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ABSTRACT

The 1990 Symposium on Inservice Testing of Pumps and Valves, jointly sponsored by
the Board on Nuclear Codes and Standards of the American Society of Mechanical Engi-
neers and by the Nuclear Regulatory Commission, provided a forum for the discussion of
current programs and methods for inservice testing at nuclear power plants. The sympo-
sium also provided an opportunity to discuss the need to improve inservice testing in order
to ensure the reliable performance of pumps and valves. The participation of industry repre-
sentatives, regulators, and consultants resulted in the discussion of & broad spectrum of
ideas and perspectives regarding the improvement of inservice testing of pumps and valves
at nuclear power plants.
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DISCLAIMER AND EDITORIAL COMMENT

Staternents and opinions advanced in papers presented at the ASME/NRC Symposium
on Inservice Testing of Pumps and Valves are to be understood as individual expressions of
their authors and not those of the American Sociei v of Mechanical Engineers nor the U.S.
Nuclear Regulatory Commission.

The papers have been unaltered other than to put them into a standard format and to re-
size and upgrade the legibility of some graphics. The transcription of the question and an-
swer periods following each paper presentation, and the panel discussions following each
presentation section, have been edited for somewhat better economy of flow, and the names
of specific panel members and attendees (and references to such) have been dropped from
the questions and answers.
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PROCEEDINGS OF THE SYMPOSIUM ON
INSERVICE TESTING OF PUMPS AND VALVES
HELD AUGUST 1-3, 1989, AT THE |
HYATT REGENCY HOTEL IN WASHINGTON D.C.

GREETINGS
TAD MARSH, SYMPOSIUM MODERATOR
CHIEF, MECHANICAL ENGINEERING BRANCH
U.S. NUCLEAR REGULATORY COMMISSION

Good morning. My name is Tad Marsh. I am the
Chief of the Mechanical Engineering branch in the
NRC and I am the symposium moderator. It is good to
see so many of us here. I think it is an indication of the
importance of the issue and it is also an indication of
the need for a symposium of this sort.

The NRC is trying different ways of communication
with the industry and this is just one different way, and
if it is successful I think we should think about contin-
uing this type of endeavor, It appears to be successful,
We welcome your suggestions. If there are any things
that we can do better, or differently, please let me or the
ASME know at any point either during or after the
conference.

I have got a few administradive details I would like
to get to. If you wish to receive calls, or if you need to
let your office know where you are, the phone number
for the hotel is 737~ 1234, and ask them to contact you
at the NRC/ASME symposium at the Regency desk,
and that will get you right out here,

Some of you are wondering, I am sure, what the
little red apple means on your little name tags. The red
apple means that you're okay for sinner tonight. Please
be aware there's a cash bar this evening at 5:30 before
the dinner.

If there’s a problem, if you think that you have paid
but you don’t have a red apple, please talk to the desk
and we will see if we can get that squared away. There
aren’t very many places available, if any, but if you do
wish to go, contact the Regency desk.

You should all have cards-—3 x 5 or slightly larger
cuds, various colors. No color—coding, Just make sure
you have cards. The purpose of those cards is for you
to write down your questions of either the speakers in-
dividually or of the panel sessions followinig each one

of the speaker’s presentations. Please put down on the
cards your name, your company and your question.
When you have a question, when you have your card
filled out, raise your hand up and somebody from the
ASME staff will pick up the card and bring it up to the
front podium where the moderator for that session will
hold the card until it’s time for it to be answered.
Please put down your name and affiliation. That's im-
portant, because we want to know from whom the
questions came so if we need to get back to you, we
can,

We also are taking minutes, as you can tell. The pur-
pose for taking the minutes is we are going to publish
a NUREG at the end of this symposium, The NUREG
will have in it the papers, the questions and answers, It
will have the discussion sessions. It will have summa-
ries by the panel members at the end of the discussion.

'The NUREG will include a list of attendees. I under-
stand many have been asking for a list of attendees be-
cause there are so many, widely interested people. That
will come out with the NUREG at the end of the sym-
posium. We look for the NUREG to be published no
later than six months after the symposium.,

We are also going to have in the NUREG the
speeches that are being given by us and also, this eve-
ning, by Commissioner Rogeis.

You can tell by your flier the plan for the closing was
to have John Basile, the Vice Chairman of the Subcom-
mittee on Performance Testing and O&M, and myself
give closing comments at the end of the symposium,
We felt we wanted to change that. We wanted to bring
in the various sessions in more detail, so we're going to
ask that the session moderators participate in that clos-
ing session itself. So, rather than there being two peo-
ple, there'll be six people up here at the eny, each one
of which will give their own perspective. So we



wanted to bring the session perspectives in themselves,
rather than just two people.

1 want to spend just a minute talking about the
papers, authors and the Organizing Committee. The
Organizing Commiittee did a super job for this sympo-
sium, They had a tough job because they had to, on
very short order, choose topics that were known to be
of high interest to the industry, to the NRC, to the
ASME, then choose authors that are known to be ex-
pert in those areas, then contact the authors, ask for ab-
stracts, get the papers and tum it all around quickly.

Normally this type of symposium could take two
years to get this kind of thing organized by going open
paper discussion, submitting them, review and that
type of thing. But there was a need — a pressing need
to have a symposium of this sort within a year.

So we chose a way, and the certain way was to
choose papers, authors and get the papers in quickly,
but we realize that there are other papers that are just as
interesting and just as technically important, and that’s
why we have an open session being offered tomorrow
afternoon,’

The views that are being expressed by the authors in
these papers don’t represent the views of the Organiz-
ing Committee, nor the ASME, nor of the NRC. It’s
important to realize that. These are topics that have
been of known interest, but they haven’t received any
blessing, per se, from the various organizations.

Why are we having this symposium? Just briefly, I
would like to characterize the past with respsct to in-
service testing as having too littie communication be-
tween the industry, the NRC, the ASME and utilities.

The NRC on its part didn’t clarify the IST require-
ments. We didn’t give out generic guidance on what
programs were to have in them nor on relief requests.
We didn’t give out guidance on program implementa-

tion. There was not erough dialogue between the in-
dustry itself, various successful ways of accomplishing
the code requirements. In general, there just wasn't
enough importance given to what we think now is an
extremely important area.

We hope things are changing. They are changing, as
evidenced by a couple of things. First, we have new
code standards — ASME, OM6 and OM10. You're
going to hear about those two code standards today.

Also, there is new generic communications. Generic

. Letter 89-04, Generic Letter 89-~10, both of which re.

late to inservice testing. It's generic guidance that has
been needed for a long time. The workshops them-
selves that we beld on Letters 89-04 and thiui we will
hold on Letters 89—10 are further evidence of the need
to communicate generically what the NRC wants,
needs, and expects—what the code requirements are
all about.

We recognize that this symposium is further evi-
dence, we think, of the need for generic communica-
tion and the need for expressing opinions and
experiences to further put IST on a better footing,

In short, we want to understand the problems you've
had in those areas 5o that new directions we nay take
are done properly through more efficient and effective
inservice testing.

S0, the overall purpose of this symposium is to pro-
vide a forum for the exchangz of technical, policy, and
regulatory information in a free and open atmosphere.

I would like to also — and this is a large crowd and
there isn’t a whole lot of time allowed for discussion
after each paper, but to the extent possible, share your
views, your experiences, your opinions, because when
those become known, that will make a successful sym-
posium, when we bear as much feedback as possible.
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WELCOMING ADDRESS
ASME O&M STANDARD AND BPVC SECTION XI INTERFACE
ROBERT L. DICK, CHAIRMAN
BOARD OF NUCLEAR CODES AND STANDARD
(DUKE POWER COMPANY)

Good moming. On behalf of the Board on Nuclear
Codes and Standards of the American Society of
Mechanical Engineers, I am centainly pleased to wel-
come you to the ASME/NRC Symposium on the Inser-
vice Testing of Pumps and Valves,

Also, I want to extend a special welcome to those of
you who are here from the international community.
We have with us today representatives from Canada,
from England, from Germany, from Japan, and from
Sweden. And for this symposium we have gathered
about 315 attendees and 31 authors. These individuals
represent utilities, service organizations, manufactur-
ers and insurance and inspection agencies, and, of
course, the regulatory authorities.

With the number of attendees and the diversity of in-
terests that is represented, we have all of the ingredi-
ents that should be necessary to make this symposium
a success.

About a year ago, the NRC asked our Board on Nu-
clear Codes and Standards to co—-sponsor a symposium
to discuss industry concerns on inservice testing. The
ASME also viewed the symposium as an opportunity
to present the new O&M Parts 6 and 10, which re-
placed Subsections IWP and IWV of Section XI.

Well, it took a lot of work from both the ASME and
the NRC, but the result is 31 technical papers to be
presented over the next few days.

The Symposium Committee consisted of NRC,
ASME, and industry personnel. They picked 16 topics
that they felt would be of interest to almost everyone in
the nuclear industry, and this series of papers and the
four panel discussions have been grouped into what is
being called the Planned Session.

During the Planred Session a series of four papers
will be presented on each of four general topics. These
four topics are genersc considerations for pump inser-
vice testing programs, pump testing techniques and
limitations, generic considerations for valve inservice
testing programs, and valve testing techniques and
limitations.

The planning committee chose the titles and authors
to strike a balance between the regulatory and the in-
dustry perspectives. The planning committee realized
that many topics of interest to large segments of the nu-
clear industry were not covered in the Planned Gession
and therefore issued a call for papers. -

The result of that is the Open Session, and during the
Open Session speakers will present technical papers on
topics that are related to inservice testing. These papers
were solicited from across the entire nuclear industry.
The 15 papers to be presented are the response to the
committee’s call for papers.

The Open Session covers a variety of topics, and 1
encourage you to stop by the session on Wednesday to
listen to any of the presentations that may be of interest
to you.

All the papers being presenied over the next few
days stem at least in part from regulatory and code re-
quirements. I am sure you all know that the code re-
quirements for inservice testing of pumps and valves
have changed over the past 19 years.

ASME’s activity in this area started with Section X1
of the boiler and pressure vessel code. Section XI,
originally titled Rules for Inservice Inspection of
Nuclear Reactor Cooling Systems, was first published
in 1970,

In an effornt to respond to the needs of the nuclear in-
dustry, a number of new articles were added to Section
X1 in the 1971 edition. Two of those new articles, IWP
and IWV, contain requirements for the functional test-
ing of pumps and valves.

Also during the early 1970s, we recognized the need
to develop standards for more than just inservice in-
spection. So, in 1975 the Roard on Nuclear Codes and
Standards established a new main committee to devel-
op a series of standards to help ensure the safe opera-
tion of nuclear plants.

That committee was the Operation and Maintenance
(O&M) Committee. Its charter was to develop codes
and standards for the safe and efficient operation and



maintenance of nuclear power plants. These
decuments would focus on structural and functional
adequacy.

Then in the 1980s, the Board on Nuclear Codes and
Standards began an effort to simplify the codes and
standards process, to consolidate related codes and
standards and to address the growing needs of the
nuclear industry.

The board directied its Q&M Committee to develop
inservice testing requirements for pumps and valves
based on the existing renruirements in Subsections IWP
ard IWV of Section X1. |

After several years of work, the O&M Committee’s
working group on pumps and valves and Section X1's
working group on pun ps and valves ngreed 1o a
proposal and sent that through the ASME approval
process.

The proposal added Part 6 and 10 to the O&M stan-
dard and replaced the detziled reqnirements in Subsec-
tions IWP and IWV with a simple reference to the
appropriate part of the O&M standard.

The revision to the O&M standard was accem-
plished in the OMA 1988 and OMB 1989 Addenda to
that standard. The revision to Section XY was included
in the 1988 Addenda to that section of the boiler code.
These revisions completed the first stup tow~rd sepa-
rating the inservice testing wequirements frcm the in-
service inspection requirements.

With the latest revisions to the O&M standard and
Section X1, the inservice testing requirements were
split into two parts. Specific technical requirements for
the scope of the testing program, test requirements,
andt methods and records were transferred to the O&M
standard. Section XI retained the programmatic
requisements.

Programmatic vequirements include placing pump
and valve inservice testing and Section X1 inservice in-
spection plan, and include the duties and responsibili-
ties of the third-party inspector.

To address alt the code requirements, IST personnel
must use two documents: Section X1 of the boiler and
pressure vessel code and Parts 6 and 10 of the O&M
standard. Having these requirements in two distinct
documents poses some difficulty for the user of ASME
codes and standards, and eventually we will address
that sitvation.

To consolidate the ywo documents, the Subcommit-
tee on Nuclear Inservice Inspection and the Operation
and Maintenance Main Committee have set up an
O&M Section ” .. joint transition task group.

The joint task group has been charged with develop-
ing a proposal to address a directive from the Board on
Muclear Codes and Standards. This directive calls for
us to “rcognize that the Operation and Maintenance
Commitiee is the appropriate committee to establish
inservice testing requiremer s and to proceed with
making the O&M standard stand on its own, with the
objective of eventual deletion of IST from
Section X1.”

Currently, the goal of the joint task group is to pub-
lish a two—part document consisting of an inservice
testing code and a standard guidebook. The target date
for completing this effort is July 1990. Furtter, it is
intended that the inservice testing code will eventually
have a direct reference in the Code ol Federal
Regulations.

The test group is under the able leadership of Ed
Williamson, a retired senior vice president of design,
Southern Company Services and a past—chairman of
the O&M (“omminee.

Another on-going task for the Operation and Main-
tenance Main Committee is the maintenance of the
published inservice testing requirements. This mainte-
nance is accomplished by revising published require-
ments to reflect technological developments and user
feedback. ' o

User feedback comes from people in industry who
use the standard and then write to ASME with ques-
tions and suggested revisions.

All users uf ASME Codes and Standards should be
aware that all ASME committees meet regularly to
consider written requests for interpretation of the pub-
lished rules and suggestions for possible revisions, and
all of you are encouraged to submit proposed changes
that you feel would enhance our national standards.

User feedback is the prime input used by ali ASME
committees to revise their codes and standards, The
best way for committee members to understand the
proble s and concems of the industry is to interact di-
rectly with people in the industry.

Also, the best way to ensure that codes and stan-
dards are interpreted correctly is to have committee
members explain the requirements directly to the
users.
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One way to encourage the exchange of ideas
through user feedback is through a symposium such as
this, and over the next fow days you will be listening to
a number of presentations, some of which will be
given by O&M Committee members.

Also, one responsibility that we placed on the O&M
Committee members who are present is to bring back
an understanding of what should be done to improve
their documents. This symposium is intended to create
an environment in which members of the nuclear pow-
er industry can focus their thinking and discussion of
pump and valve inservice testing.

Those making presentations will be highli ehting
current problems, accomplishments, and concerns re-
garding inservice testing of pumps and valves, and we
in the Codes and Standards community invite your
comments and suggestions, which we will use to write
more effective and useful standards for the industry.

During our three days here in Washington we should
accomplish two things. First, you should learn about
the hew O&M requirements, solutions to inservice
testing problems and, hopefully, problems to avoid.:

Second, the Codes and Standards community should
learn where improvements are needed in our stan-
dards. With these two goals in mind, please remember
that we invite your comments and suggestions on how
the O&M standards can be made more useful and
effective.

Finally, on behalf of Jerrold Dewease, Chairman of
the Operation and Maintenance Main Committee, and
the Board on Nuclear Codes and Standards, I hope you
enjoy the symposium and that you find it professional-
ly rewarding.

Thank you very much.
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- OPENING REMARKS
ED JORDAN, DIRECTOR
AEOD, U.S. NUCLEAR REGULATORY COMMISSION

It is a pleasure to be here. Tad did not warn me there

might be questions afterward. I would like to ask some
questions and then get answers back out of this session.

It really is a pleasure to welcome you to the ASME—~
NRC Symposium on Inservice Testing of Pumps and
Valves. This symposium continues the open dialogue
between the NRC and the industry to discuss technical
issues.

I am here in place of Jim Taylor, the Acting Execu-
tive Director for Operations. Jim asked me to convey
his regrets that he is unable to be here because of a con-
flict with a commission meeting. {think there is an op-
tiniistic note. The commission meeung 35 on the status
of the EPRI design requirements for advanced light
water reactors.

I share Mr. Taylor’s interest and support of IST pro-
grams and welcome the opportunity to discuss my
views with you today. I have a perspective that has
placed me with a strong view that the sum of regulato-
ry and industry efforts in the area of inservice testing
has not measured up, either in implementation or pro-
gram content and quality, to the needs of the 1980s,
and there is evidence it will lag the needs of the 1990s.

Normally, when a regulator speaks to you, he either
provides praise and strokes, or he challenges you. I
think at this point you know where 1 am.

With a continuing lag between the transfer of les-
sons from this technology into industry codes and stan-
dards, regulatory actions such as bulletins and generic
letters will likely continue at their current pace.

What can both the regulator and industry do to im-
prove the situation? Wouldn't it be better if industry
standards could replace many of the NRC actions?
That is the theme of my discussion today. The fact that
you are here indicates you are interested in effecting
improvements.

I have examined the available preprints of papers for
this symposium, and I am heartened by their technical
quality, and I recognize and appreciate the industry ac-
tions they were drawn from.

9

Industry and regulators must find ways to substan-
tially improve the responsiveness of inservice testing
guides and standards development to meet industry
needs, and to satisfy the regulatory concerns for
implemen: tion. ‘

The basis for my views follows from my eight years

of experience as an inspector in an NRC regional of-

fice, four years as a member of the ASME Operations
and Maintenance Commitice, as a charter member and
current chairman of the Committee to Review Generic
Requirements, and currently as director of the Office
for Analysis and Evaluation of Operational Data.

As an inspector, I observed the lack of guidance and
standards to aid development of IST programs. As a
member of the Operations and Maintenance Commit-
tee, I experienced the frustrations of trying to get gooA
practices incorporated into proposed standards, as well
as the seemingly endless reviews, noodles, and delays
in issuance and implementation.

T have seen OM 6 and 10 in many drafis, and [ regret
that I participated in some of the delays. I think it is im-
portant that we generate ways to get these things
through the process much more rapidly.

As a member of CRGR, [ review backfit consider-
ations of NRC staff efforts to address current generic
technical issues that in many cases should have been
resolved by more timely industry action.

As a director of AEOD, I get telephone calls from
the NRC operations center in the middie of the night
about pumps and valves that don’t function properly,
and I subsequently review analyses of events that were
compounded by problems with valves and pumps.

Would you believe 1 keep a tabulation of pump and
valve figures by my phone? Well, anyway, my staff
does, and they provide me with infinite varieties of
failures, and they initiate recommendations that often-
times find their way te you in some form regarding
corrective actions that should be taken.

These problems are real, and yet, from my oversight
of the NRC program for performance indicators, I ac-
knowledge that since 1984 safety performance of U.S.
nuclear power plants has improved significantly. Here
are the strokes.
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The evidence includes reduced scram rate, fewer
significant even.r, fewer safety system actuations,
fewer safety system failures, and in 1988 some decline
in forced outage rates. Industry action is doing this.
However, I don't attribute much of it to the industry
initiatives in IST. D¢ you?

Analysis of the data so far in 1989 indicates the im-
proving trend may have flattened out. For instance, for
scram reductions many of the easy things have been
accomplished at your plants, When you look at the ma-
jor contributors by nuclear steam supplier, you can see
that systems like feed water control (whirh then con-
triruled a large fraction of scrams in iv84) are no
longer dominant.

Now, the causes are distributed more widely. There-
fore, improvements in safety performance are more
likely through broad programs rather than narrow
system-oriented fixes.

I am certain that a strong IST program aimed at en-
suring reliable operation of important pumps and
valves can add to the level of safety at your plants and
improve overall plant availability, Such a program,
combined with an effective maintenance program and
an aggressive root cause and corrective action activity
ensure continued success.

If you will indulge me, I will briefly substantiate my
concerns about IST implementation and program defi-
ciencies from information collected from certain of my
office’s activities.

