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ATTACHMENT 1

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

INSERVICE TESTING OF SELECTED SAFETY-RELATED PUMPS
RELIEF REQUEST FOR CONTAINMENT SPRAY
AND
LOW PRESSURE SAFETY INJECTION PUMPS




RELIEF REQUEST

_SYSTEM: Containment Spray

Low Pressure Safety Injection

PUMP: Containment Spray Pumps (P-55A, P-54B, P-54C)
Low Pressure Safety Injection Pumps (P-67A, P-67B)

CLASS: Class 2

FUNCTION:

The safety-related Code pumps listed above perform a specific function in
shutting down the reactor or mitigating the consequences of an accident as
defined in the Palisades Plant FSAR.

TEST REQUIREMENT:

Pump vibration measurement acceptance criteria shall be in accordance with
OMa-1988 Part 6, Table 3a.

RELIEF REQUESTED:

CPCo requests relief from the alert Timits specified in OM-6 and proposes the
following vibration acceptance criteria limits for the Containment Spray and

Low Pressure Safety Injection Pumps.

The required action limits will be a as specified in OM-6, Table 3a for all
vibration locations and channels; the Timit is >.490 IPS-RMS (corrected for
RMS).

Alert Timits will be determined as follows based on pump vibration test data
collected between 1991 and mid-1995. For channels with reference values
adequately below the OM-6 specified alert limit, .228 IPS-RMS (corrected for
RMS) will be utilized per Table 3a. If the channel was consistently close to
or above .228 IPS-RMS, the mean value plus four standard deviations will be
used for the alert 1imit. The resulting values of the new Alert Timits are
listed in Attachment 2. '

BASIS FOR RELIEF:

The Containment Spray Pumps and the Low Pressure Safety Injection Pumps are
tested quarterly using flow circuits of Timited capacity; no alternative
flowpaths exist for on-line testing. As a result, the Containment Spray Pumps
are tested at approximately 10% of rated capacity and the Low Pressure Safety
Injection Pumps are tested at approximately 6% of rated capacity. For
centrifugal pumps of this size, vibrations are considerably higher at lower



flowrates than at normal operating flowrates due to energy dissipation,
internal recirculation, and subsequent cavitation effects. These reduced pump
flowrates result in higher, yet consistent, vibration levels measured during
surveillance testing. Correspondence from the vendor (Ingersoll-Rand), dated
June 22, 1987 (Attachment 3), states that a flowrate of 1140 gpm (=35% of
rated capacity) should be used for Low Pressure Safety Injection Pump testing.
The Tetter goes on to state, however, that as the pump operated within
acceptable vibration levels at the originally recommended minimum flow of 163
gpm, mechanical problems would not be expected. Due to their similar design
and capacity, flowrate of the same magnitude is assumed to be required for
acceptable Containment Spray Pump performance.

Pump recirculation is described in detail in McGraw-Hi11’s "Pump Handbook,"
2,4 edition. Operation of centrifugal pumps at reduced flowrates and
associated problems are also addressed in Igor Karassik’s "Centrifugal Pump
Clinic," 2,4 edition.

Results from two Containment Spray Pump special tests at 38% of rated capacity
(2/11/91 and 4/7/92) and a Low pressure Safety Injection Pump performance test
(1/19/91-1/20/91) showed all vibration levels to be below the maximum alert
limit specified in OM-6. The pumps were determined to be mechanically sound
and operating acceptable following the performance of these tests. These
higher flow tests confirm that reduced flowrate testing causes internal
recirculation which in turn leads to higher vibration readings. Subsequent
tests for all five pumps at the reduced flowrates currently being used show
vibrations in IPS-RMS that fall in the alert range as defined by OM-6.

The higher vibrations during low flow testing have been trended since May of
1991 and show no signs of increasing. Channel for channel, the vibrations are
higher, but consistent with the vibrations recorded at higher flowrates.
Detailed vibration signatures taken following every RMS reading do not
indicate any pump degradation or problems per industry standards. Although
there is significant "noise" typical of a cavitation-like disturbance, the
levels across the spectrum ar low enough such that any vibration symptom would
be easily identified. Additionally, the vibration signatures have acceptable
IPS-Peak values which indicates that the IPS-RMS values used for trending are
complex combinations of many superimposed inputs.

Based on this discussion, the vibration levels at reduced flowrates are
acceptable, expected, and do not prohibit useful predictive testing. However,
application of the OM-6 alert limits for vibrations would inappropriately
require these pumps to be regularly placed on alert and tested at double the
normal test frequency, or would require significant system redesign and
modification. This additional testing burden would not be warranted and would
only contribute to pump degradation due to low flowrate testing. Furthermore,
no benefit can be expected from this additional testing or from any system
modification. Therefore, in accordance with 10CFR50.55a(a)(3)(ii),
implementation of the >.325 IPS-Peak or >.228 IPS-RMS (corrected for RMS)
alert range limit for these specific pumps represents an undue hardship
without a compensating increase in quality or safety. Additionally, it is
impractical to meet the vibration alert requirements because the pumps must be
tested at Tow flowrates through mini-recirc Tines due to system design.
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Ideally, three standard deviations should encompass 99.7% of all the vibration
readings taken, assuming identical conditions and no degradation. Utilizing
additional standard deviation prevents obvious data scatter from placing any
unit on alert and causing unnecessary increased testing frequency. The
resulting alert levels (mean +45) were examined for the degree of vibration
permitted based on industry standards. It was determined that no unit would
run into the "extreme" or "very rough” range as a result of the relaxed
limits. Additionally, the alert 1limits are adequately below the required
action ranges, and will provide sufficient time to predict failure and to
schedule repair.

In addition to the quarterly inservice testing using the installed mini-
recirculation Tines, the Containment Spray Pumps will be tested at a
substantial flowrate beginning in the 1997 refueling outage. The Low Pressure
Safety Injection Pumps are currently tested at a substantial flowrate per
Special Test Procedure T-261. These tests will be/are scheduled at nominal
10-year intervals or following pump maintenance which may result in hydraulic
or mechanical performance changes not detectable by the quarterly testing
method. The testing schedule will coincide with plant refueling outages.
Acceptable vibration performance will be confirmed during these tests.



ATTACHMENT 2

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

INSERVICE TESTING OF SELECTED SAFETY-RELATED PUMPS
RELIEF REQUEST FOR CONTAINMENT SPRAY
AND '
LOW PRESSURE SAFETY INJECTION PUMPS

PROPOSED VIBRATION REFERENCE VALUES AND ACCEPTANCE CRITERIA



P-67A PUMP VIBRATIONS

POINT CHANNEL REEERENCE ACCEPTABLE ALERT REQUIRED ACTION
D D VIBRATIONS RANGE RANGE RANGE
(IPS-RMS) (IPS-RMS) (IPS-RMS) (IPS-RMS)
1(V) 180 VIBES < .271 271 < VIBES < .490 VIBES > .490
0118 2 (A) 100 VIBES < .228 228 < VIBES < .490 VIBES > .490
3 (H) 210 VIBES < .400 1400 < VIBES < .490 VIBES > 490
P-67B PUMP VIBRATIONS
POINT CHANNEL REFERENCE ACCEPTABLE ALERT REQUIRED ACTION
D D VIBRATIONS RANGE RANGE RANGE
(IPS-RMS) (IPS-RMS) (IPS-RMS) (IPS-RMS)
1(V) 170 VIBES < .242 242 < VIBES < .490 VIBES > .490
0936 2 (A) 110 VIBES < .228 228 < VIBES < .490 VIBES > .490
3 (H) 1190 VIBES < .359 359 < VIBES < .490 VIBES > .490
P-54A PUMP VIBRATIONS
POINT CHANNEL REFERENCE ACCEPTABLE ALERT REQUIRED ACTION
VIBRATIONS RANGE RANGE RANGE

1D D

‘ . (IPS-RMS) (IPS-RMS) (IPS-RMS) (IPS-RMS)
V) 230 VIBES <.337 | .337 < VIBES < .490 VIBES > .490
0922 | 2(A) 130 VIBES <.228 | .228 < VIBES < .490 VIBES > .490
3 (H) 250 VIBES < 325 | .325 < VIBES s.490 VIBES > .490
— — . |
P-54B PUMP VIBRATIONS
POINT CHANNEL REFERENCE  ACCEPTABLE ALERT REQUIRED ACTION
D D VIBRATIONS RANGE RANGE RANGE

