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Hr, Georae Wuller

Supervisnr-Licensing & 4
1M inois Power Company "y
500 South 27th Street & P
Necatur, 1Nlinois 62525 % e’

Dear Mr. Wuller ‘H‘ ;§ 9
n’* .

Suhfect: Lona Term Nperability of Deep Draft Pumns N aa®

1E Buylletin 79-15, dated July 11, 1979, was issued to all licenseas and
holders of construction permits as a result of deep draft pump deficiencies
that were identified at facilities hoth onerating and under construction.
For pending DL applications, long term operahility of deep draft pumps is
now heing reviewed by the staff during the normal licensing review process.

In order tn facilitate this review, enclosed is a document entitled,
*ruidelines for Demonstration of fOperahility of Deep Draft Pumps®. Within
) days from the issuance date of this letter, vou should provide a schedule
{ndfcating when 3 response, in the form of a supplement to FSAR Section 3.9.3,
would be nrovided that discusses your assurance program for demonstrating
long term onerability of your deep draft pumps and the extent to which it
confarms to the various portions of these Guidelines, Emphasis should he
nlaced on (1) the estahlishmant of installation procedures that are followen
pach time these numns are Aisassemhled and reinstalled, and (2) the testing
ronuirements and hearing wear criteria., The instrumentation called for in
the Cufdelines should not he considered a recuirement,

Thess Cuidelines establish an accentable method of assuring long term
onerability of deep draft mimps. They do not necessarily constitute the
only =ethnd for demonstrating long term operability. The staff will review
the informatinn you submit to determine whether your lona term operability
assurance proararm far deen draft punps is in sufficient conformance with
these Huidelires to assure long term operability. If not, the staff wil)
Aptevmina wiather vou have estahlished and utflized other methods and
pracedures, nreferably with the assistance of the pump manufacturer, that
alse demanstrate and assure that these numps will perform their intended
functions for the length of time prequired,
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Mr, Deorge Wuller -2 - NV 2 1 M1

1€ you have any questions ragarding this matter, nlease contact J. 4, Williams,
the Licensing Project Mananer for your facility.

The application/renorting requirements contafned in this letter have been
anproved hy the Office of Management and Budaet; OM® Approval ¥o, 3150-0011,

Sincqrely,

Original Signed by,
Robert L. Tedesco

Pobert L. Tedescon, Assistant Director
for Licensing

Nivision of Licensina

Nffice of Muclear Reactor Reaulatfon

Fnclosure:

Cuidelines for Demonstration
of Operability of leep
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ENCLOSURE

GUIDELINES FOR DEMONSTRATION OF
CPERASILITY OF DEEP DRAFT PUNMPS
DISCUSSION -
1.E. Bulletin 75-15 dated July 1979, 1dentified prodblems assocfated
with deep-draft pumps found at cperating facilfties and near term
perating licensee facilities. Deep draft pumps,which are 2lso
called “vertical turdine pumps, are usually 30 to 50 feet in length

with impellers located in casing bowls at the lowest elevation of - - e

-
v

the pump. The moter (driver) {s lccated at the highest pump

elevition with the discharge nozzle Just below the metar.

Bulletin 75-15 was {nftiated because several nuclear power plant

facflities cculd not demonstrate cperadility of their . mps. The

sumns were experfencing excessive vitraticn and Seiring wear, The ™ -~

rapid bearing werr suggested that these pumps could not perforn

functicas during or following an accidens., As a

¢lved may have 2 method

acceptable %5 the staff for demenstrating the cperadility of deep-

draft pumps.




DEEP DRAFT PUMP CPERATING CHARACTZRISTICS

In order'to better understand the operating characteristics cf ' —

these pumps, & rotor dynamics analyses was performed to ascertain

the respense of the pump rotor under steady state cperation.

The 7nalyses considered journal bearing to shaft dynamic respense

at various ecceantricities anq fluidxyisqcFitjes. The medel for

the 2nalysis depicted a typical deQ; draft ﬁﬁsp utilized by the S
auclear {ndustry. The analysis resulted in recormendations for -
improving the ste5111t; of the pump roter from externally 2pplied

inputs and by self-generated inputs.

The conclusicns which were derived fram the analysis and staff

evaluaticns cf North Anna, Beaver Valley and Surry facilities s e
with similar pusss include:
1.) Pumps with this type of configuration are prone to bearing

whirl visraticn prediess due t¢ the flexibility ¢f the rotor

and casing structure. This phencmencn is 2accentuated 2

jsuma) searing clearance bSescmes large. This phencmencn



2.)

