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402/636-2000

August 3, 1994
LI1C-94-0159

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk

Mail Station PI-127

Washington, D.C. 20555

REFERENCES: 1. Docket No. 50-28%
2 Letter from OPPD (W. G.Gates) to NRC (Document Control
Desk), dated November 13, 1992 (LlC—92-320%
3. ASME/ANST Operation and Maintenance of Nuclear Power Plants,
1987 Edition, 1988 Addenda, Part 6, Table 3
4. USNRC Generic Letter 89-04, April 3, 1989
. USNRC NUREG-1482 (Draft), Guidelines for Inservice Testing
at Nuclear Power Plants, November 1993
6. "Prog:2ss in Pumps," Richard F. Neerken, The Ralph M.
Parsons Co., Chemical Engineering, September 14, 1987
Gent leinen:

SUBJECT: Regquest for Relief from Vibration Limits for Quarterly Minimum
Recirculation ISI Surveillance Tests of Low Pressure Safety
Injection (LPSI) and Containment Spray (CS) Pumps

Pursuant to 10 CFR 50.55a(a)(3), Omaha Public Power District (OPPD) requests
relief from certain requirements of the ASME Section XI Code for inservice
tusting at Fort Calhoun Station (FCS). Specifically., OPPD is requesting
relief from and proposing alternatives to vibratica limits contained in
ASME/ANS] Operation and Maintenance (OM) of Nuclear Power Plants (Reference 3)
for the Alert and Reguired Action ranges of the LPSI and CS Pumps Quarterly
IST Surveillance Tests. This relief request is being submitted because
compliance with Code acceptance criteria for vibration would result in an
undue hardshig to FCS (i.e., re-design of the systems) without a commensurate
increase in the level of quality or safety.

The Code of record 2t FCS for the Third Ten-Year Inservice Test #IS]) Interval
is the 1989 Edition of ASME Section XI which incorporates, by reference, OM
Part 6 for safety related pumps (Reference 3). Both 10 CFR 50.55a(f)(5)(iv)
and draft NUREG-1482 (Reference 5) specify that the licensee 1ist the Code
requirements found to be impractical for the new interval such that “"the basis
for this determination...be demonstrated to the satisfaction of the Commission
not later than 12 months" from the start of the interval. The Third Ten-Year
Interval for the FCS IST Program commenced September 26, 1993; thus, the 12
month period ends September 26, 1994,
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The FCS ISI Program Plan éReference 2) requires the LPSI and CS pumps be
tested quarterly in accordance with OM Part 6 using the minimum recirculation
flow path to the Safeti Injection and Refueling Water Tank (SIRWT), and during
cold shutdowns using the full flow path to the Reactor Coolant System in
accordance with Position 9 of Reference 4. The testing includes measurement
of vibration and discharge pres ure parameters.

In OM Part 6, Tab'e 3, the vibration 1imits presently listed are 0.325 inches
per second (ips) ! the Alert range and 0.7 ips for the Required Action
range. Due to several inherent design factors such as temperature and reduced
flow (as discussed in ‘he enclosure to this letter), the LPSI and CS pumps
durin% minimum recirculation testing have never beern able to meet the
vibration limits presently required. In general, however, these pumps have
met the vibrotion displacement criteria contained in ?revious editions of the
FCS ISI Program Plan and the Code. During the full flow tests performed at
cold shutdown frequency (lust performed during the 1993 Refueling Outage), the
LPSI and CS pumps met the previous and current FCS ISI Program Plan and OM
Part 6 vibration acceptance criteria.

On July 15, 14,4, OPPD completed an engineering evaluation of the present
condition of the LPS] and CS pumps. This evaluation confirmed that these
pumps are operable, but that due to their design, the vibration levels during
minimum recirculation testing exceed the current Code requirements. OPPD
therefore proposes alternative limits for the Alert and Required Action ranges
of 0.8 ips and 1.1 ips, respectively. It should be emphasized that the
proposed vibration limits will only apply to the LPSI and Containment Spray
pumps during quarterly (minimum recirculation) testing. The full flow cold
shutdown vibration limits will continue to be as currently stated in OM Part
6. Detailed discussion and justification for relief are enclosed.

OPPD requests expedited NRC approval of relief prior to the expiration of the
authorized extension date of September 26, 1994. If full approval cannot be
provided by this date, OPPD requests interim approval of this relief request.
If you should have any questions, please contact me.