NRC has includer. IST program review and diag-
nostic team evaluations since its outset about two years
ago. Examples of certain safety svstem valves listed in
IST programs were not tested. Safety—related purmnp
tests that were outside acceptance criteria limits speci-
fied in the test procedures were not recognized as non-
conforming. Deviation reports were not prepared.
Programs for tracking and trending test results did not
exist. And reverse flow testing of check valves was
inadequate. And these are picked from various
diagnostics.

The NRC shares the blame because of a backlog of
review and approval of submitted IST programs that
led to uncertainties aboult the status of the programs.
One of the purposes of the diagnostic is to look also at
the NRC’s programs and identify where we have con-
tributed to the problem. This finding provided an im-
petus for issuance of Generic Letter 89-04, Guidance
on Developing Acceptable Inservice Testing Pro-
grams, in April of this year 1o eliminate the obstacles to
IST program implementation,

I believe the NRC you see today is both tough and
demanding and responsive to industry concerns. For
example, the NRC is receptive to changes in test fre-
quencies where excessive test reduce availability and
may be hard on equipment.

Utilities must have a program they believe will truly
improve equipment reliability, and the NRC must have
assurance that the program will be implemented, the
tests are meaningful, and equipment will be restored to
full operability.

The generic lessons are apparent and must be com-
municated. This requires not only good guidance and
procedures, but support at the highest levels of the or-
ganization, and clear assignments of responsibility to
highly trained and motivated professionals. Your oper-
ating staff must be provided with equipment that will
work when called upon.

Too often, we find instances in which the operating
staffs have learned to live with accumulating equip-
ment deficiencies. They should not accept it, and they
should not have ‘o,

Industry and regulators do continue to find new fail-
ure modes or weaknesses in test programs through ex-
perience. Two such examples are the determination in
1985 that motor—operated valve stroke testing was in-
effective in ensuring valves will operate under acci-
dent conditions, and the recognition in 1986 that
centrifugal pumps may be degraded by extended or ac-
cumulated operation under low-flow conditions that
results in impeller suction recirculation.

The concern is that aithough much good work has
been done, these issues are not yet fully resolved, and
the technical lessons are not yct codified.

Industry actions and response tu motor-operated
valves and check valve programs illustrate both the
strengths and shortcomings of improvement efforts.
The motor-operated valve effort through NUMARC,
INPO, and NUMAC have utilized experts in small
groups to develop guidance covering both detailed
procedures and broad elements for comprehensive
motor-operated valve programs. [ have reviewed this
guidance, and it is excellent.

Also, developments of diagnostic signature tracing
equipment have been highly beneficial. These actions
were taken following Bulletin 85-03 that required re-
examination and testing of 1otor-operated valves in
high-pressure applications.

Unfortunately, industry has been reluctant to pro-
vide a mechanism for implementation of appropriate

10
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elements of this new guidance, and NRC recently is-
sued Generic Letter 89--10 that requires and extends
the testing to all safevy-related valves.

The check valve efforts by INPO and EPRI were
significant advances but, again, the general approach
appears insufricient to ensure implementation of good
programs across the country. Perhaps this is the fric-

tion point between industry and the regulator.

Industry is content when téchnical guidance is de-
veloped in any form, preferably not a regulation. The
regulator is uneasy unless there is a high likelihood ev-
ery plant will abide by the new solution, hence, a regu-
Iatory requirement. If we do less will industry do
more? If we do more, will industry do less?

There is another activity underway that should help
the regulator and industry focus attention on systems,
components, and activities that have the greatest safety
impact, Over the next three years, an individual plant
examination wili be performed at each plant, which
amounts to a PRA. This program will result in identifi-
cation of the most risk-significant event sequences on
the inost important systems, components, and
activities.

Rest assured, these system and component lists will
include pumps and valves as the active components,
Failure rates for those active components must be fed
into the PRA. For years we have used values from ge-
neric tables because of insutficient plant data. Well,
with over 1,000 reactor years of experience, real-
world data is in vogue.

How does your plant’s component failure rate look
with respect to tabular values often used? How does it
look with respect to other plants using same or similar
components? What contribution is IST and your
NPRDS information making to assess, maintain and
improve that component reliability? Are you satisfied?

If a component’s performance appears lower than
many of your associates’, have you asked what their
recipe is? If your performance appears better, have you
shared your recipe for success through participation in
a code committee?

There can be no secret recipes for this industry to
continue to improve safety performance. IST can help

—

——

recognize problems if the tests are valid and sufficient
with respect to operability.

I also believe upgrades in maintenance programs
will contribute. Improvements in maintepance are ex-
pected to improve component reliability and reduce re-
curring problems. These go hand in hand.

1 would like to summarize and restate some ques-
tions for your consideration during this symposium,
Although plant safety performance has shown im-
provement since 1984, I seriously question whether
the contribution of IST to those improvenients is as
large as it should be and could be.

When did you last feel industry codes and standards
development had been thoroughly responsive to new
technical issues related 10 IST? Are we doing the best
possible job of IST for equipment and operating
plants? Will another event in an operating plant related
to IST deficiencies cause further public loss of confi-
dence in the nuclear power option? Assuming a contin-
ued improvement in operating performance of existing
piants, will industry codes and standards, particularly
IST, be ready for another gencration of nuclear plants
if economics and environmental considerations com-
bine to favor this alternative?

And, finally, I want to leave the message that NRC
considers it essential that an effective IST program be
in place at each operating plant. IST must be an inte-
grated program and a changing program as new
knowledge and events dictate.

Our objective should be to find ways to expedite de-
velopment and sharing of experience and expertise,
and the IST guidance should be codified in a more
timely fashion.

I believe it is preferable to have an industry solution
rather than an NRC solution. IST is not a regulatory
exercise. An effective IST program should result in in-
creased safety as a result of improved component and
system reliability plus economic savings from ini-
proved availability at each plant.

I'applaud the actions taken to separate Q&M from
Section XI and cause it to stand alone. We should Jook
forward for further ways to streamline the process to
meet the challenges of the 1980s and the 19905, and
beyond. Thank you.
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HISTORY OF VALVE AND PUMP TESTING AND SECTION XI
LARRY J. CHOCKIE, PAST CHAIRMAN
ASME SECTION Xi COMMITTEE, CHOCKIE CONSULTANTS

This moming I have chosen a topic that would allow
us to start on the history of pump and valve testing and
Section XJ. Now, as you can see, I am somewhat older
than the average of the group in this crowd. I have also
retired as Chairman of the Section XI committee. And
I have also retired as Chairman of the Board on
Nuclear Codes and Standards.

1 have, however, written a couple of chapters for a
book recently published on the history of the develop-
ment of the U.S. Nuclear Codes and Standards, which
is published by Elsevier, and compares our nuclear
codes and standards with those developed in Germany,
Great Britain, France, Japan, China, and a couple of
other countries as well.

I think it is important that this symposium begin
with the understanding of what Section X1 attempted
to accomplish by putting pump and valve testing into
the Code and build upon that, because if you attempt to
use the Code for purposes for which it was not written,
you can oftentimes get into difficulty.

Now, before I get into the history of Section XI, 1
would like t0 make a point—and I'll use the example
of using the Codes for construction of nuclear power
plants, particularly the BWR where I worked for Gen-
eral Electric. We had about 650 engineers who, from
my perspective, wanted to use the Section III Code for
everything they did. That justified their design, their
choice of materials, etc., and, therefore, if they fol-
lowed Section III, no one could criticize them.

However, when you start using Section III for such
things as designing a float gauge to measure the level
of fluid in a tank, it won’t float. If you use Section Il
to make a rotameter to measure low flows such as in
systems transferring fluid from one tank to another, the
rotameter can not send the magnetic pulses through the
thick wall of the pipe. I had 54 examples of these kinds
of problems to try to keep the engineers on track. The
message is don’t use the code where it isn’t supposed
to be used. Use it for its purpose.

During the discussions during the open forum here,
Lintend to insert a few remarks where some of the uses
of the Code are not as the Section XI Committee
intended, particularly as the rules for pump and valve
testing were developed. So let me get back io the
history.

Back in the late sixties when several nuclear plants
were in operation, the technical specifications in-
cluded a section addressing inservice inspection and
inservice testing for those plants. The problem, how-
ever, was that no two were alike, even for plants that
were being built by the same company or even those
which were supposedly replicate plants on the same
site, the technical specifications did not provide simi-
lar testing programs.

As such, the industry and the Atomic Energy Com-
mission (later named the Nuclear Regulatory Commis-
sion) decided we ougut to do something about it, and
the simplest solution would be to put an industry group
together under ANSI N—45 sponsorship and a similar
committee under the AEC, We would see what we
could make out of the proposed testing programs.

Well, the industry group met for six months and the
AEC (NRC) group met for six months, and then we
combined the two gropips and determined what was the
best route to take. It turned out the two groups’ propos-
als were very, very similar, in the proposed content of
the suggested inservice inspection and testing pro-
grams. Actually, there were only four points of differ-
ence between the groups that had to be negotiated.

The purpose behind Section X1 at that time was to
provide a program that would validate the provisions
of the Atomic Energy Act of 194 mainly the provi-
sion that the failure of the nuclear reactor pressure ves-
sel would be an incredible event-—by definition. In
other words, the vessel would not be permitted to fail,
and that provision was used in this country by the de-
signers of the reactor pressure vessels and the plant.
Also, it was used throughout the world, and still is.

Supporting that provisicn, i.e. the vegsel would not
fail, led to quite a few things. First, the designers had to
use the very best materials to build the pressure vessel,
and the design must be by analysis so the designers
could postulate every possible operating condition and
accident scenario and design the reactor vessel such
that it could accommodate each and every condition.

One of the accommodations, too, was a very good
program of ingpecting and testing the vessel as it was
being manufactured—inspecting it, reinspecting it,
nondestructively and physically—and finally continue
inspecting and testing it throughout its service life with
100 percent testing 100 percent of the time.

i
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You will find then, that in the construction Code,
Section 1i], and in the Inservice Inspection Code,
Section X1, both address the nuclear reactor vessel as a
superior element in the nuclear plant——demanding our
undivided attention.

Section XI, for example, in addressing the reactor
vessel requires 100 percent of all the tests, 100 percent
of all the inspections, 100 percent of the time, and re-
peated over and over throughout the service life of the
vessel, whereas everything else in the plant gets simply
a sampling program. The vessel is the target of
Section X1.

So, when it came to the need for the designers to
protect the integrity of the reactor pressure vessel they
put in a number of so—called emergency safety sys-
tems, or engineered safety systems, some called them
engineered safeguard systems. These systems had one
purpose only, and that was to protect the reactor pres-
sure vessel during any perturbation of the operating
conditions or during accident events. As such, these
systems generally stand idle during the operation of
the plant and are to bring it down safely or to mitigate
the consequences of an accident. The designers also
chose to provide triple redundancy for these systems;
in other words, there were three systems available to
do the job, even though only one system would be
necessary.

Now, actually, there were not always three identical
systems, but there were other systems which could be
called upon and provide triple redundancy to perform
the required function of shutting down the reactor
safely.

The Section XI committee mandated all kinds of
nondestructive and testing programs for the reactor
vessel, and some sampling programs of inservice ex-
aminations and tests for the pressure-retaining piping
systems, pumps and valves, efc. But when it came to
these emergency safeguard systems, they sat idle all
the time, no fluid, no flow, no pressure. They had to be
functional when called upon.

How do we ensure that the systems are going to op-
erate when necessary? The committee chose to address
the active components in those systems, which hap-
pened to be the pumps and valves, and test them peri-
odically to provide a high degree of assurance that
those systems would operate when called upon.

The words in the initial editions of Section XI, and
they are there still today, stale that the purpose is to
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shut the reactor down safely and to mitigate the conse-
quences of an accident. '

Now, as things evolve over time, words sometimes
change and result in different meanings. We had some
difficulty way back when in trying to define such
words as “safety-related,” “safety-related function,”
“essential to safety.” These words meant different
things to difterent people, and they sull do, unfortu-
nately. I see Bob Bosnak smiling, b. .ause he and I are
both on Section III and that committee has never yet
been able to even define a “piping system.”

Well, Section XI had its share of difficulties too, be-
cause when we started we were under the ANSI N—435,
vet we determined “Handy Hannah Hints” as the ANSI
standards were regarded at the time. To make the docu-
ment mandatory, we needed to move the whole opera-
tion under the auspices of the ASME Boiler and
Pressure Vessel Code, because the jurisdictions—-that
is, all of the states—already had laws on their books
that adopted the Code as the requirements for the con-
struction and the continued testing and maintenance of
pressure-retaining equipment in their jurisdictions. It
was assumed in the early sixties the states would take
an active role in periodically examining and testing the
componéhts in a nuclear plant. It has not turned out
.1at way though. The NRC is the main enforcer of the
Section X1 Code.

The point I now make is that to help ensure the in-
tegrity of the pressure~retaining ability of the nuclear
reactor pressure vessel requires the functional testing
or performance testing of pumps and valves in the
emergency safeguard systems.

Research programs were coming along at the time,
the late sixties and early seventies, such as the heavy
section steel program, HSST, addressing that one im-
portant subject—the quality of that pressure vessel.
How possible is failure? How sure are we that failure
of that vessel would be an incredible event? We had the
Rasmussen studies and the fault-tree analysis.

Yes, we began tu put numbers on the potential prob-
ability of a failure and what kind of a failure the vessel
failure would be. And considering nuclear vessels
around the world, we are now talking in hundred of
thousands of vessel-years of operation, and we know
the numbers for the probability of failure and what
kind of failure it would be.

The reactor vessel failures will not be cataclysmic or
catastrophic. They will simply be ieak-before—-break—
type failures. We are all pretty convinced of that. But
that Coes not mitigate the necessity of continuing to
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ensure that those safety features in the plant and the
safety functions of those engineered safeguard systems
are working; for their function, or failure to function,
was also considered in the analysis of potential vessel
failures. And so, we had the necessity to include the
performance testing of pumps and valves in the engi-
neered safe guard systems in Section X1, to help ensure
the maintenance of integrity of the reactor pressare
vessel.

Again, the Section XI committee found themselves
in a dilemma when it joined ASME to make the rules
mandatory through automatic adoption by the jurisdic-
tions and adoption by the NRC. The ASME Boiler and
Pressure Vessel Code did not address the operational
aspects of pressure—retaining equipment, only the
pressure-retaining ability, and we had to go to the vari-
ous boards and councils in the structure of the ASME
to get permission to include pump and valve testing in
Section X1. Approval was obtained in 1972, and the
next published addenda, the Summer of 1973, included
the two new subsections on pump testing and valve
testing,

About the time the two new subsections on pumps
and valves were included in Section X1, a new ASME
committee was formed to provide standards for the op-
erability of other equipment in a nuclear plant. This
new committee was named Operation and Mainte-
nance, and the jurisdiction for the operability of the
pumps and valves included in Section XI was trans-
ferred 10 the O&M committee, with the understanding
that improved rules for pump and valve testing would

be developed by O&M and referenced in Section XI

for mandatory enforcement. Again, the targets were
those pumps and valves required to shut the reactor
down safely and mitigate the consequences of an
accident.

Additionally, the O&M Committee was to address
standards for other equipment, such as air and gas
treatment, operation of nuclear cranes, etc.

Well, I've spoken pretty much without looking at
my notes. I did prepare a paper. It was provided to you
in your handout, and my comments, along with the pa-
per should establish that this conference should not
overlook the importance of the testing of the pumps
and valves necessary to shut the reactor down safely
and to mitigate the consequences of an accident.
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As the Section X1 rules have been implemented
since the early seventies, the real questions have be-
come which are the pumps and which are the valves to
be included in the pump and valve testing program. Se-
lecting the pumps did not appear to be too difficult,
since it is those pumps connected to the emergency
bus. The main coolant pumps are not connected to the
emergency bus, for example, and they are pot needed
to shut down the reactor either, so obviously yon can
leave those out.

When it comes to valves, the situation and the solu-
tion is not so simple, because out of a population that
normally exceeds 11,000 valves in any one plant, how
do you select those that are necessary to shut the plant
down safely?

Again, such words as “important to safety,” the “Q
List,” “safety-related,” etc., simply do not mean the
same thing to all people. Our committee has even had
to define such terms as “active” and “passive”’ as they
pertain to valves, and include the definitions in the
Code itself. Helping to define the purpose the valves
are to accomplish, and decisions as to what parameters
are to be measured, are subjects this symposium can
well address.

What are we really addressing? Dc we need to go
further than simply shutting the reactor down safely,
mitigate the consequences of an accident? Are we
looking at operations, such as the NRC’s new generic
letter suggests—the testing of pumps and valves to
keep the plant operating safely? Because if pumps and
valves necessary to keep the plant operating safely is
the subject, then we have an entirely different popula-
tion of pumps and valves than those addressed by Sec-
tion X1, those required to shut the reactor down.

So, I wish you luck, I will be bere throughout the
symposium. I will insert my comments where I think
they are appropriate, and I see today that we are turn-
ing this whole industry over to a younger group, a
younger generation, and some of the policies and phi-
losophies that us old—-timers have included in the codes
and standards are subject to revision. But remcmber,
Section XI was not written to include the testing of
such valves as those in the heating and ventilating
ducts to the control room, nor diesel fuel transfer
pumps. Don’t attempt to use the Code for purposes for
which it was not writ*en. Thank you kindly.
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KEYNOTE ADDRESS
INSERVICE TESTING — A CAUTION AND A CHALLENGE

KENNETH C. ROGERS, COMMISSIONER
1. 8. NUCLEAR REGULATORY COMMISSION

Good evening, ladies and gentlemen. I'm delighted
to be here tonight to ofier you some of my thoughts and
observations on the important subject of inservice test-
ing (IST).

First, I want to commend you on this joint NRC-
ASME conference and on the topics you are covering
in it. Given the breadth and depth of the papers being
presented, and the number of experts on this subject
here tonight, I will not presume 0 give you au in—-

" depth technical dissertation on IST. Rather, I want to

offer you a caution and a challenge. I will include just
enough technical details to validate my points, but I
will leave it to you to consider these in greater deail
sometime during your three days here.

Before I turn to my specific thoughts on IST, I

* would like first to provide you with my observations

on the overall relationships among various inspection
and testing activities at nuclear power plants, as well as
their relationships to other activities. As you are fully
aware, a large amount of inspection and testing is re-
quired to be conducted at nuclear power plants.
Among these requirements are those associated with
inservice inspection, inservice testing, and Technical
Specification surveillance. The focus of each of these
efforts is quite distinct. For example, inservice inspec-
tion is intended to provide assurance of the structural
integrity of important components within the plant; in-
service testing provides assurance of the operability of
pumps and valves that are important to the safety of the
plant; and Technical Specification surveillance is di-
rected at the overall operability of safety systems.

Each inspection and testing effort should be impor-
tant for the safe operation of the nuclear power plant
and one effort can not supbstitute for another, Further,
these efforts often require plant personnel with differ-
ent expertise, but they cannot be conducted in isola-
tion. All of them impact directly on the maintenance
and operations activities of a nuclear power plant, and
to some extent, on each other. It strikes me that the
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whole area of inservice inspection and testing is there-
fore u fraitful one for application of a systems ap-
proach to operations.

First, given the facq that several groups are involved
with inspection and testing at the plant, it is imperative
that etfective lines of communication are established
between these groups. Secondly, communication must
extend to other groups, particularly corporate person-
nel and the maintenance staff at the plant. Communi-
cation must start with the planning for testing and
inspection activities, an. extend through communica-
tion of the results, feedback on impact of the results,
and continual updating on changes in equipment or
procedures of one activity that may have an effect on
other activities. The importance of testing of pumps
and valves to the planning of preventive maintenance
programs and the scheduling of corrective mainte-
nance activities is particularly noteworthy, and re-
quires continuing attention to successful
communication,

By establishing effective communication lines, it
should be possible to conduct inspection and testing in
a coordinated manner that provides assurance that
structures, systems, and components important to the
safe operation of the plant are capable of performing
their safety functions, both individually and collec-
tively. In the case of inservice testing, there must addi-
tionally be the assurance that there is adequate
operational redundancy to assure plant safety during
the testing.

