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ABSTRACT

This document reports the results of qualification testing the
Clinch River Breeder Reactor Plant Prototype Sodium Pump,
Drive System and Flow Controller at the Energy Technology
Engineering Center's Sodium Pump Test Facility. The document
describes the test articles, describes the test planning
documents, the test facilities, the data acquisition system,
and presents the test results with observations/conclusions.
Pump performance testing included hydraulic performance in
sodium at pony motor and main motor speeds, cavitation
testing, gaseous cellular convection testing, fluid thermal
transient tests and endurance testing. Shaft seal heat
exchanger performance with the sodium fluid as high as 1100
degrees Fahrenheit was validated. Pump assembly procedures
were verified. Drive speed control servo testing was
accomplished using the pump and hydraulic test loop as a load.
Sinusoid, step, and ramp responses of the Drive System were
tested; Drive gain margin and phase margin were determined for
both closed loop and open loop conditions. The sodium flow
servo loop, consisting of a flow controller, the drive and
speed centrol system, the pump and hydraulic loop with a
Permanent Magnet flowmeter were tested for sinusoidal, step
and ramp responses. Test article performance against test
program  objectives and specification requirements s
presented. This document forms the basis for the sodium test
qualification of this pump design for plant use.

xiii/xiv
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1.0

INTRODUCTION

The Clinch River Breeder Reactor Plant "Overall Plant Design
Description", OPDD 10, Paragraph 6.2, requires an acceptance
test program for first-of-a-kind principle design features,
and per Paragraph 6.2.1.2B, requires a sodium test of the
prototype pump at the Sodium Pump Test Facility.

The required test objectives include demonstration of
mechanical and hydraulic stability through the full speed
range, determining hydraulic characteristics at all speeds,
demonstration of ability to withstand temperature gradients
and fluid borne temperature transients, sensitivity to gaseous
cellular convection, fluid level control, coastdown
characteristics, ability of auxiliaries (seal lube system) to
support sustained operation, and verification of drive system
response.

Pump specificetion 22A3444 Paragraph 6.3.3 calls for prototype
pump performance tests in sodium:

“The sodium testing shall be done at SPTF. The type of

testing and required instrumentation is outlined in GE

specification 22A3551, CRBRP Pump Sodium Test Request."
Development Requirements Specifications #51.28 defined the
required qualification test program, and identifies the Test
Articles as:

o Prototype Sodium Pump

0 Pump Sodium Level Probes

0 Drive System and Auxiliaries Which Are Commor
to CRBRP

o Flow Controller

This document reports the qualification tests mandated by the
above requirements.



1.0.1

Pump Description

A prototype of the pumps to be applied for the heat transport
loops of the Clinch River Breeder Reactor Plant (CRBRP) has
been tested in sodium at the Energy Technology Engineering
Center (ETEC) under the sponsorship of the Department of
Energy.

The pump is rated at 458 feet total head at 33,700 GPM with
995°F sodium as the pumped fluid. The equipment specification
requires that the pumps to be used in the primary and
intermediate heat transport loops were to be as identical as
possible. Tanks were to be identical (except for nozzles).
The primary tanks were rated at 30 psig for the gaseous region
and 200 psig for the hydraulics, at 1015°F; the intermediate
pump tanks were rated at 325 psig at 775°F. The hydraulic
design 1is characterized as a free surface type, double
suction, single stage centrifugal pump, with a three volute
static hydraulic assembly. The inner structure is removable
from the pump tank vertically. The pump is a side suction (36
inch nozzle) and side discharge (24 inch nozzle).

Figure 1.0.1.1 illustrates the pump assembly. The pump tank
lower end is spherical in shape and includes the thirty six
inch suction nozzle and the twenty four inch discharge nozzle
centered on the equatorial plane at right angles to each
other. The suction nozzle opens directly into the sphere
which serves as the plenum for the impeller suction passages.
The pump discharge is confined by a seal cone joint and is
piped to the discharge nozzle where it leaves the pump tank.
The lower spherical end of the pump is separated from the
central conical section by a horizontal annular impedance
baffle which controls the rate of liquid interchange between
the lower and center sections of the pump during transient
conditions. The length of the central conical section of the
pump tank is set by system considerations which require a
specified impelier submergence (minimum fluid level) and which
define the maximum level to which the sodium can rise (maximum
fluid Tevel). The upper end of the pump tank is cylindrical in
crossection and includes the radiation and thermal shield
region as well as the flange on which the pump internal
assembly and its direct connected drive motor are supported.



0
T

(A

- A L R L
ot 14,7/ N

0.1.1

PROTOTYPE PUMP

FIGURE 1

<36 P
D il
0424.“.»'«%. M.- v
PR

AR
4 64) AN

A T L TN I AT R AT LA AL TN

—t L

L

rarrass Lty

W\

| [}

i

(SAN

¢ 2, b
é\ 3 .« NS Eo,
¢ 7\ \.wy
0 Wi

. J
—— i

\v N
T

N LA




= FLEXIELE
T == T~ COUPLING
MOTOR HALF B

COUPLING ~—T e MECHANICAL
SHAFT
. » SEAL
PRORE ) UPPER
RETAINING
BOLTING RING
RING ; =
WORK ‘ }s%‘i'?;:z.zvumn
Syrront e “—r—m s ol
‘ ]
1t 1"® N 1]
RADTATTON 8'3/4" 0.D. (chs
SHIELD
BUFFER)
TEERMAL t
SHIELD &

NOMINAL
SoDIuM
LEVEL

I8X

RETURN
HYDROSTATIC
BEARINGS
& - > svan;;x
DISCHARGE
SODIUM ggnnm
ouT
DOUBLE -
CONTROLLED SUCTION
CLEARANCE IMPELLER
DISCHARGE -
COLLECTOR FULL-
SUCTION
FLOW
DRAIN
NOZZLE
From:

. ER 1223

FIGURE 1.0.1.1A
PROTOTYPE  PUMP  NOMENCLATURE 3A



The pump rotating assembly consists of a seamless shaft welded
to a double suction impeller straddle sunnorted by twn hydro-
static sodium bearings. Most of the shaft is hollow.
evacuated and closed by seal welding. The entire pump
operating range is below the first shaft critical speed. At
its upper end, the shaft is coupled to the motor shaft by a
diaphragm type coupling which acts as a pinned joint while
transferring the weight of the pump shaft to the motor shaft
and its thrust bearing. Removal of a spool piece containing
the diaphragm coupling makes it possible to remove and replace
the pump shaft seal cartridge without necessitating removal of
the drive motor.

The Primary Pump Design is a modified version of a free
surface pump which employs a standpipe bubbler as a means of
limiting the rise of sodium in the pump tank to a lower level
than would be reached if the pump tank cover gas were
connected directly to the reactor cover gas space. In effect
this constitutes an inverted manometer and when the sodium in
the pump tank rises above the level of the stand pipe bubbler
nozzle, the rising sodium cuts off the flow of purge gas from
the tank, leading to a rise in pressure which will depress the
sodium level in the pump and allow the gas to escape, thereby
effectively pinning the sodium level at the standpipe bubbler
nozzle elevation. An inert flow controlled purge gas is
introduced into the upper part of the pump to provide the gas
pressurization.

The pump tested at ETEC was the Primary Heat Transport System
(PHTS) pump configuration, employing a standpipe bubbler, for
Phases A & B of the test program. In the last part of the
test program (Phase C), the pump internals were arranged in
the IHTS pump configuration, with thermal shield removed and
shot replaced with a thermal insulation. Insulation around the
pump was similar to insulation of the Intermediate Heat
Transport System (IHTS) pump, that is, no guard vessel was
employed.

Since the plant PHTS pump 1is subjected to fluid borne
transients which are different than the transients applied to
the IHTS pumps, the pump designer, in order to provide the
capability tc withstand these differing transients, has
provided the journals with fluid flow paths which contact/wash
both sides of the cylinder which comprises the journal. The
hole sizes of these flow paths are different for the PHTS and
the IHTS pump configurations. In the prototype pump, the
Jjournal holes were drilled for the PHTS configuration.



The first of two rotating assemblies used in socdium test
(SN171222) had an impeller trimmed to 37.5 inches, and the
impeller materiel was SS316. The rotating assembly used for
the last part of the tests was the unit originally used in
water tests, (SN174848), with an impeller trimmed to 38.25
inches, and SS304 as the impeller material. The rotating
assembly SN174848 with a 38.25 inch impeller provided a direct
correlation between water tests and sodium test performance.

The configuration of the joint between the inner structure and
the pump tank was different on the prototype as compared to
the design planned for the plant pumps. In the prototype
design a separate ring was provided in this joint which set
the elevation of the inner structure, thereby establishing the
radial gap at the hydraulics sealing cone. In the case of the
plant pumps, this seal ring was made as an integral part of
the upper-inner-structure.

The length of thread engagement for the studs at the Jjoints
between the hydraulic assembly and the lower inner structure,
and between Tower inner structure and the upper inner
structure was different on the prototype pump as compared to
the design planned for the plant pumps. In the prototype
design it was determined after manufacture of parts that there
was insufficient thread engagement to take the combined
effects of the worst thermal transients and the safe shut down
earthquake. The joints are adequately stiff to prevent loss
of preload during thermal transient testing so there has been
no loss of prototypicality unless an extremely severe
earthquake were to occur at a time when a thermal transient is
being performed.

The pump was designed and manufactured by the Byron Jackson
Pump Division of the Borg Warner Corporation.

Pump Operation

The design and operating requirements of the pump are defined
in the pump equipment specification GE Document #2ZA3444,
which applied to the prototype, the PHTS, and the IHTS pumps.
The equipment specification describes the code requirements,
numerous analysis requirements and the fluid performance
requirements, as well as the normal, upset, and faulted plant
thermal transients.

At pony motor speed, which is changeable by gear replacement,
the pump is required to provide approximately* 7.5% of 33,700
gpm (2527 gpm) flow at 4.0 ft. of head and shut off head must
be no more than 5.0 ft.

*This requirement is stated in absclute terms in SDD51A and as
approximate values in the pump equipment specification. The
design 1is established by the full speed (main motor) R3
operating point, and performance at pony motor speed is not
independently adjustable.

5
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Figure 1.0.1.2 (which 1is a reproduction of the equipment
specification, Figure 3), shows the zone of operation required
as the area bounded by circled numbers 1, 2, 3, 4, 5. Rated
design point is circle 1 (458 ft. TDH at 33,700). The full
speed region from circle 4 to circle 2 must have a negative
slope.

ETEC Facility Differences

The Sodium Pump test Facility (SPTF) at ETEC had features
which would differ from the plant installation, and are listed
below for information:

0 The SPTF support structure was considerably more flexible
than the support arrangement at CRBRP.

0 The tank external insulation approximated the IHTS pump
insulation configuration) that is, no guard vessel such
as used in the primary system building.

0 ETEC used an expansion tank to simulate reactor fluid
elevation.



1.0.

o

Drive System Descripticon

The Drive System consists of a Vertical Drive Motor rated at
5000 horsepower, 1116 RPM, 3941 volts, 3-phase, 56.3 Hertz
squirrel-cage induction motor which is powered by a variable
frequency Motor-Generator Set consisting of a 3970 KU
Synchronous Generator, a hydraulic turbo coupling, and a 6000
horsepower, 1775 RPM, 3-phase, 60 Hertz, 13.2 KV squirrel-cage
induction motor. A pony motor consisting of a vertical,
geared, 60 cycle, squirrel-cage induction motor is mounted on
top of the 5000 HP Vertical Drive Motor toc provide low speed
operation for starting and for plant decay heat removal.

Several panels are provided as a part of the Drive System.
These are:

Instrument and Control Panel -
Provides instrumentation, protective and sequence
relaying, annunciation, operating control and
voltage regulation.

Speed Regulation Panel -
Speed regulator circuitry associated with the turbo
coupler scoop tube position servo is in the SRP
panel.

Motor Contrcgl Center -
This panel contains the starters.

Plant Protection System Breakers
These breakers are connected between the M-G Set
generator and the Vertical Drive Motor.

Lubrication for the MG Set is provided by a redundant oil to
water heat-exchanger, with pumps and associated valves. These
heat exchangers were prototypical.

Drive equipment provided for the prototype pump test differed
from that provided as plant equipment in the lube system heat
exchanger for the Vertical Drive Motor. Plant VDM heat
exchangers are o0il to air whereas the arrangement for the
prototype pump sodium test was an oil to water heat exchanger.

The Drive System, with the exception of the VDM lube system
heat exchanger was a test article with performance being
evaluated as a part of this test program.

The Motor Generator Set as positioned for factory test s
shown in Figure 1.0.2.1, and the Vertical Drive Motor
positioned above the pump at the Byron Jackson Water Test
facility is shown in Figure 1.0.2.2.



MG SET MOTOR

Figure 1.0.2.1 Sodium Pump Drive System Equipment Being Checked Out At GE Factory
9



Figure 1.0.2.2 Prototype Sodium Pump Drive Motor At Byron Jackson
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1.0.4

Flow Controller Description

The flow controller is a proportional and integral control
system with sodium fiow from a permanent magnet (PM) flowmeter
as the feedback variable, and pump speed demand as the output
variable. The equipment has an operator interface module
which is cabled to the two bays (or panels) of the controller
cabinet. The equipment 1is operable in automatic (with PM
flowmeter feedback) or in a manual mode. The system has
bumpless transfer features. The flow controller was provided
by the Westinghouse Industry Electronics Division.

Conclusions

The test program reported herein supports the following
conclusions:

1. The sodium and water test data with the same impeller
provides a basis for establishing trim of the plant
pump impellers.

2. The pump has been shown to operate free of cavitation
over the specified operating range except at the two loop
minimum impedance - maximum flow point where head loss
was determined to be 4%, (requiring 52 feet NPSH to meet
Hydraulic Standards for NPSH).

3. Thermal transients up to the maximum capability of the
Sodium Pump Test Facility did not degrade pump
performance.

4, A sustained endurance run at design speed, flow, and
temperature has qualified the pump thermal design and the
shaft seal thermal design for plant service.

5. The pump, as modified with baffling on the Upper Inner
Structure, has been proven to be suitable for the
pressurized environment of the IHTS system; i.e. cellular
convection will not cause deleterious effect on pump
operation.

6. Software and hardware adequacy for assembly and
disassembly was demonstrated twice.

7. The servo response of the drive system when Toaded with
the pump and pump fluid test loop (simulating the plant
hydraulic loop) has been proven to meet specified
requirements excepting speed stability at 725 RPM, a
variation which 1is correctable with turbo-coupler
modification.

It is concluded that the pump and drive designs have been
qualified for use in the Clinch River Breeder Reactor Plant.

11



1.0.5

Summary of Test Results

o

Data were taken which provides a direct comparison
between water test results and performance in sodium
using the same rotating assembly. When operating at 1116
RPM at the 3 Toop maximum impedance (R3), (and with water
test data adjusted for an 11 mil inner structure to tank
gap), results are:

WATER 600°F SODIUM 1005°F SODIUM
H(ft) Q(gpm) H Q H Q
485 33,700 484 33,700 489 33,700

The above data were achieved with the 38.25 inch impeller.

The pump performance with the 37.5 inch impelier in
sodium (1116 rpm, R3, & 11 mil gap and 600°F sodium) was
443.6 ft. head at 33,301 gpm as compared to the pump
supplier prediction of 470 ft. of head at 34,200 gpm.
(440 ft. realized versus 474.6 predicted if both heads
are adjusted to a flow of 33,700 gpm).

A decision as to impeller diameters for plant pumps, to
be rendered after this document dis published, will
determine whether or not there is need to change gears to
meet the 5.0 ft. shut off head.

There is a hcok in the H/Q curve at pony motor speed
which is not in the normal operating range (between R2
and cut-off). See Figure 2.1.3. On main motor, there
was no hook in the H/Q performance in the operating
range.

For the 37.5 1inch impeller, at the operating point of
39,100 gpm ang% the pian% 2 loop minimum impedance R6
(.1717  x 10 ft./gpm”) there was evidence of
cavitation. The head loss with 45 ft. NPSH was 6%; the
Toss with 49 ft NPSH was 4%. (Forty-nine feet NPSH is
available at the plant for 39,100 gpm operation).
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For the 38.25 inch_impelder, at ,the two loop minimum
impedance (R6 = .171x10° - ft/gpm”) operating point of
39,100 gpm, an NPSH of 57 feet is required*, whereas only
49,2 ft. is available at the plant. Test segment C11
determined_éhat if th%szant 2 loop minimum impedance is
0.200 X10 ft. gpm- or higher, there will be no
cavitation at the 39,100 gpm sodium flow rate. (The
resistance 1is between the maximum and minimum two loop
impedance).

Cellular convection is not a problem at the planned PHTS
loop cover gas pressure, however, for IHTS gas pressures
(93 psig planned), it is necessary to install baffling and
filler plates between the upper-inner-structure and the
tank wall to reduce across-the-tank temperature
differences and associated bending to an acceptable
level.

The pump shaft seal experienced a damaged bumper stop and
damaged screw pump, caused by a combination of tank
bending and loss of cover gas pressure tc the oil supply
tank during cellular convection testing. When the
incident occurred, about 40% of the loss of clearance (8
out of 20 mils available) at the seal was attributable to
tank bending. Although the seal bumper stop was damaged,
the shaft seal continued performing its sealing function
for 3 months of additional testing.

The pump bubbler level control is satisfactory..

Pump thermal design (thermal shield) results 1in a
temperature distribution which 1is satisfactory for the
pump to plant interface.

Pump dynamics resulted in satisfactory vibration
conditions.

Inertia of pump and motor shafts resulted in coastdown
data which meets requirements of the CRBRP System
(SDD51A).

The pump has successfully withstood all fluid borne
thermal transients required by the test program.

The drive speed control servo, with the pump hydraulic
load, meets performance requirements for
frequency response, response to step commands, and ramp
response tests. The random speed variation was not met
at 725 RPM. This 1is correctable by modification of the
Voith fluid coupler, but the modification was not
installed and verified in this test.

The flow control servo system, with the drive and pump
hydraulic load was tested and the overall system response
to sinusoids, step functions and ramp functions was
measured and recorded.

*The two impellers operate at different speeds to achieve 39,100

gpm at R6.