There may be natural fregquencies associated with the pump
assembly which occur near the cperating speed of the pump.
Pump operation will drive these frequencies :-d can cause
bearing wear. The severity of tht; condition is cependent
on bearing diametral clearance, rotor unbalance coenditions
and housing fMexibility. As an example, if the wear in
column Journal bearings becomes sufficiently large .
(twice the original diametral clearance)™so that

these Searings are no lenger active and the undamped
crisical fregquency near the c;e:a:fng speed of the pump

{s allowed %o expand, the additicnal uncontr311ed‘bear1ng
wesr will cccur. This wear can continue unt{l the shafe
rubs againgt the supsort structure of the dearing and can

soteatially sever the shaft.

. . 4
One sccestas'e method for correcting instabilities in the
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exhinits stable character{stics. One such des{gn {5 the
*Taper land bearing®. This design {s mcre stable than the
plain journal dearing, fs less susceptible to wear because
of the taper and will cause the bearing to form a hydro-

dynamic f{lm quickly during startup.



4.)

5.)

Stiffening of the column sections of the pump is
advantagecus {f there 1s a column fregquencCy near the
operating speed of the pump. The shifting of the
column frequency %o a higher level will eliminate
any coupling between the pump cperating speed and the

coluen frequency. i

Flow inlet conditions to the pumps and sump designs can
be important %o pump cperadbility. Certafn {astallations
have demcnstrated flow characteristics which produced

vortexing at the belimouth of the pump. This vortexing

due %o sump design cr sump supply line entrance cone

—
w

ditiens. This cecndition can contribute %0 additicnal
pump vidration and wear., Flow straightener devices,

b y g - -~ . |
f bellacuth diameters, and dottsa clearance

due %o design and installatiorn deficfencies. The high
flexib{1{sy of the shaft and column make this design
rather forgiving when {2t comes to fnstallaticn deficien-
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cies such as misalignmen



low-precision coupling assemblies, and non-perpendicular
mounting flanges. This fact however, can lead to excessive
bearing wear without significant noticeadble change in pump
cperating characteristics. To ensure proper pump operation,
proper aligament should be established between all mating
surfaces and measures should be emphasized which prevent coluam
and shaft eccentricities. These measures can {nclude cptfcaT'
alignment of the column segments, use of high precision
couplings and use of accurate techniques %o est2bl{sh that

the sump plumb 1ine is perpendfcular to the pump mounting

f1ange. ) ce =

The above findings and conclusions have centributed significantly

sz the cdeyelapment of these guidelines. The gufdelines Tfsted

- - -
belaw are divided into installaticn and test areas. ine subjects
e5 Se addresssd {n these arsas are consflarel o De ef srime

.

he extent o which each of the two are2s are implemented at 2
specific facility is dependent on specific symptioms which have
been {dent!{fied with these pumps while in cperaticn and during

service perfods.







_bearing guides (SPIDERS) are used, establish cone
centricity between this assembly and its mat ing surface.
d. Align full pump casing assemdly optically to assure
maxirum straighiness and concentricity of the as;e:biy.
Any equivalen:.ne:hod is acceptadle, as long as the
procecure stresse;'COIUum strzightness and concentricfty..
e. Assure purp to motor flange perpendicularity and that "
proper coupling installation is perforned .
f. Assure that all mating surface bolting is properly
atieched and that menufacturer terquing sequences are

achered to.

8. Assure (where used) that sump/pump mating flange

uch as vortexing o= turbulence near the intake

Y - - A Puszse memems -
Imeuth and thas incsming piping

6 he pumy Le)
is not $0 cdesigned as to allew fluid conditiens
faveradle to these ancmalies (f.e., sharp
bends in piping pricr to entrance into sump).

€. Assure that interference does nct exist between

the sump and any pump 2ppendasge such as & seisaic

restraint.




2.0 Testing Recsuirements

The installaticn procecures

are essential in estallishing pump

cperability. In addition to careful i riallatica, (- 3ting may

be required which will verify proper operation of these pumps.

After ccrpletion of the inst

allation checks, licensees or 2ppli-

cants should evaluate the need for further testing and report

the results of this evaluati

test plans to the staff. Sh

on together with the details of any

ould tests be regquired, an eccepiab?e

test procecure should include the items Tisted R2low. The staff

recocnizes that the instrune

may be Cifficult to implement at all facilities and, therefeore,

ntaticn and procedures outlined below

- .
staff is ephasizing good installation practices which lead to

crerable corpenents. If tes
the items 1ist

b | - Yor
shculd be proposed for evaly

— - - y 2 - £ - : - fes i - )
erFNasle neasyremens of pLte Cynaxie cnaracleristics and wear

. s
at Jifferent stages of tes:
the cata 10 the desired life
-
2.1 Test lnstrumentasian

*s demeonstrating operadility canmes
e below, then altersative srocedures
aticn by the staff. The tests sheuld

a~amsY &a -
geal fer the pump.