I believe there is no question that IST can be a valu-
able and important tool in diagnosing the condition of
selected nuclear power plant components during plant
operation. It is essential that when components must be
tested under operating conditions, the IST program
permits monitoring of component status without inter-
rupting the operation of the plani. IST certainly has
proven its worth in a number of applications. Further-
more, there is a significant reservoir of new and largely



untapped methods of non-invasive testing that could
considerably expand the scope and value of IST.

On the other hand, inservice testing has not been
without some problems and shortcomings. For exam-
ple, certain IST methods currently in use have limita-
tions which, if not fully understood and corrected, can
result in testing which 1s largely without value, and
which can lead to a false sense of security, testing
which can degrade equipment, or even testing which
can put the plant at risk. There have, unfortunately,
been cases in the past where IST methods having such
shortcomings have been used. As these limitations
have coms to light, appropriate actions have been insti-
tuted to correct them. Nevertheless, case histories em-
phasize a need to understand potential negative effects
of IST on components. In addition, organizational and
procedural wealnesses have Leen found in IST pro-
grams that have caused concern for the safety of the
plant.

The caution then is to avoid inadequate or detrimen-
tal IST resulting from (1) the misusz of testing meth-
ods; or (2) ineffective implementation of IST
programs; or (3) testing that puts the plant at risk, The
challenge is to seek and select testing methods that will
accomplish the intended objectives of IST.

Let me discuss some of my specific concerns, re-
view some of the on-going developments in this area,
and then consider some possible areas for expansion
and further development.

WEAKNESSES OF CURRENT
IST PROGRAMS

As I see it, current IST programs are limited by the
fact that they do not address problems from a systems
point of view, but rather focus on individual pumps and
valves in isolation from the rest of the plant. This has
resulted in both general problems in making the great-
est possible use of IST, and in specific deficiencies in
the testing of certain components. I will discuss both
areas.

First, however, let me say a few words about my
view of the importance of a systems approach at nu-
clear power plants. A nuclear power plant is a very
large and complex system. It involves extensive hard-
ware, software, and peonle, The hardware itself is &
complex array of components, such as pipes, and me-
chanical and electrical systems. Major components
such as pumps and valves are systems in themselves,
as well as-being parts of larger systems. By the nature
of our training in particular engineering disciplines, we
have become accustomed to viewing individual pieces

of hardware or software in isolation (and v largely
neglect the people component altor~ther). We have
discovered that this insular view is « :riously deficient,
and a number of the more significant problems
experienced ai auclear power plants are a direct con-
sequence of someone having ignored the fact that tak-
ing action on one component of a power plant can
sometimes affect a totally different component or
system.

In the first place, this means that care must be taken
thrs testing in itself does not put the plant at risk.
Whenever testing interferes with the functionality of a
component, one must examine the vulnerability of the
plant to the system being tested. Probabilistic risk
assezsments may be helpful in establishing the neces-
sary confidence that the plant will remain in a safe
condition,

Further, this means that IST activities must be more
carefully coordinated with all the other majcr activities
in the plant, particularly with operations and mainte-
nance, Planning for IST activity, as well as inspection
activity, should take account of cxpected operations
and maintenance activities, Inservice testing and main-
tenance have a common goal of providing assurance of
the operability of plant components; therefore, the
licensee organizations responsible for these systems
activities must be closely coordinated. Further,
inservice testing can provide valuable information to
the maintenance organization. Maintenance planning
and scheduling should, therefore, reflect information
on component status derived from IST. Feedback on
the uses of IST results can help improve IST programs.
Changes, such as changes in IST procedures that might
affect maintenance activities, or changes in mainte-
nance procedures that might affect IST activities, must
be promptly communicated.

Now, turning to some of the deficiencies that have
been identified for specific tests, I want to highlight
problems involving inservice testing of pumps in
mini-flow conditions, testing of motor-operated
valves (MOVs), and testing of check valves. While
these problems are being corrected through changes to
requirements, they are useful to review because they
provide strong evidence of the consequences of having
developed IST requirements without sufficient
recognilion of the systems aspects of the situation.

The Pump Mini-Flow Problem

Fir:t, let us consider the testing of pumps used in
safety applications. Such testing is required by Scction
X1 of the ASME Boiler and Pressure Vessel Code and
plant Technical Specifications on a schedule, for the
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most part, of once every 3 months. For some pumps
(such as those in the auxiliary feedwater system) this
testing is performed through use of small recirculation
lines that have a capacity of 5 to 10 percent of full
pump flow. Recently, some examples have been iden-
tified where such operation resulted in damage to
safety—related equipment. Therefore, in May of 1988
NRC issued Bulletin No. 88-04, “Potential Safety Re-
lated Pump Loss.” In this bulletin, the NRC identified
two potential miniflow concerns. The first concern in-
volves the potentiai for the dead-heading of one or
more pumps in safety-related systems that have a
mini-flow line common to them or other piping con-
figurations that do not preclude pump—to—pump inter-
action during mini-flow operation. A second concern
is whether nr not the installed mini—flow capacity is
adequate for even a single pump in operation, Bulletin
MNo. 88-04 requests licensees to evaluate their systems
for potential mini—flow problems and to identify nec-
essary modifications and an appropriate implementa-
tion schedule.

Valve Problems

There are thousands of valves in a nuclear power
plant. Probably several hundred of them are crucial to
the integrity of the defense barrier for the isolation of
leaks and the prevention of release of radiation to the
public. To manage a system of such complexity, the
technical procedures for testing valves should be based
on fundamental principles of mechanical and electrical
engineering. Unfortunately, this does not seem to be
the case. In particular, valve settings have generally
been established in isolation. As a result, the valves
may not always be able to perform safety functions as
intended, and the 1ST performed may be misleading.
Sound engineering principles suggest to me that valve
diagnosis must treat the valve as a system in itself as
well as a component of a larger system, and valve set-
tings must reflect the full range of conditions the valve
may experience.

For valves, as opposed to pumps, the issue is not so
much one of rapid damage as it is of cumulative weai
and tear from testing. When that wear and tear cannot
be related te an identifiable benefit from such testing,
the need for improved testing methods is, in my opin-
ion, compelling. For MOVs, forexample, some studies
have shown that the required stroke—time test is of lim-
ited value, and that the more frequent operation re-
quired by the testing process results in accumulated
wear to the valve seats. These concemns were recently
documented for MOVs in NRC Generic Letter 89-10,
“Safety-Related Motor-Operated Valve Testing and
Surveillance.”

In addition to concerns for damage to hardware
caused by improper inservice testing, the implementa-
tion and procedural aspects of inservice testi g at the
plants have been a source of problems. For example,
incorrect setting of operating switches in MOVs has
led to instances where the operators were unable to

“open or close those valves electrically. One such in-
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stance involved a complete loss of feedwaterin 1985 at
the Davis—Besse nuclear power plant when MOVs in
the auxiliary feedwater system could not be reopened
electrically after their inadvertent closure. On the other
hand, at Millstone Unit 3 in February of thds year, due
to incorrect torque switch settings an MOV inthe safe-
ty injection line could not be closed electrically under
full line flow following an inadverient safety injection
actuation, Generic Letter 89-10 will ensure that the in-
service testing conducted at the plants provides assur-
ance, through testing or acceptable alternative means,
that safety—related MOVs will operate under such
conditions.

With respect to check valves, experience has also re-
vealed the need to improve inservice testing at the
plants. Following several check valve failures, the
Commission began a series of inspections to evaluate
the effectiveness of inservice testing of check valves
and to monitor the progress of the industry inresolving
the concern for check valve reliability. Two particular
problems found during these inspections are (1) the
omission from the IST program of many check valves
important to the safety of the plant and (2) the fact that
testing was not always conducted in a manner allowing
verification of the ability of the check valves to per-
form their safety functions. The NRC issued an Infor-
mation Notice (No. 88-70) in August 1988 that
discussed these findings.

NRC and Industry Efforts to
improve IST Programs

The NRC is working to improve the guidance pro-
vided to the licensees on the proper establishment of
IST programs. One example of this effort is Generic
Letter 89-04, “Guidance on Developing Acceptable
inservice Testing Programs,” issued on April 3 of this
year. Generic Letter 89-10, which I mentioned earlier,
is also part of this effort. Additional guidance is being
planned.

Industry groups have also recognized the need to
improve inservice testing. The Institute of Nuclear
Power Operations (INPO) has increased its emphasis
oninservice testing. Forexample, on October 15, 1986
INPO issued Significant Operating Experience Report
(SOER) 86-3, “Check Valve Failures or Degradation.”



That SOER provides a summary of the methods avail-
able to detect check valve failures and degradation,
and recommends that preventive maintenance proce-
dures be established in a test and inspection program
for check valves in several selected systems.

With respect to MOVs, INPO has teen performing
inspections that alsc include inservice testing of these
valves at plant sites. Further, INPO prepared a summa-
ry description of the key elements needed for a com-
prehensive MOV program, highlighting aspects of
inservice tesdng such as procedures, training, the need
for assuring operability under Zesign basis conditions,
and use of diagnostic equipment.

The Electric Power Research Institute (EPRI) has
also been involved with the industry efforts to impro: .
inservice testing, For example, a report identified as
EPRI NP-5479, “Application Guidelines for Check
Valves in Nuclear Power Plants,” was issued in
January 1988. That report included information on
methods to evaluate check valve degradation. EPRI is
preparing similar application guidelines for MOVs
which are expected to be issued later this year.

In an effort to improve the standards for inservice
testing, the indusiry, with NRC participation, has de-
veloped ASME Operation and Maintenance standards
OM-6 for pumps and OM-~10 for valves as a replace-
ment for those requirements in Section XI. A number
of you here tonight have been associated with the de-

velopment of these new standards, you should be ~

proud of your efforts. While there are some problems
in these standards that the NRC and you are working
together to resolve, I believe the industry’s use of the
new standards will improve the quality and overall
usefulness of IST.

Possible Innovations in IST

There are a number of newer, non-invasive testing
and surveillance techniques that can provide iniproved
diagnostic information and can avoid some of the
shortcomings of testing that are caused by testing re-
quirements to turn equipment on and off or disturb the
operating system in some other way. These advanced
techniques include monitoring of vibrations and/or
acoustic emissions and other such “signals” from oper-
ating equipment. Both NRC and industry are engaged
in a variety of efforts to develop and validate such
techniques as replacements or add-ons to IST pro-
grams at nuclear power plants. Let me cite a few of
these initiatives.

The industry has been investigating new methods to
improve inservice testing. For example, MOV signa-
ture tracing techniques have been developed that pro-
vide methods of analyzing the condition and
ojerability of a valve. These techniques can be used to
predict possible future MOV problems. Many plants
have employed them with varying degrees of sucuess.
NRC’s Office of Nuclear Regulatory Research,
through its Valve Performance Program, is currently
validating the use of motor sig.iature monitoring. Pre-
liminary results indicate that motor signature instru-
mentation provides valid information for the periodic
readjustment of MOVs to ensure their operability.

With respect to check valves, a variety of techniques
have been used by the industry in the past to determine
valve condition, including visual, acoustic, and radio-
graphic m thods. Now, the industry is evaluating addi-
tional n_w techniques. One such is Checkmate by
MOVATS. which provides an ultrasonic signature of
valve disc movement. Another is a portable high ener-
gy radiography technique (MINAC-6) by Schonberg
Radiation Corporation. Finally, radioactive tracing of
the valve hinge and disc is a newly identified technigue
which merits further investigation.

NRC, through its Nuclear Plant Aging Research
Program, is also evaluating advanced monitoring
methods. Current areas of effort include acoustic sig-
nature analysis, ultrasonics, and radiography. Acoustic
emission monitoring is being investigated for valve
leakage as well as valve condition. Pressure noise and
magnetic flux are also being studied. A draft final re-
port on these areas, including recommendations for ac-
tion by the NRC staff and industry, is scheduled for
October 1989. NRC is also evaluating the use of visual
inservice inspection techniques to detect check valve
degradation, such as boroscopic inspection of valve
internals,

In April 1989, nuclear utility representatives formed
a Nuclear Industry Check Valve Group (NIC) for the
exchange of technical information relating to the
application, maintenance, and testing of check valves.
Twenty-seven nuclear utilities are currently NIC
members. An objective of NIC is to provide a vehicle
for utility communication on check valve issues to
INPO, NUMARC, ASME, and a mechanism for mak-
ing recommendations for the resolution of generic is-
sues. Plans are for NIC to monitor regulatory and
industry requirements for check valves and the actual
practices by its members on application, maintenance,
and testing. NIC is also intended to provide a forum for

. the identification, evaluation, and development of
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guidelines for the use of non-intrusive examination
methods.
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CONCLUSION

1 want to encourage the further development of in-
service testing and surveillance techniques by NRC
and our licensees, both in improving existing tech-
niques and in developing new ones. The correction of
deficiencies in existing techniques is important to
assuring that IST is able to realize the positive contri-
butions to safety it was designed for, without inadver-
tently degrading safety or operability, and without
putting the plant at risk during the testing procedure.
The development of new techniques to replace or ¢n-
hance existing IST methods is important to achieving
the full potential of IST in providing a capability to de-
termine the status of critical pumps and valves without
shuiting down an operating piant.

Taken together, the improvement of existing tech-
niques and the development of dew ones have the po-
tential to benefit the industry significantly in in;proved
safety, reliability and efficiency of operations. The
safety concem is, of course, particularly important. As
I have discussed, there is a potential benefit to safety in
reducing the stresses to safety systems that some exist-
ing IST techniques have caused. In the future, we need
to learn from our mistakes and try to do a better job of
examining proposed new methods and their uses be-
fore they are put into effect 5o as to assure that they do
not have any inadvertent negative impacts on safety,
either by impairing the ability of critical components
to perform their safety functions during the test, or by
introducing damage or wear to components that could

- cause them to fail later. To this end, the work being

done by the NRC and industry is most encouraging. I,
therefore, urge you to support the efforts underway by
the various industry groups to develop and validate
new IST methods and to prepare industry guidelines

that address the known shortcomings in current IST
methods. There is an opportunity for strong industry
leadership in this arca, as well as a need for continued

"NRC efforts which address regulatory issues.

However, no method, new or old, can be truly effec-
tive unless it is implemented fully and properly. Nu-
clear power plants managements must be aggressive in

. implementing the guidelines and recommendations

from INPO and EPR]. It is important that individual li-

.censees review their IST programs to determine where
. improvements can be made, such as by developing bet-
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ter engineered test conditions and by incorporating
new testing methods for monitoring component condi-
tion. Further, licensees need to assure that their IST is
effectively integrated with other key activities in their
plants. In particular, IST can provide impoertant infor-
mation for the effective implementation of mainte-
nance programs. Therefore, 15T activities must be
closely coordinated and effectively integrated with
maintenance activities, both for long—term planning of
mainteaance programs, and for short-term scheduling
of specific maintenance actions, IST offers the best po-
tential for focusing maintenance toward the most criti-
cal areas by identifying degradation of important
equipment early enough to be able to program the
maintenance into the next planned outage. This can
help assure safety without having to routinely perform
maintenancc on equipment where it is not yet neces-
sary, or worse, having equipment fail, thus necessitat-
ing a costly unplanned plant shutdown and an urgent
need for corrective maintenance.

In conclusion, I hope that, during the course of this
symposium, you will be addressing some of these top-
ics, and that, in your continued technical work you will
be able to move toward an improved and expanded use
of IST. ‘
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INTRODUCTION TO ASME/ANS! OMA-1989A
PART 6 — “INSERVICE TESTING OF PUMPS IN
LIGHT-WATER REACTOR POWER PLANTS” AND
TECHNICAL DIFFERENCES BETWEEN PART 6
AND ASME SECTION Vi, SUBSECTION IWP
JOHN J. ZUDANS
FLORIDA POWER & LIGHT COMPANY

ABSTRACT

ASME/ANSI OMa-1988 Part 6, developed overtie
last ten years has recently been adopted by the Boiler
and Pressure Vessel Code, Section X1. This new stan-
dard provides inservice testing requirements for cer-
tain Class 1, 2, and 3 pumps utilized in nuclear power
plants and replaces ASME Section XI, Subsection
TWP. This paper provides background information on
Fart 6, highlights the significant changes to pump test-
ing requirements, and provides the philosophy asso-
ciated with the new requirements.

ASME O&M STANDARDS ON
PUMP AND VALVE TESTING

Background

Nuclear power plants are required by Federal regu-
lation ! {0 CFR 50.55a(g)] to test certain ASME Code
Class 1, 2 and 3 pumps und valves in accordance with
ASME Section X1 of the Boiler and Pressure Vessel
Code. The Board of Nuclear Codes and Standards de-
cided that nuclear pump and valve testing should be
performed in accordance with an Operation and Main-
tenance (O&M) Standard. With that in mind a working
group was formed, approximately 10 years ago, under
the Operations and Maintenance Committee, with the
objective o develop new and separate standards for the
inservice testing of pumps and valves.

The ne'w O&M pump and valve standards (Past 6
and Part 10} have just been published as the 1989a ad-
dendum of ASME/ANSI OM-1987 Operation and
Maintenance of Nuclear Power Plants. These new
standards are referenced in the 1988 addendum of Sec-
tion XI and replace Subsection IWP ard IWV of that
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Part 6 and 10 Goals and
Objectives

The O&M Working Group on Pumps and Valves
was directed to review ASME Section XI IWP and
IWYV, and use the lessons leamed from past implemen-
tation, to develop new O&M standards. One goal of
the Working Group was to develop standards which
could be more easily followed and yet enhanced the
most important aspects of the current standards. Any
changes that were proposed were approved on sound
technical, documented basis,

Most nuclear plant technical specifications require
utilities to obtain specific written approval from the
Nuclear Regulatory Commission (NRC) for any devi-
ations from the Code. This has been very difficult for
both the nuclear plant operators and the NRC, who
must review and approve each deviation. For example,
if a utility wants to determine flow rate of a pump by
measuring the change in level of a tank divided by time
instead of measuring flow directly, then the utility
must request relief from Code requirements. This situ-
ation arises when there is no installed flow instru-
ments—usually for small pumps. Whenever possible
these standards have been revised to reflect current
testing practices and the requirements have been
changed to reduce requests for relief, keeping in mind
regulatory approval precedent.

At first glance, one would think OM—6 and OM~-10
are quite similar to the IWP and IWYV sections that they
replace. However, on closer inspection, an inservice
test (IST) engineer will note many significant differ-
ences. The remainder of this article will look at the
differences between IWP and Pant 6. Specific details
regarding all changes made are contained in
Attachment 1.

An Overview of Changes in Part 6. Part 6, like its
predecessor IWP, specified that pumps which perform
a safety-related function in shutting down the reactor
or in mitigating the consequences of an accident shall
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to only ASME Class I, 2 and 3 pumgs, as does IWP.
Pant 6 requires all pumps which perform a safety func-
tion to be tested. Tt is not expected that this change will
add many new pumps to IST programs. The testing en-
sures that pumps function correctly with regard to both
the hydraulic and mechanical conditions. For the hy-
draulic conditions, the pumps’” differential pressure
and flow rate are compared to a reference value. Any
deviations over certain limits must be reviewed, and if
the deviations are not within the acceptance limits of
the standard, rorrective action must be taken. Similar-
ly, the mechanical condition of the pumps are deter-
mined by measuring vibration levels while the pump is
running and comparing these levels to a reference val-
ue. A key element of this standard is to set reference
values when the pumps are known to be operating
acceptably.