The larger impeller (38.25" diameter) requires 958 RPN

to achieve 39,100 gpm at R6, the smaller impeller required 1002
Testing for NPSH required, then, was accomplished at two
different speeds.

13



.0.6

o) A1l anomalies occurring in this test program were
identified and the corrective actions taken at ETEC, and
those proposed for application at the plant are defined
in the appendix.

See paragraph 3.0 for a summary of the detailed objectives and
how the pump meets those objectives.

Test Report Arrangement

This is a comprehensive report of the testing of the CRBRP
Sodium Pump, Pump Drive, and Flow Controller at the Energy
Technology Engineering Center. All segments of the program
are reported, however, the segments covering one subject are
combined in this report, and they are sequenced in an assumed
order of interest to the plant system and component designers,
rather than in the chronological order of performance.

If detail beyond that described in this report is required,
the ETEC segment reports are listed in the appendix.
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SODIUM TEST PLANNING

Planning for sodium testing of the Clinch River Breeder Reactor
Plant (CRBRP) pump involved preparation of test definition
documents, and coordinating planning definition with both
Westinghouse Oak Ridge (W-OR) and the Energy Technology
Engineering Center (ETEC). The controlling document for the
test program was the Development Requirement Specification (DRS
#51.28), which is a document defining the formal objectives of
the evaluation program and a listing of the planned tests, with
an abstract description of each test segment. The next level
of planning documentation was a test plan identified as Test
Request #22A3551 written in more detail than the DRS, and
subordinate to the DRS. The Test Request was issued as a
specification, and was used by ETEC as a basic working
document, along with Installation, Operations and Maintenance
(I0M) Maruals, Interface Control Drawings, and facility
operating instructions in the preparation of the detailed
procedures used by the test conductor and the test operators.

The Sodium Pump Test Facility (SPTF) at ETEC required
modification to accommodate the increased flow rate (to 39,100
gpm) over the previous capability (20,000 gpm).  ETEC
accomplished this by adding a "high flow loop" (HFL) in
parallel with the older "Main Flow Loop" (MFL). The
arrangement required that all thermal transient tests be run
using the MFL, since valving in the HFL was not designed to
withstand the thermal stress of the planned fluid borne thermsl
transients. Use of only the MFL for transient testing posed no
problem, since the flow capacity was higher than needed for all
CRBRP transients. The wuse of parallel flow paths during
nontransient testing required addition of the measured flow
from each path to obtain the total pump flow. This was done
routinely by the facility computer. The MFL could not be
completely closed due to the design clearance in the butterfly
valves of that loop. In this program the facility capability
improvement was being developed in parallel with the evolution
of the prototype pump design, with the pump changes impacting
the SPTF design. To expedite information dinterchange ETEC
prepared the test pump to SPTF Interface Control Drawings
(ICD's), using General Electric Engineering Change Proposals
(ECP's), rather than waiting for the finalized change notice
information. While this approach risked impacting the SPTF
material/construction due to redesign changes of the test
article, it proved to be more efficient than waiting for change
proposals to be processed through all of the CRBRP major
contractors.
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Planning for the 1implementation of the test prooram was
accomplished with a document titled "Test Coordination Plan",
which defined, 1in advance of the arrival of hardware, the
intended approach to control of the test, dispositioning of
anomalies, etc. The purpose of the document was to achieve
agreement between the several parties as to how to handle "off
normal” situations, as well as the routines of test release,
data review, etc., before the program was underway.

1.1.1 Development Requirements Specification #51.28

DRS #51.28, subject to CRBRP Project Office approval and change
control, defined the equipment to be tested, the formal test
objectives, and provided an outline of the test program. The
test philosophy selected was to subject the pump to tests of
progressive severity, so that in the event of failure, the
threshold of failure would be known.

Test Articles were:

Sodium Pump

MG Set and Auxiliaries
Vertical Drive Motor
Flow Controller*

Pump Handling Equipment
Other**

0O 0 0o 0 0o O

The DRS contained the following:

Objective of the test program

Assumptions, Limitations, & Special Factors
Identification of Test Article and Supporting Equipment
Abstract of Each Test Segment

Reporting and Quality Requirements

0o 0 o 0 0

Supplied by Westinghouse Industry Electronics Division

Permanent Magnet Flowmeters for the Clinch River Plant were a part of the
test loop, however, test evaluation of the item was defined by a separate
DRS.
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The formal test objectives were defined as follows:

1.

Demonstrate  that the pump is  mechanically and
hydraulically stable when operated through its full design
speed and flow range and verify hydrostatic bearing
performance in the sodium environment.

Determine pump hydraulic characteristics (head-flow map
and efficiency) in sodium.

Demonstrate that high-temperature, and the associated
structural temperature gradients do not degrade mechanical
operation or hydraulic performance.

Demonstrate that pump and pump auxiliaries are capable of
sustained operation while pumping 1liquid sodium at
variable flows and speeds.

Demonstrate pump pony motor operation; verify hydrostatic
bearing performance in sodium at pony motor speed,
demonstrate peny motor developed head at near shut-off,
measure head/flow characteristics at different pony mctor
speeds and different hydraulic loop impedances.

Determine any deleterious structural distortion caused by
convection in the gas space.

Demonstrate ability of the pump to withstand sodium fluid
temperature transients which simulate predicted plant
operating ard upset transients (up to the limits of the
test facility capability).

17



1.1.1

Continued

8.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

Demonstrate capability of the standpipe-bubbler to
maintain adequate sodium level in the pump during
steady-state and operating (speed and flow) transients.

Verify the pump drive response characteristics with the
pump operating in sodium with loop impedance simulating
the plant.

Demonstrate flow coastdown characteristics (head, flow,
speed) from maximum facility flow and from pony motor
speed and correlate to similar measurements made in water
tests. Determine pump and motor compliance with rotating
kinetic energy requirements per E-Specification 22A3444
Table 3.3.1.

Measure compliance with NPSH requirements.

Verify applicable IOM Manual procedures for checkout of
assembly, operation, disassembly, maintenance, and
inspection of pump and auxiliaries.

Demonstrate the CRBRP prototype flow controller operation
with the drive system and the CRBR PM flowmeter.
(Operating closed loop in the flow control mode).

Verify that established rate of dry pump preheat is
satisfactory (as indicated by tank and internal
temperature gradients).

Determine hydraulic impedance of the pump to low magnitude
forward flow of sodium through the pump rotor.

Confirm performance of the shaft seal regarding leak
rates.

Verify suitability of the pump for subsequent use in
sodium after CHCF cleaning operations.

Evaluate whether sodium migration upward, or oil migration
downward is a concern with the purge gas feed, labyrinth,
and shaft seal arrangement.

Determine whether gas injection at the IHX return nozzle
causes adverse effects on pump sodium level stability or
if slug pumping occurs at the bubbler; and to measure
sodium carryover from the bubbler to the gas system.

The most important part of the test program was the fluid
thermal transient tests and the servo control testing related
to speed response and flow control response (Segments B7,
transients, and B6 servo control test).
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1.1.

1

Continued

The susceptibility to failure of instrumentation, where
temperatures reach 1000°F, with sensors in sodium, dictated the
"progressive severity" approach, because it was feared that the
in-sodium bearing gap sensors would likely fail as temperatures
exceeded 800°F. Thus, as much testing as possible was
compieted below 800°F before proceeding to the more severe
environments.

The configuration of the Jjournal "fluid wash" holes also
restricted the transient test program to be primarily down
transients. The most severe PHTS up transient is PP4U, with a
delta T of +250°F which was applied to the pump. A more severe
up transient, IP3U of +350°F was not applied because the
journal holes were not optimized for the IHTS type transients,
The test program called for applying as severe a down transient
as the test facility was capable of applying, in this case,
transient PPIIU, a -500°F transient. There were some
restrictions on the test program dictated by test facility
capabilities:

° The facility could not apply transients of two polarities
back to back without a lengthy delay to change the sodium
supply tank temperature, thus some transients in the
equipment specification could not be applied in total.

(Because thermal transit time through all pump parts
is longer than the reversal time of the plant
transients, it 1is believed that a "back to back"
capability at the test facility would not have been
advantageous. A reversing transient is likely to be
less severe than a large high rate undirectional
transient).

° The main flow Toop alone exceeded the hydraulic impedance
identified as the CRBRP 3-loop maximum impedance. (R3 =
0.40 x 10 ~ ft/gpm~), therefore transient testing was
run at an impedance slightly higher and a flow of 2680
gprm. (6% higher than plant nominal pony motor design flow
rate). Initially ETEC indicated that they might not be
able to control the transient at 2680 gpm, however,
addition of a valve controller on the butterfly valve
between the mixing and the draining "T's" provided
adequate control.
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1.1.

1

Continued

(A transient was considered to be adequately
controlled if the applied rate was within = 30% of
the rate specified in the test plan for a period of
at least 60% of the total temperature change. Early
in the program, it appeared that fluid thermal
transients would have to be tested at a special
head/flow condition requiring a special gear, but the
addition of the valve controller between the mix and
drain Tee's vresulted in a recirculation ratio
faverable to control the applied transient per the
above definition. Successful programming of the feed
valve and the recirculation valve and avoided costly
transient thermal analyses.)

The severity of thermal transient was judged primarily on
the basis of total temperature change, and only
secondarily on the basis of the rate of change because
the former tends to cause distortion of the pump
structure, while the effects of high rates of change is
primarily to cause high surface stresses which do not
cause distortion until a sufficient fraction of the total
thickness is affected.

Transients wused in the test program were defined by
defining an equivalent linear span and rate of change for
each of the transients for which curves were published in
the E-Specification 22A3444., A master 1list of these
transients, arranged in progressive order of severity was
used to arrive at the final transients tested in test
segments Al6, B2, and B7.

The test facility could apply transients of +400°F and
-500°F, but could not apply transients as severe as
predicted per the pump equipment specification (IP6E is
+700°F).

(For transients beyond the test facility design
capability, qualification is by analysis)

Tests to be run were categorized as those below 800°F, (Phase
A), those where temperature were taken to as high as 1100°F
(Phase B), and tests to evaluate a cellular convection design
fix and performance with the water test impeller (Phase C).

Phase A & B were run with rotating assembly Serial #171222
trimmed to 37.5 inches impeller diameter. Phase C was run with
the rotating assembly Serial #174848, used in water tests, with
the impeller trimmed to 38.25 inches. Coastdown tests were run
when test conditions and operational plans permitted, although
the coastdown test segment was formally identified as a Phase B
segment,
20



Phase A Activities:
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Receiving and installations

Pump Assembly and Mating to tank
Drive System Checkout

Preheat and fill

Initial runs & Mapping Practice
Low temperature gas convection checks
Baseline Mapping

Low temperature NPSH testing

Rotor Impedance Measurement

Low Temperature Thermal Transients
Baseline Recheck

Phase B Activities

WOONOYOTH W) -

High Temperature Gas Convection Check
Mild Thermal Transients

First run to rated temperature of 1000°F
IHX Gas Injection Test

High Temperature Rotor Impedance Measurement
Short Term Endurance Run

Drive & Flow Controller Servo Response
Severe Thermal Transients

Baseline Recheck

High Temperature NPSH Test

Coastdowns

Endurance Run

PPIF Transient (to 1100°F)

Shaft Seal Replacement Demonstration
Disassembly & Inspections

Phase C Activities

1.

O OSNOYOT W
e o s o

Pump reassembly with convection bafflies, IHTS internal
insulation, and with the rotating assembly which was used
in water test.

Mating Innerstructure to Tank

Drive Installation & Checkout

Preheat & Fill

Initial Motor Runs (Drive Checkout)

Performance Mapping at 600°F

Cellular Convection Testing at 650°F

Performance Mapping at 1000°F

Cavitation check at 39,100 gpm (maximum plant flow rate)
Disassembly & Inspections

See Appendix A for listing of test Segment numbers, title, and the ETEC
Segment Report number.
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1.1.2

Test Request Document 22A3551

The purpose of the Test Request was to commuricate to the
testing agency (ETEC) the overall plan and requirements to
evaluate the sodium pump, and to provide performance
predictions and criteria. The Test Request is written at an
expanded level of detail (as compared to the DRS), from which
ETEC, using IOM Manuals, ICD's, and facility 1instructions,
prepared the procedures used to assemble and to test the test
articles. The Test Request was subordinate to the DRS.

The Test Request was laid out to define the chronology of the
test program, in "segments". For each segment, the following
was defined:

An abstract of the scope of the segment

The objective of the segment

Prereaguisites and assumptions

IOM Manual references

Instrumentation of most importance to this segment
Required tasks

Data requirements and objective evidence
Completion criteria

O 0 0 0 0 0O ¢ ©

The appendix of the Test Request was used to identify the
following:

© Tabulations of sensors

(Test article and loop sensors pertinent to test article
performance)

Guidelines for "Quick Look" Reports and final "Segment"
Reports

Reference information
- Handling tools
- Interface control drawings

Requirements

- Coastdown

- Instrument accuracies

- Operating alarms

- Restrictive operating 1limits
- Reporting requirements

- Insulation, heaters

- Nozzle loading

- Expansion tank requirements
- Heating

- Unusual occurrence reporting
- Hold points
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1.1.3

1.1.4

° Performance Prediction/Criteria
- Pump head & fiow
- Motor losses
- Performance criteria

© Assembly and Test Flow Logic
ETEC Procedures

ETEC prepared the detailed procedures used during assembly and
test. They were based on the Test Request, I0OM Manuals, ICD's,
and SPTF facility equipment dinstructions. These test segment
procedures were prepared in two parts - part 1 being a
specification; Part 2 being the step by step details. Part 1
was submitted to the Test Regquestor for approval, part 2 wes
submitted for information only.

ETEC Data Acquisition System (DAS)

There were about 670 data sensors in the SPTF loop, including
about 250 associated with Test Articles. Except for vibration
data, all channels were digitized and recorded at a preselected
sample rate. For the test article channels, the sample rate
was specified by the test requestor. The alarm system was
separated from the data acquisition system.

Recording was accomplished on both disk and on magnetic tape.
On the disks, all 670 channels were recorded at two rates - 1
sample per second (with 4 hours storage capability) and at 1
sample every 10 minutes. The fast rate was used for immediate
post test playback of events occurring over a short period of
time; the low rate was used for locating data of interest (with
respect to time), and for post test playback of events
occurring over larger time periods.

A magnetic tape was constantly being used to record data at &
sample rate which is established (and subject to change for the
various test segments) by the test Cog. Engineer. A tape is
capable of handling 10,000 full frames (each "frame" or “"slice"
is 670 channels). If recording rate is at 1 sample/second then
a tape is good for about 3 hours. Many reels of tape were
therefore generated on this test program. These are to be
maintained in storage at ETEC for a period of seven years.

Selected vibration data goes onto FM tape recorders separate
from the digitized system.
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The ETEC cognizant engineer has available a keyboard link to
the DAS computer which permits commanding one or several data
chanrnels be displayed on an X-Y plot and a CRT display. It is
possible to select any time increment up to 3 weeks in the
past (one disk storage capacity has 3 weeks of data - all 670
channels - recorded at 1 scan every 10 minutes. A second disk
storage has 4 hours of stored data which was recorded at 1 scan
per second) specify the scale of the horizontal axis (time),
specify the vertical scale, and call for 1 to 6 specific data
channels to be plotted on one Figure on "X-Y" plot. At the
conclusion of any particular test, the DAS computer may be
commanded to produce numerous X-Y plots, so that within twenty
minutes of the end of a test, the channels of interest to that
test are available for review. (This is "raw" data, not
corrected for calibration or zero shift.)

The data digitizing/storage/playback equipment were adequete
for this test program.

In the early part of the test program, there was concern
regarding the accuracy of the head and flow measurements,
resulting from a flow measurement at full speed which was about
10% low, or conversely, a head measurement which was about 7%
below the pump suppliers prediction. (Prediction of 470 feet
at 34,200 gpm versus 444 feet realized at 33,300 with 600°F
sodium. This would be 440 ft. achieved versus 474.6 ft.
predicted when adjusted to a flow of 33,700 gpm).

The speed measurement was checked by independent means and
found to be dependable. Reviews of calibration methods were
conducted regarding power, head, and flow. The power
measurement was found to be in error; however, data recorded on
the digital tapes could be corrected by mathematical methods,
and the correction is included in the reported data.

An action plan was generated (XL-593-20557 dated October 1,
1982) to require comparison of the prototypicality of the SPTF
Venturi set up with respect to the set up when that Venturi was
calibrated in water. The concern was that ETEC had two 90°
pipe bends upstream on the HFL loop, and only two pressure taps
are brought out of the Venturi throat rather than the usual 4
to 6 taps to a common Piezometer ring.

ETEC checked the HFL flow meter against the MFL flowmeter by
using the pump as a reference source. At a flow of 15,000 gpm
in the MFL, the pump speed and developed differential pressure
were recorded. The flow was then transferred almost entirely
to the HFL and the flow sum (HFL + MFL leakage) compared to the
previous flow sum (MFL + HFL leakage) at the same pump speed
and differential pressure. The conclusion was that flow as
measured in the HFL (low range) compared favorably with the MFL
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flow readings. The MFL flow measurements had been reconcilec
with ?ther water test measurements on a previous test program
(FFTF).

Flow measurements were also checked with a neutron source, in
which transit time of an activated wedge of sodium was measured
and flow rate then calculated based on pipe size and measured
transit time from the neutron source to the pick up sensor.
This checked the Venturi of the HFL to be within 1i% of the
neutron/transit time measurement method.

The head measurement was checked at ETEC using different
instruments and different sensing points. The conclusion was
that the head measurement and calibration technique was
demonstrated to be adequate.

It was GE's technical Judgement as a result of these
investigations that the ETEC instrumentation is probably
within the accuracies claimed by ETEC: Head to within 1%; and
Flow to 2%; Speed to within 0.2 RPM, Details of
instrumentation investigations are available 1in additional
detail in references 1 through 5 of Appendix E.

Sodium Test Results

Test results are summarized by the following categories:

1.  Pump performance on pony motor at 600°F and 1000°F (37.5"
diameter impeller SN 171222, and 38.25" diameter impeller
SK 174848)

2.  Pump performance on main motor at 600°F and 1000°F with
both impellers

3. Fluid thermal transient applications

4, Ce1;u1ar convection tests (prior to and after a design
fix

5. NPSH and cavitation testing

6. Drive and flow controller servo testing

7. Miscellaneous tests

8. Installation, assembly/disassembly and readiness tasks

9. Summary of performance against objectives, criteria and
predictions



2.1

If detail beyond that presented in this report is required,
then reference should be made to the ETEC issued Segment
Reports Tisted in the Appendix or to correspondence covering
Data Review Meetings.