Sincerely,

M 427.-452L15h

W. G. Gates
Vice President

WGG/tem
Enclosure
C3 LeBoeuf, Lamb, Greene & MacRae (w/o0 attachments)
L. J. Callan, NRC Regional Administrator, Region IV (w/0 attachments)

R. P. Mullikin, NRC Senior Resident Inspector (w/o attachments)
S. D. Bloom, NRC Project Manager
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Omaha Public Power District (OPPD)
Fort Calhoun Station (FCS) Unit No. 1

Request for Relief from Vibration Limits for Quarterly (Minimum Recirculation)
1S] Surveillance Tests of Low Pressure Safety Injection (LPSI) and Containment
Spray (CS) Pumps.

Discussion an stification

Background

10 CFR 50.%5a directs nuclear power plant operators to comply with Section XI
of the AS™ Boiler and Pressure Vessel Code. Section XI IWA-2432 (Program B)
establishe: four 10-year intervals that reference the current edition of the
Code at the beginning of each 10-year intervai. The first 10-year interval
for Fort Calhoun Station (FCS) started on the official commercial operation
date of the plant, Seﬁtember 26, 1973. In addition to the 10 CFR
requirements, FCS Technical Specification 3.3(1)(a) requires compliance with
the applicable edition of ASME Section XI for components that are designated
ASME Code (lass 1, 2, or 3.

From September 26, 1983 to September 25, 1993, the applicable Code for FCS was
the 1980 edition, including the 1980 Winter aidenda of ASME Section XI. Since
September 26, 1993, the applicable Code for FCS has been the 1989 edition of
ASME Section XI. The FCS ISI Program Plan refers to this edition of the Code,
which incorgorates ASME/ANST Operation and Maintenance (OM) of Nuclear Power
Plants, 1987 Edition, 1988 Addenda. One significant change is the preference
(in GM Part 6, Table 3) to measure vibration as hbroadband unfiltered peak
velocity rather than peak-to-peak displacement tor pumps with operatirg speeds
of greater tnan 600 rpm. Another change is the absclute peak velocity
acceptance criteria limits of >0.325 inches per second (ips) for Ale't and
>0.7 ips for Required Action.

For FCS, the two LPSI pumps, SI-1A/B, and the thvee CS pumps, SI-3//B/C, are
identical Ingersoll-Rand Model 6UCL sinqle stage pum?s designed and buiit in
the late 1960s. They are directly coupled to General Electric Custom 8000
horizontal 300 hp 2 pole éfull load rpm = 3560) induction motors. The three
CS pump motors are powered from individual 480v buses, while the two LPSI pump
motors are powered from 4160v buses. It is believed that only six additional
Model 6UCL gumps are installed and in use in the commercial nuclear industry,
three at Palisades and three at Connecticut Yankee. This means that extensive
historical operating data for these pumps are limited.

These double-suction pumps were originally designed to sufgl{ approximately
2400 gpm of borated water at about 400 ft of head to the LPSI/CS systems.
Minimum recirculation orifices were supplied with each pumﬁ to allow 150-200
gpm of recirculation flow in dead-head situations (e.g., when initially
started with the discharge safety injection valves closed) while diverting the
least amount of water away from the reactor core during design accident
conditions. The minimum recirculation path at FCS is a non-instrumented flow
line to the Safety Injecticn and Refueling Water Tank (SIRWT).
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SCUSSION

Because the design of any pump involves the tradeoff of many characteristics,
emphasis is usually placed on exceeding the s?ecific pump requirements, with
desirable but optional characteristics given ess weight. Since the intended
design basis applications of the Model 6UCL pumps involve minimal operation at
low flow rates, no significant design accommodations were incorporated to
enhance low flow operation, such as minimizing vibration.

On July 15, 1994, OPPD completed an en?ineering evaluation of the present
condition of the LPSI and CS pumps. Plotting the last 15 years of peak-to-
peak displacement and 5 years of peak velocity vibration measurements shows no
adverse trend in LPSI/CS pump performance at FCS. Since May 1990, the LPSI/CS
?umps have been tested with minimum recirculation flow a total of 91 times.

f the 1989 Code vibration limits were applied during the minimum
recirculation testing, the LPSI/CS pumps would have been in the Alert range 79
times and would have been declared inoperable 12 times; i.e, not once during
these tests were the new Code’s acceplance criteria met.