Mode of Vibration Measurement. Section XI
IWP specified vibration levels to be measured in the
displacement mode and compared to its reference val-
ue. Part 6 is similar in that the vibration levels must be
compared to previously established reference values.
However, Part 6 includes acceptance criteria based on
vibration velocity as well as vibration displacement.
Velocity measurements are usually superior to dis-
placement measurements in determining severity of
vibration and are widely used by the nuclear industry.
Vibration severity is determined by the amplitude of
the vibration and the frequency at which it occurs. For
example, a pump might vibrate with one mil “peak te
peak’” at 1800 rpm and experience no problems. How-
ever, if the same pump were vibrating one mil at a fre-
quency of 18,000 rpm, 10x the operating speed, the
pump would be expected to fail. Velocity is a function
of both amplitude and frequency, and thus a good indi-
cation of severity. Displacement is only dependent on
amplitude. If one measures vibration displacement and
assumes the amplitude is at rotating speed, a gross un-
derestimation of the severity of the reading will occur
if the amplitude is really at a high frequency. These
changes to Pan 6 will allow the use of velocity without
having to request relief from the NRC.

For very slow speed pumps, the vibration accep-
tance criteria is given in mils displacement. At these
low speeds, disptacement is a better indicator of degra-
dation than velocity. The displacement may be very
large while the velacity is quite low, and thus equip-
ment damage could be occurring problems, while ver-
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tical line shaft pump bearings are normally
inaccessible. For these reasons, the hydraulic accep-
tance criteria for these pumps has been made more
conservative by increasing the alert and required ac-
tion ranges from 0.93 to 0.95 and 0.90 to 0,93 times the
reference value, respectively.

Deleted Requirements. Several parameters are no
longer required to be measured by Part 6. Bearing tem-
perature, inlet pressure and lube oil level or pressure
are no longer required. Bearing temperature, if moni-
tored continuously, is an excellent indicator of bearing
degradation. However, yearly readings have not prov-
en beneficial. The other two parameters were dropped
because they did not provide useful, trendable test
data. The parameters were included originally as a help
to the operators to ensure the pump was not damaged
during testing.

Dry Sump Pumps. Part 6 specifically addresses
testing of pumps which are installed in dry sumps. In
the past, some utilities have been “bumping” these
pumps quarterly. That is, they start the pumps dry. This
pump test is detrimental to the pump and serves no use-
ful purpose. These pumps must now be tested at least
every two years. The owner will have to make provi-
sions for supplying the necessary fluid inventory for
the test.

Future Changes. At the February 1989 ASME
Board on Nuclear Codes and Standards meeting, a mo-
tion was passed to recognize that the Operations and
Maintenance Committee is the appropriate committee
to establish inservice testing requirements. The O&M
is to proceed with making OM — 1987 stand onits own,
with the objective of eventual deletion of inservice
testing from Section XI. An 0 & M/Section XI Joint
Transition Task Group has been organized to imple-
ment this change.

The O&M working group on pump and valve test-
ing is actively considering further improvements to
these standards. The areas for imp roveinent have been
recommended by industry as well as regulatory bodies.
Task groups and action plans have been established for
the higher priority issues and results should bz forth-
coming. Some of the pump issues being considered in-
clude; improvements in mini—flow acceptance criteria,
hydraulic acceptance criteria, trending, and analysis
time limits — 96 hour criteria.
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IWP-1100

ITWP-1300

IWP-1400
IWP-1500

ITWA-9000

IWP-3100

IWP--3100--1

IWP-3110

IWP-3111

IWP-3100-2

Iwp

Scope

Owners
responsibility

Bypass loops

Detection of change

Definitions

Preservice testing

Inservice test

Reference values

Effect of pump
Replacement, repair
and routine
servicing on
reference values

Allowable ranges of
test quantities

Comparison
IWP . To Part 6

PART 6

All safety related; Class 1,2 and 3 deleted. Includes preservice
testing.

Requires owner to make design provisions.

Adds words to alert owner to minimum flow in bypass loops.
Places more emphasis on reference valves.

Instrument accuracy
Instrement foop
Preservice test period
Reference valves

New

5.B & C allow “Detemmination” of P or Flow Rate in lieu of
measurement — should reduce relief requirements.

Delete lubricant level or pressure.

Deletes bearing temperatures.

Deletes inlet pressure.

Discharge pressure only required for positive displacement
pumps.

Addsempbhasis onestablishing reference values “Only when the
pump is knowa to be operating acceptably”.

Following Maintenance, a test must be run prior to declaring
the pump operable in lieu of within 96 hours.

Vibration:
Alert Action
<600 RPM >2.5 VR 10 6 VR >6 VR
>10.5 mils >22 mils
>600 RPM >2.5 VR t0 6 VR >6 VK
3.25 in/s ».7 in/s
Hydraulic:
P (Positive Displ.) .93to 1.1 PR
P (Ven. line shft) 95t0 1.1 PR
P (Centrifugal) 910 l.IPR
Q (Centrifugal) 9 tol.]1QR
Q (Others) 9510 1.1 QR
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IWP-3210
IWP-3220

IWP-3400

I'WP--3500
IWP-4120

TWP-4130

IWP-4150

IWP-4220
IWP-4230
IWP-4300

TWP-4500

IWP-4520

IWP-6210

IWP-6220

Comparison

IWP To Part 6 (continued)

Iwp

Allowable ranges of
inservice test
Quantities

Time allowed for
analysis of test
Frequency of

inservice tests

Pumps lacing fluid
inventory

‘Duration of tests

Range

Instrument location,
transmitters and
computers
Fluctuations
Frequency response
range

Pressure tap
construction
Pressure tap location
Temperature

measurement

Vibkration

Instruments to
measure amplitude

Summary listing

Pump records

PART 6

Part-6 no longer allows the owner to set his own ranges if those
specified cannot be met.

No change, however there were many negative ballots of this
subject, and this area will get more review with possible
changes.

No change, however there is an INPO concermn on this subject
which will be addressed in the first addenda to Part 6.

Part 6 addressed pumps in normally dry sumps -- must be
tested every two years — new requirement. ‘

Part 6 reduces minimum run time from fiv. minutes o
two minutes.

Adds provisions for digital measurements.

Eliminates transmitters and computers — primary concem is
response not transmission of signal.

Part 6 deletes 2% requirement on fluctuations.

Part 6 changes requirement for frequency response range of
vibration instruments to be 1/3 minimum pump speed to
1000 Hertz.

Deletes requirement.

Paragraph rewritten -- additional documentation required ~
requirements for where tap is located have been deleted.
Not required by Part 6.

Part 6 Imposes additiona! requirements; two Orthogonal
directions on each accessible pump bearing, On vertical line
shaft pumps, the top motor bearing shall be measured in all three

directions,

Type of instrument no longer specified.

Part 6 deletes this requirement.

Expanded to include pump manufacturer’s operating limits.

"
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IWP-6230

IWP-6240

Comparison
IWP To Part 6 (continued)

TWP PART 6

Inservice test plans Requirements expanded to required documentation of method
used to “determine” reference values.

Record of tests Expanded to require pump Identification reason for test
" evaluation/justification for changes to reference values.
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INTRODUCTION TO ASME/ANSI OMA-1988, PART 6
BASIS OF THE NEW VIBRATION MEASUREMENT CRITERIA AND
REQUIREMENTS OF PART 6
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ILLINOIS DEPARTMENT OF NUCLEAR SAFETY
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INTRODUCTION

An ideal pump would produce no vibration because
all the energy would go to pumping liquid. In practice,
vibration occurs when the pump’s elements react
against each other and energy is dissipated.

As a pump wears, changes in its dynamic properties
begin to occur. These changes are reflected in an in-
crease in vibration energy. This increased vibration en-
ergy may excite resonances and put extra dynamic
forces on bearings causing more wear. Cause and ef-
fect reinforce each other, and lead ultimately to break-
down. By measuring the vibration at the pump
elements which restrain the dynamic forces, such as
bearing housings, the health of the pump can be in-
ferred. This is the basis for using vibration for pump
condition monitoring.

This paper describes the basis of the new vibration
measurement criteria and requirements in Past 6, “In-
service Testing of Pumps in Light—Water Reactor
Power Plants.” The topics covered are: the back-
ground of why this change was necessary, classifica-
tion of pumps typically used in nuclear power plants, a

survey of vibration criteria, and the rationale for the

new vibration measurement criteria and requirements
in Part 6. A list of references and a bibliography are
also included.

59

BACKGROUND

When the 0 & M Working Group on Pumps and
Valves first started writing Part 6 as a replacement for
Subsection IWP of Section XI, a decision was made
that the new standard should, to the greatest extent pos-
sible, have a sound technical basis. This was particu-
larly important in the area of vibration measurement.
The vibration measurement criteria and requirements
of IWP have not changed since IWP was added to Sec-
tion XI in 1974. The vibration criteria contained in
IWP were derived from experience, and were not sup-
ported by a technical basis.

When the Working Group started reviewing IWP, it
became apparent that the vibration criteria needed re-
vision. Industry consensus was that, in most cases, vi-
bration velocity gave the best overall indication of
machine condition. Many utilities were using vibration
velocity in preventative and predictive maintenance
programs. IWP required (and still requires) vibration
to be measured as displacement. This required utilities
to take an additional, and in their view, useless mea-
surement. This was the greatest impetus for change in
the vibration measurement criteria of IWP.

A Task Group on Vibration Monitoring was formed.
The Task Group was asked to make recommendations
to the Working Group on Pumps and Valves on vibra-
tion measurement criteria and requirements. The rec-
ommendations of that Task Group have formed the
basis for the vibration measurement criteria and re-
quirements of Part 6. This paper draws heavily on the
work of that Task Group.

CLASSIFICATIONS OF PUMPS
USED IN NUCLEAR POWER
PLANTS

As the first step in preparation of the new vibration
measurement criteria and requirements of Pan 6, the
types of pumps encountered in nuclear power plants
were analyzed. Typical applications and types of pumps
were reviewed. The results of this review served atwo-
fold purpose; it provided a basis for categorizing pumps
and assigning appropriate classifications, and it gave an
indication of the scope of coverage of the Standard.



The data collected is summarized in Table I, Table 2
was derived from the maximuni variances in Table 1.
Table 2 lists ranges of data for each type of pump and
classifies each type of pump in accordance with the
guidance given in ISO 2372, Annex A.! It can be seen
that all the centrifugal pumps fail into Class II1. Recip-
rocating pumps are Class V. This result indicated that it
would be possible to specify one set of vibration crite-
ria for all centrifugal pumps.

Table 1. Nuciear power plant pumps

VIBRATION CRITERIA

Next, various vibration standards in current use
were reviewed, Standards for evaluating machine con-
dition based on vibration levels take two forms. Some
standards evaluate equipment based on a set of abso-
lute criteria, usually in the form of a vibration severity
chart. Other standards evaluate equipment based on

Speed Horse rlow Discharge Pressure Description
Type Class (rpm) Power {gpm) (psig) of Device
Vertical m
line shaft 300-900  300-750 To 8000 BWR service water
1800/3600 275 3215 100 PWR recirculation
Spray inside
Containtnent
1800/3600 293 3000 100 PWR recirculation
spray
Outside containment
1800 500 11500 55 PWR service water
Centrifugal
Vertical I 1800/3600 500-1000 7700 182 PWR residual heat
removal
1800/3600 500-1000 4270 290 BWR core spray
1800/3600 500-1000 150 2735 PWR high head
safety injection
180073600 500-1000 3000 300 PWR low head safety
Injection
Horizontal m  1800/3600 500-1300 1500 1000 Service not specified
{motor or 1800/4500 460-4600 to 4500 1000-2200 Service not
turbine specified
driven) 1800,3600 223 3000 100 PWR Containment
Spray
1800/4260 340 1255-1430 PWR Auxiliary
Feed Water
3600 800 4000 250 BWR RHR service
water
Reciprocating V
200 200 130 5000 PWR charging
520 75 50 1150 BWR standby liquid

contro!




il

Table 2. Range of purameters for nuclear power plant pumps

Speed Capacity Flow Discharge Pressure
Type Class (1pm) Horse Power (gpm) (psig)
Vertical line shaft 11 300-3600 275-750 To 8000 To 100
Centrifugal '
Vertical I 180073600 500-1000 150-7700 182-2735
Horizontal 111 18004500 22304600 3404500 100--2200
Reciprocating | \% 200-520 75-200 50-130 1150-500

changes in vibration from a base or reference condi-
tion. Both alternatives were investigated.

Copies of vibration severity chaits from three
sources are included. They are representative of many

of the absolute criteria reviewed, and illustrate typical
- details of presentation.

The vibration severity chart proposed by Energy Re-
search and Consultants Corporation,? Figure 1, is
based on data from pump experiments and was derived
on the basis of extensive troubleshooting experience. It
should be noted that the majority of the experience

used to generate this chart was derived from turbine
driven feed pumps.

The vibration severity chart proposed by
J. S. Mitchell, Figure 2, is designed for measurements
taken on the casing of machines with casing—rotor
weight ratios on the order of 5:1. Typical machines to
which this severity chart can be applied include elec-
tric motors, pumps, fans, steam turbines and horizon-
tally—split centrifugal compressors with external
bearings supported through approximately 180°. Use
of this chart is limited to operating speeds from
900-6000 rpm and bandwidth of the overall unfiltered
measurements of approximately 1,000 Hz.

The vibration severity chart proposed oy IRD Me-
chanalysis,? Figure 3, is in close agreement with Fig-
ure 2. The limitations of use for this chart are not
specified.

A number of other sources were also
reviewed,5 6 7: 8.9, 10, 11 Figure 4 plots the vibration
criteria from several sources against each other. Note
that all criteria have been converted to velocity in in./s,
peak. This figure is illustrative of the amount of vari-
ability that exists among the various sources. It should
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also be noted that the ISO! and VDF standards apply
to machines with operating speeds from 600 to 12,000
rpm, and measurements limited to a frequency range of
10 to 1,000 Hz. Other sources did not state specific
limitations or the basis of the criteria,

While the use of absolute criteria may, at first, seem
to be attractive, it must be remembered that any gener-
ally applied vibration severity chart is, of necessity, a
compromise. Such a chart must cover many types of
machines operated in many different environments. 1f
we consider only pumps in nuclear power plants, we
find that they are not always typical of the type of ma-
chines on which the vibration severity charts are based.
In addition, pumps in nuclear power piants are often
tested at off-normal conditions (e.g., with the pump on
a miniflow). This makes the application of a single set
of criteria less than ideal. In addition to these limiia
tions, absolute criteria can neglect significant changes
in a pump which was originally running smoothly, as
the change may leave the pump in the acceptable

range. Although such a change may be below some ar-
bitrary limit, it may, nonetheless, indicate a significant
mechanical change in the pump.

Recognizing the limitations of absolute criteria, sev-
eral sources recommend the use of relative change as a
much more reliable indicator of actual machine condi-
tion. Bruel & Kjaer!? recommends that an increase of
a factor of 2.5 be considered a significant change war-
ranting investigation and an increase of a factor of 10 is
serious and may warrant the machine’s shutdown.

VIBRATION MEASUREMENT
CRITERIA AND

REQUIREMENTS OF PART 6

Based on the analysis of vibration criteria given
above, the Committee decided that relative change was
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the best indicator of actual pump health for nuclear
power plant pumps. Examination of the ISO 2372} and
VDI 2056° standards show that a change of one quality
class (e.g., A to B) represents an increase in vibration
by a factor of 2.5 and a change of two quantity classes
(e.g., A to C) represents an increase in vibration by a
factor of 6.3. Such a change could take a pump from
“Allowable” to “Not Permissible”.

The factors of change used in Part 6 were set conser-
vatively at 2.5 times the reference value for “Alert”
and 6 times the reference value for “Required Action”.
This is reflected in Table 3 of Part 6, One other advan-
tage of using a relative change criteria is that it is
applicable, with no modifications, to vibration mea-
surements made in any units which use a linear scale.

The Committee also felt that there are vibration lev-
els above which no pump should be operated, Whenthe
Committee looked at all the available sources it found
some difficulty in translating the various terminologies
used into the Code format of “ Alert” and “Required Ac-

tion” ranges. It also became obvious that there was
some general agreement on the maximum permissible
vibration. Table 3 is an attempt to derive “Alert” and
“Required Action” ranges from the data of Figure 4.
Figure 5 is the same as Figure 4, except that the “Alert”
and “Required Action” ranges of Table 3 are plotted
and the vibration limits of Part 6 are included. While
many of the sources were in general agreement, there
was not agreement oa specific numbers.

For centrifugal pumps, limits were developed based
on machines classified as Class III according to the
I1SO standard, and a consensus of the other standards
reviewed. The limits of Part 6 were chosen as
0.325 in./s for “Alert” and 0.70 in./s for “Required

- Action”. These limits were set somewhat liberally in
recognition of the fact that pumps in nuclear power
plants are not always tested under normal operating

(i.e., full flow) conditions and that relative criteria
were also being applied. Because of the unique nature
of reciprocating pumps, no limit was set for the maxi-
mum permissible vibration. This may eventually
change as additional data becomes available.

Table 3. Vibration criteria “Alert” and “Required Action” ranges

Behavior Regimes?
Source Alert Range Action Required Range

1. Canadian Government Specification 0.394 <=V <=0.71 V=01 |

(pumps > § hp)!!
2. Energy Research and Consultants 0.25 <=V <=0.75 V>0.75

Corp. (ERCO)?
3, Guif Oil Canada, Ltd.3 03<=V<=05 V>05
4. IRD Mechanalysis? 0.314 <=V <=0.628 V > 0.628
5. IS0 2372!, VDI 2506 0.25 <=V <=0.628 V> 0.628
6. J.S. Mitchell® 03<=V<=06 V>06
7. Materials Tesﬁng Institute (MTI) 02 <=V <=0.6 V>06
8. Rathbone’ 0.2 <=V <= 045 V> 045
9. Shell Chemicals, UK.’ 0.47 <=V <=0.75 V>075
10. Vibra-Metrics, Inc.? 0.19 <=V <=0.48 vV >0.48

a.  Units are velocity in in./s, peak.

66



soBuer uonoy panabey,, pue uofy,, eLoo voneqlA G @by

(ead) "09s/°ul
A3120[3A UOLIRIQIA
0l 10 100
o1 1 N | 1 1 | " I L1 ] | | I | 1
ON ¢ NOi LIGNODIYIIHD M3N - 3417 LOYHS M3N - 3417 9NO1 Dadg uelpeue?)
P b 1 T N I 111 3 1 | | T
waved 1IA3IT13VS Y 31GVHISIA HLOOWS NOI LYH3dO TVINHON 0043
L1 TN ] / 111 ] 1 | I +
HONOY "XIW Honou ‘A Honod | IV HLOOWS epeued ‘110 JIn9
4 A | I | ] I +
I%om.\,ﬁ HoNod & HONOY 'S Hiv4 aoo9 Q009 AYIA | HLOOWS sisAleueydsiy Oyl
[ ] N R N | | I I Y I il 1
é.@mw_u ﬂméﬂﬁ 1Sy 31aYMOTTVY ao09 IAA /0S|
/ 1 I I | 1 T
HoNoY A Io:om 9N0Y 'S | dIv4 G009 aoo9 ‘A HLIOOWS 11134231
Ll 1 || N Ltif i I T
HonoW x3d\  HONOY W IV Q009 HIOOWS | ilW
1] | I I I 1 +
Ioaom ‘A I@:Jm\n el divd aoo9 HLOOWS ‘A | 318v12313G LON |3uoqyiey
LA | I I i 1 -
9NoY iém doo9 | Q009 A doo9 ‘A A MIN I S{RILWBU (o4
i I N s S ITT T 1T 1T 1 | ] +
HIONYQ A zﬂmo% 3181SSDT> SSINHONOY HONIL NOI1VH3d0 TVIHON DU ‘SILIVB-BUGIA
| | 1 £ 1 ] o~ 1 I I T | { T
e diER IR = 319v 1d300V 91ded ‘WO
U D | LIRS ] 1 IR L i i i :

67



W

G

RN

Although vibration velocity is generally considered
the best measure of pump health, displacement is a
better indicator of pump health for pumps which oper-
ate at low speed. The Commitiee chose to use 600 rpm,
the lower limit of use for the ISO standard as the transi-
tion. The vibration limits for displacement are set at
10.5 mils for “Alert” and 22 mils for “Required Ac-
tion”, the equivalent of 0.325 in./s and 0.70 in./s at
600 Hz. It should be noted that Part 6 does not require
the use of displacement for pumps which normally op-
erate below 600 rpm and velocity for pumps which
normally operate above 600 rpm. Part 6 indicates that
displacement is preferred for pumps which normally
operate below 600 rpm and velocity is preferred for
pumps which normally operate 600 rpm.