Pump Performance on Pony Motor

Pump hydraulic performance on pony motor was checked by
varying loop hydraulic resistance (via valving of the main flow
loop) and recording head versus flow for that one speed.
Speeds (via gear changes) used in sodium were 103.9 RPM and
81.6 RPM. Data was taken in the following test segments:

0 With the 37.5 inch impeller (rotating assembly #171222):

A13B - Initial baseline pony motor mapping at 103.9 and
81.6 RPM, R8 to shutoff @ 600°F

Al7 -~ A one point H/Q measurement at 103.9 RPM and R3
impedance. (Al7 followed Thermal Transient Test
Al6)

B3A - H/Q measurements at 103.9 and 81.6 RPM, R8 to

shutoff, at 1005°F. (B3A followed Thermal
Transient Test B2)

B8 - One point H/Q measurement 103.9 RPM and R3 at
600°F and 1005°F. (B8 followed Severe Thermal
Transient Test B7)

B14 - H/Q measurement at at 103.9 RPM, R8 to shutoff,
at 1005°F and 600°F. (B14 followed the endurance
run Segment B13. The 600°F part was run after
B14A, the PP1F transient)

c With the 38.25 inch impeller (rotating assembly #174848):

c8 - H/G measurements at 103.9 RPM, R8 to shutoff at
600°F (this is the initial baseline H/Q test
with the water test rotating assembly)

c1o0 - H/Q measurements at 103.9 RPM, R8 to shutoff at
1005°F. (This is the baseline H/Q test with the
water test rotating assembly at 1005°)

The purpose of this series of tests was to define shut off
head, to measure developed head and flow relationship at
several hydraulic impedances, for two (gear controlled) speeds
at both 600°F and 1005°F sodium temperatures.
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The criteria to be met (22A3444, Table 3.3.1 and Paragraph
3.3.1.3) is that shutoff head shall be less than 5.0 feet. If
impeller trim does not yield less than 5 ft. of head at pony
motor speed, the requirement may be met by a reduction in pony
motor speed (gear change). Also, at pony motor speed the pump
is required to provide approximately 7.5% flow (2527 gpm) at 4
feet of head.

Results are shown in the following Figures and Table. The pump
meets performance requirements at pony motor speed with the
understanding that shut off head can be kept below 5 feet via

a gear change.
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TABLE 2.1.1

Pony Motor Shut Off Head (Feet)

Test Segment

600°F
103.9RPM  81.6RPM

1005°F
103.9RPM  81.6RPM

37.5 Inch Impeller:

Al13B 4,63 2.94 - -
Al7 -- - - -
B3A -- -~ 4,87 2.92
B8 - - - -
B14 4.92 .- 5.00 -
38.25 Inch Impeller:*
c8 5.04 - - -
C10 - -- 5.15 -
Table 2.1.2
Pump Pony Motor
Performance at R3**
(Head in feet, Q in GPM)
Test Segment 600°F 1005°F
103.9RPM  81.6RPM 103.9RPM  81.6RPM
37.5" Impeller: H Q H Q H Q H Q
SN 171222
A13B 3.90 3136 2.37 2440 -- -- - -
A17 3.95 3060 - -- _— - _— -
B3A - == -- --  3.95 3150 2.4 2495
B8 4.09 3205 --- -- 4,15 3284 -- -
B14 4,06 3194 -- -- 4.153190 -- --
38.25" Impeller:
SN 174848
C8 4,15 3250 --  -- —— - _— -
C10 - - -~ -- 4,30 3300 -- --

* This impeller was oversized for the specified design point and a speed
(gear) change may be employed to meet the shut off head requirements.

** R3 is the 3 Toop maximum hydraulic impedance = 0.40 x 10-6ft/gpm2
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Pony motor performance plots are shown in the following
figures:

] Figure 2.1.1: The 37.5" impeller at 600°F, with gear B
(104 RPM) and gear D (81.9 RPM)

0 Figure 2.1.2: The 37.5" impeller at both 600°F and 1000°F
with both gears

0 Figure 2.1.3: The 38.5" impeller at 1005°F with gear B.

ETEC found that it took sixty four man hours applied during two
working day periods to change a pony motor gear.

In Figure 2.1.3, sufficient data points were plotted in the
flow region between 2000 gpm and cut-off to confirm that there
is a "hook" in the curve. The same "hook" is probably present
on the 37.5 inch impeller also, but insufficient data points
were taken to prove its existence. This hook, or region of
positive slope is outside the specified pump operating range
and is not detrimental to the pump.
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2.2

Pump Performance on Main Motor

Pump performance tests were conducted with two different
impellers. The majority of testing including thermal transient
tests were performed with a 37.50 inch diameter impeller which
hacd not been subjected to water testing. The trim diameter of
this impeller was based on water test data with a 38.25 inch
diameter impeller. The final phase of sodium testing was
conducted with the identical 38.25 inch diameter impeller which
was used for water testing. Head developed at a 1116 RPM for
the 37.5 inch diameter impeller fell about 9% Tlower than
predicted. Similarly the head developed with the 38.25 inch
diameter impeller in sodium at 1000°F was about 1.0% greater
than the head developed in water test where as an increase of
3.5% would have been expected based an impeller growth. It is
apparent that the full effect of impeller growth and developed
head is partially offset by other factors which act to reduce
the developed head.

Pump hydraulic performance at main motor speeds was checked
periodically during the test program by plotting H/Q maps for
different speeds and loop resistances. Resistances used were
based on the plant loop resistance defined in CRBRP SDD51A Page
2-9 and covered the following:

R3 - .40x10'e_36ft/gpm2 three loop maximum impedance
R4 - .286x10_6 ft/gpm?, three Toop minimum impedance
R5 - .229x10_6 ft/gpmé, two loop maximum impedance
R6 - .171x10_6 ft/gpmz, two Toop minimum impedance
R7 - .126x10 ~ ft/gpm~, one loop minimum impedance

The equipment specification defines the design point as 458 ft.
of total head with a flow of 33,700 gpm of sodium at 995°F at
the R3 resistance. Since the facility computer could display
the three parameters continuously (head in feet, flow in gpm,
and loop resistance in ft. per apm squared), two of these three
variables may be specified as a set point and the third is
then mathematically determined. The standard of the Hydraulic
Institute, invoked by the equipment specification, allows the
following variations:

Set Conditions Allowable Parameter Variation
Speed and Head Flow Tolerance: -0, +10%
Speed and Flow Head Tolerance: -0, +5%

(for heads under 500 ft.)

Conformity to both of the above 1is required.
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In this pump, therefore, the following applies:

Given speed & Head: Flow may vary from 33,700 gpm
1116 RPM & 458 ft to 37,070 gpm
Given speed & Flow: Head may vary from 458 ft. to

1116 RPM & 33,700 gpm 480.9 ft.

The only other requirement of the E-Spec concerning performance
mapping is that the constant speed H/Q curve shall have a
continuously negative slope in the region from 24,000 gpm to
the intercept of the HQ curve with R4, the 3 loop minimum
impedance curve at full speed, or at any speed in the H/Q zone
bounded by circles 5-4-3-2-6 of Figures 1.0.1.2.

Early in the program ETEC chose to perform mappinc by setting a
hydraulic resistance, then recording Head and Flow data as
speed was varied. Speeds selected were predetermined and
defined in the test request so that maps or plots from test to
test would produce data at consistent speed points: 1116,
1092, 1000, 893, 802, 678, 558, 446, 335, and 246 RPM. Later,
data was taken as constant speed curves (changing Toop
impedance). With two flow loops, most of the mapping was
accomplished with a flow split of 60% in the High Flow Loop
(HFL) and 40% in the Main Flow Loop (MFL). Data was taken in
the following segments:

° With the 37.5 inch impeller (rotating assembly #171222):

Al3A - Initial baseline mapping with 600°F sodium data
for R3, R4, R5 and R6.

Al7 - Baseline performance with 600°F sodium for the
R3 resistance only.

B3A - H/Q performance mapping with sodium at 1005°F
for R3, R4, R5, R6 and one point at R7.

B8 - Baseline performance with both 600°F and 1005°F
sodium for the R3 resistance only.

B14 - H/Q performance mapping with sodium at 1005°F,

then at 600°F for R3, R4, R5, and R6.
° With the 38.25 inch impeller (rotating assembly #174848):

g - H/Q performance mapping with sodium at 600°F for
R3, R4, R5, & R6.
Ci6 - H/Q performance mapping with sodium at 1005°F

for R3, R4, R5, & R6.

See Paragraph 2.1 for description of events which have
preceded each of the above baseline checks.
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The following tabulation of data presents Head, Flow and Power
data at/near the previously defined rated design point (The
power is the input to the Vertical Drive Motor bus measured at
the MG Generator output). The efficiency column is pump
hydraulic efficiency calculated via

pump Eff = 1 X Q X SpG
3960 X KW(VDM Eff)
. 7457
where VDM efficiency is .9478 (;or the full rated design
point
Specific Gravity is .8763 for 600°F Scdium

and .82326 for 1000°F Sodium

Pump efficiency is a calculated value because the close coupled
pump and drive motor design could not accommodate a torque
meter to measure shaft torque. The electrical power out of the
generator was measured by standard electrical measuring
techniques and was assumed to be equal to the power intoc the
vertical drive motor which is nearly correct since the line
losses should be low. The efficiency of the electrical drive
motor was calculated by a method similar to that of IEEE 112 on
the basis of measured motor electrical parameters and was
provided as a function of motor speed. The same derivation was
used for both sodium and water test so that the results cculd
be compared even though there may be some question about the
absolute accuracy of the calculated motor efficiency.
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Table 2.2.1

HEAD FLOW PERFORMANCE ON MAIN MOTOR AT DESIGN SPEED
(H in feet, Q in GPM, P in KW, all data at 1116 RPM & R3

600°F 1000°F

Test

Segment H Q P Eff. H Q P Eff.
* A13A 443.6 33,301 3665 70.2 -- -- -- --

* Al7  444.5 33,335 3631 71.0 -- -- -- -

* B3A -- -- -~ -- 445 33,294 3499 69.2
* B8 447.5 33,405 3534 73.6 453.5 33,510 3385 73.4
* Bl4  447.5 33,449 3643 70.6 453.2 33,660 3392 . 73.5
** C8 477.7 34,354 3798 75.2 -- -- -- -
** C10 -- -- -- -- 480.3 34,631 3664 74.2

Performance mapping curves for both 600°F and 1005°F for both
the 37.5" and the 38.25" impeller are shown in Figures 2.2.1
through 2.2.5.

* 37.5 inch diameter impeller

** 38,25 inch diameter impeller
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The Test Data in Table 2.2.1, based on published Segment
Reports from ETEC, does not 1ist the head at a consistent flow
point so that comparison may be made of developed head from one
Test Segment to another. Therefore, a second table, derived by
applying a correction factor of -.92 ft. per 100 gpm {slope of
the H/Q Curve for 1116 RPM at the R3 hydraulic impedance) is
presented as Table 2.2.1A. Subsequent discussions of head will
use the Table 2.2.1A data.

600°F 1000°F
Test
Segment (H(Ft)  Q(gpm) H(ft) Q{gpm)
* A13A 440.0 33,700 - -
* A17 441.1 33,700 - -
* B3A - - 441.3 33,700
* B8 444.8 33,700 451.8 33,700
* B14 445.2 33,700 452.8 33,700
*%(8 483.7 33,700 - -
**C10 - - 488.8 33,700

TABLE 2.2.1A

HEAD FLOW PERFORMANCE ADJUSTED TO 33,700 GPM

* 37.5 Inch Diameter Impeller

** 38,25 Inch Diameter Impeller
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2.2

Continued

The pump supplier performance predictions, based on a 10 mil
nominal controlled clearance gap are contained in Appendix C2
of 22A3551 Test Request. For the rated design point (1116 RPM
at R3) with the 37.5 inch impeller, these predictions were:

600°F 1005°F
H Q H Q
462 34,100 468 33,700

In the Water Test Flow Report (Figure 5.2.2-1), the pump
supplier predicts performance for both a 5 mil and a 17 mil
controlled clearance gap. These predictions, for 1116 RPM,
for an impeller trimmed (to 37.5") for the prototype test in
sodium were:

400°F 1000°F
17 mils 5 mils 17 mils
H 0 H Q H Q
46 33,700 485 33,700 478 33,700

By interpolation, 600°F performance for a .017 mil cone gap
would be about 469 ft. at 33,700 gpm, and an .01l mil gap at
1000°F would yield 481.5 ft. at 33,700 gpm.

The pump supplier trimmed the Phase A & B sodium test impeller
to 37.5 inches (3/4" smaller than water test impeller) to
compensate for thermal expansion from water to hot sodium and
the above predictions reflect this trimming. The water test
impeller was 38.25 inches diameter.

Pump supplier predictions of pump hydraulic efficiency were 75%
for a 17 mitl gap and 78% for a 5 mil gap.

Note: The 37.5" impeller had not been subjected to water
test, but went directly from manufacture into sodium
tests. The 38.25" water test impeller was tested in
sodium in Phase C tests.
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Discussion of Performance Mapping Results

The following items will be discussed:

1.

Low Head

The Phase A & B impeller, trimmed to 37.5 inches diameter
yielded a lower head in sodium than the pump supplier
expected. (440 ft at 33, 700 gpm measured in Segment A13A
vs. 474 feet at 33, 700 gpm predicted for 600°F sodium
pump performance.)

Mid Test Change in Head

There was an apparent change in pump performance (+ 10
feet or 2% change in head) after application of the severe
thermal transients. (See Table 2.2.1A, H for B3A & BS8).

Replacement Rotating Assembly

38.25" diameter impeller performance in sodium

Low Head

c

Referencing Table 2.2.1, the following observations are made:

The first baseline performance data of Al3A, and repeated
in Al7 indicates a head of 440 to 441 ft. compared with a
pump supplier prediction of 474+ ft. (Flow Test Report
ERIOB4), and an efficiency of 71% compared to 75%
prediction. The 1low efficiency along with low head
suggest the following possibilities:

---ETEC instrumentation errors (speed, head, flow, power).

---Pump supplier prediction methodology error.

---Internal pump leakage phenomena which is dependent upon
temperature change (possibly related to hydraulic
assembly to tank clearance cone gap).

---Pump water test instrumentation error (Wyle vs. BJ
Venturi calibration).

The low head and low efficiency condition resulted in the
several instrumentation calibration investigations
referenced in Para. 1.1.4, and GE's technical judgement
was that the ETEC instrumentation 1is probably within
the accuracies claimed by ETEC: Speed * 0.2 RPM,
pressure *1% and flow =2%.

° Test Segment B8 indicated that the severe thermal
transients (Segment B7) caused something to shift in
the pump which results in a few feet of head increase
(441 to 444.8 ft. at 600°F and 441.3 to 451.8 at
1000°F), or that ETEC dinstrumentation suffered a
shift. This change in performance was confirmed in
subsequent tests at Segment Bl4.
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Continued

The efficiencies measured in segments B8 and B14
display a 2% improvement over the 717 initially
calculated for B13A and Al7.

° The developed head at 33,700 gpm with the 38.25 inch
impeller in Segments C8 and C10 yields 483.7 ft. at
600°F and 488.8 ft. at 1005°F as compared with 48%
ft. delivered by the same impeller in water test
(480.9 ft. with a 17 mil hydraulic assembly cone to
tank gap, 490 ft. with a 5 wmil gap, and by
interpolation, 485 for a 11 mil gap.) Efficiency of
the 238.25" impeller 1is very near to the 75%
expectation.

The efficiency value listed for test segment B3A
(37.5 inch impeller at 1005°F) appears to be so far
at variance with other data as to be an erroneous
reading or calculation.

Data from both 600°F and 1000°F (A13A, A17, B8, B14) indicate
that the head at design flow is lower than the pump supplier
prediction for the 37.5 inch impeller (480 ft. (at 33,700 gpm)
predicted vs. 441 ft. at 1000°F realized), per Table 2.2.1A,
Segments R3A and B14).

In terms of conformance to the equipment specification, the
37.5 inch impeller is just slightly below specified head at
design flow.

The cause of this marginal performance may be any one or &
combiration of the listed possibilities.

The 37.5 inch impeller rotating assembly used in sodium test
was not water tested to avoid delay to the ETEC schedule. This
impeller was manufactured to the same requirements, using the
same pattern, as the impeller used in water tests but was
trimmed to a smeller diameter to compersate for predicted
growth with temperature. (Templates are used by Byron Jackson
to control the hand ground dimensions at the vane inlet and
also to contrecl over and under filing of vanes at the impeller
discharge.) Thus, a direct correlation of performance water to
performance in sodium was not available during Phases A & B.
The water test unit was subsequently subjected to sodium
performance testing in test Segments C8 and Cl0 in order to
provide that direct correlation.
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2.2

Continued

Numerous investigations of the problem were initiated:

(o)

Inspection records of the 37.5" impeller were reviewed.

Pump assembly records were reviewed to ascertain if pump
internals orientation was the same as for water test.

Reviews were made of ETEC instrument accuracies, from
design and calibration aspects.

ETEC ran special flow loop checks to calibrate Venturi
flowmeters against each other, using the pump speed and
head as a constant reference.

ETEC ran independent speed sensor checks.

The pump was examined upon disassembly between Phases B
and C to evaluate the ‘"partial blockage" and the
orientation possibilities.

The disassembled 37.5" impeller was examined and
remeasured by the manufacturers hydraulics expert.

The 38.25" impeller was installed into the pump for the
Phase C tests to obtain a direct correlation between water
test data and sodium data.

Thermal coefficients of expansion measurements were made
on archive samples of castings and wrought materials to
determine if differential thermal expansion at the
controlled clearance gap was causing increased leakage
with temperature.

Results of Investigations:

(1)

(2)

Pump disassembly inspections revealed no partial
obstructions, nc assembly orientation problems. All
passages were clear.

ETEC's dnstrumentation review resulted in a correction of
an error in power measurements, but speed, head, and flow
measurements are believed to be within ETEC's claim of
+0.2 RPM, 1% for pressure, *2% for flow.