(IPS-RMS) (IPS-RMS) (IPS-RMS) (IPS-RMS)
1V .300 VIBES < .331 .331 < VIBES < .490 VIBES > .490 ‘

0933 [ 2(a) 200 VIBES <.304 | .304 < VIBES < .490 VIBES > .480
ST 340 VIBES 5.416 | .416 < VIBES < .490 VIBES > .490
P-54C PUMP VIBRATIONS
POINT CHANNEL REFERENCE  ACCEPTABLE ALERT REQUIRED ACTION
D D VIBRATIONS RANGE RANGE RANGE
(IPS-RMS) (IPS-RMS) (IPS-RMS) (IPS-RMS)
1(V) 190 VIBES < .256 256 < VIBES < .490 VIBES > .490
. 0930 | 2(A) 160 VIBES 5.228 | .228 < VIBES < .490 VIBES > 490
3 (H) 300 VIBES < .352 352 < VIBES < .490 VIBES > .490
—




ATTACHMENT 3

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

INGERSOLL-RAND LETTER OF JUNE 22, 1987



lNGERmﬂMD Engineered Pump Division
m Ingersoll-Rand Company

942 Memorial Parkway
Phillipsburg, NJ 08865

22 JE 87

Consumers Power

Palisades Nuclear Power

27780 Blue Star Memorial Highway
Covert, Mi. 49043

Attention: Mr. Stanley G. Kupka

Reference: Ingersoll-Rand's 8X21AL Pump CLPST_\
S/N A67-393/4

Dear Mr. Kupka:

In response to your 4/20/87 letter to Michael J. Banchero,
we offer the following:

(l) The originally recommended minimum flow of 163 GPM was
based entirely on thermal criteria. This criteria
established a flow value that would permit operation
at low flows without heating the pumped liquid to a

flash point. This criteria obviously results in
mechanical problems (i.e. vibration related damage).

We cannot quantify operational hours versus mechanical
damage.

(2) To be assured of no mechanical problems, we would
recommend increasing the minimum flow to 1140 GPM
for any testing and any extended periods of operation.
However, if the pump operates within acceptable
vibration levels while at 163 GPM, we would not expect
any mechanical problems.

(3) Operation at shut-off condition (zero flow) should be
' avoided for any length of time.

Please advise if we can be of further assistance.

Sincezely,

Richard/¥. Lesniak

Field Service Engineer
Customer Relations Department
Engineered Pump Diision

cc: Michael J.Banchero - I-R Detroit Sales

ALL AGREEMENT NTINGENT TRIKES. ACCIDENTS AND OTHER CONDITIONS BEYOND QUR CONTROL
Att cg~$§A§¥s SAgg SUBJGEECT T%P?:PgOVAL BY AN OFFICER OF THE COMPANY. QUOTATIONS SUBJECT TQ CHANGE WITHOUT NOTICE.




ATTACHMENT 4

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

LOW PRESSURE SAFETY INJECTION PUMPS
PUMP TEST DATA



10: P-97a/ 30-20
Location: aAux Bldg, East Engineering Safequards, 570
Date: Tuecday, September 12, 13935 @ 9:00 AM
Parameter Statistics start: ‘91 Moy 22
. end T un 30
; , E No. of Meas. Maximum Stand. Dev.
© Par ‘ Name Units Total Minimum Yariance
i Average Range Median
3 1% 0.223 - (oo20)
5 PUMP CHE! IPS-RMS 2.680 0.151 4.14%¢-4
i | C6.191) 0.072 0,192
: ’ 14 ‘ 0.179 11020
= FUMF CH*Z2 P5-RMS 1864 0.104 3.8668e-4
§ b a1y |- - neTs 0.114
; 14 0326 (003D
i PUpWR CHET e 33529 0188 0.001
} @252 0.140 0.246
iD: P-078 S Q0-20
Location: aAux Bldg, West Engineering Safequards, 570
fJate: Tuesday, September 12, 1995 @ 9:02 AM
Parameter Statistics start: ‘91 Jun 05
end ‘99 Jun 30
No. of Meas. Maximum Stand. Dev.
' Par Name Units Total Minimum Yariance
: ! ‘ Average Range Median
; ; 15 0214 0016~
- PUMP CHY! {PS-RMS 2673 0.154 2.478e-4
i (0.178) 0.060 0173
i | 15 0.122 0.006
& ' FLIME CH®2 | IPS-RIMS 1.667 0.104 4.020e-5
L 0411 0018 0.108
: ; ' 15 0.27 (0039
.7 | FUMP CHSZ IPS-RMS 3.052 0.110 0.002
i i {0203 ) 0.168 0.201




‘—6?# Sgd-z0 Date: 95 3ep 11,091
tion : Aux EMq, ECast Engineering Safequards, 570"
Description : INSERYICE TEST PROCEDURE - LOW FRESSURE SAFETY INJECTION FUMPS

4

Measurement Yalues

Carameter 3o, . 5 i 7
{ !
i Mame | FUbP CH®L PUMP CH®Z  PUME CH®Z
: ‘ v A H
!-'_- -
L e Units o ) .
iMeas.| o S-S PS-RMS PE-RMS
[ Mo Time -
1
Lo e II, 1991 a.151 0.107 0.239
ior lapett 19571 0139 0109 0,231
|
N T E S BT 0.104 0213
i i
‘ !
|4 oszzoeme| o 0212 9.105 0.257
D3 |Jan Il 19T 0479 0114 0294
Wty 14, 13330 0209 01.104 0.21%
bor loet 3y, 1ees 0.201 0.109 0.236
i
i i : . —
| R 5257 s239— BAD 0ATA fouTs - MAGRETIC poynT <€A
Lo
c s lreszi,izeTy o 0210 0.123 0326
T 1
10 lEsbtt, (94l 0123 0.121 0.230
: i
1
i

bounil 1394 | 023 9.115 0.260

Bk ;‘?ept'?‘,l'é?at 0205 0.131 0252
i { '

DT (DeedS, 1924 0169 0.114 0.186
o

Lot ez 1888 0190 g.179 0.286
! !

LIS in30,1395 | 003 0.120 0.236
: L !




H

l‘o?& ¢ W0-20
LoTation : Aux BWg, West Ergineering Safequards, 570
Description: INSERVICE TEST PROCEDURE - LOW PRESSURE SAFETY INJECTION PUMPS

Measurement Values

Date:’

(a0}

Paraineter No. =

i Mame PUMEP CH®L PUMP CH®Z PUMP CHBT

v A H

T Fo-RME IPS-RMS IPS-RMS

]

l
|
1

1 |I~_t‘ur. 05,13 1163 0.107 0.110
{
f
i

[S5]

aug 28 19911, 3160 g.107 0.201

(]

Mowe 22, 139 0.169 0.106 0213
4 Apr 11, 1992 J.172 0114 0.187
E Jul 53, 1992 D186 D.108 0.1S0

. i
‘ |

l
e

Ot 32, 1392

P7 ldanzz iz o047 0109 0182
|
{ & lapr 28,1393 Dtes 0.121 0.236
§ !

Ao joet3tiEEI | 049 a.115 0278

Jun i, (S5 .200 0111 0.199

t
i
13 lZepta, {994 | 0.180 0.107 0236
1
H
|

i3 lnecod, 1304 | 0154 0.119 0.199
| {

i i |

P o1d iry 1T 12951 0181 0122 0.192
i i ’

! : |

s Lo isss | 0z14 0.118 0.230
i |




PLANT: CONSUMERS POMER — PAL  AREA: PLANT NOT INCLUDING COOLING TOWERS E[[TER

MACHINE: P-674 LOW PRESSURE SAFETY INJECTION PUMP [OK] MID: 49
LOCATION: PUMP INBOARD I3AL] | "DPATE: 30 Jun 1995,02:29:57 RPM: 1800
LEGEND: 30 Jun 1995
FREQ: 1800 CPM ORDER: 1 X LEVEL: .0196 in/s
2X 4% ‘ B6X 8%
1% 3X PV 7X o gx
.05 ; PIB AXIAL LOW
Y RPM: IBOD (302 CNGBMINAL)D

01 i Ty T T U T | e Q MAX:O0. 0;15 in/= 8058 CPM BX

.008 i hi. s Bttt b B0 YN Binnn Hrr—

- 001 o ey
ooos ST m————————————GesPGePS RS sk
. 0001

1 e .| PIB RADIAL LOW
.05 i i VRFM'IBOJ (300 (NCGMINAL)D

Q MAX:0. in/e 6958 CPM 5X

. 001 -'.:.:' nEmh; B =:- thi
. O0ps ARi\EE il

.0001 -+

.............................. PIB TANGTL LOW
oF o : i g RPM: 180D (300 (NGMINAL)
A O MAX:0.12 in/s 6858 CPM 5X

&) 4.......