Because of the inability to comply with the 1989 Code limits, OPPD proposes
alternative limits for the Alert and Required Action ranges of >0.8 ips and
>1.1 ips, respectively, during minimum recirculation testing. These
alternative Timits are considered acceptable based on previous pump testing
history, the lack of significant observed pump degradation, and the continued
ability to comply with the Code criteria during full flow testing.

Anal{sis of the specific design features of the Model 6UCL pump leads to the
conclusion the pump design is a leading cause of the relatively high overall
vibration measured during minimum recirculation inservice testing. Normally,
a properly designed and operated pumping system will run smoothest and have
the longest service life when it is operated at the pump’s 'ost efficiency
point (BEP). For the Mod2] 6UCL pumps, the BEP is about 80 letween 2400 and
2800 gpm. When the pump is run at minimum flow conditions (- 150 gpm), the
pump efficiency falls to abcut 10% and the vibration displacements increase by
approximately a factor of four.

A baseline pumE performance test, FCS procedure SP-S1/CS-4, was conducted in
e

Agri] 1990. The results of this test (see Attachment 1, pages 1-1 through 1-
10) clearly show pump vibration decreased as flow was increased. A comparison
of displacement and velocity measurements recorded during quarterly minimum
flow versus during cold shutdown full flow testing confirms this
characteristic of vibration versus flow.

Following initial installation of the LPSI/CS ?umps and prior to initial plant
startup, concern over the hi?h pump vibration levels measured and the lack of
free rotation caused the LPSI/CS pumps to be returned to the factory for
machining to increase impeller clearances. Annually the LPSI/CS pump
couplings are separated, inspected, greased, and recoupled. Alignment is
checked and in-service testing is performed. On one occasion, post-
maintenance testing for SI-1A indicated an alignment problem (abnormally high
vibration in mils) with the coupling that was promptly corrected. During
January 1989, quarterly pump testing indicated abnormally high vibration
displacement for SI-3A. The pumg was ogened for inspection and the cause was
determined to be foreign material that had caused spalling on the wear ring.
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After the spalling was blended out, post-maintenance testing indicated that
the pump had returned to "normal" vibration levels. Outside of these
activities, very little repair work has been performed on these pumps. They
have operated for over 20 years with consistently high vibration levels during
quarterly minimum recirculation in-service testing.

The LPS1/CS pumps are borderline “high energy" pumps (as defined by ArI-610
Sixth Edition) and are susceptible to blade passing frequency vibrations and
low-frequency vibration at reduced flow rates.

Another factor contributing to low flow vibration is low flow cavitation.
Although considerable analysis has been performed to verify these pumps meet
their net positive suction head (NPSH) requirements under all anticipated
conditions, this does not ensure that the pumps will be able to operate
smoothly under low flow conditions at the NPSH available. When these pumps
were constructed, NPSH requirements were based upon an industry-wide standard
0¥ 3% head decay. The 3% head decay ensured the pumps would be able to
satist their design requirements if the NPSH available (NPSHA) was greater
than ;]e NPSH required ?NPSHR), but it did not ensure the pumps would operate
smoothly.

As noted in Reference 6, generic research and testing during the 1970s and
1980s indicates that long periods of cavitation-free operation at low flows in
"high energy" pumﬁs require three or four times the traditional NPSH values as
determined from the 3% head decay suppression test.

From Reference 6, p. 80: "Concurrent with this research and

development, the phenomenon of low-flow cavitation was observed,

especially in larger pumps, or in pumps with high suction-

?pg%if}g-speed (10,000 to 12,000, and above, in U.S. units -- see
able 1)."

From Reference 6, Table I, the suction-specific-speed equation is:

N = Zpm y Zlowlapm)
~ NPSHR (ft) /4

Note: For double suction pumps, use one-half of 1otal flow when calculating suction
specific speed. Always use flow st pump’s best efficiancy point, with maximum
diameter impeller,