- A neutron activation of a wedge of flowing sodium and

measurement of transit time correlated with the HFL
Venturi.
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2.2

Continued

(3)

(5)

- Switching fluid flow between the two Tloops, while
monitoring to establish identical speed and head to
assure equal flow in the two cases corroborated the
HFL Venturi performance against the MFL Venturi to
within 14%.

- Two different and independent pressure measuring
systems provided the same head measurement where
their range spans overlapped.

- Speed measurement via different type of sensor
confirmed that previously used sensor was correct.

Substitution of the 38.25" dimpeiler resulted 1in the
obtaining of sodium performance data for direct
comparison to water test results.

Review of the water test Venturi calibration revealed that
two calibrations were available to the pump supplier - one
by Wyle Laboratories (obtained after the water tests had
been completed) and one by the Byron Jackson test
operations. The Wyle Laboratory calibration would result
in observed flow performance of 2i% below the results with
the Byron Jackson calibration. The pump supplier used the
Byron Jackson calibration in water test, and to establish
the trim of the impeller to be used for sodium test, since
at the time, this was the only data available.

A review of the leakage analysis related to the controlled
clearance cone indicated that there may be a phenomenon of
distortion of the cone caused by pressure and the
temperature coefficient of expansion which can increase
leakage at the higher temperatures. It is probable that
this increase in leakage may partially or totally offset
the effect of 3 dimensional expansion of the impeller due
to increase in temperature. However, such increase in
leakage should be accompanied by a reduction in efficiency
in hot sodium as compared to efficiency in water.
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Continued
Change in Head

In test segment B8, the 1000°F sodium performance data
indicated an upward change in head of 10 ft. from that taken in
segment B3A (451.8 ft. at B8, 441.3 ft. at B3A) adjusted to
33,700 gpm. (See Table 2.2.1A). The series of severe thermal
transients of Segment B7 were applied to the pump between
Segments B3A and B8. The developed head reading of segment BE
was confirmed after subsequent endurance run in the Baseline
Test Segment Bl4. Efficiency improvement of B8 and Bl4 tests
as compared to B3A tends to confirm less pump internal leakage.
However, the calculated efficiency of Segment B3A is suspect.

Initially, it was a subject of speculation as to potential
causes of this sudden head performance improvement. Upon
disassembly at the end of the test program (Segment C15), it
was discovered that the tank part of the leakage cone had gene
oval, by about .350 inches with the short dimension being along
the axis of the discharge and balance ports. (This cone was
made of plate SS316, solution heat treated, followed by a 700°F
heat treat after installation in the tank). It is believed
that stresses were relieved in this component during the severe
thermal transients of Segment B7.

Sodium Testing of 38.25" Impeller

The testing of the Rotating Assembly with the 38.25" impeller
SN174848 provided a direct correlation of performance in water
to performance in sodium.

In water at 1116 RPM, R3 impedance, tested performance of the
38.25 inch impeller was:

Seal Cone Gap Head Flow
(mils) (ft) (GPM)
17 (Test) 480.9 33,700
5 (Test) 490 33,700
11 (Interpolation) 485.4 33,700

(Basis is ER1064, Figure 5.2.1-1) (The reader is reminded that
the above data is based on the BJ flowmeter calibration, not
the Wyle Lab calibration. There is a 2-1/2% difference.)

In test at ETEC with the 38.25" Impeller, at 600°F, 1116 RPM,
R3 Impedance and an 11 mil gap:

H ft Q (GPM) Eff (%)
477.7 34,354 75.1
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In test at ETEC with 38.25" Impeller at 1005°F Sodium, 1116 RPM
R3 impedance and 11 mil gap:

H ft Q (GPM) Eff. (%)
480.3 34,631 74.2

If these head quentities are adjusted to a flow rate of 33,700
to permit comparison with water test results, the results would
be:

° Water test head for 33,700 gpm - 485.4 ft.
(interpolated for 11 mil gap)

° 600°F sodium head for 33,700 gpm - 483.7 ft.

° 1005°F sodium head for 33,700 gpm - 488.8 ft.

Thus, water test results land between results in sodium at
600°F and sodium at 1000°F.

Thermal Expansion Effects of Plate & Casting Materials

A review team meeting (January 11-13, 1983) was convened to
investigate potential reasons for the lower than expected pump
head in sodium testing at ETEC with the 37.5 inch diameter
impeller. One hypothesis was that the different materials
bounding the seal cone gap, one being plate SS316 (solution
heat treated, followed by heat treatment to 700°F with the pump
tank), the other being a cast CF8 material (given a proprietary
heat treat by the pump supplier), caused a differential thermal
expansion between the pump hydraulic casting (part of the
removable innerstructure) and the wrought plate cone material
(part of the pump tank), which may have resulted in an increase
in internal leakage thereby degrading pump performance in hot
sodium as compared to water test performance. (For the plant
pumps, the tank part of the cone is to be cast instead of
plate, and heat treat is being re-evaluated.)

The approach to proving/disproving this hypothesis was to
obtain archive samples of the cast and the wrought materials in
both heat treated and solution heat treated conditions, and to
have a laboratory measurement (at Purdue University) of the
coefficient of expansion.

The conclusions of the expansion tests were:

1.  Thermal expansion measurement data indicate that the
sealing cone gap would increase from an initial value of
11 mils to a value of 19.6 mils at 1000°F.

2. The effect of heat treating the CF8M cast material at
temperatures above 1300°F is to cause an increase in the
coefficient of thermal expansion from that of the solution
annealed material.
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The effect of heat treatment on the CF8M plate material
was to cause a relatively small change in the coefficient
of thermal expansion.

The manufacturing procedures for the plant pumps should be
reviewed and possibly modified to minimize the effect of
differential thermal expansion on the seal cone clearance
gap. (In the plant design, both the sealing cone and the
hydraulic assembly are cast material; the heat treatment is
being reconsidered.)

Conclusions Regarding Sodium Performance Mapping

1.

The ETEC data should be accepted as accurate to
the tolerances  specified by ETEC  (Speed 0.2
RPM, Pressure +1%, Flow x2%).

Based on sodium test vresults, there 1is & change
in this pump's sodium performance from the pump suppliers
predictions which causes measured performance at 1000°F
with sodium to be close to water performance, without
exercising the trimming to compensate for thermal
expansion.

The correlation of test results between water and sodium
with Rotating Assembly #174848 (38.25" diameter) is:

Water Test: 485.4 ft. at 33,700 gpm

600°F Sodium:  483.7 ft. at 33,700 gpm

1005F Sodium:  488.8 ft. at 33,700 gpm

For this design, the performance for impeller sizings of
37.5", and 38.25" is shown in Figure 2.2.6. Note that the
water test curve for the 38.25 inch impeller is for a gap
of 17 mils.

Impeller trim for plant pumps should take into account the
sodium test experience in addition to accounting for three
dimensional thermal expansion.

Prototype pump performance was shifted by bowing of the
tank half of the leakage cone. Material and heat treat
for both halves of the <clearance cone should be
re-examined in light of the experience on the prototype
pump, where post test examination disclosed bowing of the
tank cone. (Post test inspection of the tank sealing cone
at Byron Jackson disclosed that the cone had distorted
from round to oval by 0.35 inches in a direction which
tended to reduce leakage).
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2.3

2.2

{Continued)

7. The pump efficiency reported is not known very accurately
since the values are based on a calculated value of motor
efficiency derived from measured motor winding parameters
and these values were not verified by drive motor load
tests or by an inline torque meter.

8. In the plant installation, which operates with a flow
control servo system, each pump in the several loops will
operate at slightly different speeds to supply the demand
flow rate. The different speeds result from flow loop
impedance differences and possibly minor variations of
impellers and permanent magnet flowmeters.

Fluid Thermal Transient Testing

Transient testing was accomplished 1in three separate test
segments, with Tow severity transients first, then mild
transients which took the pump above 800°F followed with the
severe thermal transients with pump temperature in the 1005°F
range. There was one slowly applied transient (a plant faulted
condition) which resulted in 1100°F at the pump. The purpose
of transient testing was to determine if the hydrostatic
bearing gap would survive thermally induced dimensional
change.

The facility, after being adapted for the CRBRP Prototype pump
testing, has a long run of piping between the mix-tee where the
fluid used to induce the transient is mixed with the
circulating fluid, and consequently at the 2870 gpm pony motor
flowrate, there was a 150 second transport time lag between the
mix tee and the pump inlet. This transport time lag and the
changes in fluid temperature as a result of heat transfer to
and from the loop as the sodium moves through the piping,
required that, prior to each transient, the mix-tee temperature
ramp which would induce a proper ramp at the pump inlet be
predicted using a computer model of the pump loop. These
computer predictions were fairly accurate in setting the ramp
rate, but did not adequately predict the post-transient
stabilization flow requirements, where it was desired to hold
the end of transient temperature for 30 minutes. As each
different transient was run, the procedure evolved and
performance improved; the major change being the introduction
of test conductor directed hold periods in the valve position
programmer which stretched out the post-transient stabilization
period to compensate for the MFL loop residual heat load and
the extra heat loads introduced by the gradual mixing of the
"dead leg" sodium and the main stream.
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2.3

Continued

A major element of pump instrumentation were sets of push-pull
proximeter probes on both the upper and lower bearing. The
probe sets on each bearing were interconnected to produce a
Lissajou pattern which showed the orbit of the bearing journal
and could be used to measure the gap between the respective
bearings and journals during operation. Test buttons on the
Jjournals provided a 10 mil step which could be used for probe
calibration, additionally the results of the shaft swing test
were also used to confirm the bearing instrumentation
calibration between each test segment or as swing tests were
run for a new sodium temperature. With this instrumentation it
is possible to deduce the bearing gap provided that the
bearings and their respective journals expand and contract at
the same rate.

Since the bearing proximeter probes were sensitive to
temperature, the output signal did not serve as a useful real
time indication of the journal orbit in the bearing during the
actual transient. By use of an off 1line computer and probe
calibration coefficients as a function of temperature, it was
possible to calculate bearing orbit as a function of time
during the transient, based on the assumption that the
instrument measuring coil was at the same temperature as that
indicated by the thermocouples on the bearing surfaces.
Inspection of these results (See Figure 2.3.2) showed an
apparent increase in Jjournal orbit diameter during the
transient and a shift in its position. Neither of these
effects to produce a reduction in bearing gap was sufficient to
indicate rubbing. Quantitative results were not believed to be
sufficiently reliable to warrant additional analysis. All
these probes failed when loop temperature was raised to 1000°F
in preparation for the severe transient tests so no bearing gap
data was available during severe transients.

In the first transient applied, the pump inlet temperature
sensor used was TE1009, a resistance temperature device. After
the first transient, element TE 1010, a thermocouple which has
a faster reaction time response was used as the measure of the
transient being applied at the pump suction nozzle. (The basis
for the transients run in this test originate in the equipment
E-Spec. E-Spec transients were listed in progressive order of
severity (based on temperature span) and transients were then
se]egted which would progressively increase the severity of
test).

The following table defines the target transients and the
resulting achieved transients.
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Table 2.3.1
Transient lests

Segment Al6 Low Temperature Transients

Transient Specified Achieved
Start AT Flow Rate a T Rate

°F °F % °F/sec Note °F °F/sec
IP1U 700 -100 8.4 -3.8 (1) -150 -1.4
IP6U 710 -110 40 -4.3 -126 -5.8
IP2U 600 +100 40 +1.0 +120 +.80
IPIOU 600 +120 40 +3.5 +140 +3.6
IP9U 500 +200 8.5 +0.5 +200 +0.6
IP8E 700 -200 8.5 -3.2 (1) -200 -1.5

Segment B2 Mild Thermal Transients

IP7U(B) 500 +200 8.5 +1.25 +170 +1.86
PP4U(A) 600 +250 40 +1.40 (2) +278 +1,49

Segment B7 Severe Transients

Specified Achieved

Transient Start A T Flow Rate AT Rate

°F °F % °F/sec Note °F °F/sec
PP4U(B) 840 -240 40 -2.6 -270 -2.6
"B 1005 -300 8.5 -1.1 -316 -1.4
PP10U 950 -350 8.5 -1.0 -365 -1.1
PP2U 1005 -415 8.5 -2.0 -417 -2.7
PP1U 1005 -370 8.5 -2.3 -398 -2.9
PP11U 1005 -505 8.5 -0.8 (3) -462 -0.9

Segment B14A PP1F Transient
PP1F 1005 +100 40 & 100°F +100 100° in

8.5 in 12 hrs 12 hrs
Notes:
(1) The facility did not have the capability to apply a

high temperature change rate with a low (8.5%) flow rate.
In other tests, where flow rate was 40%, the facility
could apply the higher temperature change rate. Data for
IP1IU and IP8E was accepted on the basis that higher
temperature change rates were tested in other transients.
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2.3

Continued

(2) On PP4U(A), the +280°F achieved delta T tapered off to

+200°F before end up the 1 hour holding period.

was unable to hold the specified end
supply tank Timitations.

Facility
temperature due to

(3) On PP11U, the temperature "bounced back" to 575°F at end
of % hours holding period due to depletion of supply tank

fluid.

The following are ETEC DAS traces of the applied transients:
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2.3 Continued ‘

Discussion/Observations Regarding Transient Testing

It was found that the facility was capable of applying the
defined transients, with two problem areas:

° The facility could not apply a fast rate of change of
temperature if the test loop flow rate and temperature was
low. The upper capability was about 1.5°F/sec when flow
rate was 2680 gpm (8.5% of nominal). Limitations resulted
from low test Tloop-to-feed tank temperature difference
(minimum feed tank temperature was 400°F) and maximum
injection flow capability.

On large Delta T's there was a tendency to run out of
supply tank fluid at the end of the transient. When this
happened, the pump inlet temperature would bounce back
from the specified end test temperature.

The criteria for successful transient application was defined
as follows:

The applied transient was considered to be controlled
(acceptable) if the ramp rate was within 30% of the
specified valve over at least 60% of the total delta T
span.

Four thermocouples were installed on the pump hydraulic case
assembly, two associated with the upper bearing and two with
the lower bearing. In each case one of the thermocouples lies
on the surface and provides a measure of the skin and Tlocal
sodium temperature while the other is embedded two inches deep
in the bearing support web metal and is 1labeled structure
temperature (See Figure 2.3.5)

The Test Request required that the end thermal transient
temperature be held for at least 30 minutes. The reason for
this is that it takes considerable time for some parts of the
pump to change temperature.

Conclusions:
The pump was able to accommodate the progressively more severe
thermal transients, which included a range up to +250°F (600°F

to 850°F) and -500°F(1005°F to 500°F), with no indication of
impaired performance.

: @



2.3 Continued

There 1is a time lag of approximately four minutes in the
response of the upper bearing skin temperature with respect to
the Tower bearing skin temperature, while the time lag in the
respective metal temperature is only three minutes. (See
Figure 2.3.5)

These tests provided records of several internal pump
temperatures with time after the transient event and such
records are available in the several test segment reports.

Note: Large positive thermal transients were not applied
because the pump journal shaft side flow holes were
not configured for the IHTS pump configuration.
IP3U, a +350°F transient (600°F to 950°F) was
therefore not tested and qualification of this design
for that transient is by analysis.

2.4 Cellular Convection Testing

Gas convection cells can be established in the pump region
above the 1liquid sodium, which 1is normally occupied by
pressurized argon. High temperature and high pressure tend to
strengthen these convection cells, and their magnitudes and
flow paths are affected by geometry. Convection cells may be
detrimental to pump operation 1if the "cells" cause large
across-the-tank temperature differentials resulting in tank
bending. The cellular gas flow rates are not readily
measurable; however, their effect 1in causing temperature
differentials around the tank circumference are measurable via
tank mounted thermocouples and the effect on hydrostatic
bearing clearance is measurable via the in-sodium proximeters.

Variables which tend to influence the cellular convection
phenomena:

PHTS IHTS
°Gas Pressure °2.4 psig; sodium  °93 psig; sodium
°Sodium Temperature to 1000°F; with to 650°F; no
°Geometry thermal shield thermal shield -
and shot in thermal

radiation shield insulation in

°1/4" gap between radiation shield

UIS and tank °1/4" gap between
UIS and tank

59



2.4 Continued .

Instruments to detect the effect of convection cells consisted

of rings of twelve thermocouples around the outside of the tank
at different elevations, similar rings of thermocouples inside

the radiation shield of the UIS, and proximeters on the sodium

bearings. Locations of the thermocouples are shown in Figure
2.4.1. Those thermocouples on the outside of the pump tank were
spaced every 30° around the tank (identified by ETEC as TE
9053-XX, 9054-XX, and 9055-XX). There was a thermocouple on
the wall of the UIS directly adjacent to each tank thermocouple
(identified by ETEC as TE 9090-XX and 9092-XX). Proximeters,
located on both upper and lower bearings provided an indication
of bearing gap closure due to tank bending. Gap closure does
not occur until the tank cone assembly has been deflected
enough to touch the inner structure at the controlled clearance
cone, and the amount of bearing gap closure is, of course,
influenced by whether the shaft is non-rotating, at pony motor
speed, or is at some main motor speed. Al1l tests were run with
argon except that during off-normal (trouble shooting)
activities to investigate cause of the convection cells, helium
was used. The purpose of the helium test was to reduce
convection 1inside the pump tank and thereby to determine
whether the cause of the temperature assymetry was on the
outside, 1in the space between the tank and the thermal
insulation, or whether the assymetry was caused by pump
internal gaseous convection cells in the upper half of the

pump.
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2.4 Continued

In this test program, there were three cellular convection
tests:

0 Segment All - Low Temperature Gas Convection Test
0 Segment Bl - High Temperature Gas Convection Test

0 Segment C12 - Cellular Convection Fix Evaluation

In Segment All, the sodium temperature was established at
470°F, in Bl at 775°F, in C12 at 650°F. The pump supplier had
predicted in EM0288, "Cellular Convection Criteria", dated Dec.
14, 1978, that in the PHTS loops, where the pump cover gas
pressure is 2.4 psig with sodium at 1000°F, the effect of
cellular convection (on tank bending) would be negligible, but
in the IHTS loop, where pump gas pressure is 93 psig, this
analysis was indeterminant.