The number and location of the required measure-
ments has also been changed. On centrifugal pumps,
vibration is now required to be measured in two ort-
hoginal directions perpendicular to the rotating shaft
on all accessible pump bearings. A measurement 18
also required in the axial direction on pump thrust

bearings. For vertical line shaft pumps, the point of -

measurement has been defined as the upper motor
bearing and measurement is now required in all three
directions. These changes are in agreement with the lit-
erature and experience. No change has been made in
the vibration measurement requirements for recipro-
cating pumps.

Another change in Part 6 is a clear definition of the
type of measurement to be taken. Velocity is measured
as peak (ratber than rms) and displacement measured
as peak-to—peak (rather than peak, average or mms).
This is the general practice in the United States and
Canada. In Europe, rms is generally used. The use of
peak and peak-to—peak measurements tends to place
more emphasis on transitory changes in vibration, The
frequency range of these measurements is now from
1/3 pump operating speed to at least 1000 Hz.

CONCI.USION

This paper bas attempted to shov that the new vibra-
tion measurement criteria and requirements contained
in Pant 6 have a technically sound basis. The use of the
pew criteria will increase our level of confidence that
pumps which are monitored in accordunce with Part 6
are truly ready to perform their intended function when
needed. In addition, the new requirements will de-
crease the burden on utilities which currently use a vi-
hratiop velncity based predictive maintenance
program. Changes in the measurement of hydraulic pa-
rameters made possible by the new vibration criteria
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should eliminate or decrease the number of “false
alarms”. The incorporation of Part 6 into plant surveil-
lance programs will mark a significant increase in
pump operational readiness.
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ATTENDEE - PANEL. QUESTION AND ANSWER PERIOD
(EDITED; ATTENDEE QUESTIONS AND PANEL/AUTHOR
RESPONSES NOT IDENTIFIED BY NAME)

Question 1

In regard to instrument loop accuracies, what compo-
nents are to be included in the overall accuracy, plus or
minus two percent. For example, a flow loop is re-
quired to have a plus or minus two percent accuracy.
Does this include flow indicator, flow transmitter,
square root converter, and flow element? Please con-
sider that the flow element is usually not very accurate.

Response 1

In the past, the Code always considered the instrument
accuracy in the ranges that are in the standard. I do rec-
ognize that there are some inaccuracies in the wiring
and in the whole system of instruments that you need
to consider to get the total accuracy.

I'would add that, perhaps more than absolute accuracy,
what we’re interested in is repeatability, and in that
case things like your flow element are not as much of a
problem.

Question 2

Has the NRC/ASME resolved their differences in hy-
draulic pump parameters; i.e., 1.1 times reference val-
ue for delta P and Q being an acceptable range?

Response 2

We still have some differences of opinion in that area.
We had a detailed two—-day meeting with the NRC in
Washington about two months ago where it was de-
cided that, on the part of the Code folks on the working
group, we would be looking at a task group that would
try to see how we can best serve this concem. Larry
Sage is the chairman of that task group.

We are currently asking if an alternative is to test
pumps during refueling outages with a very detailed
test cetup and then do the same quarterly test in addi-
tion, with less emphasis on operability but more em-
phasis on the fact that the pump does start and pump
fluid,

I think the important thing for everyone to know is that
the NRC and the ASME have sat down and discussed
this. There is a lot of communication about this item,

Question 3

When 0.70 in. per second or the required action range
is not achievable during baseline testing, what are the

alternatives?
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Response 3

I think the only altenative is to go to the NRC with a
relief request if you have a pump that is normally run-
ning at greater than 0.70 in. per second.

Question 4

4.6.12(b) states, “Digital instruments shall be selected
such that the reference value shall not exceed 70 per-
cent of the calibrated range of the instrument.” Where
did the 70 percent come from and why doesn't the
Code specify an accuracy in terms of percent of read-
ing rather than restricting the calibration range of the
instrument?

Response 4

I'think two things were operative in our decisions. The
70 percent essentially comes from the way Section X1
handled digital instrumentation when they brought that
in for pressure testing, and the only idea is you don’t
want to overrange the instrument if you happen to
come up with something you are not expecting.

The reason we state things for other instruments as a
percent of full scale is that is the way you usually buy
an instrument—percent of full scale. That, perhaps,
would not be appropriate in digital instruments. 1 think
that is something we probably should take a look at.

Question 5

For a given pump flow rate test how can one account
for a response that is better than the baseline test?

Response 5

Tdon’t believe that an increase in pump performance a
should be interpreted as implying there is anything
wrong with the pump, first of all. You may be asking
why people were concerned when we had the 1.03 ac-
tion range before.

It’s true that, for many reasons, you could not get the
meter reference value, and you could go above the



reference value during the test. I believe that response
difference could be indicative of the test setup.

There may be something wrong with the way the test
has been arranged in such case, Examples of that
would be a misalignment in the loop. You change the
resistance; you can get a different result. -

We in the code believe that when you have a higher—
than-what-you-expect type of value, you should rely
on a parameter that is more indicative of conditioning,
such as vibration, rather than the other parameter to de-
clare a piece of equipment inoperabie or have to go
intoa hmmng condition of operation,

Questlon 6

It was stated in effect that OM 6 should not be used to
determine operability until that operability has been
initially established. Please discuss the intent of this
statement and how the working group intends to estab-
lish the initial satisfactory operation.

Response 6

The reason I make that statement is that I have a fer-
vent feeling that Part 6 in the way it is written right
now cannot necessarily establish operability. We are
not asking people to test to the safety limits or the
safety parameter limits, such as of flow or pressure,

that would be encountered if they had to mitigate the
consequences of an accident.

At the same time, I think that a standard that would es-
tablish operability would require more than what an
operational readiness standard would provide, which is
what Part 6 is,

Question 7

A small reference value for vibration yields a small op-
erable range for the pump. For example, VR equals .01
in. per second gives an alert range of 0.025 in, per sec-
ond. The example shows that a smoothly running
pump can be subject to corrective action. Has the com-
mittee addressed this?

Response 7

Yes, we have, It is our belief that, even though it may
be a small level on an absolute scale, a change of an
order of magnitude of six or something (which would
get you into the required action range) is very
significant.

Whether or not it is significant on an absolute scale,
that was one of the things we didn’t like about the ab-
solute scale. You could have significant changes in me-
chanical condition without needing to go and find out
why you have that change.
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ABSTRALT

Setting up a periodic vibrational monitoring pro-
gram by the use of electronic data loggers. Acquired
data will be analyzed and evaluated to determine pump
condition. Measuring frequency, reporting procedures
and conditions of mechanical components will be
discussed in detail based on an actual case study.

INTRODUCTION

The majority of people think of predictive mainte-
nance as a glorified vibration program. While they are
correct in the assumption that vibration data is that
backbone of the program, there is much more to pre-
dictive maintenance. Predictive maintenance is: vibra-
tion data collection, vibration analysis, testing,
engineering, maintenance and quality control all
wrapped up into one program. The goal of this pro-
gram is to increase the unit availability and reliability
while lowering the maintenance costs. This paper will
discuss the procedures necessary to start a successful
Predictive Maintenance program for power plant

- pumps.

The one item everyone needs to be aware of is that
Predictive Maintenance Programs don’t happen over-
night; they occur over time. The normal time period is
three to five years. The first several years is going to be

filled with eliminating all the little equipment prob-
lems no one has taken the time to solve. During this
time period, a vast amount of leaming will take place.
The learning stage will impact the engineer assigned to
head the program, all people in contact with the
program, and the plant itself.

The initial stages of the program will also be costly
with the purchase of equipment and the increase in
maintenance costs. The misnomer encountered with
the birth of a Predictive Maintenance Program is it will
save money immediately. This is totally false. The pro-
gram will initially increase the cost of plant mainte-
nance while you eliminate problems found during the
early stages of your program. Management people are
usually shocked by this, and it usually results in some-
one saying, “This program doesn’t work,” or “We
never had this problem until we started Predictive
Maintenance.” The best advice is to keep management
personnel informed as to all the possible consequences
involved with starting programs.

INVESTIGATION

The first priority is to determine which pumps are
going to be set up on a Predictive Maintenance Pro-
gram, I recommend the person in charge of the Predic-
tive Maintenance Program look over your yearly
availability reports and see what pumps have led to
your unit derates. If the trend holds true, you will find
that boiler feed pumps and pump drives will be the
greatest cause of your plant derates. Once you deter-
mine what your target pumps will be, investigation
must begin into what has been the major cause of the
problems.

I recommend the engineer responsible for predictive
maintenance review the maintenance history on boiler
feed pumps and their drivers for a period of five years,
This will allow for a large enough time period to see
any trends in equipment problems. Looking five years
will give the engineer encugh data to see if there are
any repeat problems. These problems should be logged
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down and used in goal setting for the program which

will be discussed later.

Once the investigation into which pumps will be tar-
geted for predictive maintenance is complete and the
past maintenance history of these pumps has been re-
searched, you are now able to move on to the setup of
the program. One thing never to forget while perform-
ing predictive maintenance: Don’texpect the diagnos-
tic equipment to find all your problems or solve them
for you. The diagnostic equipment will help you keep
tabs on your equipment health; but, you still need to
understand how the equipment works and what its
function is. The initial problems will be equipment re-
lated. However, later in the program many vibration
problems are operational or system related. A lack of
understanding in this area will lead to many unsolved
probiems,

STEPS TO PROGRAM SETUP

Equipment File Packages

The first item of business in setting up a program is
to learn as much about the equipment as you can. This
will entail putting together an Equipment File Pack-
age. The equipment file package will be the first step in
the learning process on how the equipment operates
ar. " what its function is in the system. Appendix 1 con-
tains a generic Equipment Information Sheet. This
sheet will contain all the pertinent information re-
quired 'for analysis, balancing and alignment. The in-
formation required for this sheet will not be readily
available in the early stages, so you will be constantly
adding to it as information becomes available, Exam-
ples of this would be the critical speed and balancing
information that will become available after balancing
is performed on the equipment and bode plots are gen-
erated. Alignment tolerances may also fall into this
category if the equipment OEM is trying to sell his ser-
vices. All other information required to fill these
sheets out should be done while setting up the
program,

The equipmert file package should also contain
prints of the equipment layout (Figures 1 & Figure 2),
driver and driven, alor.g with foundation information,
These prints should be reduced down into a basic
scheme as in Figure 3. Also needed is a pump curve
(Figure 4). This should compile all the basic informa-
tion required to do a basic analysis if a vibration
problem comes up.

Equipment Category
Breakdown

The next priority is to divide your pumps up into
categories corresponding to their importance to the
plant operation. Group #1 will be any capability reduc-
ing pumps (i.e. boiler feed pumps). These pumps
should be monitored every two to four weeks. Group
#2 will be any pumps that have a redundant backup
(i.e. main condensate pumps). These pumps should be
monitored every four to eight weeks. Finally, Group #3
is any miscellaneous pumps that don’t fall into the first
two groups (i.e. LPSW backwash pumps). These
pumps should be monitored every eight to twelve
weeks,

While breaking down the pumps into their individu-
al groups, you need to also break them down into infor-
mal groups on how they are designed and mounted.
Figures 5 to 8 show various examples of horizontally
and vertically mounted designs. Knowing how equip-
ment is mounted will give some insight into possible
problems encountered when troubleshooting pumps. It
Will also allow you to start a case history file on pump-
ing problems encountered with different types of
mounting sciiemes. Case histories will be discussed
later in this paper.

Monitoring Equipment

This can be a very difficult part of your program, or
it can be very easy. If you have done your job when fill-
ing out the equipment file package, you should have
developed a feel as to what the past pump problems
have been. Knowing what the past problems have been
will allow you to look for problems previously experi-
enced. Armed with this information, you should now
be able to look into different types of monitoring
programs.

If this is the first Predictive Maintenance Program
you or your plant has been involved in, be very careful
when choosing the type of equipment you will utilize.
1 do not recommend building an on-line monitoring
system to do the job unless You have had several years
of vibration data to design your system against. I rec-
ommend that data loggers or tape recorders, in con-
junction with FFT analyzers, be utilized.

Data loggers are excellent for taking periodic data,
and the software that accompanies the loggers allow
you to trend vibration data and other equipment pa-
rameters. They will allow you to take signatures, along
with the overall readings, if this is what you require.

78



‘4 ainby4

muuton
T
’ (53655 W100)
M 15
e w04 ve
no.bt:numh)a (r4 IHOZ 6 uu&“ =7 o8 Try
Y. /¢.J m [§ - d
- - 1
) 30 !
. ng
ﬂ u _ _ 1 dus
o2 2,.c
3 ko g
M-hhﬂ -" N.N- T . : 1. N ~ H *ﬂ
| e R c S e EE s . | ogw
LA : MR 5 ‘
dala” .- m o IS B [ M | 4 1A}
Ed il dal . a4
IOND Laws  S62 =i |1 Pile O A T = | -
Lunt 2t w0 | ik : -\ &g foum
£ 1 IMOZENS T3S T\
ne B Rt Mu
_ . ) 9
VG MmNy n.u..Nuﬁ\ Pour
30N A
R S

nowra

79



-2 ainBiy

- 1 3 ! v 3 1 I 3 I 8
T 7] assy| nu.m.ld._lv’zq
ocus| &7of 479 ﬂ_% W30
- 7 30 1. oW 1Sl uaf] TS| wwec oo
' [ N
s 226L0L 15§, SIN T "
o
&
o
N o
O
i3
3 %
S G
201-ved /
WD IS T2
SONIY IEVE 2N20imd
i sissngg ©
o
X 53 ey '.i!u...
E=5 3 9 hu i L Z b w2 Pl A €LY XHNNQD: i mQ
2 MM w. 99 /AR TA R SN -~S n\ R X a : »w t_N.EQ ” MM vl
8. g 2| i
41 p ” o¢
& o9 »
REGLESEl g i \ 5 4
o x T » 0
f | H | 4 _
r < u/ ] 97 Z
2% g 4 \¢ 4 ¥
Z-9TTN-0€ DU TA SLIIT TAT NYH T L H - q
“Sm #9010 OTS NS P-4 - N NREA: .
U] 2eotrr wer 22¢ oo s aTIesNRGt SIOWET T rn‘ nwwv = N -RAA oA vi
TICI-v ST T3¢ CFTIOLSET I9 O TATY AFTTMI TNV 3 N 9 o
Paror-y T ¥ ; .
EIITIX 3G 01 SBKRY ATNSAT 3 THRY FVI T I < ‘ \\ &r
A1 02 207 TWIVIT) AT ISNER] T ol »
WX N = e
TTTIIIE ORI k\itu\%uuﬁ“\m\.~ _l\ " /6\\ £3- At sfira ¢l -0t sl ra & & xAq Lo } ;&
aoidiasd CNM ' SN . O { S 2 — ~
ET2OWTE (1120 59 TIVENT Wikl Arld OV 20408 WL T Y H *NU - " & - 4 ) a 9 £
(00-5 D] ¥3cf AUSOIAY 3 LTS 1 ¥ > 39 39 HIE H \../I.
XTIV ' H <RI >
S e , 4
—jor S S aome | 2 | 3] N —
| gzior Memesszy . sally L
o _merea x| T Ssrive [T N
oL LTl eV |/
»y _ [ e doerrd 1 7 ~
rir=a TTHT g T 5
L4 Eoo it | Byl swmx |7 lowas] N
1 agr 2w | o | 1] _Us, \ I
iz sryiomr| oo {7\ 4 i \\\
2lmen R R FA 1
79| 7 _ P L A -~ 4 24 1
&£ | s e g, I ooy | 7 iy W
Kl AW XX ITIX ##s5tog | 7 | ] 7
£} OTTHH N 4E &5 he 128 I lw H % £
3% a7 o 1 |
/- | MY, 515 i ‘B |
®i . - 4 7 17 5w H
“« _ P = ARA ” A _mn _ s o & t4 £z A zioz e
x| . k4 L ANAT L € K A 011512 % 82 - ]
N 4rTF GnD. YoOsrd | 7 |42 of - a0f M
= EL IR AT AN ._
1&2) Cie PO A B 20-035 -
4 Pt — A ronIns #0030 eI aidind
a Ciid raZd |7
2| 45y, sy 7 A ]
el 7 Taorml | T Xwed 17 W
P2 Y ¥ -3 239-5 |7
e _ Firl 3F0T-IN | 1 | A -
2 o Wl D)2
Rt wrarset T | wasx |/ e
[+ b T 4 wg.,m‘_.l
BN YoM H | /| - _— - [ [
.m R oy rWResN | 7| $A - w3 ST INTI—= ] — . Zewrzr L5 WO — !
P b4 173w | 1 l_ ﬂ_a..‘v&. o I _sman @ | fad] ”w tu; meorw | w] 520
” Ty P val 24 " swensig Pocwvivis m Zao wowiwe w| can
7 7 o owreo|rp 4T tews Rl L Sl ) » EL révr us H
» MIIE T IRt | T |50 L5y - /40 frorvoarsd 1] : @ wres o or! oo U _ RO
7 |rmeirn 28 4259 ey | 7 1@y ” iy rayees 7 » D rvasra s
Z ST SOV Sitsrd | 7| 53 Pid oy DN \H ‘hﬂ Py ST L “
7 ] A R P-4 e T s (7 o’ v rFoois 1|
ay " _ sl AR L X Pz O 7S A W G2 e e |9 |
ojil— — T 7 AR 297 T wower T 1 ] & Bormws " Favoww € i 9
E2 I Sorw |7 LT T E Ty AvES ox 77 us | 4o KT . . _emoo & ]
RS _onmgl v | 7 i R s AT | BN T kg . veveoew 1| -
3 gavns LYRSN } 1 m‘uﬂm (G SAC | yaIdg | e & M R L e RN m “
3 Jrvmav_ 331 %7 ooy | 3 3 3¢ |y o TE 20 o Smang AN a
3 DU - - 4 M— A A nLlem|NthEw 70§ O A P — ...E_Tlltqn&” [ “ .
£ w5 Irossw | 71 7 L% e a XS] G AN — aj. - a7vamy | YreTySs V| o VX owELs umtﬁ ’ :._
rd Wiy o70% i [ »‘N_«“rﬂ o oW pre Z 14 e IEYOORH T L4 132¥ 29
Pkl 175490 K | T P AU ﬂwnosu,_ R . . AR 4 N I & o am] T czoras 903 ! NN T 7 w.|l_.
- XT5Y Add ospeI7 |-+ — £, & h;_.an!(ﬁ o0 2, us i Ty =3 AN 3 | 0| ek wxrss, ?:2 » 1 %]
% WOLLINOSIC weus U _.iw T moueExe : oS wi em 14l worlar3c3a oamas 219 10wl ‘14, oA “ourus bio :3—
] T z L € T - T s T E) ¥ € @

o e wogmen o ' TR [T I T TR o

80



dii

o il

whlto o 1w

ol wew o il i

General Electric

DelLaval Pump

eaﬁn%

furbine
LP iniet | © ]
HP bearing T ] LP b
L -
HP inlet | © L
Six Stage

HP bearing = elliptical journal
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Figure 3.
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Horizontally mounted
between bearings

Foller brg.
Driven

Ball brg.

Gear coupling

Tilt pad brg.
Driver

Journal brg.
Figure 5.

Horizontally mounted

"overhiung"

Driven
Roller brg.
Bell brg.
Gear coupling
Tilt pad brg.

Driver

Journal brg.

Figure 6.