The suction-specific-speed for the FCS LPSI and CS pumps is found by entering
the following actual pump values into the above equation:

rpm = 3560
flow = 2400/2 = 1200 gpm
NPSHR = 18 ft. @ 2400 gpm

N, = 14,112
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Reference 6, Figure 2 {shown as Figure 2 of this enclosure) compares, for,

numﬂ similar to a Model 6UCL, the traditional 3% head decay NPSHR curve and a
PSHR curve that suppresses incipient cavitation. Study of the SI-1A
vibration s?ectra for different operating conditions indicates that
approximately one half of the vibrational energy during quarterly in-service
testing is caused b{ low-flow cavitation. Compare the SI-1A vibration spectra
for minimum recirculation flow conditions (Attachment 1, pages 1-51 and 1-60,
~150 gpm, NPSHA = 62 ft), shutdown cooling-cold conditions ?Attachment 1, page
1-78, -1500 gpm, 61 ft < NPSHA < 95 ftg, and shutdown cooling-hot conditions
(Attachment 1, pa?e 1-69, -1500 gpm, NPSHA = 450 ft). The shutdown cooling
hot and cold conditions noted are intended to be comparative, denoting the
greater amounts of NPSHA with higher temperature supply water.

Note that the vibrational spectral lines ("grass") in the 40 to 300 Hz region
(heard 4s pinging noises during the testing? that are present in the minimum
recirculation and the shutdown cooling-cold spectra do not appear, except for
the running speed harmonics, under shutdown cooling-hot conditions.
The absence of this vibrational energy under high NPSHA conditions is the
result of full suppression of incipient cavitation. The majority of the
spectral energy measured during minimum recirculation and shutdown cooling-
cold operation is non-synchronous, but during shutdown cooling-hot operation
most of the energy is synchronous. Other temperature/pressure related effects
resulting in changes to the pum? nozzle loads (e.g., less "cold spring") and
ﬁump alignment maz be responsible for the reduction of the running speed
armonics during hot shutdown cooling conditions.

EVALUATION

At gust under 300 Hz there is a 5x line (see Attachment 1, pages 1-48 throuah
1-86). This line is the pump vane rate and will always be present. When the
pump is cavitating (quarterly testing), the amplitude of this line is greater
than 0.1 ips (Attachment 1, pages 1-52, 1-56; inboard vertical). With
adequate NPSH to su?press cavitation (shutdown cooling-hot testingi. the
amplitude drops to less than 0.03 iﬁs (Attachment 1, pages 1-70 & 1-74;
inboard vertical). Cavitation in the pump will always accentuate the vane
rate. The first harmonic of the vane rate é;ust under 600 Hz) is prominent in
the vertical direction §1nboard and outboard). The highest vane rates occur
vertica]l{ inboard, followed by vertically outboard, then horizontally inboard
and finally horizontally outboard. This is to be expected, since the pump has
a large overhung impeller with vertical suction and discharge. As the pump
pushes water up the discharge pipe, the shaft acts like a teeter-totter
rocking on the outboard bearing, creating large vertical vane rate velocities
at the inboard bearing. There is less force acting in the horizontal
direction, thus making the outboard horizontal the smoothest posiiion.

Because of this rocking, the inboard bearings are subjected to the harshest
service conditions.

A significant 2x Tine (Attachment 1, pages 1-52 through 1-86; near 120 Hz)
suggests an alignment problem. A number of historic Maintenance Work Orders
were identified that measured coupling alignment. Although these used the
less accurate dial indicator method, the readings were within the Ingersoll-
Rand Technical Manual tolerance of three mils vertical offset.
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Feur of the pumps have had their present condition measured using an OPTALIGN"
laser/prism system. The laser measurements confirm the alignments are within
the vendor manual recommendation. The coupling is designed to accommodate up
to five mils of misalignment without accelerated wear.

Based on the piping load calculations, the pumps have significant nozzle loads
due to a designed cold spring. Since the pumps are aligned cold and tested at
the same temperature, this cold spring does not cause an alignment ﬁroblem.
The excessive nozzle loads ma{, however, cause some distortion of the pump
case which could affect impeller clearances and contribute to flow noise.

This distortion may also contribute to the amplitude of the 5x line and may
further explain the reduction in the 5x line under shutdown cooling-hot
conditions. As with the 5x line, the 2x line is more pro~‘uent on the inboard
bearing and virtually nonexistent at the outboard horiz.: 1 position
(Attachment 1, pages 1-52 and 1-55).

A series of lines at 1x, 2x, 3x, 4x, etc. suggests some mechanical looseness
inherent in the pump design. The series is typical of a bearing with Tinear
looseness in its cap, or it could indicate the bearing housing is not rigid.
The only identified measurement of pump end play is for SI-1B, performed July
6, 1973. Five mils of end play were recorded, which meets the manufacturer’s
sgecifications. The overhung rotor design and possible lack of rigidity in
the bearing housing represent a source of mechanical looseness that cannot be
overcome without extensive analysis of the pump design and modifications that
are very sensitive to the pump’s critical speed. These factors are not
considered an operability concern relative to the design basis function of the
%§§I/CS pumps. Parallel misalignment could also be a contributing factor to
s series.