The significance of convection cell induced bending is the
threat to operation on pony motor for decay heat removal --
since the restorative force of the hydrostatic bearing is low
at low operating speeds, a severe tank delta T and its
resultant tank bending may cause hydrostatic bearing touch
down. Therefore, if cellular convection tank bending is large
enough, it could result in journal bearing contact and possibly
prevent operation on pony motor.

Initially, the pump supplier established a 60°F differential
across the tank (180°apart) as the uppér limit for operation.
However, since the bearing proximeters provided visibility of
the start of bearing gap closure, it was possible to conduct
tests investigating the cellular convection effects up to a
near journal to bearing touch down. Limits for the tests were
subsequently revised to 90°F differential, or, if bearing gap
proximeters were operating, a limit of 15 mils orbit (75% of
nominal operating 20 mil radial gap) from center was the
eventual applied limit, which would occur at about 150°F tank
delta T.
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2.4 Continued

The objective of all three of the cellular convection tests
(A11, Bl, & C12) were to verify that IHTS loop cover gas
pressure, in combination with thermal energy from the sodium
fluid in the tank and inner structure temperature gradients dc
not induce tank bending which would result 1in bearing to
journal rubbing. Further, the objective is to determine the
magnitude of temperature gradients for pressurized and
unpressurized condition since the gap closure relationship to
tank skin temperature distribution is measurable on the
prototype pump, but not on the plant pumps, where there are no
bearing gap proximeters and fewer tank skin thermocouples.
Note that the cellular convection fix was installed for Segment
Ciz2.

CELLULAR CONVECTION TEST RESULTS

Segment A1l Results

0 At the start of the test, with internal gas pressure at
0.5 psig, the temperature variation around the tank at the
42.5 inch (below flange) location was about 15°F from the
average. (83ETEC-DRF-2490 Page 9).

0 During initial pressurization (in 31 psig steps to 93
psig) the convection cells caused a tank differential
(measured at 42.5 inches below the flange) to reach the
60°F 1imit before thermal stability was achieved. The
testing was discontinued pending resolution of insulation
installation questions and possible limit relaxation.

0 The insulation was examined via optical pyrometer and
rework of a hot spot completed. This reduced external
heat loss assymetry as a possible cause of the observed
tank surface temperature assymetry.

0 Limits were revised to permit 90°F Delta T or a 10 mil
bearing gap loss.

0 To determine whether the convection cells were caused by
pump internal conditions or by insulation, tests were run
using helium at several pressures, including 93 psig. The
results at 93 psig indicated a 33°F tank differential.
(Because of its fluid physical properties, helium is much
less likely to establish strong convection cells).
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2.4 Continued

0

A retest with Argon to 93 psig with bearing gap monitoring
disclosed that tank assymetry build up was at about 20°F
per hour, with two pair of cells. At 4 hours into the
test the circulation changed to one pair of cells, with a
single hot spot at 240° azimuth and a single cold spot at
90° azimuth; there was a change in AT buildup to about
7°F/hour. The test was terminated after 12 hours with a
tank AT of 161°F, and with the A T still rising. Journal
traverse in the bearing was in the order of 10 mils with
upper and lower bearings moving in opposite directions.

A special test was subseguently run with sodium at 600°F
and at the IHTS pressure of 93 psig. The pump was run on
minimum main motor to provide ample bearing restorative
forces. The results yielded a 216°F tank differential
with a single pair of cells.

Average value of shaft turning torque ranged from 46
to 58 in 1b; breakaway torque ranged from 80 to 90 in
1b. No increases in these torque values were

noted as cover gas pressure was increased.

The conclusions of the All tests were:

0

At PHTS pressures there 1is no detrimental” cellular
convection effects.

At IHTS argon gas pressures, in a pump without baffling
between the UIS and the tank, gaseous convection cells
will exist which can cause bearing deflections of
sufficient magnitude to jeopardize the hydrostatic
bearing during pony motor operation.

Segment Bl Results

o

With sodium at 775°F, the pump was pressurized to 93 psig,
and the tank differential increased at an initial rate of
about 20°F/hour; there was evidence of bearing gap
reduction at a rate of about 2 mils per hour. (775°F is
the intermediate pump design temperature. The normal
operating temperature is 650°F).

Figure 2.4.2 shows the increasing tank skin differential
temperature versus time after pressurizing to 93 psi, and
shows the closure of the gap of the in-sodium bearing
resulting from the tank differential temperature (tank
bending) while on pony motor and main motor at low speed.
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2.4 Continued

0

At about 8 hours into the test, the pattern of tank
temperature differentials showed a change, postulated to
be a transition from 2 pairs of cells to 1 pair.

At 9 hours into the test it was necessary to switch from
pony motor to minimum main motor speed (to provide greater
bearing stiffness) because the proximeters were indicating
a very small bearing gap. A speed of 263 rpm caused the
shaft to recenter by about 9 mils.

At 11 hours into the test a loss of pressure to the shaft
seal lube 0il supply tank was experienced; pressure was
restored in 28 minutes with no immediate impact on this
test (Reference Unusual Occurrence Report
#ETEC-82-11-SCTL-82-01, Failure of Gate Valve HV-10048B,
August 25, 1982 Initial, November 1, 1982 Final). Unknown
at the time of occurrence, this incident caused damage to
the shaft seal bumper bearing, (disclosed during
subsequent disassembly).

This event occurred after the convection cells had
established a tank skin delta T above the threshold for
journal to bearing touchdown (threshold is 180°F based on
Figure 2.4.2). The event caused overheating in the seal
cartridge and forced an oil transfer from the shaft seal
cartridge back to the supply tank. Instrumentation of the
shaft seal o0il temperature, seal housing vibration, oil
supply tank oil level, o0il tank cover gas pressure, and
Vertical Drive Motor current provided information of the
sequence of events following the 1loss of cover gas
pressure at the oil tank. Date of occurrence was near
midnight 8/18/82 and the first half hour of 8/19/82.

Sequence Item Time
1. Loss of 0i1 Tank Cover Gas 23:50 4
2. Start of 0il Level Rise in

Supply Tank 23:51
3. Start First Power Surge 00:11 3
4, End First Power Surge 00:15

5. 0i1 Tank Cover Gas Restoration 00:18
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Sequence Item Time

6. Start 011 Flow Back to Seal
{Supply Tank 0i1 Level Drop) 00:18 +

7. Start Second Power Surge 00:19 %
8. Peak 0i1 Temperature (Lower Seal) 00:20
9. End 2nd Power Surge 00:21 3

10. Seal Z Axis High Vibration
Pulse 00:21 %

11. Complete 0i1 Flow Back to Seal
(Supply Tank 0i1 Restored Within
10% of Preincident Level) 00:25 +

Note that this event occurred with high tank bending
(caused by cellular convection) in a pump without the
cellular  convection  baffling. Tank  differential
temperature at time of the event was 190° (Reference
Figure 2.4.2).

The following figures present the basis for the sequence
of events in this loss of cover gas accident:

Figure 2.4.2.1 - 0i1 Supply Tank Gas Pressure

Figure 2.4.2.2 - Upper Seal Vibration Sensor
Response

Figure 2.4.2.3 - Lower Seal Vibration Sensor
Response

Figure 2.4.2.4 - Supply Tank 0i1 Level

Figure 2.4.2.5 - Lower Seal 0il Temperature

Figure 2.4.2.6 - Drive Motor Current

It should be noted that there were two parts revealed to
be damaged upon disassembly at the end of Phase B: The
bumper stop was grooved and the Tlower screw pump was
damaged. It is believed that the reason for the large
vibration pulse in the vertical axis (Figure 2.4.2.2) at
the end of the 2nd power pulse was caused by a screw pump
engagement which tended to 1ift the shaft. Note that the
only effective alarm whose timing would potentially permit
operator corrective action would be an alarm on oil tank
cover gas pressure or on supply tank oil level increase.
If an alarm were provided on seal oil temperature, seal
vibration, on motor current, they are too late to permit
operator corrective action.
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0 At 23 hours into the test, a transistor in the drive
system failed, thereby tripping the main motor off line.
ETEC then tripped the pony motor also because of the very
large delta T across the tank (which would have caused
journal to bearing touchdown at pony motor speed).

0 At 27 hours into the test the tank differential
temperature peaked out at 259°F.

0 The pump tank was left pressurized (at 93 psig) and not
turning across the week-end (62 hours) to obtain data on
the decay of the tank differential temperature.

o} After 105 hours, the tank differential temperature had
fallen to 170°F

Test Segment Bl provided data inputs which enabled the pump
supplier, along with the Segment All data, to verify an
analytical model being used to design a fix for the effects of
convection cells at the IHTS loop pressures.

At the conclusion of Segment Bl, after the tank delta T was
down to 62°F, a shaft torque check taken at the upper end of
the pony motor revealed 300-400 inch 1b. breakaway where 80 was
normal, and the lower bearing proximeter was almost showing
contact between journal and bearing. In trouble shooting this
problem, an attempt to disconnect the motor shaft from the pump
shaft (to determine if torque increase originated in motor or
in the pump) revealed that the pump shaft would not Tower onto
the drop down seal in spite of its 5180 1b. weight (This made
it impossible to run test segment B14B "Leak Test of Dropdown
Seal" with shaft #171222). Recovery from this situation was
realized by reconnecting the pump and motor shafts and with
normal (2.4 psig) cover gas and low tank differential
temperatures (62°F), the pump motor was turned on, resulting in
recentering the Jjournal in the sodium bearing. The seal
operated satisfactorily for subsequent tests. It  was
subsequently revealed and reported, as a result of problems
encountered during pump disassembly in Segment B15 that the
shaft seal had been damaged as a result of the loss of gas
pressurization on the oil supply tank. This was the subject of
Unusual Occurrence Report #ETEC-83-01-SPTF-83-01, "Damage to
. CRBR Sodium Pump Shaft Seal Bumper", dated January 7, 1983
Initial, and March 28, 1983 Final. (See Appendix E). In spite
of the damage inflicted to the seal bumper bearing and screw
pump, it is significant that the seal continued to perform its
sealing function from August 19, 1982, (loss of pressure
incident) through all of the Phase B tests lasting through
December 1982. (The damaged seal was replaced with the unit
used during water tests for the follow-on Phase C testing.)
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2.4 Continued

Segment C12 Results

As a result of the data of Segments All and Bl, a design change
was engineered, fabricated, and installed for test verification
in the Phase C tests. This design change consisted of baffles
and filler plates (to reduce the annular gap) attached to the
outside the Upper Inner Structure, intended to control the
number and position of the convection cells. New proximeters
were installed so that Jjournal to bearing gap could be
monitored during the test. The configuration was made as
nearly identical to the IHTS pump as possible, i.e., no thermal
shield, and fiber insulation replacing the shot in the
radiation shield. This was different from the pump
configuration during Segments All and Bl (where shot was used
in the radiation shield, and, as per the PHTS configuration, a
thermal shield was in place at the top of the 1lower
innerstructure).

Test results indicated that the new baffling and filler plates
installed on the 0.D. of the upper inner structure was
successful in forcing cellular convection to occur in two pair
of cells, and effectively control the magnitude of
across-the-tank temperatures. At 93 psig, with sodium at
650°F, there was no detectable displacement of the bearings
(journal to bearing gap), indicating that the tank bending was
not sufficient to deflect the tank cone to contact the inner
structure at the controlled clearance cone gap. The maximum
horizontal temperature difference was 160°F at points 90° in
azimuth apart, and only 48°F at points 180° azimuth apart,
compared to 259°F maximum difference at points 180° azimuth
apart without the baffle and filler plates.

Pump Supplier drawings which defined the baffling were:

B400001 Rev. B Vertical Baffle Assembly
B400003 Rev. 0 Field Modification, Cellular Convection Rework
B300002 Rev. C Filler - Pump Tank - UIS Annulus

Figure 2.4.5 on Page 75A shows the filler plate and baffling.

Figure 2.4.3 is a polar plot of the tank temperatures before
and after baffle installation. Figure 2.4.4 presents the
same data in X-Y plot form and show that the magnitude of
differential temperature is greatly reduced in Segment C12,
where baffles & fillers are installed.
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2.4 Continued

The following is a comparison of the results of Segments Bl and

Ccl2:
Test Test
Bl 12
Maximum horizontal delta T 259°F 160°F
From TC's #TES0D54
Azimuth Pair - Degrees 75-225 345-255
Maximum Diametral delta T 256°F 48°F
From TC's #TEQQ54
Azimuth Pair - Degrees  75-255 195-15
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2.5 NPSH & Cavitation Testing .

At the plant, the following net positive suction head (NPSH) is

available:
Flow NPSH Available
(% Rated) (Ft)
0 54.8
20 54,6
40 54.1
60 53.1
80 52.1
100 (33,700 gpm) 50.6
115 (39,100 gpm) 49.2
H
EEET

FIGURE 2.5.1
HEAD/FLOW OPERATING POINTS .
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2.5 Continued

In the above illustration:

P1 is rated design point, 458 Ft TDH at 33,700 gpm

P2 is the operating pognt if p}ant 3 loop impedance is at
minimum (.286 x 10™° ft/gpm°)

P3 1is a reduced RPM with_g]ant 2 }oop maximum hydraulic
impedance (.2289 X 107~ ft/gpm~) and results in 115% of
rated flow.

P4 1is a reduced RPM with g]ant 2 }oop minimum hydraulic
impedance (.1714 x 107" ft/gpm”) and results in 115%
of rated flow.

P5 1is a point at 33,700 gpm with reduced RPM with 2 loop
maximum hydraulic impedance.

P6 1is a point at 33,700 gpm with reduced RPM with 2 loop
minimum hydraulic impedance.

P7 is minimum main motor speed (251 RPM) at 2 loop minimum
hydraulic impedance (R6)

P8 dis minimum main motor speed (251 RPM) at 3 loop maximum
hydraulic impedance (R3)

The pump supplier (ER1064 Fig. 5.2.2.1) indicated that an NPSH
of at least 40 feet would be required for cavitation free
operation up to 39,000 gpm flow, however, sustained operation
at this point was not permitted in water test because the
higher density of water caused an excessive motor power drain
using the same Drive System as specified for CRBRP.

The requirement per System Design Description SDD51 A is that
there shall be no cavitation at point 1 with 50.6 NPSHA, at
point 2 with 49.2 NPSHA, at point 5 with 50.6 NPSHA, and at
point 6 with 50.6 NPSHA. Note that operation of the plant on
two loops is on hold in the System Design Description.

The requirement in the pump E-Spec is more stringent than the
SDD: It requires cavitation free operation at Pl with 50.6 ft
NPSHA, and at P2, P3, & P4 with 49.2 NPSHA. This includes
operation at the intersection of the H-Q full speed curve and
R4 (about 39,100 gpm) and at this flow on 2 Tloop minimum
impedance at reduced speed. (See Figure 1.0.1.2).

The following tests were initially planned:

Segment Al4 - Low temperature NPSH tests
° Segment B9 - High Temperature NPSH tests

As a result of data collected in the above tests, an additional
segment was added when the 38.25 inch diameter impeller was
tested.

° Segment C11 - Cavitation Tests
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2.5 Continued

In Segment Al4, the sodium was at 600°F and the impeller was
the 37.5 inch diameter. With a spread of 9 ft. between NPSH
available (49.2 ft.) and the pump suppliers predicted NPSH
required (40 ft), it was believed that no difficulty would be
encountered 1if the check for cavitation (via the developed
pressure drop method [3% head reduction]) was accomplished at
45 ft. The segment called for operating at points P1, P2, P3
and P4 with normal plant operation cover gas pressure, then
reducing gas pressure until NPSH at the suction nozzle was 45
ft., and determine if there was evidence of pump developed
pressure drop (the 3% loss method).

Test Results:

Segment Al4, NPSH Test at 600°F with rotating assembly #171222
which had a 37.5 inch impeller: There is no cavitation at
operating points Pl, P2 and P3 with 45 ft. of NPSH.

At point P4, (R6 impedance at 39,100 gpm) the following results
were measured:

Developed Developed % Head
Head w/20 psig Head (ft) at Reduction
Cover Gas Reduced NPSH  (from 20 psig cover
NPSH H gas condition)
271.75 105 - -
271.75 52.5 264.25 2.7
271.75 45 258.72 4.8

In performing this test, ETEC found it necessary to establish a
non cavitating baseline against which to compare results. To
do this, ETEC added to the test requirements the measuring
(mapping) the H&Q data with 20 psig cover gas. The above data
indicated that operation at 39, 100 gpm at the plant 2 loop
minimum impedance was marginal: From the above, it would be
expected that an NPSH of 49 feet at the R6 - 115% flow points
would yield a developed head reduction in the order of 3.5 to
4% .

Segment B9, NPSH Test at 1005°F with rotating assembly #171222,
which had a 37.5 inch impeller: Non cavitating results were
first recorded with 20 psig cover gas pressure to provide a
baseline of developed head for each point which could then be
compared against the developed pressure with the reduced cover
gas pressure.
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2.5 Continued

Head
Head

Head
Head

Head
Head

In Segment B9, with sodium at 1005°F, non cavitating
performance was established with a cover gas of 20 psig (105
ft. NPSH) at normal cover gas pressure (approximately 55 ft
NPSH), then at reduced pressures of 49 ft. and at 45 ft.

Test Points:

Point Condition
1 100% Speed, R3 (3 loop max. R), 33,700 gpm
2 100% Speed, 39,100 gpm
4 990 RPM 39,100 gpm at R6 (2 loop min. R)
8 Min. Main Motor Speed (251 RPM) and R3
7 Min. Main Motor Speed (251 RPM) and R6
Results:
Test Points
Conditions 1 2 4 8 7

at 20 psig Gas Press. 452.6 396.5 264.13

at Normal Gas Press. 453.6  397.1 17.3 23.3
at 49 Ft. NPSH 451,7 396.4 253.5
Loss at 49 Ft. (%) .41 11 4.0
at 45 Ft. NPSH 451,3 395.4 248.0 17.3 23.6
Loss at 45 Ft. (%) 4 .36 6.1

NPSH available at CRBRP when operating at R6 (2 Toop minimum
impedance at 39,100 gpm) is 49.2 ft. and the pump has a 4% loss
of head at this condition.

This situation as tested at ETEC is plotted in Figure 2.5.2
"Head Droop at High Flow", which plots the head/flow for an
NPSH of 49 feet. Vibration sensors VES012A & B, located in
sodium on the bearing showed an increase in vibration level
(.05 to .16 rectified RMS) when NPSH was changed from the 20
psig cover gas condition (105 Ft. NPSH) to the 45 Ft. NPSH
condition (at R6 and 39,100 gpm).

