or costly to maintain 
(long repair times), or simply mot be fured because of no parts (obsolescence). 

Appendix A provides a best guess of the materials and staff needed to do it We 
presently are tmderstatfed to do bulk changeouts and cannot see that this will ever 
change. However, what can change is ao increase in efficieacy io mainteoao~. 
Wrench time is low here as in other OHN stahons for many reasons and outside tbe 
scope of this fsaluation Because it is so low, it presents a reaMic opportunity. 
~the~showsin~~dix4istbatadoob~gor~p~gofstaffm 
&ect such reforbiint is mecmomic. We either accept a lower capacity factor 
(3-5% realistic, 10% upper bound) or we must iuctrase w productivity. 

If we go back to Figure 1, we. need to identify what equipment requires maimenaoce. 
This has been arrived at in two ways: 

a) Critical equipment evahtation which wes &scrikd in 2.1. and, 

b) A tabulation of the most mm~erous eqoipmettt type+ 51 the play Tois is shown 
in Figure 2. 

From this follows asigning engineering resow to monitor these types. It is not 
smprking that we are targeting hiring of at least one person with specialty in each of 
these areas. We are also developing stsff to cover these areas. These are not 
today’s problems but there is a good chance that they will be in fotore. flo 
ccmplete tix pictme of what today’s problems are, Figure 3 and Figmzs 4 are 
provided). 

lie success of an NPLA program is measured by tbe lack of major equipment hqri%s 
Not smprigly it is. tberefote, a managed maintenance program and not some ohscure 
back office eaerclse. It is tield work on the right things, the right amount, and occurs at 
the rigin the 

Darlington is potting io tbe effort to hy to get tbcir mainteoaoce plans in place -z&y io life 
beforeareactivemodesetsinduetosurprises. Figme5isasommary of where we are 
today. It is iccom#e i3 that the discussion above bigblights other component class 
that should be addeds (Our ssesment is mat it will take a few more years to completej. 
It also encompasses other issues deemed important by a!~ OH&? team reviewing this 
subject (eg. system SowdhC@. 

In the end we will get there with perseverance and a bit of lock 
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VALVES.~, c 
MuroRs. HX’S 

NORMAL 
MAmTENANcE 

DowNnMB 

-cB 
STRATRGLRS 

NF-LA 
Jssm 

OPERATING 
cAP4cmY 

FACTOR 

-1 75% 
4 

15% LOSS 
wH.IcIils 
AVOIDABLE 

65% 



THERMAL PERFORMANCE 
SURVEILLANCE AT PICKERING ND 

w.tA. cichawtas, P.EW. 
Thermal Perfomca Engineer 

Ecgineering SQences 
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CONCLUSIONS 
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r ASSESSMENT OF FINDINGS 
mm111BBmD 

n From the examples given and the topics . 
coveled to this point it is obvious that 
managing the various requkements is a 
major managerial challenge. 

fl For running plants much of the data and 
trends required are not readily available. 
Changes are expensive and discretionary. 



ASSESSMENT OF FINDINGS 
mmlmllBmP00 

n In addition to the types of information that 
can be taken from an instrument or a 
location there is a vast amount of ‘corporate 
memory and experience’ that is spread over 
many disciplines and people. 

n ‘Maintenance records’ - if well recorded can 
provide vital insight into system and 
equipment performance. 

L -- , 



ASSESSMENT OF FINDINGS 
~mmm1mmlEiun 

n The majority of the instrument monitoring 
is indicated in the main control xom but it 
is mainly instantaneous and only available 
to the control room operators. 

II Maintenance staff ‘give up’ feeding back 
information because ‘nothing ever gets 
done’ - sub performance is accepted. 

1 -- 

( 
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ASSESSMENT OF FINDINGS 
1 mrnrn~~~~~e400 

w Historically system surveillance has been 
subjected to severe budget restraints, 
however there is evidence of change as the 
benefits become more evident. 



LINK TO FUTURE 

w Considerable effort is currently underway to 
apply technology to system surveillance to 
make it more effective and improve 
productivity. 

q Various elements eg. vibration monitoring 
are quite advanced and the integration with 
other monitoring such as chemistry is 
starting to show promising results. 

q There is no ‘magic bullet’ for surveillance. 
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Q LINK TO FUTURE 

PERFORMANCE 

- 

LINK TO FUTURE 
PERFORMANCE -1 

H The intellect and experience of the staff is 
where the greatest ‘value added’ is 
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EFFECTS OF LACK OF liiiiii:m.....r 
H Dropping capacity factor 

q Increasing unplanned forced outages 

n RisingOM&A 

4 Increasing threat of institutional shut down 

4 Suggests that the systems run management; 
management are not running the systems 
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