OPPD personnel have carefully reviewed Surveillance Test results, Preventative
Maintenance, Corrective Maintenance, a special pump performance baseline test,
work practices, and pump vibration information received from the Safety
Injection System Engineer at Palisades Nuclear Plant, which has the same pump
configuration as FCS. Following are the salient points of this evaluation:

1. The LPSI/CS pump mini-recirculation flow vibration trends have held
relatively constant at an elevated level since plant construction
(Attachment 1, pages 1-31 through 1-45).

2. The LPSI/CS pumps exhibit similar vibration spectra and overall vibration
?;splacements/energies when operated under similar conditions (Attachment

3. The LPSI/CS vibration displacements are reduced by a factor of three or
four when ogerated at the higher flow rates. Since vibrational energy is
directly relaied to the square root of peak vibration velocities
integrated over the pumg’s vibration spectra, the pump vibrational
energies associated with minimum flow operation are significantly greater
than the increase in either pump vibration displacement or velocity
indicates (Attachment 1).

4. The LPSI/CS pump vibration spectral peaks at the running speed harmonics
are not excessive nor abnormal. After 20 years of operation, the ori?inal
bearings are not showing signs of degradation. There are four specific
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bearing defect fre?uencies which will appear for a time near the end of
each bearing‘s useful Tife. If the bearing remains in service, the
amplitude ot these defect frequencies will diminish, but the amplitude of
the 1x line will increase. A review of the spectral data concludes that
the bearings have not {et reached the stage where defect freguencies
appear. Vibration is higher at the inboard bearing and lower at the
outboard bearing (Attachment 1).

5. 0i] analysis does not show any indication of bearing damage (Attachment
3%

6. The couplings have been disassembled and inspected annually (recently this
wgs ch:ngsd to biennially). No indication of coupling damage has been
identified.

7. The LPSI/CS pumps operate at about the same vibration levels in
mini-recirculation as the three identical pumps installed at Palisades
(Attachment 2)

CONCLUSION

OPPD concludes that the dominant contribution {0 «he vibration of the LPSI/CS
pumps during minimum recirculation quarterly testing is incipient cavitation
caused by ogerating a high energy pump under low flow conditions with
insufficient NPSHA. This may be aggravated b{ excessive nozzle loads that
distort the pump casing, affectin? impeller clearances. Under high NPSHA
conditions and/or normal design flow rates, the spectral lines associated with
incipient cavitation effects disappear, and the overall pump vibration
velocities fall within the Code acceptable range.

Because of the inability to comply with the 1989 Code limits, OPPD proposes
alternative 1imits for the Alert and Required Action ranges of >0.8 ips and
>1.1 ips, respectively, durin? minimum recirculation testing of the LPS1/CS
pumps. These alternative limits are considered acceptable based on previous

gump testing history, the Tack of significant observed pump degradation, and
the gontinued ability to comply with the Code criteria during full flow
esting.

No significant reduction in the minimum recirculation vibration levels of
these pumps can be achieved without major redesign of the pumps and/or sgstem
piping, Past testing demonstrates that the pumps are performing acceptably,
i.e., they are able to perform their design function and show no adverse
trend. Therefore, this relief request is being submitted because compliance
with the Code vibration acceptance criteria would result in hardship or
un:sua] difficulty without a compensating increase in the level of quality or
safety.
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Relief Request Basis Summary:

Components: Low Pressure Safety Injection Pumps SI-1A, SI-1B
Containment Spray Pumps SI1-3A, SI-3B, SI1-3C

Class: 2

Test Requirements: A1l deviations from the reference values shall be compared
with the limits given in O8M Part 6, and corrective action
taken as specified in Paragraph 6.1.

Low Pressure Safety Injection Pumps
Basis for Exception from O8M Part 6, Subsection 5.2 and Table 3a:

An analysis of previous quarterly gump tests while operating with
minimum recirculation flow found that the low pressure pumps
consistently exceed the »0.325 ips Alert Range Limit when they were
known to be operating acceptably. Based on analysis of the pump
design and on discussions with the pump vendor, pum? experts, and
another utility with identical pumps, OPPD has concluded that these
pumps were not designed to meet thi~ vibration criterion when
operating with only minimum recirculation flow.