The analysis capabilities of the data loggers, in my
opinion, is minimal. Tape recorders will allow you to
tape the data for later analysis, and from this you can
make signatures for vibration wrending. However, this
method requires you to keep any external data (i.e.
pump flows and pressures) in a separate area or you
have to write it on the signatures. Some FFT’s have the
spectral data; but, for those not familiar with FFT’s,
this could be difficult. My recommendation is, if you
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intend to take a lot of data each month (i.c. >500 points
a month), use data collectors. Tape recorders can be
difficult to operate and very time consuming. If you in-
tend to keep information for later analysis (i.e. store

real-time data), tape recorders are a must,

Motor-driven boiler feed pump

motor - 1800 rpm
pump - 6000 rmp
Tilt pad brg.
Pump ‘
six-stage
Tilt pad brg.
S:xar Journal brgs.
Journal brg.
"A" motor
Journal brg.
Journal brg.
"B" motor
Journal brg.
Figure 7.
Vertically mounted
=< Kingsbury thrust
Driver
=< Roller guide
Stuffing box
Driven
Flgure 8.
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Data Points

There are many vibration equipment manufacturers
who say to only trend a few points on each equipment
train. During the initial stages of any Predictive Main-
tenance Program, all available points should be taken.
This data will show the trends, as to the points, which
show the earliest occurrence of vibration problems.
Once you learn which points will indicate your prob-
lems, then you can eliminate the less meaningful
points on the equipment trains and take a minimal
number of points. It should take approximately three to
four years to get where a decision can be made to
eliminate data points. ‘

Turbine driven boiler feed pumps should be ad-
dressed as if they were turbine generators. Each month
temperatures, pressures and steam flows, along with
filtered and unfiltered vibration, should be taken.
Phase angles will also be needed to trend vibration lo-
cation so balance shots can be calculated. While Idon’t
think signatures are needed, each month I recommend
they be taken bi-monthly. Appendix 2 is an example of
a vibration trend sheet for turbine generators that can
be changed to fit your needs for turbine driven boiler
feed pumps. Also, included in this appendix is external
data that should also be trended with the vibration data.

Once the above steps are completed, you should be
ready 10 start your vibration data collection for predic-
tive maintenance trending. The other areas that need to
be addressed for a complete predictive maintenance
program are oil analysis and performance trending.

Oil Analysis
This is a service that can be added into a specifica-

tion for your contracted oil supplier. Most suppliers
provide some type o1 il analysis 10 their customers.

‘This service is normally atomic emission or atomic ab-

sorption. A program like this will allow for the trend-
ing of wear particles in your oil samples. Knowing
this, along with what the material makeup of your
equipment, will allow you to find where your wear
particles are coming from. An alternative method of
oil analysis would be ferrography. Ferrographic analy-
sis will tell how the particles in the oil are being gener-
ated. Oil samples should be taken on the same schedule
as the vibration periodic data. This will allow for cor-
relation of oil data and vibration data. Past experience
has shown that the oil reports will show probierns three
to six months before you see any vibration symptoms.
Figure Y 1s an exampie of what shouid bi: received
from vour oil 1ab.
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Performance

The final area to set up for testing is performance
parameters. This is an area that many people have dif-
ferent ideas on what should be done. Testing can range
from full blown ACME pump tests with calibrated test
instrumentation to pump tests involving plant instru-
mentation. If the plant instrumentation is calibrated
and kept in good condition, there is nothing wrong
with utilizing it. What you are trying to accomplish is
to find what the normal operating parameters are and
to find when the equipment falls outside this area
(Figure 10). This same type of graph can be used for
thermal performance parameters, if you are using a
turbine to drive your pumps.

Start Condition Monitoring

Predictive maintenance, as stated earlier, does not
happen over night. You don’t just jump in and start pre-
dictive maintenance. Predictive maintenance is the
culmination of three years work in condition monitor-
ing. Condition monitoring will allow you to find the
normal operation characteristics of your equipment.
Without doing condition monitoring, you will have no
baseline to judge your data against. Many predictive
programs fail because people don’t allow enough time
10 gather baseline data. During this condition monitor-
ing period, many equipment problems will be found
that need to be corrected before a reliable Predictive
Maintenance Program can begin. The problems you
will encounter are the three basic problems of: align-
ment, balance and mechanical looseness. These prob-
lems can be cured if addressed correctly. When
troubleshooting for mechanical looseness, don’t just
think of looseness as 1oose bolting. The majority of the
time, mechanical looseness is poor bearing fits and
oversized bearing clearances. Balance and looseness
will be the easiest to cure with alignment being the
toughest. The three years you devote to condition
monitoring will allow these problems to be addressed
and corrected.

During the period of time condition monitoring is
being performed, be aware of the impact you will have
on other peoples’ jobs. Mechanics will be out repaiting
equipment problems, and then you will come along
with your vibration equipment, check the equipment
over and report that there is still some type of basic
problem. Many people will ook upon this type of pro-
gram as a way to check their work. All personnel in the
plant should be made aware of what the program en-
tails aud how it will benefii them. Benefits to them will

include less rework of jobs and less overhaul work.
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Figure 10.

Since the equipment is being monitored, you can per-
form overhauls on an as-needed basis instead of a
scheduled basis. One thing you will still have to do is
the routine preventive maintenance (i.e. 0il changes
and packing adjustments).

Case Histories

Documentation of equipment is essential for analy-
sis of problems and records of past solved problems.
These reports are also good for showing plant manage-
ment what you have accomplished, During the initial
period of your program, you will be highly visible;
however, after a period of time when the initial prob-
lems are solved, y r visibility will drop drastically.
There is another more important factor to be consid-
ered; training. People don't tend to stay in one job all
their life. They are promoted or leave for other reasons.
Something is needed to train newer employees and
assist the analyst when troubleshooting. The case his-
tory will fill this need. The case history should be di-
vided into six parts:

1. Problem:

Discuss how the problem was found and
include a description of the equipment.

2. Symptoms:

A description of the initial finding and any
abnormal external visual findings.

3. Test Data and Observations:

Tell what you are trying to accomplish with
your test and what the priorities are.

4. Corrective Action:

In detail, describe the findings along with the
recommendations for repair of the problem.

5. Results:
A brief discussion of the repair findings.
6. Conclusion:

Describe how well the problem was
diagnosed and what can be done to improve
the diagnostics, and soluticn. Here is also the
place to recommend improvements in anal-
ysis equipment and maintenance repair
practices.

CONCLUSION

Setting Predictive Maintenance Programs up is not
difficult if it is done in logical order. The key thing is to
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lay a firm foundation in which to build your program
on. I recommend that you start slowly and be conserva-
tive, Don't try to grow too fast or get into analysis
problems that are above your ability. The most impor-
tant thing to ensure a successful program is to have
dedicated people. Many managers believe this pro-
gram can be run with people who devote only part time
to it; it is a full time job. Part timers do not spend
enough time on the job to become proficient in analy-
sis. Also, don’t skimp on training. Allow the people in-
volved in the program to attend classes on vibration
analysis. I recommend that equipment vendor training

be avoided. While they train you on how to use their
equipment, the training tends to be a sales pitch.

Predictive Maintenance Programs can be a very im-
portant cost saving addition to your plant maintenance
department. Public Service Indiana’s Gibson Generat-
ing Station has deferred over 125,000 manhours of
equipment overhauls over the past four years. This is
well over $2,000,000 dollars in labor cost savings to
the plant budget, Looking at what it costs to run the
program against what it saves equates to approximate-
ly 38 percent return on their investment each year the
program has been in place (program is four years old).
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APPENDIX 1

Date: _
Revision L

PREDICTIVE MAINTENANCE INSTRUCTION SHEET

Equipment Name:
Number:
Classification:
Motor:
RPM:
Bearings:
Machine Flow:
Number Blades/Impellers:
Rotor Weight:
Shaft Critical Speeds:
Shutdown Limits:
Sensitivity:
Lag Angle:
| Alignment Tolerances:
Desired Alignment Readings:

Special Instructions:
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- APPENDIX 2 (2 OF 3)

Bearings | Vibration Metal Oil Drain
L.

2.

10.
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APPENDIX 2 (3 OF 3)

Unit #

Load:

1. Main Condensate Vacuum

2.  Feed Water Flow~Economizer
3. Main Steam Pressure

4. Main Steam Temperature

5. Cold Reheat Pressure

6. Cold Réheat Temperature

7. Hot Reheat Pressure

8.  Hot Reheat Temperaiure

9.  Oil Temperature To Bearings
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ATTENDEE — PANEL QUESTION AND ANSWER PERIOD
(EDITED; ATTENDEE QUESTIONS AND PANEL/AUTHOR
RESPONSES NOT IDENTIFIED BY NAME)

Question 1

Can you discuss the value of taking hydraulic data for
determining pump degradation? Do you view vibra-
tion data as essentially sufficient for this purpose, or do
you regard hydraulic data as a necessary complement
to vibration data, and why? '

Response 1

I think you really need the hydraulic data. If you have
got equipment, pumps that have roller bearings in
them, a lot of times if you start cavitating the pumps
slightly, you will get slight roller bearing frequencies.
If you go out and take vibration data, you'll think your
bearings are going bad, whether you spike energy HFD
or any of the other things these data collectors do. Or

~ even if you look on an FFT, you’ll start to see roller

93

bearing frequencies, and immediately you’ll think
your bearings are bad, and you’ll start to take your
bearings out.

I think hydraulic data is needed, whether it is just pump
suction and discharge pressures, or you actually go out
and get flows. We take suction discharge pressures
monthly, and then we try twice a year to do actual per-
formance tests, just with flow meters, not necessarily a
full-blown ASME test.

We had found that we were unnecessarily replacing a
lot of bearings because we weren’t looking at the per-
formance of the pumps. And I think a lot of people
make that mistake at the beginning of their vibration
program. That is, they look at only the mechanical
equipment itself, the integrity. They sce a problem and
automatically think it is bearings, and that is not neces-
sarily correct. So I recominend hydraulic data, too.
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PERSPECTIVES ON PUMP TESTING

'AND INSPECTION REQUIREMENTS IN NUCLEAR PLANTS

JOEL D. PAGE, PATRICIA L. ENG
UNITED STATES NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555
ASME/NRC SYMPOSIUM

| PART ONE
PERSPECTIVES ON PUMP TESTING AND INSPECTION
REQUIREMENTS IN NUCLEAR PLANTS

- Joel Page
Task Manager
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

ABSTRACT l NRC SUPPORT OF PUMP
- INSERVICE TEST CODE
This paper descnbes some of NRC'’s past experiences DEVELOPMENT

related to pump testing in accordance with Subsection
IWP of the ASME Code, Section XI. Also discussed

are NRC’s role in the development of pump testing -

standards, insights gained through NRC evalyations of
IST programs and » desirable direction for future
pump testing,

This paper was prepared by an employee
of the United States Nuclear Regulatory
Commission, It presents information that
does not currently represent an agreed—
upon staff position. NRC has neither ap-
proved nor disappioved its technical
content.

INTRODUCTION

It has long been the goal of most persong involved
with pump testing in U. S. commercial nuclear plants
to eliminate, or at least minimize, unnecessary surveil-
lance testing; including the testing of pumps. Most
NRC representatives agree that meaningful testing and
exercising of pumps should be optimized. However,
the supporting rolc of providing component exercise
should not be underestimated. It minimizes problems
associated with stagnant equipment, such as drying out
of seals or packing, brinneling of bearing surfaces,
accumulation of debris, etc.

Inservice Testing (IST) requirements for certain
pumps in light water cooled nuclear power facilities
were incorporated into the Code of Federal
Regulations, Title 10, Part 50 (i.e., “10 CFR 50" or
“the Regulations”) in 1976. Since that time the Regu-
lations have referenced the ASME Code, Section XI,
Subsection TWP (“the Code”) for pump testing. It is
expected that Part 6 of ASME/ANSI OM will soon re-
place Subsection IWP as the pump test code to be: used.

The NRC has consistently participated actively in
ASME industry consensus code development in the
area of inservice pump testing.

MINIFLOW CONFUSION - THE

VICIOUS CIRCLES
Circle One

As previously stated, pump testing in accordance
with the Code was incorporated by reference into the
Regulations in 1976. At that time the testing specified
in the Code was required on a monthly basis, which
was in agreement with the system—oriented pump test
schedules required by “custom” plant techni:al
specifications.



During the first three years of implementation, there
was a growing sentiment within the industry that
pumps were being overtested and that the monthly fre-
quency of testing was resulting in unacceptably accel-
erated pump degradation, particularly for pumps that
were being tested on miniflow. Although this percep-
tion was not supported by specific data, the ASME
Section XI Code Committee proposed that this test fre-
quency be changed to quarterly (ie., testing at three
mounth intervals in lieu of every month). The NRC
concurred with the new proposed test interval by
endorsing the Winter 1979 Addenda to the Code,

Later in the 1980s concerns began to arise with re-
spect to the adequacy of miniflow recirculation lines to
support various pump safety functions, including 10
CFR Part 21 notifications by some pump manufactur-
ers, which indicated potential safety concerns. The
NRC responded to these concerns by the issnance of
several Information Notices*> and Bulletins!4, In
general, these documents addressed various facets of
“low-flow" or “no-flow" degradation of pumps.
However, industry response to the NRC Bulletin
88-04 did not indicate that abnormal pump degrada-
tion was attributable to miniflow operation during

inservice testing.

ASME/ANSI OM Part 6 is now a published docu-
ment and the ASME O&M Working Group on Pumps
and Valves has now isolated individual areas that are in
need of further development. Therefore, it is r.ow pos-
sible to assimilate and evaluate more specilic data to
support any needed changes. Future changes to pump
test stzadards should, where possible, be based on
“hard” data, rather than just perceptions.

Circle Two

Throughout the 1980s the NRC has consistently re-
quired that hydraulic instrumentation must be pro-
vided for IST, and only granted relief from this Code
requirement on an interim basis until the necessary in-
strumentation could be installed. Over this same peri-
od most utilities have maintained the position that
pump winiflow lines are “fixed resistance”; therefore,
there is no technical need to install flow measuring in-
struments (i.e., the flowrate will always be the same
for a specific differential pressure).

However, more recently it has been noted by at least
oue utility that since pump miniflow lines rarely have
throttling capabilities, neither flow nor pressun' can be
fixed; and that this makes test repeatability difficult to
accomplish due to the highly sensitive nature of the
flow instrumentation from small changes in pressure,

If miniflow test repeatability is indeed a problem
which is due to the lack of throttling capabilities, it fur-
ther supports the need te have both flowrate and differ-
ential pressure instruments installed in the miniflow
line. This will enabie the test personne! to develop a
small segment of the pump hydraulic performance
curve to which acceptance criteria can be applied. This
approach is somewhat synonymous with that which is
frequently applied to inservice tests performed in the
“nommal” flow paths of certain systems which cannot
be fixed at certain flowrates due to their constantly va-
rying demands. To further enhance the quality of hy-
draulic data, instruments installed to accommodate
IST should have “range” capabilities only slightly
higher than the reference values.

FUTURE DIRECTIONS

Better Tests vs. Increased Test
Frequency

Both Subsection IWP of Section XI and Part 6 of
ASME/ANSI OM require that the test frequency be
doubled for a pump that has reached the alert range.
Although this increased test frequency provides some
measure of “on demand” reliability and also provides
additional exercise, a better method of determining the
reasons for the change in pump condition could be
more meaningful. For instance, by taking good test
data when performing baseline tests, which includes
both filtered (frequency dependent) and unfiltered
(frequency independent) vibration velocity data, a pos-
sibility exists to better determine why the pump hasen-
tered the alert range. From that an analysis can be
performed to determine the need for corrective action,
rather than simply keeping the pump on an increased
frequency of testing.

Improved Hydraulic
Measurements

In addition to improving the quality of vibration mea-
surements, the addition of accurate and repeatable hy-
draulic instrumentation to pump test flow loops,
particularly in miniflow test loops, will further enhance
the quality of pump testing and minimize the data “scat-
ter” which industry representatives have continually
been plagued with. This is especialiy important for
miniflow test loops, because the head--flow curves of
some pumps are flat in the area related to low flow - per-
ation; therefore, the establishment of a eliable value for
fiowrate will enbance the entire test for hydraulic per-
formance. In addition, s previously stated, flow ganges
to be used in minifiow recirculation lines should have
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a range only slightly higher than expected flow rates to
minimize fluctuations.
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PART TWO
PUMP INSERVICE TESTING
INSPECTION REQUIREMENTS
Patricia Eng
Resident inspector, Region il
U.S. Nuclear Regulatory Cominisslon

ABSTRACT

This sessicn will discuss NRC Inservice Testing (IST)
inspection requirements delineated in 1 and E lnspec-
tion Module 73756, “Inservice Testing of Fumps and
Valves.” A brief discussion of IST inspection findings
related to pump testing, including common problems
with IST program implementation identified during
IST inspections in Region III during the period
1983-1986, will also be included.

This paper was prepared by an employee
of the United States Nuclear Regulatory
Commission on her own time apart from
her regular duties. NRC has neither ap-
proved nor disapproved its technical con-
tent,

INSPECTION HISTORY

In 1983, Region 111 began the systematic perform-
ance of Inservice Testing (IST) inspections by region—
based inspectors. As a result, two inspectors from the
Division of Reacior Safety were assigned to perform
IST inspections and to determine the status of imple-
mentation of 1ST programs across the Region. This pa-
per will focus primarily on experiences with the
inservice testing of pumps.

Systematic inservice testing inspections in Region
I began in early 1984. Region III inspectors also as-
sisted with IST inspections in Regions II and V. By
1986 almost all the plants in Region ITT had been in-
spected at least once and follow—up inspections at

selected sites were conducted. Follow--up inspections
continue to be performed; however, this paper will
only address those inspections in which the author
participated.

After the first few inspections, it became clear that
guidance regarding the inspection of IST program im-
plementation was necessary to insure that all plants in
each region were evaluated in a consistent manner. As
aresult, a draft inspection module was initially drafted
in 1985. This draft considered inspection experiences
gathered from Regions II and 11 over a two year peri-
od. Reguirements of the ASME Code, Section XI, us-
ing editions from 1974 through 1980, and the
appropriate addenda, were reviewed and translated
into viable inspection line items. Once the module was
drafted, it was validated during the next few IST in-
spections. It subsequently was submitted to NRC
Headquarters for review and comment. Inspection
Module 73756, “Inservice Testing of Pumps and
Valves,” was issued for use by the Commission on
March 16, 1987.

Copies of the inspection medule are available for
your information and may be obtained from the NRC
Public Document Room. It should be noted thay the
module references a number of interpretations of spe-
cific IST issues which have surfaced in the past. The
referenced memoranda were attached to an inspection
report for LaSalle County Station in 1985, This essen-
tially placed the referenced material in the NRC Public
Document Room. They are, therefore, available to the
public.
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PERFORMANCE OF iIST
INSPECTIONS

NRC IST inspections are generally unannounced;
however, proposed inspection dates are discussed
among the inspectio staff, the appropriate Division of
Reactor Project (DRP) section chief and the resident
inspectors for the plant in question. Axv specific con-
cerns identified by the resident inspectors are added to
the inspection scope. The inspector also informs the
IST program reviewer in Mechanical Engineering
Branch of the Office of Nuclear Reactor Reguiation
(EMEB) of the upcoming inspection. Occasionally,
field observations can clarify concems stemming from
the EMEB review of the licensee’s IST program.

If practical, the IST inspector(s) will obtain a copy
ol the latest IST program, including relief requests and
copies of related correspondence between the licensee
and EMEB, prior to performance of the inspection.
Relief requests are then reviewed against Section X1
requirements as well as other applicable regulations.
At this poim, specific areas of inspection focus are
identified.

The inspection usually lasts a week. First, the ad-
ministrative controls regarding test scheduling, test
equipment and basic program implementation are
assessed. Next, the conduct of testing is reviewed. Fi-
nally, actual testing is observed. Approximately 40%
of an IST inspection is spent on the review of pump
testing.

ASME Code interpretations and clarifications of
Section X1 requirements play an important role during
ST inspections and NRC inspectors have discovered
that obtaining such interpretations through the normal
and appropriate ASME committee chain can be very
time consuming. This cansignificantly delay resolution
of an inspector’s concem. In some cases, particularly
where a given issue may have generic implications, the
EMESB has provided technical assistance and support to
regional inspectors.