Segment C11 Cavitation Test Results

Test Segment Cl1 (rotating assembly #174848) was run with the
38.25 inch impeller (whereas Segments Al4 and B9 were run with
the 37.5 inch impeller) and with sodium at 1005°F. In sequence
it was run after the cellular convection fix evaluation and
after all mapping.
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2.5 Continued

The objective of this test was to determine the NPSH value at
which the pump head is reduced by 3% due to cavitation, when
operating at 39,100 gpm, sodjgm at 109§°F, and with Too
resistances of R4 (ggﬁxlo o ft/gpm®), RS (.229x10
ft/gpm~) and R6 (.1714x107° ft/gpm°).

Data from this test are not directly comparable to the data
from Segments Al4 and B9, because this test was run with a
different impeller. With this larger impeller, the 39,100 gpm
flow was reached at a lower RPM (956 RPM versus 1002 RPM for
the 37.5 inch dimpeller). ETEC reported that the impeller
shroud profile appeared to be smoother on the 38.25 idinch
impeller than was the case for the smaller (37.5") dimpeller
used in the Al4 and B9 segments.

ETEC points out that the 3% drop off in head does not represent
a division between cavitation and non cavitating operation.
(The 3% head drop off is simply a measurable drop off point,
selected because it is referenced in the Hydraulic Institute
Standards. The 3% drop-off method approach is most practical
to implement when pump head is decreasing rapidly with small
changes in NPSH.

ETEC measured head developed under both increasing and
decreasing NPSH, and resulting head was within a 1% band over
the range of NPSH values. Speed was controlled to within 2 to
3 RPM, and speed measurement accuracy of the data acquisition
system was 0.2%. A1l head and NPSH data were corrected to the
specified speed, using the square of the speed ratio as the
correcting factor.

Two test runs were made for the R6 resistance condition because
of the drooping shape of the curve as compared to the flat
curve with a "knee" exhibited for the R4 and R5 conditions.

Results of C11 Cavitation Tests:

0 At R6 (two loop minimum) dimpedance and 39,100 gpm,
(corresponding to 955 RPM) an NPSH of approximately 57
feet is required, whereas, at CRBRP for R6 at 39,100 gpm,
only 49.2 ft. is available.

o At R5, (two 1loop maximum) impedance and 39,100 gpm,
(corresponding to 1035 RPM) an NPSH of approximately 40.1
ft. is required, and at CRBRP 49.2 ft. is available (more
than required) by the pump.

) At R4, (three loop minimum) impedance and 39,100 gpm
(corresponding to 1115.1 RPM), an NPSH of approximately
40.8 ft. 1is required and at CRBRP 49.2 ft. 1is available
(more than required by the pump).
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2.6

2.6.1

At a point between R5 and R6, at 1000 RPM and 39,100 GPM, an
NPSH of approximately 42.6 ft. is required by the pump, and at
CRBRP 49,2 ft. 1is available (more than required) this operating
condition s synogymous with a loop resistance of .204
ft/gpm™ (312/(391007)

As shown in ETEC prepared Figure 2.5.6 a plot of NPSH vs.
normalized Q/N, the optimum speed for NPSH is about 1060 RPM.
Operation at speeds above or below this speed will require
higher NPSH.

Conclusion:

The pump is operating in a sliightly cavitating condition at
39,100 gpm and the R6 loop dimpedance. ,If CRBRP two Tloop
minimum impedance is at least .20 ft/gpm~ then the pump can
operate without cavitation.

Drive & Flow Servo Testing

Drive system tests were run with full pump hydraulic load at
R3, plant 3 loop maximum impedance and with sodium at 1005°F.

The objective of this test was to measure the dynamic response
characteristics of the pump and drive when responding to
commands of step, ramp and sinusoidal inputs to the speed
controller with hydraulic loading equivalent to the CRBR Plant.
It was also the objective to check on the threshold
(sensitivity to a small signal), and to measure speed errors
with a steady state control signal input. Following the tests
and determination of compliance with the specified performance
criteria of the Drive Speed Servo Control, step and ramp
response data was to be recorded for the flow servo loop, where
the CRBRP Permanent magnet flowmeter provided the flow achieved
feedback signal to the servo loop.

Drive System Test Results & Conclusions

Conclusions: It 1is concluded that the speed control system
meets the requirements specified in the Test Request 22A3551,
except that at 725 RPM, the random speed variations was 1.05%
as compared to the .4% allowable at 100% speed. (Tests were
run at 25% speed rather than at 22% speed because the controls
had been temporarily adjusted to prevent operation below 24% so
that more function generator electrical segments could be
committed at 720 RPM in an effort to minimize the random speed
problem. )

(The above random speed error 1is correctable by rework of a
part of the Voith fluid coupler of the M-G Set. The coupler
used in this test was returned to the manufacturer for rework.
Other units already delivered to CRBRP are to be disassembled
and the rework handled by the manufacturers representative
following demonstration of the fix during plant pump water
tests.
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2.6.1.1

Drive Frequency Response Test Results

Sinusoidal frequency response testing was conducted by applying
a sinusoidal speed command signal to the closed loop system
with an amplitude of 2% of design speed and at 10% of design
speed. There were three speeds at which these command inputs
were applied: 40% speed, 57.5% speed and 90% speed. A Fourijer
analysis was performed on both command and response signals.
The approach was to accumulate a table of closed loop gain and
phase angle versus frequency, prepare plots of gain versus
frequency, prepare plots of phase angle versus frequency, then
use a "Nichols" chart to convert from closed loop to open loop
gain and phase versus frequency. The resulting curves for the
40% speed, 2% sinewave are reproduced at the end of this
paragraph. The results of the frequency response testing is
shown in Table 2.6.1.1, where the terms are defined as follows:

0 Bandwidth - The frequency at which the magnitude
of the closed loop gain response has
dropped to .707 times its low
frequency value.

) Phase Margin - The additional phase lag (negative
phase shift) required at the open loop
gain crossover frequency (frequency
where gain is 1) to bring the system
to the verge of instability (phase
shift of -180°).

0 Gain Margin - The reciprocal of the magnitude of
open loop gain at the frequency where
the phase angle is -180°.

The drive frequency response criteria were:

0 Bandwidth must exceed 0.1 radians/sec
0 Gain margin must be 20db or greater
) Phase margin must be 50° or larger

As measured at ETEC, the drive speed control system, when
operaténg with the CRBRP 3 loop maximum impedance (R3 = .4 x 10
ft/gpm“) and sodium at 1005°F met all of the specified
criteria. Results are tabulated in Table 2.6.1.1
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Sinewave Bandwidth Phase Gain

Speed Amplitude Radians/ Margin Margin
% % Sec. Degrees Db
40 2 .24 56 20+
40 10 .18 74 20+
57.5 2 .23 68 20+
57.5 10 .21 72 20+
90 2 .23 78 20.8
90 10 .22 97 20.2

TABLE 2.6.1.1
DRIVE SYSTEM SPEED CONTROLLER FREQUENCY RESPONSE
2.6.1.2 Drive Random Speed Variation

Random speed variation is a measurement of the speed control
system's ability to overcome hydraulic load and or power
variations to maintain speed at its commanded value. It is
essentially an indication of drift. The criteria is 20.4%

(or +4.5 RPM) at full speed of 1116 RPM and =0.25% (or 2.8
RPM) at the low main motor speed (22% or 246 RPM).

The test was run by adjusting the speed setpoint to a
prescribed speed, allowing the system to run undisturbed for 1
hour after an initial stabiiization period. Variation of
speeds were recorded for the 1 hour period. Set points were:
25% (280 RPM), 40% (466 RPM), 50% (558 RPM), 65% (725 RPM),

90% (1004 RPM), and 100% (1116 RPM). Testing was run at 25%
speed rather than 22% because the control system had been
adjusted to prevent closed loop operation below 24% speed. The
65% point was added because a control system instability had
been observed at this speed. All testing met the Test Request
Criteria except for the 65% (725 RPM) speed point, where the
Voith fluid coupler was displaying its identified instability.
The results are shown in Table 2.6.1.2.
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2.6.1.2 Continued

The control system passes the specified criteria for random
speed variation except at the 65% (725 RPM) speed point

Setpoint Measured Speed Variation

Speed (RPM) High Low RPM %
282 281.65 281.4 +,25 0.02
445,2 448 .5 447,75 +,45 0.04
559.4 558.98 558.23 +.38 0.03
726.7 736.8 713.7 +11.70 1.05
998.2 1009.3 1006.8 +1.30 0.12
1117.0 1119.8 1112.7 +3,55 0.32

TABLE 2.6.1.2
RANDOM SPEED VARIATION

2.6.1.3 Response to Step Commands
(Delay, Overshoot & Settling Time)

In this test, the system response to a series of step commands,
both up and down from the set point was determined. The
following are the terms of interest:

0 Response time: The time between initiation of the
step change in the command signal and
the time when the pump reaches 90% of
its final steady state speed

Response time criteria:
Less than 20 seconds for 40% to 100%
speed; less than 20.5 seconds for 30
to 40% speed; less than 33.2 seconds
for 22% to 30% speeds

0 Settling time: The time between initiation of the
step changes in command signal and the
time when the pump first remains
within 3 RPM of final steady state
speed

Settling time criteria:
50 seconds or less for a 10% speed
step in the speed range of 40% to 100%
speed

88




0 Overshoot: The maximum transient speed excursion in
excess of the final steady state speed

Overshoot Criteria:
1% (11.16 RPM) of design speed for a 10%
step in the 50% to 100% speed range, 2%
in the 30% to 50% range (Note: ECP #G1412
baselined a change to 2% from 1% in the
30% to 50% speed range)

The speed controller met all requirements.

Response Overshoot Settling
Step Time RPM Time
(RPM) (Sec.) (Sec.)
254 - 335 18 17.4 56.5
335 - 446 13 10.5 29.5
446 - 558 15.5 3.4 24
558 - 670 12.0 2.8 15
670 - 781 9.5 5.0 50
781 - 893 12.0 2.2 16
893 - 1004 12.5 3.9 27
1004 - 1116 12.5 2.8 17
1116 - 1004 12.5 0 17.5
1004 - 893 15.0 3.9 23.5
893 - 781 11.5 6.2 30.0
781 - 670 10.0 9.4 26.0
670 - 558 12.0 10.7 29.0
558 - 446 15.0 17.3 33.0
446 - 335 16.5 20.0 41.0
335 - 246 -- Control System Trips to MOR*

TABLE 2.6.1.3
DRIVE RESPONSE TO STEP COMMANDS DRIVE & PUMP SYSTEM
(Test Run of Oct. 10, 1983)

* MOR - Motor Operated Rheostat (Manual Control)
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2.6.1.4

Drive Ramp Response & Velocity Error

Velocity error is the difference between the commanded value
and actual value of output speed when the reference input is
changing at a specified rate and all transients have expired.

The specified criteria is a maximum of 1% of design value (1%
of 1116) on a 3%/minute ramp in the 40% to 100% range.

The drive system was tested to determine the velocity error for
speed ramps of 1%/sec, 1%/minute, 3% per minute and 10%/min.
Each ramp was conducted from 40% to 100% speed, and from 100%
to 40%. X-Y plots of speed command and speed response vs. time
for each ramp is dincluded in appendix D of ETEC's Segment
report for B6 (83ETEC-DRF-3834 dated August 26, 1984). Results
indicated that the velocity error was in limits.

% Of 1116 RPM MEASURED CRITERIA
PER MIN RAMP RATE MAX. ERROR (RPM) (MAX. RPM
60 11.16 RPM/Sec (Increasing) 60 N/A
60 11.16 RPM/Sec (Decreasing) 67 N/A
10 1.86 RPM/Sec (Increasing) 9 N/A
10 1.86 RPM/Sec (Decreasing) 15 . N/A
3 .558 RPM/Sec (Increasing) 5 11.16
3 .558 RPM/Sec (Decreasing) 8 11.16
1 .186 RPM/Sec (Increasing) 3 N/A
1 .186 RPM/Sec (Decreasing) 5 N/A

TABLE 2.6.1.4
DRIVE RAMP VELOCITY ERRORS
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‘ 2.6.1.5

Drive Steady State Speed Error & Threshold

The steady state speed error is the difference between the
requested speed and the final achieved speed after all
transients have settled. The specified criteria require the
final value to be within 1% of the requested value.

Results, shown in Table 2.6.1.5, indicate that the system was
compliant. The test was not conducted at 22% speed because the
speed controller was adjusted to automatically trip to open
loop control at 24% speed.

CONTROL CORRESPONDING SEQ. 688 ERROR ERROR
SIGNAL SET POINT SPEED RPM AS % OF
MILLIAMPS (RPM) ACHIEVED REQUEST
(RPM) (RPM)
%
4.89 272.86 273.30 (.46 .168
8.03 448,07 448.85 0.78 .174
10.01 558.56 558.85 0.29 .052
12.02 670.72 671.83 1.11 . 165
14.35 800.73 801.66 0.93 .116
16.01 893.36 895,27 1.91 .213
17.93 1000.49 1002.26 1.77 .177
20.01 1116.56 1111.83 4.73 .425

TABLE 2.6.1.5
DRIVE STEADY STATE SPEED ERROR
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2.6.1.5

Continued

Threshold is the smallest change which can be made in the set
point which will result in a change in pump speed. The test
was run by changing the set point up and down by 0.1% of design
speed. This corresponds to 1.1RPM speed change command. The
test was run at both a low and at design speed. The specified
criteria is that the threshold shall be less than 0.27% of
design speed (3 RPM).

Test results showed that the controller responds to a 0.1%
change in set point, therefore the criteria is met..
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'II' 2.6.2

Flow Controller Tests

Flow controller tests were conducted with sodium temperature at
1005°F and loop resistance adjusted to R3A resistance (a point
midway_@etween CRBRP 3 Toop maximum and 3 loop minimum, or
.34x10 "/gpm2, which is achieved by adjusting loop valves for
36,059 gpm at a speed of 1116 rpm.

A 24-inch Permanent Magnet flowmeter was used to measure flow
rate and to provide feedback to close the flow servo loop. The
flowmeter was previously calibrated against the Venturi
flowmeter. The nonlinear flowmeter output was digitized at 30
samples/sec and reconverted to a driving analog signal for the
flow controller. The flow controller output becomes the speed
command input to the Drive speed controller. For the final
segment B6 flow controller tests, the controller manufacturer's
representative made final controller adjustments to .48
volts/volt, reset of 3 seconds per reset, and *0.5% deadband.

Flow data presented in this report is from the test segment B6
Report  #B83ETEC-DRF-3834. General Electric makes no
interpretations or conclusions regarding the data since the
equipment and systems are the responsibility of others.

Steady State Flow Error

Steady State Flow Error is the difference between the flow set
point (command) and the actual achieved flow. The test was
made in 10% increments between 30% and 100% flow. There was no
criteria for acceptance imposed in the test specification.
Table 2.6.2.1 presents the test results:

FLOW FLOW ACHIEVED

SET POINT HIGH LOW MEAN ERROR
(GPM) (GPM) (GPM) (GPM) (GPM)
10840 11020 10410 10700 140
14450 14670 14050 14435 115
18045 18230 17550 17900 145
21675 22100 21080 21550 125
25280 25570 24480 25100 180
28870 28480 28140 28700 170
32490 33100 31400 32310 180
36020 37200 34550 35850 170

TABLE 2.6.2.1
STEADY STATE FLOW ERROR
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2.6.2

Continued
Response to Step Inputs, Flow System

The The flow system was subjected to 10% (of design flow) step
changes in flow commands, from 30% to 100% of design flow and
back to 30%. The system response to each step was evaluated
for response time, overshoot and settling time. ETEC applied
flowmeter signal conditioning 1in which the feedback signal
was the running average of the last 30 samples of flowmeter
output. This put a delay of 0.5 seconds in the flowmeter
feedback signal and improved the quality of the signal. The
terms used in presenting the data are defined as follows:

Response Time: Time between initiation of the step change in
the command signal and the time when the flow reaches 90%
of its final steady state speed.

Settling Time: Time between initiation of the step change in
the command signal and the time when the flow remained
within 100 GPM of the final value.

Overshoot: The maximum transient flow excursion in excess
of the final steady state flow value.

There was no criteria for acceptance imposed in the test
specification. Table 2.6.2.2 presents the results.

Flow Command Response Settling
Step Step Time Overshoot Time
(GPM) (%) {Seconds) (Seconds
10,800-14,420 30-40 12.5 16 41
14,420-18,030 40-50 14.0 12 37
18,030-21,630 50-60 14.2 3 26
21,630-25,240 60-70 13.5 0 50
25,240-28,845 70-80 14.0 1.5 91
28,845-32,455 80-90 15.0 0 21
32,455-36,059 90-100 18.0 0 24
36,059-32,455 100-90 23.0 2.5 33.5
32,455-28,845 90-80 19.5 7 46
28,845-25,240 80-70 15.0 0 91
25,240-21,630 70-60 20.2 0 30.5
21,630-18,030 60-50 14.0 2 40
18,030-14,420 50-40 14.5 27 49
14,420-10,800 40-30 16.5 33 110

TABLE 2.6.2.2
RESPONSE TO STEP COMMANDS
FLOW, DRIVE & PUMP SYSTEMS
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‘ 2.6.2

Continued
Flow Ramp Response Test

The flow control system consisting of the flow controller, the
drive, and the pump were tested to determine velocity errors
with flow ramps of 1%/minute, 3%/minute, and 10%/minute,
applied from 30% to 100% flow and 100 to 30% flow. The results
are tabulated in Table 2.6.2.3.

Ramp Maximum Error
(GPM/Sec) (GPM)

360.6 1Increasing 2900

360.6 Decreasing 3500

60.1 Increasing 800

60.1 Decreasing 800

18.03 Increasing 400

18.03 Decreasing 350

6.0 Increasing 300

6.0 Decreasing 0 (Approx.)

TABLE 2.6.2.3
FLOW RAMP VELOCITY ERRORS

Flow Freguency Response

Sinusoidal frequency response testing was conducted by applying
a sinusoidal flow command to the closed loop flow system with a
sinusoidal amplitude equivalent to 5% of rated design flow (5%
of 36,059 or 1802.9 GPM). Plots of closed loop gain vs.
frequency were prepared and a table of closed loop gain, phase
vs. frequency were prepared. A "Nichols" chart was prepared
from the closed loop table, and from the Nichols chart, a table
of open loop gain and phase vs. frequency was prepared. This
data was then tabulated and plotted as requested in the test
Request 22A3551. Results are tabulated in Table 2.6.2.4.