Alternate Testing:

During full flow testing of the pumps, the requirements of O&M Part 6,
Subsection 5.2 and Table 3a will be fully implemented. Durin
quarterly Rump testing while on minimum recirculation flow, the >0.325
ips Alert Range Limit and the >0.70 ips Reguired Action Limit will be
replaced with an Alert Range Limit of >0.80 ips and the Required
Action Limit of >1.1 ips.

Containment Spray Pumps
Basis for Exception from O8M Part 6, Subsection 5.2 and Table 3a:

An analysis of ?revious quarterly Eump tests while ogerating with
minimum recirculation flow found that the containment spray pumps
consistently exceed the >0.325 ips Alert Range Limit when they were
known to be operating acceptably. Based on analysis of the pump
design and on discussions with the pumg vendor, pum? experts, and
another utility with identical pumps, OPPD has concluded that these
pumps were not designed to meet this vibration criterion when
operating with only minimum recirculation flow.

Alternate Testing:

During full flow testing of the pumps, the requirements of O&M Part 6,
Subsection 5.2 and Table 3a will be fully implemented. Durin
quarterly gump testing while on minimum recirculation flow, the >0.325
ips Alert Range Limit and the >0.70 ips Reguired Action Limit will be
replaced with an Alert Range Limit of >0.80 ips and the Required
Action Limit of >1.1 ips.
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Legend
Pump Inboard Bearing, Horizontal Direction
Pump Inboard Bearing, Vertical Direction
Pump Outboard Eearing, Horizontal Direction
Pump Outboard Bearing, Vertical Direction

Differential Pressure
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SI-1A Vibration (mils)

SP~-SI/CS~-4

Flow PI-HZ P1~-VT PO-HZ PO-VT d/p
150 1.4 1.5 1.0 1.2 205.0
500 1.0 1.0 0.9 0.8 184.0
1000 1.0 1.0 0.9 0.8 191.5
1475 0.6 0.7 0.6 0.5 182.5
1875 0.3 0.3 0.2 0.2 164.0

2400 0.23 0.24 0.18 0.16 150.5
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SI-1B Vibration (mils)
SP-SI1/CS-4

Flow PI-HZ PI-VT
150 1.28 1.3
500 0.8 0.9

1000 0.8 0.9

1475 0.6 0.6

1975 0.3 0.28

2400 0.3 0.28

PO-HZ
1.8

(= Joelele]
NN

OO

d/p
205
194.5
191.75
182.5
169.0
148.5
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SI-3A Vibration (mils)

SP-SI/CS~4

Flow PI~-HZ PI-VT PO-HZ PO~-VT d/p
150 1.41 1.62 1.40 1.95 219
500 1.20 0.8 1.2 0.7 209.5
1000 1.0 0.8 1.0 0.7 204.5
1425 0.5 0.4 0.4 0.28 198.0

1975 0.5 0.4 0.4 0.28 182.5
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SI-3B Vibration (mils)
SP-S1/CS8~4

Flow PI-HZ PI~VT
150 1.85 1.98
500 0.8 0.9

1000 1.1 0.9

1425 0.5 0.4

1980 0.4 0.28

/-8

d/p
228
214.5
209.5
200.5
184.0
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SI-3C Vibration (mils)
SP-FI/CS=-4

Flow PI~HZ PI-VT
159 1.92 1.72
500 1:5 1.0

1000 1.5 1.0

1455 0.9 0.6

1965 0.85 0.45

- O

PO-VT
1.35
0.7

ooco
. o .
NS

d/p
217
209.5
204.75
195.75
182.0
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SI-1A Vibration (in/sec)
Full Flow Tests

Date PI-VT PI-HZ PO-VT PO~HL Axial (1)
04/13/92 0.365 0.271 0.296 0.224 0.133
09/27/93 0.145 0.143 0.118 0.082

10/01/93 0.40 0.30 0.26 0.16 0.13

(1) Axial measurements are not taken on the thrust bearing
housing due to inaccessibility. The reading is taken
axially to the pump shaft at an accessible location.
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SI-1B Vibration (in/sec)
Full Flow Tests