.04

munngudengungpiepiansnfin i aaAtiniiimaabdummmounn o gt Mueb Susnngnnaminmmannmumsninniiinnsanismemansnnenumiism s

. 005 S PRs 354 3l e z i

. 001 ::' 1 {1 ] i ) . * 11 l".. THH 3 :"" HHHEH HHEH R
. 0005 L8 : HEb - U
o001 . i i 2

in/e 0 20 40 60 80 100 120 140 160 100

P CPM »100




PLANT: CONSUMERS POMER - PAL  AREA: Pi.ﬂNT NOT INCLUDING COOLING TOWERS E[jlIEH

MACHINE: P-67B LOW PRESSURE SAFETY INJECTION PUMP [OK] MID: 50
LOCATION: PUMP INBOARD [3AL] DATE: 30 Jun 1995,04:09:07 RPM: 1800
LEGEND: 30 Jun 1995
FREQ: 1800 CPM ORDER: 1 X LEVEL: .0194 ins/s
2X 4% - 6X 8X
1X X - PU 7X ! gx
.05 4 PIB AXIAL LOW
VRPM:160D (301 C(NABYINAL)

lQMR)(:O.OG'_"& in/s 8076 CPM BX

. PIB RADIAL LOW

H# ¥ RPM: 180D (30) (NGMINAL)
QMAX:0.17 in/e 8976 CPM BX

asssessessssasentaeniiessy

iasidinstissiitiise iniii

------------

oA ||
1
1 ]

« PIB TANGTL LOU
V RPM: 180D (30) (NGMINAL)
U MAX:0. |i in/e 6976 CPM 65X

CPM <100




ATTACHMENT 5

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

LOW PRESSURE SAFETY INJECTION PUMPS

PERFORMANCE TEST REPORT FROM SPECIAL TEST T-261
FEBRUARY 1991



To: Special Test T-261 File | CONSUMERS
POWER

From: = JPMiksa 9# P Jeas. COMPANY

Date: February 5, 1991

Subject: Palisades Low Pressure Safety Injection Pump Performance Test Internal
Repon ’ Correspondence
CC MCKing, Palisades WLFord, Palisades

KEOsborne, Palisades
RVVan Wagner, Palisades
RJ Gerling, Palisades
RJFrigo, Palisades

TITLE
T - 261 “Low Pressure Safety Injection Pumps P-67A.and P-678 Performance Test"

PURPQSE

To access the performance of the Low Pressure Safety Injection Pumps after conducting major maintence
on P-67A and replacement of P-678's motor.

PR !

This test was run with the reactor head removed and the core off loaded. Under these conditions varying
shutdown cooling flow was not a concern for plant safety. Therefore this test did not affect reactor safety.

TJEST REPORT MA

Results of this test show that LPSI pumps exceed the FSAR design requirements. Increases in brake
horsepower was seen with corresponding decreases in pump efficiency due to P-67A's impeller
replacement and P-678's motor repiacement. Both pump and motor peak vibration levels were well below
plant acceptance values. The data gathered by this test will form the baseline for further pump testing.

TEST RESULTS
BACKGROUND

T-261 was run on January 19, 1991 “C” shift (P-67A) and January 20, 1991 "A” shift (P-678). The
test varies Low Pressure Safety Injection (LPSI) tlow by manipulation of the motor operated LPSI
“injection” valves. Five differing flow values are used between 4500 gpm and 400 gpm. The following
parameters were recorded during the test:

Parameter Description
Flow Four LPSI cold leg flow meters totaled
Suction Pressure Discharge gauge of pump not being tested

Discharge Pressure Discharge gauge of pump being tested




~ Motor Current One phasae of pump motor breaker's current
transtormer
Pump and Motor Vibration Axial, Vertical, Horizontal displacement velocmes
of pump and motor

All of these parameters were recorded at each of the five flow values except for motor vibrations which
were only taken at the 3000 gpm flow range and at the 400 gpm flow range.

The results of this running of T-261 were expected to deviate from past values due 10 the type of
maintence conducted on the pumps during this outage. Outage maintence which would effect resuits
are:
P-67A 1) Installation of a larger impeller - 19 3/4° vs 19 3/8" (ref. SC-86- -244)
2) Shaft replacement
3) Thrust Bearing replacement

pP-678 1) Pump Motor replaced

The installation of a larger impeller, with replacement of the shaft, and thrust bearings was due to
galling between the stufting box bushing and the original impeller (see D-PAL-30-320 for more
details). The reason for going 10 a larger impeller was to increase the margin between FSAR design
flow and actual pump flow. it should be noted that at present P-67A and P-67B have the same size
impellers installed. P-67B's motor was replaced as an electrical preventive maintence measure. The
replacement motor was originally on P-67A before it was replaced and refurbished.

_This was the second time T-261 has been run. it was originaily ran on 11/07/88. Test values from
11/07/88 have been included for comparison. Reterence values for P-67A are from the 08/18/86
running of T-209 (ref. Pal. Cart. 7657, Frm. 0773) and for P-678 from the 09/10/86 runnmg of T-255
(ref. Pal. Cant. 7657, Frm. 0792).

DISCUSSION

In order to better evaluate P-67A and P-678's performance raw and calcuiated data from EA-T-261-
01(ret. att.1) was plotted against reference values and previously run tests. Below is a briet discussion
on each graph(ref. att. 5 & 6): _

1) Differential Pressure VS. Flow
These graphs are intended 10 show overall pump perfonnance and how it meets Palisade’s
FSAR requirements.

a) P-67A
This graph shows that by increasing the impeller diameter we have increased the FSAR
.design margin as follows:

) At 3000 gpm FSAR design fiow differential pressure (DP) is 350 ft our tested DP is
now 167 psid or 385 f. This gives a margin of 35 ft as compared to the margin of 7 ft
(tfrom the 11/07/88 test) or an 80% increase in margin resulting in a new margin ot 3%
over design.

I At4500 gpm FSAR maximum fiow differential pressure is 250 ft our tested DP is 123
psid or 284 ft. This gives a margin of 34 ft or 12% over maximum flow DP.

 b) P-67B
This graph shows that 01/20/91 results fall within 2% of 11/07/88 values and within 1% of

2




_reference values at the maximum data deviation point of approximately 500 gpm flow. We
" have reestablished the following FSAR design margins:

. H At 3000 gpm FSAR design flow difterential prassure is 350 ft. Our tested DP is 164

psid or 378 ftfora margin of 28 ft or 7%.
i) At 4500 gpm FSAR maximum flow differential pressure is 250 ft. OQur tested DOP is 121
psid or 279 ft for a margin of 29 ft or 10%.
c) Comparing P-67At0 P.67B we see that with the same size impeller in each pump our
design and maximum tiow differential pressure margins are within 2% of each other.

2) Ditferentiai Pressure vs. Flow with 5% Ermor Bands
These graphs are intended to show the precision of measured test values to reference

values. (ie. repeatability of test resutts)

a) P-67A
This graph shows that even with an impeller diameter increase pump differential

pressures are still within 5% of reterence. Theretore while we effectively increased our
margin over design we still did not significantly effect pump characteristics.

b) P-678
This graph shows excellent precision of test rasults t
This also indicates little change in the mechanical co

curve was developed.

o with-in 1% of reference vaiues.
ndition of P-67B since it's reterence

3) Vibration vs. Flow

These graphs are intended to show pump vibration response with flow (aiso ref. att. 2 & 3).

a) P-67A°
‘ This graph shows that pump vibration is lowest at design tlows of 3000 gpm and highest
at low flow_shut-off head conditions. All vibration levels are acceptable with the highest

being PMEV at 0.17 ips. (Note: 0.30 ips is considered the acceptable fimit in the
Palisades pump program.)

b) P-678
This graph also shows that pump
highest at low flow shut-off head
highest being PMEV & PMEH at 0.135 ips. (Note: 0.3

fimit in the Palisades pump program.)

vibration is lowest at design flows of 3000 gpm and
conditions. All vibration levels are acceptable with the
0 ips is considered the acceptable

¢) Motor Vibration A
Motor vibration versus flow was not graphed since the peak values did not exceed 0.1 ips.

However general trends of increased vibration with increased flow and P-67B's values
being nearty double that of P-67A's can be seen from the raw data.

4) Brake Horsepower vs Flow
These graphs are intended to show the power input of the pump’s motors needed to deliver
the measured flow rates.
a) P-67A
values. However

This graph shows an overall increase in horsepower over reference
previous reference values and test data were taken with a smaller impelier and therefore

higher values would be expected. It should be noted that motor full load amps are 92 and

o :



amp readings at 4335 gpm are 90. Therefora the motor is still capable of delivering
- . enough power to support pump maximum flow requirements.

. b) P-678

This graph also shows an overall increase in Brake Horsepower over reference values.
This increase is due 10 the replacement of P-67B's motor with a refurbished motor. Motor
current draw at 4340 gpm was 33 amps which is slightly above the full load amp rating of
92 amps. However, this is not a concem since we are approaching the maximum pump
flow design rating of 4500 gpm and are still well with-in the service factor of the motor _
which is 1.15 ot full load amps or 105.8 amps. Note design flow of 3000 gpm which is also
shutdown cooling flow produces amp readings of 84 amps which is weil beiow the full
load amp rating of the motor.