Command
Flow Rate Sinusoidal Gain Phase
(% of Design  Amplitude Bandwidth Margin Margin
Flow) (% of Design (Radians/sec) (db) (Degree)
40 5 0.25 20 12
57.5 5 0.19 20 74
90 5 0.12 20 87

TABLE 2.6.2.4
FLOW SYSTEM FREQUENCY RESPONSE
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2.7
2.7.1

Miscellaneous Tests

Rotor Hydraulic Impedance Tests
The purpose of this test is to determine the resistance to
natural circulation flow of a stopped pump.

There were two checks made of the hydraulic impedance of the
pump to fluid flow through the suction to the discharge nozzle:

o]

Segment Al5 - Hydraulic Impedance with 600°F Sodium

(o]

Segment B4 - Hydraulic Impedance with 1005°F Sodium

Each of the above tests were run with the impeller free to
rotate from two orientations, with vanes shifted in position by
18°. The technique used was to pressurize the SPTF sodium
supply tank to 134 psia with Argon cover gas, open the dump
tank drain valve and the supply tank feed valve and
pneumatically "blow" the fluid in the forward direction through
the pump until the supply of sodium was exhausted. The pump
internal impedance through the suction to discharge flow path
was then calculated by using the measured values of pump
differential pressure and the corresponding sodium flow rate
values. The flows achieved were in the order of 4700 to 4900
gpm at a differential pressure of 55 to 60 inches (W.G.), and
the time required to transfer the fluid from supply to drain
tank was in the order of 5 to 6 minutes. The free to rotate
shaft did not rotate. The 1ift pump was not in operation during
this test. The curves developed with 600°F sodium are shown in
Figures 9.2.7.1A through 9.2.7.1C:
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Interface control drawing CG52004, Table 1-1 defines forward

impedance in terms of
normalized flow.

pressyre

S drop (ft) divided by the
Using H/W ©, the above plot yields* the

following:
2 Impg?ance

Pump H Flow (Q/33,700) H/W
Inches Ft.

10 .8333 1800 .002981 279

20 1.666 2700 .006419 259

30 2.500 3550 .011097 225

40 3.333 4050 .014442 230

50 4,166 4500 .017831 233

*Using the plot of flow decreasing
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In test Segment B4,

pump tank delta pressure of 4 to 5 psid
compared to 60 inches in segment AlS.
Figures 8.2.7.1D through 9.2.7.1F:

(140

an identical test was run, except that
sodium was at 1005°F and the forcing pressure resulted in a
inches)
The results are shown in
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The above data yields the following impedance numbers (one inch
sodium at 1000°F = .0297 PSI)

2 Impgdance
PSID INCHES FT  FLOW (Q/33,700)°)  H/W
.297 10 .8333 2000 .00352 236
.594 20 1.666 2640 .00614 271
.891 30 2,500 3300 .00959 260
1.188 40 3,333 3900 .01340 248
1.485 50 4,166 4400 .01705 244
3.00 101 8.417 6150 .03330 252
4,25 143 11.91 7380 .04795 248

A1though2there is considerable data scatter, it is concluded
that H/W™ is about 250, thus meeting the specification
requirement.
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2.7.2

Segment B14A, the PPIF Temperature Transient.

This faulted event transient is defined as a slowly rising
temperature, from 1000°F to 1100°F, occurring in a 12 hour
period, holding at 1100°F for four hours, followed by a

slowly falling temperature -4°F/hr, at a pony motor flow rate
of about 2900 gpm.

The temperature excursion applied at ETEC used the main motor
during the up ramp to aid in the addition of heat energy.
After achieving and holding 1100°F (actually 1094°F) for four
hours, the drive was tripped to pony motor speed, then
gradually returned to 1005°F across a 12-hour period. The
objective of the test was to demonstrate that the excursion to
1100°F did not degrade mechanical operation or hydraulic
performance. The record of the transient applied is shown in
Figure 2.7.2.
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Figure 2.7.2
PPIF Temperature Transient

The test results of Segment B14A indicated that neither
mechanical performance nor hydraulic performance were degraded.
The baseline rechecks were compared with performance before
(Segment B14) and after (Segment B14A) this test and tables
listing head and_glow for:?ach speed of interest for R3 loop
impedance (.4x10 ft/gpm~) are contained in the segment
report. This test shows that the CRBRP pump can experience
this faulted transient event without detrimental dimensional
changes at critical assemblies (hydrostatic bearing and
rotating assembly).
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2.7.3

Segment B11 Coastdown

This series of tests consisted of numerous coastdowns, a
total of 40, in which head, speed and flow vs. time were
recorded where different plant conditions (sodium temperatures
and loop resistance) were simulated. Some coastdown runs were
made with the pony motor tripped in advance of the main motor
PPS breaker, and others were made with the pony motor and main
motor tripped simultaneously with the PPS breaker trip.
Neither of these are normal plant trips but rather are extreme
cases. The normal plant trip involves the main motor only and
the pump coasts down until it reaches pony motor speed at which
point the overrunning clutch engages and maintains the pump at
pony motor speed.

Since establishing facility conditions of fluid temperature and
loop impedance 1is time consuming, all coastdown runs were
accompiished during any test segment where the proper
conditions existed.
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The coastdown cases are shown in the following table.

COASTDOWN CASES FOR SEGMENT B11

No Initial Lloop Sodium Pony Motor Trip
Case Runs Speed Run Resistance Temp Advance* Simult.
Cal 1 1 1116 RZ {Note 2) 600 X
Cal 2 ] 1116 R2 (Note 3) 600 X
Cal 3 1 1116 R2 (Note 4) 600 X
Cal 4 1 1116 R2 (Note 2) 1005 X
Cal 5 1 1116 R2 (Note 3) 1005 X
Cal 6 1 1116 R2 (Note 4) 1005 X
1A 6 1116 R3 600 X
1B 3 1116 R3 600 X
1C 6 1116 R3 1005 X
1D 3 1116 R3 1005 X
2A 1 1116 R4 1005 X
2B 1 1116 R4 1005 X
3A 1 Note 1 R6 1005 X
3B 1 Note 1 R6 1005 X
4c 3 1116 R3 1005 X
4D 3 1116 R3 1005 X
5A 1 103.9 R3 600
5B 1 103.8 R8 600 *5 second in ad-
5C 1 81.6 R3 600 vance with respect
5D 1 81.6 R8 600 to main motor PPS
6A 1 103.9 R3 1005 breaker trip
6B 1 81.6 R8 1005

Note 1: Whatever speed yields 39,000 gpm with R6 this will be
close to 970 rpm.
Note 2: Main Flow Loop only (Toop flow 1imit: approximately

19,000 gpm)

Note 3: High Flow Loop Only

Note 4: Split Filow MFL and HFL
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2.7.3

The test results presenting all cases in normalized tables is
contained 1in ETEC's Segment Report #83ETEC-DRF-3438 dated
August 4,1982. The results of both water testing and one of
the numerous cases run at ETEC (Case 1C, Coastdown from 1116
RPM with sodium at 1005°F, loop resistance at R3) are presented
in Table 2.7.3.1.

Normalized

Seconds After Requirements Results
Removing Drive Required Flow Water Test Sodium Test
Motor Voltage Min. Max BJ ETEC(Case 1C)

0 1.0 1.0 1.0 1.0

.82 .84 .86 .837

2 .70 .73 .75 .731

3 .61 .65 .65 .625

4 .53 .58 - .562

5 .48 .52 - .506

6 .43 .47 .45 .460

8 .36 .40 - .389

10 .29 .34 .33 .340

15 .22 .26 - .252

20 .16 .21 - .200

25 .12 .17 - .165

35 .07 .13 .13 .120

45 .04 .11 - .094

55 .01 .09 - .065

TABLE 2.7.3.1
COASTDOWN DATA

Results:

ETEC provided 116 plots of speed/head/flow vs. time to cover
the numerous cases and they also provided normalized data for
each case, including those cases where it was required that
they be repeated.

There appears to be no significant effect of advanced tripping
of the pony motor. There were no unusual vibration events
during the coastdown runs.

In the idinterest of brevity, only the plots of case 1C
(Coastdown from 1116 RPM with R3, the 3 1loop maximum
resistance, and sodium at 1005°F are included in this report.
Recipients of this report who have need for normalized
tabulated data are vreferenced to the segment report
#83ETEC-DRF-3438, dated August 4, 1983.
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2.7.4

Applied Gas

Pressure

10" WG
1 PSIG
2 PSIG
3 PSIG
4 PSIG
5 PSIG

2.7.5

Segments A5A and B14B Leak Test of Drop Down Maintenance Seal

The objective of these tests was to quantify the leakage rate
of argon gas past the "drop down" seal. The "drop down" seal
is the contact circle between the shaft slinger and the UIS
shaft annulus tube which is in contact when the shaft is
lowered for seal cartridge removal. (Figure 2.7.4.1 shows the
drop down seal. Part circle 46 is the slinger). Test Segment
A5A was run with the pump at room temperature using rotating
assembly #171222. Segment B14B was taken at the end of the
test program, with sodium in the pump at 600°F, and with
rotating assembly #174848 (used in water test). The same
slinger was used for all tests.

Leak testing of the drop down maintenance seal revealed the
following leak rates:

Measured Measured Measured @

Leak Rate ABA Leak RateB14B Water,Test
ft/hr ft°/hr ft¥/hr
1.1 0.8 -

4 1.3 1.8

9 3 4.8

13 4.4 5.4

18 5.7 6.0

20 7.4 7.8

Segment A10 Initial Pony Motor Run

The purpose of this test was to verify hydrostatic bearing
performance on pony motor, to measure sodium level variations
during pony motor starts and stops; to measure shut off head at
pony motor speed; to purify sodium to less than 5PPM oxygen,
and to record head and flow relationships.

Results:

Oxygen purity was taken to 3 PPM at 750°F as verified by both
plugging temperature and chemical analyses of a sodium sample.
Oscilloscope display of shaft orbit from the in-sodium
proximeters was well within the ETEC established 25% clearance
T1imit. Proximeter probes displayed considerable temperature
sensitivity, resulting in a conclusion that recalibration every
50°F would be required. The proximeters should be viewed as a
gap indicating tool for isothermal conditions, and as a less
than perfect indicating tool during fluid borne thermal
transients.

ETEC's sensor for measuring developed head initially indicated
5.1 ft, which is above the specified 5.0 ft. maximum. ETEC
subsequently concluded that they had a zero drift error.
(Me?surement in A13B yielded 4.63 ft. for this impeller at 104
RPM).
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Seal Cartridge & Drop Down Seal
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2.7.5

Continued

There were no discernible sodium level changes in the pump tank
as the pony motor was started and stopped, and vibration was
satisfactory.

There was a noticeable 1increase in tank circumferential
differential temperatures as fluid temperature was increased,
which indicated the presence of internal gaseous convection
cells.

The drive motor lube system lower bearing would initiate a high
level alarm when the bypass valve was adjusted to set oil pump
discharge pressure as required for proper flow. This situation
was resolved by orificing the oil line near the motor.

Non conformances generated:

NPR# Subject
2669 Pony Motor overspeed trip
2675 VDM Tube o0il pressure switches for

lower bearing

See the Appendix for details of corrective actions taken at
ETEC.

Segment A12AB, Initial Main Motor Speed Run

The purpose of this segment is to make adjustments to the drive
speed servo loop and verify that the MG set lube auxiliaries
and the VDM lube auxiliaries are functioning properly; also to
determine how to run pump head flow mapping using two parallel
flow loops. Specific objectives were:

0 To make adjustments to the speed servo loop to achieve
proper speed response.

To verify lube auxiliary performance.

To verify satisfactory MG and VDM vibration levels.

To verify satisfactory MG & VDM winding temperatures.

To verify I&C Panel Instrumentation Display.

To verify pump stability through the speed range.

To obtain PM flowmeter vs. Venturi flowmeter data.

To run coastdown cases 1A and 1B.

OO0OO0OO0OO0OO0OO0O

Results:

The pump drive speed control system was adjusted with the aid
of factory representatives. Operation was verified from local
control in MG facility and from the control room. Step and
ramp commands were applied and the speed control found to be
responsive and stable except at 725 RPM. Vibration alarms were
encountered during the test, but were subsequently determined
to be caused by high frequency pickup, resolved by adding
low pass filters. Nonconformances generated in the process
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2.7.6

Continued
of startup were documented and are contained in Appendix C of
this document.

Segment Al12AB was intended to achieve activation of the Drive
System, to conduct such pump hydraulic operation as was
necessary to define/instruct how to hydraulically "map" using
two parallel flow loops, and to run the first coastdown case.
Another expected side benefit was to identify any interface
problem with the flow controller. Except for the coastdown
runs, this segment was not intended to yield final test data.
The test was successful in activating the drive system and
establishing that it was ready for use in supporting the
subsequently planned pump test segments. Flow controller
adjustments were made per factory representative instructions.

ETEC made several recommendations as a result of this segment
which deserve highlighting and a response thereto:

a) ETEC believed that the quantity of permissive interlocks
on pump start (with resulting automatic trip) is large,
and that it 1is not always easy to identify which
interlocks initiated the trip. ETEC recommends more
visibility of interlock circuitry status via additional
panel 1lights or a computerized printout, and that each
trip be evaluated to see if it could be satisfied by an
alarm.

Response: The February 1983 Drive Design Review called
for transferring some of the automatic trip interlocks to
become alarms. There is capability in the drive system to
add additional indicators if the plant operators should at
some future time so direct. Changes of this type would
have considerable effect on the quantity of plant wiring.

b) ETEC recommends that the MG Set heat exchangers be
modified to employ a mechanically ganged oil and water
valve arrangement for transfer of both o0il and water sides
of the dual heat exchanger simultaneously. This is based
on an incident (UOR #ETEC-82-06-SPTF-86-02) where the
water side failed to switch when called for.

Response: The failure to achieve simultaneous oil and
water switching at ETEC was determined to be caused by a
combination of improper water valve pressure assist piston
size and low water pressure. It is believed that these
two aspects are corrected for CRBRP. See Appendix C,
NCR's 2599 and 2615 for further information.
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2.7.6

Continued

c)

e)

ETEC

ETEC recommends better visual monitoring of MG set oil
reservoir level,

Response: The design is accepted and baselined.
Expenditure to improve accessibility not considered
Justifiable at this time.

ETEC recommended that the outer reservoir of the VDM oil
system be provided with a level switch.

Response: At ETEC, the oil level arrangement consisted of
an oil to water heat exchanger and an orifice and bypass
to increase pressure so that the pressure switch
functioned correctly, which is different from the CRBRP
set up, where the heat exchanger pressure switches and
piping were matched to the application. At CRBRP due to
the considerably better match between heat exchanger and
the piping, i.e., smaller pumps and design pipe length,
the bypass valve does not have to operate wide open and
most of the oil flow will go directly from the heat
exchanger to VDM bearing o0il reservoir and back again to
the heat exchanger instead of being bypassed as it was at
ETEC. Therefore, the problem of matching two flow rates
between three reservoirs does not exist at CRBRP.

ETEC recommended that an independent restart circuit be
provided for the VDM without stopping and restarting the
MG Set.

Response: There are deliberate Timits on the VDM restarts
for the protection of the VDM due to extremely high inrush
currents experienced in startup. Most startup
difficulties are encountered immediately after
installation or during speed controller adjustments. It
is a judgement factor that the permissive circuitry should
be left as for CRBRP.

ETEC recommended that valve position sensor wiring for
position indicator lights should be changed as per NCR
#2705,

Response: Incorporated

concluded that operation of major components was

satisfactory.
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2.7.7

Non conformance encountered during this segment are Tlisted
below:

NCR# SUBJECT

2688/2690 Abnormal noise at Voith coupler
2687 Valve actuator broken

2693 VDM Bearing Noise

2697 MG trip-timer problem

2699 Speed drift to 1132 RPM

2704 Hx transfer-water failed to switch
2705 ICP status light wiring error

See Appendix for the details of corrective actions taken at
ETEC and actions planned for CRBRP.

Segments B5 & B13, Endurance Runs

The purpose of these segments was to demonstrate operation at
rated temperature (995°F) and hydraulic conditions (Full speed
at CRBRP 3 loop maximum impedance).

The first of these segments was for 48 hours, (9/23/82-9/25/82)
and was run shortly after the first run up to full temperature,
but before application of the severe thermal transients. The
second segment was run after the series of significant tests
where sodium was at 1005°F (B6 through B10). The second, or
long term endurance run was constrained by schedule plans and
was limited to seven days in order to facilitate the schedule
for testing the cellular convection fix.

Specifically, each of these segments was to demonstrate
sustained operation at rated temperature, speed and flow,
demonstrate mechanical stability.

Results Segment B5:

0 The short-term endurance run consisted of 57 hours at 1116
RPM, R3 impedance and 1005°F sodium. There were no
unusual events. The tank fluid level was constant at
146.3 ft. + .2 ft. Hydrostatic bearing orbit was stable.

The breakaway and running torques at the end of the test were

unchanged from start of test data. End of test breakaway :110
in 1b, turning torque :87 in 1b.
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2.7.8

The segment report for B5 contained attachments with the
following:

Temperature Profile for tank T/C's

Summary of tank, Shield & Cover T/C's

0i1 Temperature & Seal Hx temperature

VDM & MG Bearing Temperature

Frequency Domain Information

Structural Vibration & Seal 0i1 Level Sensor Readings

MMOOW I

The data referenced 1is available in Segment report
#83ETEC-DRF-2380.

Results Segment B13.

Test Segment B13 was run from November 20, 1982 through
November 28, 1982, for a total 170 hours during the test, with
452 hours total accumulated time at 1005°F and rated flow.

One unusual event caused an interruption of the test: The SPTF
facility air blast cooler fan motor failed and caused an
increase in sodium temperature to 1058°F for a short period.
It was concluded that no pump damage resulted.