The following instrumentation should be incsrperated into the

test procedure aside from no

vibration instrumentation:

rral flow measurement, pressure and

the

.

-




a.) X, Y zroximity probes at three axial locatiens en the

>.)

c.)

d.)

-
| 4

-
-

£-T

pump column, for measuring 2nd recerding radial pesitions of

shaft with respect to the column.

X, Y, accelercmeters (at proximity prebe locations)

for measuring and recording radial accelerations of the

column.

at the following locations:

1. Bgttom of Column (suction) =

3

. Tep of Column,

ST DA

“

TA

the pump disassembled, measure all jecurnal bearing 0.0.'s,

the shaf

:
L sectlic

.D.'s and calcu'ate dearing diamesra

1
I

clearances. In

Shaft Rotational speed and«dynamic variatien-{nstrument.

Csnamic pressyre transducers for measuring fluid pressure
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PHASE 1 Testing {6 hours plus start-stap)z

This phase of testing should be cemprised of 6§ hours of
testing (3reak-in) followed by start-stop testing. Test
conditions should simulate as nearly 2s possible normal
and accident conditicns. Parameters 2 be considered
are fow, temperature, debéis. and chemical ccm;csitisn
of fluid being pumped. Static Eorque iests should be-
serfcrmed sefore and after the iest (1.:. measure.;mount of
tarzue regquired to turn shaft by hand). Data should be
saken during the six heur tes} 2t 1/2 hour {ntervals.

A %2%2) of 12 start-stop tests wil]l be performed con-
sisting of a start up frem iera speed up ;: £3ll-speed,
10-minute dwell 2t full-speed and a shutdown from full

4 i e “l £ 1Y . % . .-
ro sseed, with recording oF 2ali {ngtrumentaticn

1 -] Caladana -
n complasicn of Phase & sesting,the following cata shcuic

se gbtained and recd ded:

1.) 0Ob%ain the “clearance circles® using the three sets of

prox{m{ty probes.

fndicates

North Anna 1 & 2 and Manufacturers fnput
bearing "Sreak in®

-~
mours s an adeguate tim {nterval for
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and during the shutdown pericd. Data should also be reccrded

at l-hour time intervals during the 48 hour test.

The following mezsurements should be made at the completion

of Phase 2 of the test:

1.) Obdtain the "clearance circles' using the three sets of
proximity probes. : ;

2.) Measure and recsrd the f§11°wing dirZasions for each
bearing:
2.) Jeournal C.D.

b.) BSearing I.D. »

c.) Bearing to Jeournal diametral clezrance.

d.) Establish accurulated bearing wear.

HE ACCEPTANCE CRITERIA 1S AS FOLLOWS:

1.) If accumulated bearing wear on any Searing is
- - - 3 -
D7 nils , wear {s unacceptable and test sheuld be

terminated.
2.) If accumulated wear cn all bearings is{7 mils
for all bearings
3.) Reassemdle pum

b.) Obtain "clearance circles®

c.) Reinstall pump in test leecp.



§.) Phase 3 Testing (96 heurs)

Phase 3 testing fs to be performed at full system pressure

and temperature and fluid cenditicns simulating those expected

\ :
during accident 2nd norma) cperaticn. The same procedures
should be foT1o§ed as in Phase 2 testing except that data

may be taken with less frequency.

-

The same measurements should be tiken 2t the cempletion of

this phase as with the other phases with the following acceptance

criteria:
1.) If accumulated bearing wepr 1s>8 =ils for any beering?
wear {s unacceptadle and test should be terminated.

2.) If accumulated wear 15 8 m1s for 2l searings a

decisfon needs to be macde %o estadlish:

8.) the need for 24<¢isional testing or
- = i £11
b.) whether er not the bearing wesr will be acceptadly
Tew.

The reccomended decision process s cutlined bdelew.

Plot the values of accumulated wear versus time (¥) for each

bearfng after Phase 2 and Phase 3 tests, namely.
Wear at H2 = 54 hour

Wear at H3 = 130 hours



- 14 -

Strafght 1ines are then drawn through the plotted values of wear
and extended %o the right (See example Figure 1). 1f the extension
{ntercepts the maximum acceptadle value of wear (3 mils) at a value
H less than the 1ife goal for this-pump, additicnal testing sheould
be performed. If the intercept of the line with wear of 8 mils
exceeds the 1{fe goal for this pump no additicnal testing is
required and bearing wear 1sAacceptabTe._ If additional testing

{s deemed necessary it shoqu'be done 1n_} similar ;annir t0 tgai
performed during.Fhase 3 with similar acceptance criteria and
decision process. It is expected that such additicnal testing

will efther show a stable pump operation with no tncrease in

o

earing wear or increased bearing wear with unacceptadie results.

creasing magnitude during the testing, the pump may Be judged
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