5) Brake Horsepower vs-Flow with 10% Error Band

These graphs are intended to show the magnitude in changes of brake horsepower and the -
precision of collected data to reterence data.

a) P-67A
This graph shows that even with an increase in impeller diameter brake horsepower is still
within 10% of reference brake horsepower values. .

b) P-678 - : :
This graph shows that brake horsepower has increased greater that 10% above reference
values. As previously mentioned this is attributed to replacement of P-678's motor,

¢) The brake horsepower data shows some scatter and therefore a sensitivity test to its
dependence on measured amps will be done. From EA-T-261-01 sh 4(ref. att. 1):
- P-67A - BHP = 4 34A
. P-67B - BHP = 4.48A |
Actual test readings of amps are multiplied by 30 therefore the equations become:
: ’ P-67A - BHP = 130.2A (read)
P-678B - BHP = 134.4A (read)
Test readings were taken to the 0.1 (tenth of an amp) a deviation of 0.1 amp would result
in a deviation of 13 bhp which would be 5% of measured bhp at the lowest flow
condition and 3% of measured bhp at the highest flow condition. With a meter accuracy of
+- 0.1 amps differences in measured values from true values could cause up to a 5%
error in bhp. Also the test requires current measurement of only one phase, if all three
phases were read and an average taken a more accurate bhp figure could be derived.
Based on this information a contributing cause to high brake horsepower vaiues could
also be attributed to instrument error.

6) Pump Efficiency vs Flow with 5% Emor Band
These graphs are intended to show changes in pump efficiency with flow and the precision of
coflected data to reference data. :

a) P-g7A
This graph shows P-67A to be most efficient at its design flow of 3000 gpm. It also shows
that even with an increase in impeller diameter pump efficiency did not deviate from
reference by more than 5%.

b) P-678B _
This graph shows P-678's efficiency to-have dropped by more than 5% from reference

® I



- values. This is directly attributed to the increase in bhp resutting from the replacement of
. P-678's motor. It also shows its greatest efficiency point is at its design flow of 3000 gpm.

Instrument error can effect test results as seen above. What follows is a brief description of the error
which could be induced by instrumentation used in this procedure:

1) Pressure Gauges
Suction and discharge pressure gauges were pre and post-test calibrated. The discharge
pressure gauge did not deviate from calibrated values. The suction pressure gauge was out
of calibration by as high as 0.1 psi in the test data measured range and 0.4 psi in the range not
used by the test. Since test values for psig are piotted to the nearest 1.0 psig a 0.1 psi
deviation from calibration will not significantly effect the results of this test.

2) Ammeter
Discussed in previous section.

3) Flow Meters
The flow meters used in this test had an accuracy ot +- .05% which would be a maximum
deviation of .002 volts. Since readings were taken to the second decimal place only (ie. 2.41
volts) this error will not effect test data.

CONCLUSION

Test results show we have successfully increased the performance of our pumps with the installation
of larger impellers. A larger margin between pump operation and FSAR design requirements now
Unfortunately a larger impeller (P-67A) and replacement motors (P-67B) decreased our pump
efficiency especially at low flow values. This is not a concem since pumps operate at low fiow
conditions for short test periods only. Results of this testing will form the baseline data for further
pump testing-to track pump degradation.

Recommendations

Due to the large effects small variations in measured current have on test resuhs it is appropriate to revise
T-261 to record current readmgs on all three phases and then average the resulits to caiculate brake
horsepower.

Attachments

1) EA-T-261-01, “Correlation of Test Data from T-261"°
2) P-67A vibration data
3) P-678 vibration data
4) Test gauge calibration data sheets
- 5) P-67A Partormance Graphs
6) P-678 Performance Graphs
7) Copy of completed T-261




Consumars PALISADES NUCLEAR PLANT EA- T-261-01
Power ENGINEERING ANALYSIS WORK SHEET Sheet 1 f 5
POWERING °

) ’ MICHIGAN'S PROGRESS

Title CORRBELATION OF TEST DATA FROM T-261 "LOW PRESSURE SAFETY
INJECTION PUMPS P-67A AND P-67B PERFORMANCE TEST"
INITIATION AND REVIEW

= JETEW) nitiator —N‘W&%ﬁ_r__mmﬁ vigwed | war
‘ev Description By Date pAppd By va By Date i:;: e:
« T e Lyl B Ry B B B L Tast s

0 [ Ongiral Issue JPMiksa| g ﬂ_,‘ X m /4 /4, l M

>
Ref. / Comment
OBJECTIVE

To correlate raw data from T-261's 1/20/91 running in order to evaluate P-67A & B's
performance. Note, test data evaluation will be done in T-261's test report.

ANALYSIS INPUT
The following raw test data transferred from T-261's 1/20/91 running:

P-67A:
Discharge | Suction Pump Vibration
Flow | Pressure (Pressure | Current (ips)
(gpm) {psig) (psig) | (Amps) | PMEA | PMEH | PMEV
495 214.05 30.33 4 A2 .064 A7
1400 212.05 29.63 60 .045 .056 16
2355 205.05 28.63 72 .032 .026 .076
3160 187.05 27.43 81 .030 .020 .048
4335 151.05 24.93 S0 .028 026 075
Motor Vibration
Flow (ips)
{gpm) MPEH | MPEV | MMEA | MMEH | MMEV
495 .044 .021 .010 .046 .022
3160 .052 .018 012 052 .042

orm 3619 6-89




Consumaers

PALISADES NUCLEAR PLANT

Power ANALYSIS CONTINUATION SHEET 1:2510°
POWERING ' of 3
MICHIGAN'S PROGRESS 0
. P.678 Ref. / Ccmment
Discharge Suction Pump Vibration
Flow Pressure | Pressure | Current (ips)
{gpm) {psig) (psig) (Amps) PMEA | PMEH | PMEV
520 216.63 32.05 51 052 135 135
1540 210.63 31.05 66 029 | .084 | .074
2415 202.63 30.25 75 022 | - 05 064
3100 188.63 29.05 84 030 | .025 | .040
4340 151.63 26.75 a3 047 | 058 | .061
Motor Vibration
Flow ({ips)
(gem) | MPEH | MPEV | MMEA | MMEH | MMEV
520 10 067 092 10 10
3100 10 .040 078 .098 .080

®

ASSUMPTIONS

ANALYSIS

and pump efficiency.

1) Pump Differential Pressure

Note vibration data is peak values only.

1) A 1% borated water solution has approximately the same specific gravity as water.

This analysis will calculate pump differential pressure, liquid horsepower, brake horsepower,

Differential Pressure (DP) = Discharge Pressure - Suction Pressure

P-67A Differential Pressure

Flow

495

1400

2355

3160 4335

bP

183.72

182.42

176.42

159.62 | 126.12

Lbrm 3619 6-89




Consumars

PALISADES NUCLEAR PLANT EA- T-261-01
- Power ANALYSIS CONTINUATION SHEET
) Sheet _3 of 5
POWERING ; Rev #
. MICHIGAN'S PROGRESS ev 0
Ref. / Comrmen:
P-678 Differential Pressure
Flow 520 1540 2415 310C 4340
CP 184.58 | 179.58 {172.38 | 159.58 |124.88
2) Liquid Horsepower
Governing equation: Pump
Handbook 2rd
thp = QH (sp. gr. ) / 3960 led. |.J. Karassik
W.C.Krantzseh
Where . _ W.H. Fraser
Q - Pump Flow in gallons per minute J.P.Messina
H - Pump difterential pressure in fest
sp. gr. - Specific gravity of pumped fluid = 1.0 for 1% borated water
Then
H (feet) = H (psig) / .4335 oulds Purp
and
. lhp = Q H (psig) 1.0/ (3960) (.4335)=Q H/ 1717
P-67A Liquid Horsepower
Flow 495 11400 | 2355 |3160 | 4335
thp 53 | 149 242 | 293 | 319
P-678B Liquid Horsepower
Flow | 520 | 1540 | 2415 | 3100 | 4340
Ihp 56 | 161 243 | 288 | 316
3) Brake Horsepower
- Goveming equation:
- . Equaton i
bhP = Paciive n m constant fr3=
Where N Mgtor Apo.
P. .o = KVA(PF) /1000 andboox ' 3£%
active (PH) R.W.Smearcn
and K = Constant = 1.73 for 3 phase AC motors
V = Bus Voltage = 2400V
A = amps per phase Bus Votage
from core-al
Y\ . = Efficiency of motor 1/19/91 3 5- =
120314 -~