INSPECTION EXPERIENCES

The goal of the inspection is to ascertain whether the
licensee 1s conducting its IST program in accordance
with the Code, within the boundaries of the Technical
Specifications and in a conservative manner. Recog-
nizing that IST programs are intended to identify
equipment degradation prior to component failure, the
inspector is charged with the review of at least three
things:

98

Review of relief requests to determine wheth-
erthe relief requests are valid, make sense and
do not circumvent the Code requirements
within the constraints of plant operations. The
technical justification for selected relief re-
quests from Code requirements is reviewed
and, if questionable, is discussed with the resi-
dent inspectors, the appropriate EMEB re-
viewer and the licensee. The inspectors also
look into the review status of selected relief re-
quests which have been implemented prior to
Commission approval. Past experience has
shown that confusion regarding relief requests
occurs roughly every second inspection.

If possible, inspectors observe at least one
pump and one valve test. By observing test
performance, the inspector can generally
assess the effectiveness of IST. In cases
where no testing is scheduled during the in-
spection, an in—depth review of test records
and associated documentation is performed.
If there are two IST inspectors, testing may be
obszrved from the control room and at the
pump simultaneously. In some cases correla-
tion of the two activities have not effectively
supported test conduct.

Aningpector can determine whetherIST isun-
derstood and treated seriously by observing
test activities. Generally, licensee personnel
conducting the test know that IST testing is re-
quired, but they may not be aware that IST
testing determines component operability and
associated technical specifications apply. In
several cases, test personnel have been un-
aware that test measuring equipment used for
the inservice testing of pumps such as stop-
watches, vibrometer and tachometers require
periodic calibration to traceable standards.

Last, but not least, test records, including pe-
ripheral documents which interface with test
documentation, are reviewed. These can in-
clude, but are not limited to, instrumentation
calibration records for both permanently in-
stalled and portable test instrumentation, and
unit start-up records. In most cases, the IST
test is also used to determine component op-
erability for returning the pump to service af-
ter an outage. A fair number of concems were
identified related to inconsistent or poor re-
cord keeping. At least two such concerns
resulted in violations.



INSPECTION FINDINGS

During the period November 19¢3 through
November 1986, IST inspections were performed at 18
of the 19 power plant sites located within Region 1.
Of these 18 sites, three plants experienced repeat in-
spections. Results of this three-year effort were:
23 violations and a fair number of unresolved and open
items. Items related to the inservice testing of pumps
fall into a few broad categories.

Ofthe 23 violations, 8 were issued for inadequate or
nonexistent procedures governing the conduct and
implementation ~f the IST program, 7 were issued for
use of improperly calibrated or noncontrolled test
equipment, 7 were issued for use of test methodology
at direct variance with Code requirements and without
an associated relief request, and 1 was issued for
irretrievable test documentation.

Several unresolved items regzarding documentation
or specification of those tests which verify or establish
new reference values and use of nonstandard pump
testing acceptance criteria were also identified. The
latter items were referred to EMEB for evaluation.

Since 1986, two violations have been issued in
Region III for failure t¢ maintain the points where
pump vibration data is obtained. In both cases, the
pumps in question were painted as part of the material
condition improvement program, and the dots
identifying vibration data points were painted over.

PUMP TESTING GOOD
PRACTICES

Several good practices were identified during the
1983-1986 IST inspections. Briefly, these were:
(1) obtaining vibration spectra for all pump bearings in
all three orthogonal directions, (2) periodic rebuild of
pumps regardless of test data trends, and (3) use of
more than one set of reference values for certain
pumps.

Generally, the vast majority of licensees are measur-
ing vibration in velocity. Given the current available
technology, insiruments used to obtain vibration data
for IST testing can simultaneously obtain velocity and
displacement . "hration spectra. In some cases, this
data has been very useful in clarifying whether a pump
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has degraded despite that IST test data indicating that
the pump was operating satisfactorily. Several li-
censees had designated an individual solely to vibra-
tion monitoring both within and beyond the Code
requirements. Generally, this individual is a member
of the technical staff who interfaces with both the IST
coordinator and the maintenance department.

Some licensees schedule preventive maintenance
for pumps based on inservice testing test data. Identi-
fied trends in any of the test parameters can trigger
work requests to disassemble and inspect a specific
pump. Several licensees periodically rebuild pumps
regardless of whether or not IST data indicates any
pump degradation.

In some cases, two sets of reference values are main-
tained for a given pump. This has been helpful in those
cases where refueling outages run beyond schedule.
Specifically, pumps which draw their suction from the
suppression pool in a boiling water reactor may have
two sets of valid reference vclues, one for normal oper-
ating suppression pool level and one for refueling pool
level. This allows performance of inservice testing at
either of the two pool levels and can alleviate delays in
unit start—up resulting from the lack of valid pump
tests.

CONCLUSION

Generally speaking, the administration and im-
plementation of IST programs in Region I has im-
proved greatly since the first round of inspections. As
many plants are approaching orhave begun their second
ten—year inservice testing interval, programs are being
upgraded and improved. This is evident from the
decrease in violations issued for IST program
deficiencies.

Inservice testing data can be used as evidence of
pump reliability. Care must be taken to insure that
other plant zctivities do not compromiise the inservice
testing progra.~ . Maintenance of thorough test records
and associated documentation can be very helpful
when evaluating whether a given comy onent will
continue to be operable and to identify component
degradation as it ages. It is therefore important that 1IST
programs, test procedures and associated instruments
be periodically upgraded to insure that the reliability of
pumps can be determined by the prudent inservice
testing of pumps.
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ATTENDEE - PANEL QUESTIONS AND ANSWERS
(EDITED; ATTENDEE QUESTIONS AND PANEL/AUTHOR
RESPONSES NOT IDENTIFIED BY NAME)

Question 1
Do you have an example of good trending programs?
Response 1

It’s pretty straight:urward. You graph the data, you do
acurve fit and a least squares analysis, and you keep an
excruciating file. Not only do you keep the data of the
test, but why the test was performed, and then you
graph all the parameters.

It is basically common sense. But it is attention to de-
tail, and it is done with an eye toward diagnosing what
may be wrong with a given component. You know
much better than I do what will determine what is
wrong with a given component, and those are the pa-
rameters you should trend. But I have seen some
“trending” where all they did was just keep the last
page of the test procedure and stick it in a file. That is
not a trend; that is a file.

Comment on Question 1

The working group has a task group that is looking into
what is a good trending program. I think a good trend-
ing program has to involve statistical methods on how
to analyze data that are continucus, measurable. And I
think what we are doing there is to try to come up with
a system in which you do plot points, but you calculate
upper and lower control limits, you understand how
data behaves around a mean, and you know when you
have a problem—for example, when too many data are
on the upper side or the lower side of the mean. And
that kind of information, I think, is rightly developed
in the working group that is interested in furthering the
trending objectives.

There is some question whether just plotting is good
enougk, and 1 believe that it is not. But I think we need
to work as an industry toward trending, and we need to
use statistical methods that are available and used by
many other industries to do this kind of work.

Question 2

Are vibration measurements of a pump during mini—
flow testing, meaningful data for pump evaluation—
especially in regard to calling a pump operable?

Response 2

You are quite familiar with the working group and you
know we are still searching for that answer. But as I re-
called earlier, I was discussing the industry responses
to Bulletin 88-04, and there were several in there that
actually included some vibration data, mini-flow and
non-mini-flow, and there was absolutely no difference
in the two.

Somy guess is that it is a mixed bag; that you're going
to find some where yes, it is indeed a problem, and
even in the bag where it is not meaningful, I think
you’re going to find that splits into two also. You're
going to find that in one of them what you are doing is
actually masking your real vibration, and in the other
you are actually causing it. In other words, what you
are doing is actually causing so much damage that you
are in fact reading something that is quite dangerous.

I'm saying that is what we are going to find, but we
really need the data from people. I certainly have read
the data, even in small mini-flows, where they said
there is no difference at all between 90 percent best ef-
ficiency and 15 percent best efficiency. So it may be

pump-specific.
Question 3

What is NRC'’s position on allowing a utility to change
its tech spec pump testing frequency from monthly to
quarterly to conform with Section XI and OM 6 re-
quired frequency? Does a tech spec change request the
proper vehicle?

Response 3

Well, I think my answer would be to contact the licens-
ing project manager.

Question 4

When changing a reference value, should it be done
based on the first test after maintenance, or can it be
developed using a cumulation of data points?

Response 4

Well, I personally believe that the first test after main-
tenance is very important, whether it be pumps or
valves. Of course, we 'te talking pumps in this particu-
lar section. However, it isn’t a requirement for OM 6.

100



I know we're certainly going to be looking into it. I be-
lieve we earmarked about 20 items to be looked at by
the working group, and I believe that one of them is
test after maintenance, asking how important is that
first test.

And so all I can say right now is we haven’t answered
that, It is just my personal belief. Yes, it is a very, very
important test to base it on. If you were tobase itona
series, I just wouldn’t feel good about it; and I can’t
* even give you the technical reason. It’s just a gut
feeling.

Comment on Question 4

Ore thing, I've noticed, after we overhaul our pumps
or are working with people after the overhaul, we al-
ways take an initial set of vibration data, usually spec-
trum, and then 24 hours later we would usually take
another set. The second set of data is the one we go by.

We just use the first set of data to find out if there is any
major problem, and either shut the pump down or go

- back in.

But the second set of data we keep for trending pur-
poses. We do keep the first set of data so we can have
something to compare it to if the vibration 24 hours lat-
er goes up. But otherwise, we always use the 24-hour
data. And we found that is a lot better. We usually get
30 to 40 percent lower amplitudes because of a break—
in period.

Comment on Question 4

I just have one comment on that. I agree, but we have
to remember that in the nuclear plants the majority of
the pumps we are looking at are pumps that only oper-
ate when we are testing them. They are basically stand-
by pumps, so we don’t have that 24-hour break-in run
to go back to.
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MECHANICAL PREDICTIVE ANALYSIS METHODOLOGY
VIRGINIA ELECTRIC AND POWER NUCLEAR STATIONS

VIRGINIA ELECTRIC AND POWER CORPORATION
JOE DEMARCO, STAFF ENGINEER

PRECISION MECHANICAL ANALYSIS, INC.
W. E. CLEVELAND, PRESIDENT

ABSTRACT

The purpose of this paper is to describe the unique,
comprehensive Predictive Maintenance program
implemented at Virginia Power's two nuclear plants.
The program is unique because of it’s thoroughness
and because of the advanced tracking and trending
techniques implemented.

INTRODUCTION

Today’s manufacturing costs and continuously ris-
ing maintenance costs are requiring the Nuclear Indus-
try to utilize all of the technologies available
conceming predictive maintenance. At Virginia Power
we have incorporated several state of the art technolo-
gies into one synergistic system enabling us to forecast
a machine’s present and future mechanical condition.
To accomplish this goal, we have utilized the threg pri-
mary indicators of potential mechanical problems,
namely vibration analysis, lubrication analysis, and
bearing temperature trending, in a truly effective, com-
puterized predictive maintenance program, Adcition-
ally, we have a variable scheduling program with
specialized features and a report-generation program
with abuilt-in word processor. The system also has the
ability 1o print reports, past and present, and to produce
an individual machine’s report history,

Predictive Maintenance efforts started with a pilot
program in 1982 at the North Anna Power Station. The
results of this pilot program were very successful and
easily justified funding for further efforts. Starting late
in 1983, a predictive maintenance laboratory was es-
tablished and manned with two Senior Engineering
Technicians, They not only performed the predictive
analysis program for North Anna, but they also per-
formed mechanical troubleshooting for both the North
Anna and Surry Facilities. Presently both North Anna
and Surry have predictive analysis technicians, equip-
ment, and labs. In December of 19835, a decision was

made to purchase the MECHANITRAK (tm) Predic-
tive Maintenance System which was designed by a
Florida based company, namely Precision Mechanical
Analysis, Inc. or PMA, The MECHANITRAK(im)
system was implemented at all four nuclear units and is
described herein,

We found that most Predictive Maintenance Pro-
grams incorporated a single method of nondestructive
testing. The Predictive Maintenance Program at both
Surry and North Anna Nuclear Plants is unique be-
cause it integrates the three best aforementioned indi-
cators of potential mechanical problems into one
computerized system. This is an important concept be-
cause some mechanical problems will not be detected
as early when using only selected testing methods.

We have also incorporated an onsite contaminated
oil analysis program. This service is also unique to
PMA and is performed with their personnel on a
regularly scheduled basis.

The Predictive Maintenance program at Virginia
Power is still evolving. For instance, while currently
utilizing some thermography, future plans call for it's
incorporation into the overall program.

VIBRATION SPECTRUM
ANALYSIS AND TRENDING

The two types of vibration analysis ccmmonly used
in Predictive Maintenance are Overall vibration read-
ings (unfiltered) and Spectrum Analysis (filtered).
Spectrum Analysis, the method utilized by the ME-
CHANITRAK(tm) System, has many advantages over
unfiltered readings. The major difference is that unfil-
tered readings will give oily the machine's general op-
erating condition, while Spectrum Analysis is more
exact, pinpointing the specific problem. Unfiltered
readings will show the existence of an irregularity, but
without Spectrum Analysis exploratory maintenance
may be required to uncover the exact problem.
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It is necessary to establish a vibration baseline histo-
ry for each machine to be incorporated in the Predic-
tive Maintenance program. Vibration spectrums are
established in three positions on each bearing on a giv-
en machine; specifically: horizontal, vertical, and axial
positions.

Each accelerometer reading point is marked on each
bearing by epoxying accelerometer bases. This insures
that the readings are consistently taken in the same
place on the bearing which allows proper data
comparison.

Discrete frequency spectral analysis is performed on
each bearing and position in the following manner. On
the original baseline, the ten (10) highest amplitudes
and associated frequencies are digitally stored by the
computer for each measuring point. There is a vast
amount of data gathered for the vibration aspect of the
program alone and for that reason we utilize the com-
puter software to point out the exceptions rather than
the rules. If the machine’s history is consistent with the
unit’s acceptable baseline (i.e. within predetermined
tolerances) there is no need for further evaluation. This
practice greatly reduces the amount of time required
by the technician to review the data.

The following software functions are used as a basis
to “flag” the exceptions rather than the rules and com-
puter comparisons are performed in the following
manner;

s  Any new frequency that is non—existent in the
original baselines.

e *“Alert” ranges which are established in ac-
cordance with the baseline data for each pre-
dominant frequency. In setting these ranges,
any previous baselines are compared for the
entire history of the machine,

¢ “Alarm” ranges which are established in ac-
cordance with the bascline data for each pre-
dominant frequency. In setting these ranges,
any previous baselines are compared for the
entire history of the machine.

e “Low" ranges which are established in accor-
dance with the baseline data for each predom-
inant frequency. In setting these ranges, any
previous baselines are compared for the
entise history of the machine,

e The amplitude for each predominant frequen-
cy of the new reading is compared by the

computer against a predetermined amplitude
established by the system.

e The amplitude for each predominant frequen-
cy of the new reading is trended by the com-
puter and “Out of Alert” or “Out of Alarm”
projections are made. In order to forecast or
predict the future amplitudes, three types of
statistical regression analysis techniques are
performed.

o  During the establishment of the original base-
lines every amplitude of each predominant
frequency is compared by the computer
against a predetermined tolerance.

e If a problem frequency in the past vibration
spectrum is now missing, the change is noted.

¢ The RMS value “overall” vibration
amplitude is calculated for each vibration
spectrum. The percent increase and/or de-
crease is determined, then compared against
the baseline overall amplitude levels. Toler-
ances are automatically set by the computer
software for the following types of exception
reporting.

~  Alert level
~  Alarm level

- Percent increase from the previous
reading

—~ Percent increase from the average
reading.

LUBRICATION ANALYSIS AND
TRENDING

In order to insure proper identification for each of
the oil samples the computer program produces pre-
printed labels which are attached to the oil sample
bottle for each scheduled oil sample. The computer
program prints the following information on the
labels:

Reservoir Description

e  Reservoir Description

e Reservoir 1.D. (lab identification)
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» Blank space to write in the date the sample
was taken

* Blank space to fill in number of hours lube
has been in service

The following is a list of the most common lubrica-
tion tests that can be performed on the oil samples. It
should be noted that not all of the tests listed in this
section are performed on each reservoir sampled. The
cost would be prohibitive and all tests listed are not
necessary. A custom testing package was specified for
each reservoir which was contingent on the sump ca-
pacity, criticality »f the unit, type of system that was
being lubricated, cic.

Direct reading emission 'spectromctric analysis
Direct-Reading (DR) ferrography

Particle counting

Micro-Ferrography (MF) or “Full” Ferrography
Macro-Contamination

Physical testing

Lube chemistry

Micropatch

Infrared absorption spectroscopy (IR)

Karl Fischer water test - measured in parts per
million

Foaming tests

A more detailed list with the associated ASTM testing
techniques is presented on the following page.

The most important tests can generally be divided
into the following packages. From this list a starting
point can be chosen for each reservoir being tested to
which other needed tests can be added.

Test Packages:

Series 1:
Spectrometric Metals
Viscosity @ 40 degrees C
Solids %
Water %

Series 2.
Spectrometric Metals
Viscosity @ 40 degrees C
Solids %

Water %
Total Acid Number (TAN)

Series 3:
Spectrometric metals
Viscosity @ 100 degrees C
Solids %
Water %
Total Base Number (TBN)
Fuel %

1PR;

Series 1

Particle count or DR ferrography
Infrared analysis

2PR:
Series 2
Particle count or DR ferrography
Infrared analysis

3PR:
Series 3
Particle count or DR ferrography
Infrared analysis

The science of lubricant analysis is becoming more
and more complex, and for that reason we have listed
each of the testing techniques aad stated “Why This
Test is Needed™: '

Metallo-Particulate Studies

Direct Reading Emission Spectroscopy. Moni-
toring metal deposition in lubricants at up to 10 mi-
crons (micrometers) size, essentially addresses
“rubbing” wear regimen of equipment condition moni-
toring. Abnormal readings may trigger a request for
Particle Counting, Analytical Ferrography or Micro—-
Patch Study to further resolv= matters.

Contazainznt metals (abrasives, coolant additives,
etc.) raay be detected, provided they are not above
10 microns in size.

Additive metals are detected, primarily to monitor
consistency in product, as opposed to additive
effectiveness or strength,

Particle Counting. Measures particulates from 5 to
40 microns in size, picking up where emission spec-
troscopy leaves off, and addressing the “fatigue” wear
regimen of equipment condition monitoring. Particu-
larly appropriate for units with on-board filtration.
Abnormal readings may trigger a request for Analyti-
cal Ferrography or Micro-Patch Study. Particle Count-
ing also measures non-metallic particulates in the

£ 30 micron range.
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Test Description ASTM #

Ash % D482

Base # D2896

Cetane number (calculation only) D976

Chloride

Cloud point D2500

Color test D1500

Copper Corrosion D130

Distillation D86

Ferrography (analytical)

Ferrography (direct reading)

Fire point (flash point required) D92

Flash point D92
- Foam test D892

Freeze point

Fuel % Co D3524

Glycol (positive/negative)

Gravimetric solids

Gravity (API) D287

Infrared (fixed points/single beam)

Insclubles ~ coagulated pentane D893

Insolubles ~ coagulated toluene D893

Insolubles ~ uncoagulated pentane D893

Insolubles - uncoagulated toluene D893

Micro-organism (positive/negative)

Micro-study:

Nitrate - parts per million

Particle count (5 ~ 40 microns)

Pensky-Martens D93

Pour point (cloud point required) D97

Silicates — parts per million

Solids % D91

Spectrometric metals (19 metals)

Sugar (positive/negative)

Sulfated ash D874

Sulfur % D1552

Total acid # D664

Total base # D664

Viscosity index (calculation only) D2270

Viscosity @ 100 C D445

Viscosity @ 40 C D445

Water and sediment % D1796

Water % by distillation D95

Water % (estimate)

Water — part per million (Karl Fischer) D1744
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Caution: Water contamination precludes a valid par-
ticle count; only size, not identification, is possible
with particle counting.