Date PI-VT PI-HZ PO-VT PO-HZ Axial (1)
10/01/93 0.35 0.23 0.29 0.17 0,11

(1) Axial measurements are not taken on the thrust bearing
housing due to inaccessibility. The reading is taken
axially to the pump shaft at an accessible location.
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SI-3A Vibration (in/sec)
Full Flow Tests

Date PI-VY PI-HZ PO-VT PO~-HZ Axial (1)
10/09/93 0.305 0.256 0.189 0.153 0.209

(1) Axial measurements are not taken on the thrust bearing
housing due to inaccessibility. The reading is taken
axially to the pump shaft at an accessible location.
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SI-3B Vibration (in/sec)

Full Flow Tests
Date PI-VT PI-HZ PO-VT PO~-HZ Axial (1)
10/09/93 0.279 0.270 0.221 0.181 0.187

(1)

Axial measurements are not taken on the thrust bearing
housing due to inaccessibility. The reading is taken
axially to the pump shaft at an accessible location.
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SI-3C Vibration (in/sec)
Full Flow Tests

Date Pi=VT PI-HZ PO-VT PO-HZ Axial (1)
10/09/93 0.238 0.253 0.194 0.187 0.179

(1) Axial measurements are not taken on the thrust bearing
housing due to inaccessibility. The reading is taken
axially to the pump shaft at an accessible location.
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SI-=1A Vibration
Partial Flow Tests

in/sec
1.2 +
> PI-VT —= PI-HZ X PO-VT X PO-HZ
T
o
0.9 +
0.8 +
Q.7 + .
:\\w”\
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SI-1A Vibration (in/sec)
Partial Flow Tests

Date

06/20/90
10/18/90
03/13/91
04/12/91
07/25/91
10/10/91
01/17/92
05/28/92
08/10/92
10/22/92
01/14/93
01/14/93
01/26/93
01/26/93
04/22/93
07/14/93
07/14/93
09/14/93
09/23/93
12/17/93
03/09/94
03/24/94
06/30/94

PI-VT

0.528
0.221
0.526
0.527
0.606
0.583
0.532
0.518
0.484
0.150
0.74
1.023
0.70
0.68
0.64
0.66
0.506
0.46
0.71
0.518
0.49
0.549

PI-HZ
0.405
0.475
0.537
0.287
0.482
0.435
0.500
0.551
0.489
0.540
0.480
0.70
0.502
0.60
0.64
0.44
0.58
0.423
0.28
0.65
0.415
0.48
0.452

PO~VT

0.364
0.392
0.350
0.359
0.403
0.389
0.368
0.319
0.382
0.363
0.50
0.655
0.50
0.46
0.56
0.40
0.367
0.65
0.26
0.367
0.34
0.393

PO-HZ
0.212
0.343
0.231
0.304
0.293
0.264
0.289
0.335
0.251
0.261
0.198
0.38
0.565
0.30
0.26
0.22
0.24
0.186
0.60
G.55
0.202
0.21
0.279

Axial (1)

0.24

0.30
D.28
0.28
0.32

0.26
0.28
0.252
0.25
0.226

(1) Axial measurements are not taken on the thrust bearing

housing due to inaccessibility.

The reading is taken

axially to the pump shaft at an accessible location.
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SI-1B Vibration (in/sec)
Partial Flow Tests

Date

06/20/90
10/18/90
04/12/91
07/25/91
10/08/91
01/17/92
05/28/92
08/10/92
10/22/92
01/26/63
01/26/93
04/22/93
07/14/93
07/14/93
09/23/93
12/16/93
03/24/94
07/01/94

PI-VT

0.416
0.597
0.504
0.501
0.417
0.372
0.501
0.9585
0.504
0.70
0.63
0.56
0.56
0.62
0.367
0.43
C.452

PI-HZ
0.462
0.420
0.441
0.446
0.451
0.474
0.290
0.448
0.364
0.383
0.60
0.53
0.56
0.56
0.50
0.362
0.39
0.416

PO~VT

0.370
0.568
0.374
0.344
0.274
0.530
0.380
0.387
0.359
0.60
0.48
0.46
0.44
0.48
0.362
0.33
0.349

PO-HZ
0.232
0.351

0.246
0.263
0.339
0.268
0.233
0.243
0.30
0.31
0.28
0.28
0.30
0.267
0.22
0.268

Axial (1)

0.30
0.24
0.40
0.38
0.25
0.493
0.25
0.222

(1) Axial measurements are not talken on the thrust bearing

housing due to inaccessibility.

The reading is<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>