*—'o*rm 3650 6-89




. Consumers PALISADES NUCLEAR PLANT EA-
- Power - ; _I_'.Zﬁ].’ﬂ_l_
P Powar - ANALYSIS CONTINUATION SHEET Sheel g of
MICHIGAN'S PROGRESS : Rev # 0
. . . Ref. / Comment:
This will yield brake horsepower in terms of kilowatts which we must convert ,
to horsepower. This is done with the following conversion factor:
- Goulds Pump
bhp (hp) = bhp [kw) (1.341) Manual 5th eq.
Substituting into our governing equation yieids:
" bph (hp) = [KVA (PF) 1.341/1000] Y\
Then substituting in our constant and bus voltage yieids the following working
equation: ,
bhp (hp) = 5.57 A (PF)Y\.m
To calculate P-67A's brake horsepower we use an average efficiency of .935 . Pal. Vend.
and average power factor of .834 to get the following equation: F‘:; "1“223
bhp (hp) = 4.34 A
_ | P-87A Brake Horsepower
' Flow | 495 11400 |2355 | 3160 | 4335
. ’ bhp 234 | 260 | 313 | 352 ] 3ot
To calculate P-67B's brake horsepower we use an average efficiency of .947 Pal. Vend.
and average power factor of .85 to get the following equation: F's: "1“235
bhp (hp) = 448 A _
P-678 Brake Horsepower
Flow 520 | 1540 | 2415 13100 | 4340
bhp 229 | 286 | 336 | 417 377
4) Pump Efficiency
Goveming equation:
Goulds P.—p
Y\,p- {lhp / bhp) 100 Manual Stn =c
P-67A Efficiency ‘
| Flow 495 11400 } 2355 | 3160 | 4335
n P 239|619 }|776 | 832 | 818
¥orm 3650 6-89




Consumers PALISADES NUCLEAR PLANT T-261-01
Power - - ANALYSIS CONTINUATION SHEET Sheef 5 of 5
POWERING ° °
MICHIGAN'S PROGRESS Q
Ref. / Comment
P-678 Efficiency
Flow 520 11540 | 2415 {3100 | !
Y\.p 245 {544 | 723 | 765 | 758

CONCLUSION

of pump performance.

This pump data will be plotted and evaluated against pump reference data in T-261 test repdrt.
All values calculated by this engineering analysis meet the objective of allowing for comparison

r—_korm 3650 6-89
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PALISADES NUCLEAR PLANT

-

ENGINEERING ANALYSIS CHECKLIST

Affected Revision T
Items Affected By This EA Yes No | Required Identify* Closeout
1. Other EAs 0 K
-]2.  Design Documents Elec_

E-38 through E-49 O &
3. Design Documents Mech

M259, M664, M665S O =X
4.0 LICENSING DOCUMENTS
4.1 Final Safety Analysis Report (FSAR) O x
4.2 Technical Specifications [ !
4.3 Standing Order 54 O X
5.0 PROCEDURES
5.1 Administrative Procedures O
5.2 Working Procedures 0~

{5.3 TechSpecSurveillance Procedures. O A

6.0 OTHER DOCUMENTS
6.1 Q-List O A
6.2 PlantDrawings O g
6.3 Equipment Qata Base a
6.4 Spare Parts (Stock/MMS) O K
6.5 Fire Protection Program Report O R

(FPPR)
6.6 Design Basis Documents O R
6.7 Opérating Checklists O X
6.8 SPCUPIPP Oil and Hazardous

Material Spill Prevention Plan O K
6.9 EEQ Documents O &

Do any of the following documents need to be generated as a result of this EA:

1.
2.
3.

Corrective Action Document?
Safety Evaluation?
EEQ Evaluation Sheet?

is PRC Review of this EA Required?

Yes No
O = Reference
0O ® Reference
O & Reference
O

Completed BQ.ﬂp m&

Date 92?//// 2/

*identify SecKn,No, Drawing, Document, etc.



TECHNICAL BEVIEW CHECKLI Page | of |
EA-T-26/-2

This checklist provides guidance for the review of engineering analyses

Answar questions Yes or NO, or N/A 1f they do not
comments on 3110 forw. Satisfnczor{ Resolution ongglzintgoigz.zgn;iltion of
this checklist {s noted DYy Technically Reviewed Signature on the Inittatien

and Review record block of form 3619,

1. Are all constanis, variabiei and formulas correct and v N} VA
properly applied? 7
2. Are a1l inputs and assumptions valid and the Basis for Y
their use gocumented? :
3. s Vendor {nformation used as {nputs addressed correctly b
in the analysis?
¢, If the analysis argument departs from Vendor A /B
Information/Recommendations, is the departure
justification documented?
§. Have the proper input codes, standards and design ' \T
principles been specified?
§. Have the input codes, standards and design principles been T
properly applied? ~
7. Has the use of engineering judgement been documented and T
justified? '
a. Has the objective of the analysis been met? A
9. Are all caleulated values correct? Y
10. Are assumptions accurately described and reasonable? T
11. Have administrative requirements such as numbering and 7
format been satisfied?
12. Have any minor (Insignificant) errors been {dentified? 1f N
Yes; ldentify on 3110 form and Justify insignificance.
1f Yes; verify the N

13. DOoes analysis involve woidiné?
following information is aceurd
anglysis drawing(s).

tely represented on

Type of Weld

Size of Weld

Material Being Joined

Thickness of Material Being Joined
Location of Weld(s)

Appropriate weld Symbology
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LPSI PUMP P-67A PERFORMANCE CURVES
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LPSI PUMP P-67A PERFORMANCE CURVES
'PUMP DIFFERENTIAL PRESSURE VS REFERENCE DP WITH 61 ERROR BAND

< REF DP —5%
200 O KLl DP +5%
[ e W : °f’ o0/
> . e.____i. mx_y_(%?:g\\\ - o RerP DP
z’_ ] ““'e; = tlgs\_\
= 150 e
o 4
- N
) .
g 4 ©)
o 1
0_ -
< 100
’__' .
z -
‘r -
hJ -
L
L |
Q50
Q. i R .
= | ingersoli-Rand
2 Model 8x21AL
i Serlal No. A67-393
. 8 VANE -
4 L!_O 3/4 IMPELLER
O llllllll]llllllllllllllIllllllIlllllllllllllll'r"llllll
0 500 1000 1500 2000 2500 3000 3500 4000 4500
T261DPEA | PUMP FLOW (gpm)
o1/19/91

X




LPSI PUMP P-67A PERFORMANCE. CURVES
PUMP VIBRATION VS FLOW
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LPSI PUMP P-67A PERFORMANCE CURVES
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LPSI PUMP P-67A PERFORMANCE CURVES
PUMP EFFICIENCY VS FLOW WITH 61 ERROR BAND
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LPSI PUMP P-67B PERFORMANCE CURVES |
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LPSI PUMP P-67B PERFORMANCE CURVES
PUMP DIFFERENTIAL PRESSURE VS REFERENCE DP WITH 57 ERROR BAND
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LPSI PUMP P-67B PERFORMANCE CURVES
PUMP VIBRATION VS FLOW
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ATTACHMENT 6

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

LOM PRESSURE SAFETY INJECTION PUMPS
‘ DERIVATION OF VIBRATION ACCEPTANCE LIMITS



‘ iD: P-67A / Q0-20 {PROPOSED) _
Location: Aux Bldg, East Engineering Safequards, S70°
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F-5787/ Q0-20 (PROPOSED)

Location: Aux Bldg, West Engineering Safeguards, 570’
Date: Tuesday, September 12, 1995 @ 9:05 AM
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I
! :

x_'l’:_xI:(l:l“'ji

H]';qh Alairrn = 0 450

SR W I

g

-

. o e

High Alert = i1 359

u g

0200

N : -
£ ref. Yalue = 0 190
T X
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1

™
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ATTACHMENT 7

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

CONTAINMENT SPRAY PUMPS
PUMP TEST DATA



P-3da / 30-

ig: 19
Location: Aux Bldg, East Engineering Safeguards, 3
fate: Tuesday, September 12, 1995 @ 926 AM
Parameter Statistics start: "31 May 23
o T Aug 23
; ; No. of Meas. Maximum Stand. Dev.
‘ Par : Name Units Total Minimum Variance
i i Average Range Median
i 15 0.236 ©.026 )
L FUMF CH*1 PE-RMS 2495 0.200 £.986e-4
7 0.232) 0.096 0.226
§ 15 0.177 0.019
LG FUMF CHAZ PE-F1G 1.350 9113 3501e-4
! .12 0.064 0.124
| 15 0.204 (0020
- PUME TH BT IPS-RIS 2678 0219 4 131e-4
| % 0245 0.065 0.240
iD: -54B / J0-18 . -
tocation: Aux Blidg, W st Engineering Safequards, 5
Date: Tuezday, September 12, 1995 @ 9:28 AM
Parameter Statistics start: '91 May 23
L / end 95 Aug 29
; No. of Meas. Maximum Stand. Dev.
‘ Par : Name Units Total Minimum Yariance
i i Average Range Median
Z T 15 0201 @2;9
LTl PP CHM IPS-RMS 3765 0.229 §13%e-4
: 0250 0.072 0.247
i i 15 0.271 @
| = | FUMF CH*2 IPS-RIMS 2.378 0.149
‘ l C0.192) 0.122
‘ 15 0.340 m’“" )
N L PS-RIMS 4.498 0.253 8.342
L T30 0.087 fl 304

pa——




4
.Hl'.