Analytical Ferrography. A slide is made wherein
magnetic materials (essentially iron-based) are
systematically magnetized, ordered (large to small)
and cured for viewing under microscope. This allows
determination of the nature and shape of particulates
which, in turn, often disciose the Casual effect (e.g.,
spiral cuttings usually denote abrasive wear).

Although magnets do not affect brass, aluminum
and nonmetallic particulates, some quantity of these
materials, if present in the lube, will precipitate on the
slide simply from gravity's effect. The fact that they
are random, and the ability to see their color or other
characteristic features, allows further inferences to be
drawn, rather than limiting one to only ferrous (iron—
based) materials. Large abrasive chunks, for example,
which would definitely escape emission spectroscopy,
and which might exceed the particle counter’s detec-
tion capability (if the particie count were rich in abra-
sives, but not too far off normal in total) can often be
detected.

This test is highly recommended before making a
decision to inspect (or not inspect) a piece of equip-
ment, because it provides visual feedback to augment
other tests which are inferential in nature. .

Direct-Reading (DR) Ferrography. An abbre- |

viated form of ferrography which ONLY addresses
ferrous particles. Magnetic separation is again used to
differentiate between “fatigue—oriented” wear (15+
microns) and “rubbing” wear (< 15 microns) reported
as “L” and “S” (for Large and Small) respeciively. As
the ratio of 1.:S and the quantity of L. + S changes, in-
ferences are made. Abnormal readings may trigger a
request for Analytical Ferrography or Micro-Patch
Study.

Micro—Patch Study. The lube is filtered onto a fil-
ter patch and viewed through a stereo microscope, Par-
ticles of approximately 0.5 microns and greater are
trapped on the filter, Test is best applied for identifying
nonmetal contaminates, e.g., abrasives, fibers, rust, ox-
idation solids, etc. Abnormal findings may trigger a
request for Analytical Ferrography.

Special Note: Rotary (non-reciprocating) equipment
can show a tendency to develop abnormal levels of
“fatigue-oriented” wear particles without an accumu-
lation of “‘rubbing” wear particles. This strongly sug-

gests that one should consider additional testing as a
supplement tc emission spectroscopy.

Summary: It is evident there are several approaches to
detecting, monitoring and evaluating particulates and
wear metals in lubes. It is important to recognize that
no one test “does it all”, This fact must be considered
when selecting a “routine” testing package.

Lube Chemistry Tests

Infrared Absorption Spectroscopy (IR). This
test addresses Organic (nonmetallic) aspects of the
lube, which includes some additives, lube oxidation
products, nitration products, coolant/water contamina-
tion, and differentiation between synthetic and mineral
lubes.

Typical
Wave Functional LGTH Group Absorbance?®
2.8 “HYD 2": water contamination 0.000-0.010
(emulsified)
3.5 “C~H": hydrocarbon <1.000
(mireral lube confirm)
5.8 “OXY": oxidation 0.000-0.050
(or synthetic confirm) ‘
6.2 “NIT”: nitration 0.000-0.050
9.6 “HYD"”: Glycol 0.020-0.100

(or synthetic confirm)

a. Absorbance refers to specific wavclengths of light in
the infrared spectral region which the functional group
impedes. The greater the absorbance, the greater the
concentration. ‘

Water: As in any test for water, confirmation by in-
frared signifies a need for action, provided the sample
was representative. Test is sensitive to as little as 0.1%
water,

Hydrocarbon; Mineral lubes are basically carbon and
hydrogen atoms linked together, hence the name “hy-
drocarbon”, This value is expected to be high, verify-
ing the presence of mineral lube, If the lube is a
synthetic containing atoms/molecules in addition to
hydrocarbons, this number will be appreciably lower
than mineral lubes (perhaps 0.6 to 0.9). If synthetic
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lubes are in us- and this number is more typical of a
mineral lube, then contamination with mineral lube is
implied.

Oxidation (OXY): When a lube oxidizes it gains
oxygen. This oxygen attaches to the lube’s basic
molecular building blocks in a complex manner which
is promoted (catalyzed) by heat and aeration (air en-
trapment). Its net effect is to thicken the lube and re-
duce its lubricity (“slipperiness”). Diagnostics such as
air-fuel ratio checks, timing checks, vent point inspec-
tions, oil levels, emission control plumbing and load
application will register a “high” number at this wave-
length (0.6 to 0.9). This wavelength, therefore, helps
serve as a confirming value for the presence of a syn-
thetic, but it virtually precludes monitoring of
oxidation.

Nitration: Nitration of a lube is the inclusion of nitro-
gen (basically in the form of oxides), and primarily oc-
curs from non-ideal combustion cycles (either
excessively lean fuel mixtures or improper spark tim-
ing). Gas engines are chiefly affected by this potential
problem. The source on nitrogen itself is combustion
air ( of which nitrogen is the primary constituent). In
the presence of moisture, nitric acid may form — this
is a strong (corrosive) acid, capable of doing extensive
damage to metallic components. It is imperative,

therefore, that units be periodically checked for fuel
mixture and general balancing, to suppress nitration

+ potential.

Glycol: If a unit utilizes a glycol-based coolant, leak-
age of that coolant may be detected at this wavelength,
Excessive glycol in the lube can readily ruin a piece of
equipment; therefore it is important to monitor this po-
tential contaminant (but also be aware that emission
spectroscopy addresses potential coolant leaks differ-
ently, by detecting metallic additives, and this method
is usually more sensitive than IR for coolant leak de-
tection). There is also a tendency for this wavelength
to be enhanced by oxidation or nitration.

Note: Some synthetics (particularly silicone-based)
will register very high at this wavelength (0.8+), there-
by confirming their presence, but preciuding glycol
monitoring.

Overall: It is important to have a new lube reference
for IR. Most new lubes wili register “background” (ex-
Hibit a value other than 0.00) for each wavelength
above, this then becomes its reference point from
which changes are monitored.

On the following page please note an example of a
typical data sheet for oil analysis results.

Sample Oil Analysis Report

Unit ID: 02-EE-EG-2J/256

Lube Supplier: Gulf;  Type: Gulf Harmony;
Date samp’d 01/18/89 02/15/89
Hours 1157 1159
Wear metals (ppin):
Iron

Chromium
Molybdenum
Aluminum

Copper

Lead

Tin

Silver

Nickel

Vanadium
Tatamum
Contaminant metals (pp
Silicon

Sodium

Boron

Additive metals (ppm):
Magnesium

Calcium

w
(3]

DO OOANAWLWOOO
SO DO O NRWVLVOOO =

):

O-—-wa
S -

o o

Generator Reservoir Cap: .5 gal.
Grade: 220
05/03/89 05/04/89 05/17/89 06/14/89
1195
3 4 4 3
0 0 0 0
1 0 0 0
0 1 1 1
0 1 1 1
0 1 1 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
3 10 5 4
0 2 0
0 0 1 0
0 0 0 0
0 4 2 4
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Sample Oil Analysis Report (continued)

Barium 7 7

Piwsphorous 324 233
Zi\c 15 18
N:immetallic cont.

Sclids % vol. 0.2 0.1
Water % vol, <l <1
Lube rata

Vis.@ 40 deg. C 151 146
Total acid number -0.64 0.4
Other tests results:

Infrared

Water 0.000 0.000
Hydrocarbon 1.006 1.017
Oxidation 0.003 0.002
Mitration 0.006 0.004
Glycol 0.039 0.042
DR Ferrography

Large particles 136. 134,
Small particles 56.6 59.4

This lubricant is satisfactory for continued usage

Onsite Radioactive Lubricant
Analysis

Changing the lubricauts in radioactively contami-
nated systems is a very costly propositionn duclear
power plants. In addition to the basic expense of r=-
placing the lubricant and the man—hours involved,
there is also the ever increasing cost of low level waste
storage and the ALARA considerations.

The used lubricant contains a wealth of information
concerning the unit's mechanical condition and operat-
ing environment. Equipment maintenance, planned
outages, and oil changes can be scheduled and
performed based on the condition of the used lubricant.

The location of these units in high—rad areas, as well
as their importance to plant production, make down-
time for maintenance extremely expensive in terms of
maintenance costs, lost production, and radiation
exposure.

Therefore, the sensible alternative to routine oil
changes and unexpected catastrophic equipment
foilures of contaminated systems is laboratory analysis
of the lubricant to determine its condition and suitabil-
ity for continued usage, as well as the mechanical con-
dition of the unit itself.

0 0 0 0

16 19 24 1

4 6 11 8

<.1 <.l 0.2 <1
<l <.l <1 <1
152 151 143 138
0.06 0.12 0.12 0.32
0.002 0.003 0.003 0.001
1.008 1.001 0.982 0.981
0.003 0.003 0.000 0.002
0.005 0.003 0.000 0.000
0.034 0.049 0.032 0.039
5.4 76.6 78.8 176.
2.6 25.6 49.8 82.2

There are very f: w laboratories which possess both
the necessary licenses to transport and handle radioac-
tive materials and the necessary equipment and exper-
tise to determine the condition of the anit and
lubricant. Those few laboratories who can provide this
service usually have an extremely long tumaround
time (weeks, even months) and the costs invoived are
usually prohibitive (usually in excess of $1000 per
sample). Therefore, we analyze these oil samples on-
site and obtain a complete analysis of the condition of
the unit and lubricant within 24 hours.

BEARING TEMPERATURE
ANALYSIS AND TRENDING

A bearing temperature baseline is established for
each bearing on each machine that is incorporated in
the Predictive Maintenance prcgram. The bearing
housing temperatures are taken and recorded at the
same time the vibration spectrums are recorded
and subsequ uatly entered into the same
MECHANITRAK (tm) program. The temperature data
manipulation works on the same principle as the vibra-
tion and lubricant analysis, by flagging the exceptions
rather than the rule. The temperatures are digitally
stored in the computer’s memory and compared in the
following manner to determine the exceptions:
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o The system compares the present reading
with the previous reading and the average
reading, then notes the percent change.

o The software compares the present reading
with a preset tolerance and flags any reading
that exceeds the tolerance.

DIGITAL DATA TRANSFER

We at Virginia Power are in the process of establish-
ing a digital data transfer system that will allow data to
be shared not only between plants but also with a cor-
porate review system and with PMA. This allows data
comparison from plant to plant and also allows us'to
trend the results of the program. Several people can
review a critical problem over the phone, with all
parties looking at the same data simultaneously.
Figure 1 shows the data flow of this syst

REPORT GENERATION

Throughout this paper we have discussed the techni-
cal aspects of our program but one of the key elements
to a truly successful Predictive Maintenance Program
is reducing the data to a meaningful format for the
maintenance personnel. We have to keep in mind that

the purpuse of our program is to make the maintenance
personnel aware of three items:

1. Isthere a problem with the unit?
2. Ifso, how serious is the problem?

3. What are the recommended corrective
measures?

On the following page please note our report format
which in addition to answering these three pririary
questions also provides the following key features:

¢ The severity of any amplitude is noted acd
can easily be reviewed. A

¢ The probable scurce of the mechanical
problems can be thoroughly described

e Recommended repairs and/or me ..anical
modifications shall be thoroughly described.

e Vibration amplitude can be reported in
displacement, velocity, or acceleration.

¢ The software has the ability to provide a
graphic representation of the numeric test re-
sults for each sample for trending purposes
and shows the results from at least the six
previous samplings.

Figure 1. Ilustration of data flow.
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5.1 SAMPLE PREDICTIVE MAINTENANCE REPORT

PRECISION MECHANICAL ANALYSIS, INC.
5909-E HAMPTON OAKS PARKWAY
TAMPA, FLORIDA 33610
Telephone number (B813>621-6463

WKWK KK KKK X K K KN XK K KR NN K KKK KK KWK KKK K K XK KON N XK K K KX

* PREDICTIVE MAINTENANCE SEVERITY SUMMARY x

WA AR XN K K K K K K K KK K K NN KK K K K KK K K K K K K K K 0K N K K K K K KX

FEBRUARY 25, 1986 PAGE 1
KEY

CUSTOMER:VIRGINIA ELECTRIC N=NORMAL

PLANT: SURRY STATION ‘ O=0OBSERVAT ION

PLANT AREA: ALL AREAS M=MODERATE

" RESPONSIBLE SUPERVISOR: JOHN HADDER MH=MODERATELY HIGH
$=SEVERE

REPORT DISTRIBUTION: JIM OGREN D=DEL | NQUENT

MIKE HADUCK INVAL= I NVAL ID SAMPLE

PA=PEND ING ANALYSIS

. e e U T . — o S e - v bwe W we e e e v et M M e S rus e S s e e mae e e b b (e e G e e eme WS R Wok B M e e hen e Mo SAW W M S e e e

MACHINE 1D MACHINE DESCRIPTION INSP/DATE VIB OIL TEMP

- o cae - - —— - - e e . 0t own e - -~ - - - o - - - o o

xxxxx MAINTENANCE =xxxxx

ARP-001A CONDENSER VACUUM PUMP 02/711/86 N N
ARP-0018 CONDENSER VACUUM PUMP
INBOARD DRIVER SLEEVE BRG. 02705786 M
(RES. 1D: ARP1B/0392/175)
CHHE-O 1A CHILLER UNIT
MAIN OIL RESERVOIR 02/713/86 ‘ N
(RES. I1D: CHHE1A/1864/117)
CwP-00 1A CIRCULATING WATER PUMP 02/720/86 N N
CwF-0018 CIRCULATING WATER PUMP D D
EFP-0002 EMERG. FEEDWATER PUMP 02/726/86 M MH
EGDG-001A EMERG. DIESEL GENERATOR 02/12/86 M N
EGDG-001B EMERG. DIESEL GENERATOR 02/26/86 O N
FWP-QO 1A FEEDWATER BOOSTER PUMP 02/717/86 O N
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PRECISION MECHANICAL ANALYSIS, INC.
5909-E HAMPTON OAKS PARKWAY
TAMPA, FLORIDA 33610
Telephone number (813)621-6463

S 3233222222323 3333332333322 22222 22 R 2 R s

*x PREDICTIVEZ MAINTENANCE SEVERITY REPORT x

W K N K K K K K I KA XK K K K K K KK X KK N K K K KK K K K K XX K K K K K K X

FEBRUARY 25, 1986 PAGE 1

CUSTOMe.3: VIRGINIA ELECTRIC

PLANY: SURRY STATION

PLANT AREA: ALL AREAS

RESPONS IBLE SUPERVISOR: JOHN HADDER

REPORT DISTRIBUTION: JIM QOGREN
MIKE HADUC'!

- > mam e e (4 S S hom BN Mo ookt $4) WY e W e e Y e M S S S e G VS M SIS W R G YEE M e T Bes wet Mn s e G D G L GO0 WS MEU (M R MR M W %OV e SR Mme Gl Mme was G Fim tme e en > Vi e

MACHINE D MACHINE DESCRIPTION

- - ah . - - — - o " - e G T e ot -

xxxxx MAINTENANCE *%xxx

ARP-0018B CONDENSER VACUUM PUMP----SEVERITY CODE: M
INBOARD DRIVER SLEEVE BRG.-~-- RES |ID :ARP1B/0392/175

*****#*****t*!t#*****#**#**MESSAGE****#u#**t#*ux****#*n*t##**
The Tin and Lead content have increased during this sampling
period. This indicates wear in the sleeve bearing. We suggest
the bearing be inspected at the next possible opportunity.

in the interim, however, this unit will be closely monitored,
tt*t***#*t&*Kt!**ﬂ!**v****#*ta****t*#K*ﬂ#!!*!*##***#*x*k#t***

EFP-0002 EMERG. FEEDWATER PUMP----SEVERITY CODE: M

EXXXKEEEREXKER KX XXX KXAKEXRXKXMESSAGE R X XKL X XN K XX XKXKE MK KR KKK XX K

There was & conslideradle increase in the temperature reading
on the inboard turbine bearing from 120 deg. F to 156 deg. F.
The vibration levels have also increased on this same bearing
The unit is present!y scheduled to be re-baselined three days
prior to the upcoming outage and a detailed report will be

issued at that time. The packing was also leaking on the in-

board and outboard nump bearings.
1322323322333 3 2333233133323 3232222222228 2 2 228 RO AN KKK XK
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PAGE 2

MACHINE 1D MACHINE DESCRIPTION

- —————— — - o e m wn - . Cr e M . .

£EGDG-00 1A EMERG. DIESEL GENERATOR--~-~-SEVERITY CODE: M

*ﬂ**t!l**tRlﬂ***l##****tt*tMESSAGE*w#***t***‘*t**tt****t*****
The vibration levels are basically stable, however, higher
than desirable on this unit this month. The vibratiocn levels
indicate a possibility of fuel injection problems occuring.
when time permits the fuel injection systeni chould be in-
spected for correct operation. Please refer to the graphs in
this section of the report.

I RE RS S SRS SRR RS SRR R RS R R R R SRR R R R R R R R R R

MRCHINE: EGDG-001A  BEARING: DIESEL GEH-GENERATOR OB BRG POSITION: HORIZONTAL FREQUEXCY: 9000 CPM
HARMONIC: 1 AMALYZED PROBLEM: GREATER THAN .28 in/sec  AMPLITUDE UNITS: mils

.03

t.9848 1,848 t, 848
SRR, o . X §

742 LEVEL 2
e eao LEVEL 1

+.57

339 LEVEL 0

MRCHIKE: EGDG-001A  BEARING: DIESEL GEM-GENERATOR OB BRG POSITIOM: VERTICAL FREQUEMCY: 18000 CPM
HARMONIC: 2 AWALYZED PROBLEM: GREATER THAN .28 in/sec  AMPLITUDE UNITS: miis

.435 LEVEL 2
v.424 5424 ' 14

'.307 B B TR VY P i

VYTV ! 11171
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PAGE 3

MACHINE 1D MACHINE DESCRIPTION

———— - ——— - . —— - — ah Sia = e M Ao - S —

EGDG-0018B EMERG. DIESEL GENERATOR----SEVERITY CODE: O

*1#x*********xt***l*****#X#MESSAGE***#*tx**ﬂ******#*x**#**l**
The levels on this unit are still not excessive on this unit;
however, there are several new frequencies developing at mul -~
tiples of rpm. The amplitudes of these frequencies are not

excessive and the unit is listed in an observation state this
month with no action required. This unit will be reinspected

next month and you will be advised of any change.
x**xxm*u**mx***x:x*x****;**xxx*xms**x***#zx*zztm*t*mm#*x**mm*

FWP-001A FEEDWATER BOOSTER PUMP----SEVERITY CODE: O

EXEXRKXKKKXKRKK KKK KK KKK KKK KMESSAGE % % K % 2 K 20K 3K KKK 0K KK KK K KKK KKK

As indicated in the following charts there were considerable
increases in the amplitudes at a frequency of two times the
operating speed. The vibration levels have been |ike this
since the outage. The vibration levels are nct excessive but
there is a very distinct difference in the levels at this
frequency ever since the outage. There were no repairs made
to the drive motor (to our knowiedge); therefore, the most
obvious conclusion for the source of the vibration is a dif-

ference in the drive coupling alignment.
I3 2223123233233 3 2333332333332 7333333 3233332323323 3333322322228

RRCRINE: FUP-001A  BEARING: DRIVER OUTBOARD BRG POSITION: HORIZOMTAL FREQUENCY: 35700 CPM
HARMOWIC: 2 ANALYZED PROBLEM: QUT OF LEVEL 1  AMPLITUDE UNITS: in/sec

13 LEVEL 2
'.'2 H 1‘
T, 08 LEVEL
1,04
1,03 t.02 *.02
| " l y /86 0 LEV 0
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MACHINE 1D MACH INE DESCRIPTION

-t o o vn dare w2 o L — - . - . " —— -

FWP-001A FEEDWATER BOO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>