P-54C /7 G0-16

Lucation: Aux Bldg, West Engineering Safeguarids, 370
Date: Thursday, September 7, 1295 @ Z:48 PM
Parameter Statistics start: 31 May 23
el 035 Ayg 29
1 { Ho. of Meas. Maximum Stand. Dev.
! Par E Hame Units Total Minimum Yarianee
] f Average Range Median
i 15 0.233 0.01
é 3 FLMP CH#® IPS-RMS 239 0.181 2.0Z6e-4
i ~0.200) 0.051 5201
| . i 0.160 0015
" FUMP CH®2 IPS-FIM5 2154 0.105 Z.16Te-4
0.144 3.055 0.143
15 0.301 Co.029
7 FUME CH®T IPS-RMS 7347 0.208 5.828e-4
/D258y 7.093 0.268
S




LW

=544/ J0-10 Date: '35 Sep 11,0921
Location : Aux Blidg, East Engineering Safeguards, 570°
Description : INSERVICE TEST PROCEDURE - CONT AINMENT SPRAY PUMPS

Measurement Values

' parameter No. S £ 7

: i

i i

g Mame ll FUMP CH®1  PUMP CH®Z  PUMP CH*Z

3 V A H

L .

' - Units _

‘Meas. '| S PS-RMS PS-RME P3-RMS

. Mo. | Time ™~

! T
i May 23,1991 Q.226 0.127 0.253
2 Aug 12 13 213 0113 226
3 Nov 12, 1391 0213 0113 0240
4 Jan 22,1992 | 0.2t 0135 0219
3 Jul 08, 1932 0265 0122 0.280

6 | 0et21,1992 §200 0.113 0233

7 | Jan 26, 1993 0231 0.132 0250

% |pet31,1993 ). 0.24S 0.124 0.255
10 |Jun 10, 1394 0218 0.132 0.222
11 lzepzt, 1934} 0257 0.114 0.235
12 |Dec 20,1994 0296 0.177 0.284
13 | Mar 01,1995| 0221 0.152 249
14 |Jun30,1995 0.241 0157 0.232

1S | Aug 29,1395 0.253 o121 0.230

|
l
i
|
i
!
{
i
‘
|
i
|
|
|
|
|
|3 | pr12,199% 0.204 0.118 0.270
i
i
t
l
!
2
|
i
|
|
1
|
I
i
i
|
{
l
i



-546 ;-1
Localion: Aux Bldg, YWest Engireering Saf;-guards, S70°
Description : INSEFYICE TEST PROCEDURE - CONT AINMENT SPRAY PUMPS

Measurement Values

Date: ‘95 Sep 11,0924

Parameter No.

T

-

Name PUMP UHBI  PUMP CH®Z  PUMP CH®3
i A H
T Units
Meas.| "o PS-RMS IPS-RMS IPS-RMS
No. Vime .
1 |May 23,1991 0.301 3201 0.338
2 a1z, 1391 0268 0.190 0338
T |Neviz,1991| 029 200 0.340
4 luan2zredz| 0233 0.199 0.304
.3 R RE 0.242 0.179 0.253
T s oetzr 12| 0255 0.149 0.253
L7 Juan1s,1993 | 0247 0.164 0.280
3 lapetz 1393 0267 0.174 0290
H
L2 | ost3, 1993 0.230 0.165 0.286
b laun 1o, 1994 | 0229 0.184 0.307
11 l3ep21.1994| 0239 0.190 0289
i
12 |Dec20,19%4 | . 0238 0.201 0275
"1z |Mar02,1995| 0267 0.200 0.308
i 14 [Jun30,1995| 0270 0.271 0.334
' s |Auwg29.1995| 0232 21 0.304




|’S4c F 0-18 | Date: ‘95 Sep 11,0927
LoCation: Aux Bldg, West Engineering Safequards, 570
Description: INSERYICE TEST PROCEDURE - CONT AINMENT SPRAY PUMPS

Measurement Values

Parameter Mo. | S £ 7
Name PUMP CH®1  PUMP CH®2  PUMP CH®*3
:.____ N A H
ine_a;x'""x--_xu"“s PS-RMS  IPS-RMS  PS-RMS
‘ No. Time ™~
1 [May 23,1991 0130 0.160 0.301
2 lasgt2, 19911 0213 3.135 0.268
7 lNov 14,1991  0.130 0.160 0.268
i
i 4 lJnz2,1392] 0217 0.157 0.245
: s |Juing, 1992 | 0205 0.147 0270
@

e foetzi, 1992 019 0.136 0264
’ 7 |Jdan13,1393 6.201 | 0.135 0252
‘ 2 lapri4,1393| 0.188 0.15¢ 0277
\ 3 [0et31,1%93) 0481 . 0131 0.268
: 10 |Jun 10,1994 | 0233 0.154 0.269
' 11 |3ep21,1994| 0.185 0.137 0269
| .
; 12 |{Dec21.1994 | 0208 0.148 0.221
i 12 |Mar0S,1995| 0206 | 0.150 0.208
|

E 4 |Jun30,1995| 0186 0.105 0.236
E 15 |Aug29,1995| 0203 0.158 0231




PLANT: CONSUMERS POWER - PAL  AREA: PLANT NOT INCLUDING COOLING TOWERS s[IUNER

MACHINE: P-54A CONTAINMENT SPRAY PUMP [OK1] , - HID: 44
LOCATION: PUMP INBOARD [(3AL1] : DATE: 1 Mar 1995,-19:35:09 RPM: 3600
LEGEND: 1 Mar 1995 ' '
FREQ: 3600 CPM ORDER: 1 X LEVEL: .0131 inss
2X 4X ‘ 6X 8Xx
1X X PU ' 7X 9X
¥ R ' PIB AXIAL LOW
-Oi'észu ':: teslugdee B4 T 0 1108 g 52)’(1 gsg ggtgoa (l;l%égﬂb))“ 5
.005 3= P e R L R 5 il "‘. > b
- 001 izl i
. 0005 ll {}
.0001 . _
] Nt : H i : | PIB RADIAL LOW
' é . mifl v RPM: 360D €607 (NGMINAL)
| OMAX:0.2] in/e 17966 CPM 5X

J PIB TANGTL LOW
¥ RPM:360D (60) (NOMINAL)
QHAX:0. 18 in/e 17958 CPM 5X

in/s CPM =100




PLANT: CONSUMERS PDUER. - PAL  AREA: PLANT NOT INCLUDING COOLING TOWERS E[/lTigs

MACHINE: P-54B CONTAINMENT SPRAY PUMP [OK] MID: 44
LOCATION: PUMP INBOARD [3ALl] DATE: 2 Mar 1995,13:35:33 RPM: 3600
LEGEND: 2 Mar 1995 |
FREQ: 3600 CPM ORDER: 1 X LEVEL: .0495 iw/s
2X 4X | BX 8X
iX _ 3X U 7X 9x
.05 ¥ : - PIB AXIAL LOW |
3 V RPM: 359’1 (59.65) G IX

HH 4 :-: Y HHH OMQX 0 Oag In/h 3 0 CP

sl PIB RADIAL LOW

H2 v RPM:359) (59.85) € IX
Q MAX:0. (7 ins 17560 CPM 5X

0001

PIB TANGTL LOW i}
¥V RPM: 3593 (59.8B5) € X
/YR PR A (1 W) e 4 2 Y Q MAX:0.083 in/s 3600 CPM 1x
. 0085 it A o el ) 31 Ak (| 1 f Bl || I SR Y ::'::

in/e 0 50 100 150 200 250 300 350
Pl ' _ CPM =100




PLANT: CONSUMERS POWER - PAL AREA: PLANT NOT INCLUDING COOLING TOWERS Elililipoks

MACHINE: P-54C CONTAINMENT SPRAY PUMP I[MOD] ' ' MID: 44
LOCATION: PUMP INBOARD [3AL] DATE: 18 Jul 1995,02:23:29 RPH: 3600
LEGEND: 18 Jul 1995 '
FRE(: 3600 CPHM ORDER: 1 X LEVEL: .00311 in/s
2X 4x | BX 8X
1X 3x PY 7 _ 9x
.05 : PIB AXIAL LOW |
¥ RPM: 360D (602 (NOMINAL)

.01 J{ YMAX:0.054 in/a 17058
.005 F¢ AL

. 001 JMounfigluds
. 0005 ot 1980003400000

. 0001

-4 PIB RADIAL LOUW

7 RPM: 360D (602 (NCMINAL)
QMAX:0.18 in/e 17950 CPM 5X

4| PIB TANGTL LOU
V RPM:360D (60) (NGMINAL)
QMAX:0.1) in/e 17958 CPM 5X

300 350
CPM =100




iD:P-544 QO-10
Location:

Desoriph';m: CONT AINMENT SPRAY ARD LPSI CHECK VALYE TEST

Measurement Values

Date: 95 Aug 29,1541

, Parameter No. = 12 13 14
i
i
i Name TESTFLOW ~ PMPCH®I  PMP CH®2Z  PMP CH®3
Meas |~ US| RATEGPM  PS-RMS  PSRMS . IPS-RMS
No. Time -~ \' A R
4+ [Feb 11,1991 [ 1007 0.160 0.067 0.179
|5 [apra7, 1992 1007 0.131 0.062 0.155
(”)
ID: B-54A GO-10 Date: 95 Aug 29.15:44
Location:
Deacription: CONTAINMENT SPRAY AND LPSI CHECK VALVE TEST
Measurement Values
. Parameter No. - 1S 16 17 18 19 20
|
|
| Name MTRCH®1 MTRCH®2 MTRCH®3  MTRCH®!  MTRCH®2  MTR CH*3
4 A M N A R
-"‘j\ Units| _ -
Moas.| ™ P-PS-RMS  P-IPS-RMS  P-IPS-RMS  M-IPS-RMS  M-IPS-RMS  M-IPS-RMS
| No. Time™~_| U~ Boaid) —=  {our Goaen) - —
|4 [ Feb 11,159 0.054 0.060 0.101 0.043 0.067 0.101
}
|5 |Apr07.1992| 0045 0.047 0.090 0.042 0.041 0.110




0: F-546 Q0-10 Date: 95 Aug 29,1550
Lacation: ’ ‘
Description : CONT AINMENT SPRAY AND LPSICHECK YALVE TEST

Measurement Values

f T ar aimeter No. 2 . 12 =] 14
I
I
! Mame ' TEST FLOw PMP CH™ PMP CH %2 FMP CH#*3
g - v A al
B Units

Heas T~ - RATE GPM IPS-RMS IPS-RMS IPS-RMS

l Time ™.

1

4 lFebtt,199 | 992 0.160 0.101 0213

i
| |
L 9 }Aprll? 1232 10035 0.140 0.100 0.180

P-54B QO-10 Date: 95 Aug 29,15:52
Location:
Description: CONTAINMENT SPRAY AND LPS! CHECK VALVE TEST
Measurement Values

' Parameter No. 15 16 17 18 19 20
|
i Name MTR CH#*1 MTR CH®2 MTR CH#3 MTR CH#®1 MTR CH#2 MTR CH#3
‘u (1m0 - 2> (oriesco) -
:\ > Units M A R v A H
: Mess.| ™~ ~_ P-IPS-RI1S P-IPS-RMS P-IPS-RMS M-IPS-RMS M-IPS-RMS M-iPS-RMS
! No. ! Time
o3 i Feb 11, 159 0028 - 0076 0.041 0.036 0.071 0.038
i
| 1
|l S iADr 07, 1992 0028 0.076 0.036 0.037 0.072 0.038




- F-540 JO-10

Location:

Description: TONT AINMENT SPRAY AND LPSI CHECK Y ALVYE TEST

Date: '35 Aug 29,1555

Measurement Values

5 Parameter Ho. & 12 14
| Mame TESTFLOW  PMP CH® PMP CH®Z
; hd i
==
;Meas\.r"‘-a-_ Units| catEcPM  PS-RMS IPS-RMS
! No. | Time ™~
I
Loy },Feb 11, 1591 1010 0.127 0.160
i |
L s | apr 07,1992 299 0.118 0.142
ID: F-54C G0-10 Date: 95 Aug 29,15:57
Location: . _
Description: CONTAINMEMT SPRAY AND LPSI CHECK VALVE TEST
Measurement Values
| _Parameter No. | 1S 16 18 19 20
t
! Name MTR CH#1  MTR CH#2 MTR CH®#1  MTRCH®2  MTR CH*3
1 ~ A N A [a
[y
|~ Units| .
Meas.| " P-1PS-RMS  P-IPS-RMS M-PS-RMS  M-IPS-RMS  M-IPS-RMS
| No. | Time {1 80aRD) (o280 ) =
4 | Febii, 1991 0.113 0:151 0.054 0.151 0.107
| |
I
| S lapro7,1992| 0099 0.207 0.060 0.184 0.111




ATTACHMENT 8

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

CONTAINMENT SPRAY PUMPS

PERFORMANCE TEST Q0-10 RESULTS AND EVALUATION
OF FEBRUARY 1991



To: KV Cedarquist CONSUMERS

| aQ artste— POWER
From: AA Alatalo COMPANY
Date: March 11, 1991 ~ Internal
Correspondence
Subject: P-54’s Vibration Status
CC: RP Margol'
TC Saarela AAA 91%*012

The latest set of QO0-10 Surveillance Testing on P-54’s taken on
February 11, showed four vibration measurements in the
surveillance’s alert category. Two were on the pump horizontal and
vertical of P-54A, and two were on the motor inboard and outboard
axial of P-54C. There are several potential causes for the values
being in alert status. First, this was the initial set of data
obtained using the new DLI Watchman vibration data collector
system. With a different instrument and accelerometers some
variation is likely. Second, this was the first set of data taken
in velocity RMS readings. Previous limits had been set in mils
based on use of a TK-80 vibration meter. These limits were revised
based on a theoretical conversion of mils to velocity, assuming a
simple vibration signal. If there are significant amplitudes at
frequencies other than running speed, a complex signal results,
causing some inaccuracies in this conversion. A third potential
cause for some of the changes could have been the change 1in
location of the readings. This occurred as a result of the use of
a single p01nt triaxial accelerometer in the DLI system. Finally,
maintenance was performed on P-54A and P-54C since the last QO-10.

Oon P-54A, a new impeller, shaft, and bearings were installed and
the unit was realigned. P-54C was also realigned. Any of the
above changes could cause normal variations in vibration level.
With all of these combined occurring, there was a high probability
of variations.

Even though vibration values were in the surveillance alert range,
data gathered on February 11 during QO0-10 Surveillance testing,
indicates that the P-54’s appear to be mechanically sound. The
largest overall velocity reading was .21 inches per second rms (.3
ips peak) on P-54B (See Attachment 1). This is an acceptable
valuable per industry standards. The vibration signatures on P-54A
(See Attachment 2) indicate primarily a normal impeller vane pass
frequency. Vibration values on P-54C motor (See Attachment 1) are
somewhat higher than the other two motors, as was the case in
previous QO- 16 tests. A small amount of motor -looseness was
indicated by signatures (See Attachment 2). This was also seen in
previous Q0-16 tests and when the motor was tested uncoupled on 12-
14-90. This does not appear to be a serious nor escalatlng problem
at this time.



Based on the above, it is recommended that a new vibration baseline
be established for P-54’s for Q0-10 using the February 11 data. In
addition a new baseline should also be established for the next Qo-
16 test using the rms velocity readings taken during the next test.
No need is seen for increased surveillance testing of these pumps
at this time.



P-54A P-54B
Pump Horizontal .16 .16
Pump Axial .07 .10
Pump Vertical .18 .21
Motor Inboard Horizontal .05 .03
Motor Inboard Axial .06 .08
Motor Inboard Vertical .10 .04
Motor Outboard Horizontal .04 .04
Motor Outboard Axial .07 .07
Motor Outboard Vertical .10 .04

ATTACHMENT 1
VIBRATION MEASUREMENTS FOR QO-10
ON FEBRUARY 11, 1991

(VELOCITY -IPS RMS)

P-54C

.13
.09

.16

.11
.15

.13

.05
.15

.11



ATTACHMENT 2

P-54’S VIBRATION SIGNATURES

FEBRUARY 11, 1991




PALISADES NUCLEAR PLANT X value:
02/711/91 8:47:47 AM ¥ value!:

IN/S Peak Lin

Consuners Power

Q.200
S A ............ e R
@.15@— - é ..... JT ..... E ............ E ............ } ............
@925 ............ e ............ ............
ool
.75 RIS ............ SO SERTETRR
8.@85@8— - eb é ............ é .........................
IR RS SO
9.0 T ] T = i LA_____‘
.0 12000 24000 36000 48000 60000

CPM RPM = 33550

Description: P-54A CONTAINMENT SPRAY PUMP

MACHINE: PUMP
POINT ID: PIBV

TRAIN: P-54f
Point: 00067

3600

0.018

AP




PALISADES NUCLEAR PLANT X value: 3600
0e2/11/91 8:47:47 AM ¥ value: @.036
IN/S Peak Lin Consuners Power _
9. 200 - - - . B
@.175~{: - - ............ ............ ............ .............
@.15¢4 - - - - - ............ ............ ............ . ...... P
@.125~ - - - - R IO e IR IR
0.’1007 ............ R e .......
.95+ ---------.. R Y | SRS KIEEET IR e JRIRIRIEEI .............

9.050

@.e25"

o

L l
24000 36000 48000 690000 onggR
CPM RPM = 3550 .

{
e.0 12000
Description: P-54A CONTAINMENT SPRAY PUMP
MACHINE: PUMP TRAIN: P-549A
POINT ID: PIBH : Point: 00069




PALISADES NUCLEAR PLANT

82711791 8:47:47 AM

IN/S Peak Lin Consunrners Powerxr

¥ value:
¥ value:

@.0860

B. @52 — - e
6.0a5- .. T... ............ R L
e.e37 -} .--.. ............ ............ ..........................
B.830- -l
B.@232— - -l

12400 244;0 3?&00 43&00 603800
CPM RPM = 3550

Description: P-54A CONTAINMENT SPRAY PLUMP

MACHINE: PUMP TRAIN: P-54A
POINT ID: PIBA Point: 00068

3600
a.011



PRLISGDES NUCLEAR PLANT X value: 3600
82/711/91 10:58:39 AM ¥ value: 0.072
IN/S Peak Lin Consumers Power
9.08 : - T - ]
0.07_..j ........ ............ ......... ............ .............
e.e6 - - - - ---.... IR I R M . ............
e.es—---4h- .- TS ............ ............ .............
.84 - -f----..-. ............ ............ e e e e e ............. §
0.034 T | S ............ ............ ............ ............ §
.82—- - - -+ - ............ ............ ............ . ............ §
4 . ’ . \
1.08E~-082— - -H- -} -- RN ........... I B §
@.0 12000 24000 36000 48000 609000 onggﬂ

CPM RPM = 3358

Description: P-354C CONTAINMENT SPRAY PUMP
MACHINE: MOTOR TRAIN: P-54C
POINT ID: MOBVY Point: ©@0079




IN/S Peak Lin

PALISADES NUCLEAR PLANT
Q2/711/91 186:58:39 aM
Consunmers Power

X value:
Y value:

Q.200

@.175d ... L g ............ L e
@.150— - ... ............ SRR e L
@.125 |- ... e P ............ ............
®.18@— - h e é ............ e g ............
e.a75--- - ... e é ....... S Lo R
8.e50- - - "?F'”'g ............ R ?..........f ............
o.025- - || .. ............. ............ .............

e M_J;.:fil s L +A

2.0 1200

Description:
MACHINE: MOTOR
POINT ID: MOBH

e 24000 36000
CPM RPM = 3550

P-354C CONTAINMENT SPRAY PLUMP
TRAIN: P-54C
Point: 00081

!
48000

3600

0.149

GGG

- N
80
L
Uit

L



PALISADES NUCLEAR PLANT X value: 6000606
G2/711/91 18:58:39 AM Y value: @.001

IN/S Peak Lin Consuners Powenr

Q.40 . - - - )
.35 -+ ............ ............ ............ ............
0.30— e SR L e
@.25— - - - - - ............ ............ ............ .............
0.20_1 P ............ ............ ............ ' .............
e.154---L:------- ............ e e e ............ ............
o.la_. P | : ............ : ............ : ............ .. ............ §
e.es—----{-------- : ............ ; ........... ,f ............ ? ............ §§
@.0 = T | n o &
.0 12600 24000 36000 48000 60000 aP ggn
CPM RPM = 3550 .
Description: P-54C CONTAINMENT SPRAY PUMP
MACHINE: MOTOR TRAIN: P-54C
POINT ID: MOBA Point: ©G0080




IN/S Peak Lin

PALISADES NUCLEAR PLANT ¥ value:
Q2/11/791 186:56:00 AM Y value:
Consuners Power

@.1751 -

@.158— - -

@.125" -

0.180 " -

2.075"

Q.050 -

8.025—" - |

3600
@.151

-

12000 24000 369000 48080 60800

CPM RPM = 33550

Description: P-54C CONTAINMENT SPRAY PUMP
MACHINE: MOTOR TRAIN: P-54C
POINT ID: MIBVU Point: 00082

o]




FALISADES NUCLEAR PLANT
e2/11/91 19:56:06 AM

IN/S Peak Lin Consuners Power

X value:
¥ value:

e.200
B. 125 - -
@156 - [ .. ... ............ e e L
@.azs | ............ e ............ .............
e.100- M. ... e ............ ............ ............
o075 ... e e e RS
+ : . .

e.os0- - N 4. .. RS R R
S P | ........... ............ ............
9. 0 =t loet - ﬁi + ‘)rTJ- L ,Ldlﬁ‘_ﬁ e

0.0 12000 24000 36000
CPM RPM = 3350

Description: P-54C CONTAINMENT SPRAY PUMP
MACHINE: MOTOR TRAIN: P-354C
POINT ID: MIBH Point: 00084

|
48000

3600
@.177

W )

=0
L



PALISADES NUCLEAR PLANT ¥ value: 60600
e2/11/91 10:56:00 AM Y value: 0.00000
IN/S Peak Lin Consumers Powenxr
Q.40 ]
[ T I e R L
0.30—- ..............................................................
0-25— ..............................................................
L I - L IR SR T
0.15_....... .............
0.10-—4... ........................................................... §
0.05—-... .......................................................... §
0.8 L J‘\ _A' ~ _~ -I ;.AI. LA I
9.0 12000 24000 36000 . 48000 60000 . ggfn
CPM RPM = 3550 .

Descoription: P-54C CONTAINMENT SPRAY PUMP

MACHINE: MOTOR TRAIN: P-54C
POINT ID: MIBA Point: 00083



ATTACHMENT 9

CONSUMERS POWER COMPANY
PALISADES PLANT
DOCKET 50-255

CONTAINMENT SPRAY PUMPS
. DERIVATION OF VIBRATION ACCEPTANCE LIMITS



PUMP CH®1 (IPS-RMS)

P-344.7 Q0-16 (PROPOSED)
Aux Bldg, East Engineering Safequards, S70°
Tuesday, September 12, 1995 @ 9:33 Al

High Alarm = 0 430

0.230 7

A Ao deu b

High Alert = 0,737

[ ]

.

P
r:r ]
o

lasa s asadaaiasa s

B" ..,

s LI

—
PUMP CH®Z (IPS-RMS)

{
i

T OS00H

]

)
4=
[y}
&

Y

[ S S .l_l...« s

sl

i

£
High Alert = 0228

E

e
I

i
]
1
1
1

o+

1991 1992

Year




PUMP CH®3 (IPS-RMS)

|

13200 g

High élarm = 0.490

[
+-
]}
=)
PO PO

Fiigh Alert =0.325

rl

Jref. Yalye = 0.250

Year




H 10:
Lucation:
Date:

P-5487 Q0- 16 (PROPOSED)
Aux Bldg, west Engineering afeguards, 379
Tuesday, September 12, 1983 @ 2:52 AM

PUMP CH®1 (IPS-RMS)

1 S

e A

Hi:gh alarm = 3. 420

i3 4510

1

BRI )

3
15 3511
4

High Alert = 0 331

Ve

ERCARY]
"

]
1
i

P

r:'ef. Yalue = 3.300

12

112t

"-E : B \ X
" _,_,——'a-’ ) g k
- : &
PUMP CH®2 (IPS-RMS) R T

E
4

<
4

e

g.400d

H1:gh Alarm = J.430

High Alert = 0.304

-
a2}
D
L]

b b baaad i e

3.200

b bt e ;._._J[_‘.

0100
i™



PUMP CH®*3 (IPS-RMS)

i

High Alarm = 0430

a2

1
: arj
i3 a3l

1

High Alert = 0.416

4

ek

ref. Yalue = 0.340

N

Year



SISO

-S4 A0~ 18 (PROPOSED)
Aux Bldg, ¥est Engineering Safequards, S70°
Tuesday, September 12, 1995 @ 10:12 AM

PUMP CH®t (IPS-RMS)

0.430

A

High Alsrm =

4
4

B!

.2 T
4

9

T N S S S

High Alert = 0.256

e -
* ref. Yalue =

i1
o

0.120

1
]
1

R

|

PUMP CH®Z (IPS RMS)

—

2S00

H1gf| Alarrn = .49

a.400

High Alert = 0.228

7.200

rer Yalue = 0.160

_,__»&._ X ,.f
\\ J

o
133

s A-—b-—-l-‘-..—A‘L.J..L.A._L“ FEVINPUF ORI By PR S U WD T R S S ey

L Lo

1596

by

T

41

Year




H

N

PUMP CHE®3 (IPS-RMS)

High Alarm = 0490

High Alert = 0.352

SN LE e

ref. Yalue = 0.300

Qoo+ T T 77t 1 7
199 19972