Attachments, similar to those tabulated above, are contained in
the segment report #B83ETEC-DRF-3910, including H/Q speed scan
taken at the start and at the completion of the test. See
Paragraphs 2.9.1 and 2.9.2 for summaries of vibration and
temperatures.

Segment B10, One Loop Operation on Main Motor

The purpose of this test was to provide data for system 51A to
define hegg and f1oy relationship at the one loop impedance R7
(0.126x10 ft/gpm“), to define head flow characteristics
at a high flow to speed ratio, and to demonstrate pump ability
to withstand a speed overshoot upon startup.
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Results:

An R7 speed scan recording Head vs. flow at 400 RPM, 300 RPM,
251 RPM and 104 RPM was completed with sodium at 600°F and at
1005°F, using the 37.5 inch impeller. There was no cavitation
at R7 and 251 RPM. ETEC experienced some data fluctuations

at the 251 RPM test point; this was caused by readjustments of
the drive speed control, to improve gain at the 725 RPM speed,
where instability was previously experienced. This situation
was not deemed to have significance. Diagnostic sensors of
pump and drive were reviewed and indicated no anomalies. The
Head/Flow data taken during this test is plotted as Figures
2.7.8.1 and 2.7.8.2. Results are listed as follows:

FLOW AND HEAD

SPEED RPM 600°F 1000°F
GM  FT GPM Ft
104.3 4599 2.68 4605 2.68
251 10,589 14,43 10,781 14.72
300 12,686 20.53 12,837 20.71
400 16,938 36.39 17,099 36.95
TABLE 2.7.8

R7 SPEED SCAN
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2.7.9

Segment B3B, IHX Gas Injection

The purpose of this test was to confirm tank fluid level
stability with several rates of gas injection into the IHX
nozzle, and to determine if slug pumping occurs in the bubbler
pipe as evidence by sodium carryover measurements.

The SPTF loop was arranged with a pipe to carry sodium from the
pump discharge, through a valve to the pumps IHX return nozzle,
so that at 1116 RPM and R3 impedance, 200 gpm of sodium would
be returned to the pump sump via the IHX nozzle. This sodium
line was arranged for a manually controlled rate of gas
injection.

Three sodium flow rates were used: pony motor flow, 33,700 gpm
(100%), and 39,100 gpm (116%). Three IHX gas rates were used:
0, .22, and .55 scfm. Gas injection at the IHX nozzle was in
addition to the nominal gas flows into the pump at interface
#10. Gas flows were measured at the purge inlet (interface
#10), oil collection tank gas bleed outlet (interface #12), the
IHX gas inlet, and the bubbler outiet. Sodium level in the
pump tank was measured.

The test consisted of taking a series of sodium carryover
measurements by draining off a measured volume of the bubbler
gas flow, into a special sampling tube. The tube was then
removed and sent to a laboratory for measurement of sodium
content in terms of milligrams of sodium per standard cubic
foot of gas. The test involved diversion of normal bubbler
flow into the measurement apparatus. The system for diversion
and sampling of bubbler gas was a "first-of-its-kind" at ETEC.
No previous experience or literature record was available for
design of a system to handle the sodium aerosol/sodium
vapor/argon mixture and provide a representative test sample
syitable for laboratory analysis.

The test results were considered questionable regarding
carryover measurements.

Without IHX gas injection, but with the normal purge gas flow,
the carryover measurement method yielded about 4 milligrams per
standard cubic foot, which is far below the saturation density
of 300+ milligrams/scf expected at 1000°F. Since the gas
bubbles through 1liquid sodium in the bubbler, it might be
expected to be saturated with sodium vapor, assuming that
subsequent piping 1is heated sufficiently to prevent cold
trapping. (If saturation is a reasonable expectation for this
bubbling gas, then the system designers should use the
saturated density to predict carryover magnitude. The question
is whether saturation is to be expected in this situation.)
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2.7.9

2.7.10

Continued

As soon as ETEC diverted bubbler gas from the normal bubbler
gas return line into the measuring apparatus, the impedance of
the gas flow path was increased, and its effect was that the
increased backpressure caused bubbler gas flow reduction, and
an increase in pump internal pressure. This would result in a
level reduction in the pump, starting shortly after gas
diversion to the measuring apparatus. It is postulated that
the carryover measurements represent gas flow in a non bubbling
state.

The IHX gas injection without the bubbler carryover apparatus
in the bubbler 1ine caused no level disturbance.

The measured quantity of sodium carryover for each of the IHX
gas and purge gas flow rates is not presented in this report
for the reasons stated above.

Segment C6, Pony Motor & Main Motor Startup Run

This test segment was the first pump operation following the
disassembly and reassembly of the pump with a change in the
rotating assembly (from 37.5 inch diameter impeller to 38.25
inch diameter dimpeller), and with the addition of baffling
between the upper innerstructure and the tank (the "fix" for
the gaseous cellular connection problem).

The purpose of this test segment was

0 To circulate sodium so that the sodium purification
process was started.

0 To determine that pony motor and main motor
instrumentation was performing satisfactorily (after being
disconnected and reconnected in the pump rotating assembly
change).

) To determine if the lubrication systems of the MG Set and
Vertical Drive Motor were performing as intended.

To make adjustments (if needed) to the function generator (of
the speed regulator).

The results dindicated that the sodium loop purity was
satisfactory at less than 3 ppm oxygen.
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2.7.10

2.8
2.8.1

Continued

Pony motor and gear box vibratijon (displacement) during steady
state speeds were satisfactory at .58 mils and .22 mils
respectively.

Vertical Drive Motor and MG-Set winding and 1lube oil
temperatures were normal, as were vibration (displacement)
sensor indications; these were documented in the Segment Report
(83ETEC-DRF-4222).

The first attempt at starting the vertical drive motor with
loop impedance set for R3 ended with a protective circuit trip,
assumed to have been caused by the slower acceleration
supposedly resulting from the larger diameter impeller. The
system was successfully started on the second attempt, when
loop resistance was set to R2. Thus, no speed regulator
function generator adjustments were necessary.

ETEC provided plots of vibration sensor output of Pony Motor
and gear box for both startup and coastdown, indicating
displacements of less than 1.5 mils.

ETEC presented traces of pony motor speeds showing the
differences in sensor outputs between the test article analog
output (SE9252) and the speed registered by the digital pickup
which is magnetically coupled to rotating gear teeth” (SE9249).
At the conclusion of this segment, the drive system was proven
ready to support the Phase C pump tests.

Instaliation, Assembly/Disassembly and Readiness Tasks

Segment Al Tank Installation

The purpose of Segment Al was to install the tank in the SPTF
loop; make five pipe connections; install tank mounted sensors,
and complete the heater and insulation installation.

A1l objectives were met. The tank was installed and pipe
connections were welded and radiographed. The suction nozzle
weld required repair. The insulation was installed with no
weight being applied to the pump. The following
non-conformances were identified and dispositioned.
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2.8.1

Continued

NCR# SUBJECT
8680 Stained appearance
8679 Damaged bolts

The insulation and heater arrangement was not prototypical of
the CRBRP design because the SPTF design was leading the CRBRP
design by several years. ETEC document 78ETEC-DRF-3347 dated
December 4, 1978, defines the heater/insulation approach. A
typical oven panel 1is shown in Figure 2.8.1.1, and the total
tank heater layout is shown in Figure 2.8.1.2. Thermocouples
to be used for tank preheat monitoring were secured to the tank
by means of a Marimet 45 insulation block with a 5/8 inch wide
X .010 thick strap spot welded to the tank, and similar straps
were used for anchoring leadout hardwires.
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Segment A2 MG Set Installation

In this task, the Motor Generator Set and its auxiliaries, and
the Vertical Drive Motor and its auxiliaries are received, and
all except the Drive Motor are installed. Electrical power and
instrumentation connections are made, and o0il and water lines

are interconnected. Wiring between the drive and the flow
controller is installed.

Results:

0 Shipping of Drive equipment was made per the shipping plan
(reproduced on a subsequent page).

o The MG Set and the lube o0il system was installed with
electrical & hydraulic connections.

0 THe MG Set oil system was serviced.
0 The VDM lube 01l system was installed.

Hon Conformances:

NCR# SUBJECT

2497 Contaminated Lube 0il

2499 MG Set Motor bearing wear

2505 Foreign material in Fluid Coupler Reservoir
2508 Missing hardware & rats nests in power enclosure
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SHIPFING PLAM FOR_PROTOTYPE PUMP DRIVE SYSTEM sh. of 2
- . A 2
MOTOR GERERATOR SET . CONTROL PARELS
* Gemerator bfvotor teat Yoith Fluidf¥oith Pusp [Coupling oith Eluid TRisc. Ttems
Conduit | Generstor {Conduit Drive xchanger Drive & Instrwmt.] Housings rive Huin & Assembl PPS PPS Speed
Motor ping ¥ §Breaker Breaker ([Regulator
Box Box Assy Coupler Panel & Spacers Yalves Parts tubicles H
1. tquipment Shipper Byven Jackson Pump Division, Borg-Warmer Corporation, Los Angeles, California
2. Supplier (6FE) Department of Energy
3. Purchase Order Mo. {(3) #124-195 WP {4) 1DO-K2Y00
4, Point of Origin Yernon-Los Angeles, California
5. Schedule Shipment Oate 5/29/81 5/29/81 8/29/81 5/29/81 5/29/81 5729781 5/29/81 5/29/81 5/29/81 5/29/81 5/729/81 5/29/8} 5/29/8}
6. i:_:m'f‘?‘z;fgf &s above | As above | As above As ateve | As above ) As above | As above }As above | As above hs above | As above | As above | As above
7. %;:‘::t: g«;ent Ho. JADB42757 34D10BBOY 340842758 345109787 | 3.60-9653 § 3.60-9652 3.60-9654 § 228K7718 441K445 4415450 014703054 | 269A6146 | 0-3236
See Note 2 | See Hote 2 :
8. Component Quantity 1 i } 1 i 1 1 2 Many Many 2 3 ]
8- "'(‘;:pgﬁ,,gge‘" 1 1 1 1 ! i i 1 2 1 2 3 1
10. Dieensions- X 65Mx63W | 110Mx 96U S7hx 6 3 1121x 96 65Hx 1 25W TiBHx102% | B6HK5BM 32Mx 35N BiHx42Wx 1400  25Hx 408 106Hx 76 54Hx 284 45Hx47H
{inches x79L x255L xITL 21340 x44L xi20L x102L 89 SHUATHXIZEL] xS x95L x71L x102L
Tl Swipping veight Approx. .50 | ,700 2800 36,700 8700 18,500 5300 825 3700 825 ano 1300 2100
12. Proposed Method
of Shipment Truck Truck Truck Truck Yruck Truck Truck Truck Truck Truck Truck Truck Truck
13. Emclosure Crated Skid
. ] Covered Crated Covered Crated Covered Crated Crated Crated Crated Crated Crated Crated
14. Bocuments to Accompany Packing List
Shipment Shipping Release {Byron Jackson)
Shipping Release (6f-ARSB)
15. Special Shipment

Jastruction

Byron Jacksom is contracted to prepare, package and ship this equipment consistent with the requirements of I0M Manuals:

Generator Set GEX-42757, Main Pump Motor GEK-42758 and Systes for Sodium Pump Drive GEK-42759,

Variable Frequency Motor-

WOTES:

(1) MG Drawing Part Hos. are used e place of CRBRP EiN's.
(2) 1LMAG Sub-¥endor Shop Order Hos. are used in place of CRBRP EIN's.

Rev. 1§

SP Mo. KL-593-00884 Rev. 0 12/18/80
02/06/8%

Rev. 2 04/16/8)

FIGURE 2.8.2

DRIVE  SHIPPING PLAN

Pace 1 oF 2




SHIPPIRG PLAR FOR PROTOTYPE PU® DRIVE SYSTEM

’

Sh. 2 of 2
L CONTROL PANELS
| Wotor instr'm & bDf¥otor .
! Contrsl | Control Heat Clutch Drive .
. Center | Panei Hotor
|. fquipment Shipper ’ Byron Jackson Pump Division, Borg-Warmer Corporation, Los Angeles, California (5) gi&:;g:.:bto;e: tvie::rltor Department
— )} 4
2. Supplier (&FE) Departsment of Energy
3. Purchase Order HNo. (3) wWi2s4-195 aw {4) 100-k2v00
e -
§. Ppint of Origwn Vernon-Los Angeles, Califoraia
5. Schedule Shipment Bate | o o0 | gog/m | srzermt | srzast | ez | gomm | arzmm | eromm | syase
Estwmate Dale of
& Arrival at FTEC As above | As sbove | 9/25/81 | 9f25/81 | /2B | grp5my | e/2symt | sr2s/m | 9s25/8)
. %2:,'"::: :;’e"'~ #o. 21285376 | 014108348 | C-76-€-60 | 346773092 | 4444} | 934C773N15)- 441kad) | 136D56726-1] $54£220
See Hote 4 See Hote 2
8. Cospoment Quantity i i i i 5 1 - Hany 1 1
5 mber of Pieces 1 i 1 i i \ \ N |
{Shipping)
Dimimsions - Approx HWSH‘ 108Hx 564 100X} 206 2THx22 20Hx30d | 60Hx OB § 2x 500 2IHx7 74 197Hx161W
W0 (i aches) xJ2L X108t x65L xZ4L X250 X60L ey xB81 <1200
Sﬁi"i% Ye fght 5830 -
L apprex (1bs) o 4800 400 1000 4500 30 5300 | 90,000
17 progysed Method Truck | Truck Truck Truck ek | Truck Truck Truck Truck
i1t boswre Crated Crated Crated Crated Crated Crated Erated Crated g(kwi:red
14, Bocameats to Accompany See Sheet |
Shigmeat
15. Special Shipsent See Sheet 1
tastrection
WS (3) Dussmy P.0. Wo. Identifier required by FTEC. {5} Wertical Drive Motor will be shipped SP Ho. KL-593-00884 ::V- ‘0 g//;:;;"
) i GE/LMEG V.
{4) et inter Pivisiona} Order Ro. rom GL/LIG to ETEC Rev. 2 ©04/16/8)

DRIVE SHIPPING PLAN

FIGURE 2.8.2
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FIGURE
MG SET DUAL HEAT EXCHANGER




2.8.3

NCR# SUBJECT

2542 As built jumper location discrepant with drawing
2572777 Broken fan and drip pan missing

2551 Temperature & pressure gages missing

Additional details of these non conformances and the corrective
actions taken for ETEC and CRBRP are contained in the appendix.
Procedures used for MG Set Handling and Installation (which
include alignment) were transmitted as objective evidence of
completion via 81ETEC-DRF-4052 dated October 9, 1981.

Segment A3 M-G Set Activation

The purpose of this task was to accomplish pre operational and
initial operating tasks on the lube system and the M-G Set, and
perform a no load run up of the MG Set to verify power and
instrumentation connections and lube oil system switching,

Results:

The M-G Set was activated and run under no load conditions for
a period of 4 hours and 45 minutes. New 0il pressure switches
were installed. Tachometer magnetic pickups were adjusted.
Static alignment of the speed regulator was completed. The
lube o0il1 system was flushed. Voith fluid coupler pressure
regulators were adjusted. In the absence of a training program
for operators, it was found that the IOM Manual instructions
for start-up and checkout required supplemental detailed
instructions which were prepared by ETEC Engineering in
consultation with the Test Requestor. ETEC activation
procedures which were based on the IOM Manual vrequired
extensive field (red line) changes; and, a number of special
test procedures had to be prepared to supplement or to replace
portions of activation procedures after its official release.
The drive system as received at ETEC was used equipment, having
been operated for over one year in support of water tests.
This resulted in encountering numerous discrepancies in this
test segment:

1. Pressure switches in the MG set cooling system required
repair or recalibration.

2. A valve actuator was inoperative.
3. MWater flow switches had cracked paddles.

4. MG Set speed control was non-functional due to a missing
wire,
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The speed control drifted.
Excessive travel of the Voith scoop tube was experienced.
There was a wiring error on the annunciator panel.

A Ross water valve was badly encrusted with hard water
deposits, and as a result was inoperative.

Internal wiring of the MG motor terminal box was
incorrectly installed as received at ETEC.

There was an abnormal amount of difficulty encountered in the
activation of this equipment at ETEC. Contributing to the
condition were the following:

0

The equipment was the first of a series of six, and had
non-conformances which may have been unique tc the first
unit.

The system had been used as GFE supporting equipment for
water test, but had not been checked for conformance with
specified configuration and functional performance prior
to shipment.

Personnel operating the equipment in water test and at
ETEC were not formally trained in its use. Training
occurred while troubleshooting.

The procedures of the IOM Manual had never been validated
and were not suitable in detail or in accuracy for use by
untrained personnel unfamiliar with the equipment.

Non conformances identified include the following:

NCR#

2544
2580
2581
2584
2587
2588
2593

2594
2599
2600
2601

SUBJECT

Cover missing

Resistors missing

Heater fuse wiring

Broken cover plate & tags missing
Thermocouples inoperative

Gear speed indicator missing

Lube o0il skid as built wiring & drawing
discrepancy

Temperature sensor location in error
MG Hx water valve not functicning
Circuit Breaker inoperative

MG Set motor wiring error
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2.8.4

Additional details of these non conformances and corrective
actions taken for ETEC & CRBRP are contained in the appendix.
Details of the difficulties encountered by ETEC are contained
in the A3 Segment Report #ETEC-TDR-82-10.

Segments A4A and A4B Pump Internals Receiving and Assembly

The purpose of the A4A Segment was to receive and inspect
incoming pump parts. The A4B Segment involved assembly of pump
internals.

Pump parts were received at ETEC on the following schedule:

Item Date(1981)

Tank May 5

Rotating Assembly July 17

LIS July 31

Thermal Shield July 31

Hydraulics August 78&14
Thermal Liner August 14

Lube Tank August 21

UIs August 28
Instrumentation August 28 thru October 9
Tools With each shipment
Shaft Seal October 1

Internals Assembly was completed November 30, 1981.

Results, Segment A4A

ATl of the pump parts and special tools were off ioaded from
the suppliers carrier, inspected and stored pending use for
assembly. The shipping and packaging plan (DT #AC-0003-1689C)
adequately defined the packaging, but was obsolete and
therefore not effective for inventory accountability during
receiving. For communication of active shipping plans, General
Electric issued a prototype pump shipping plan, #XL593-00775
which identified to ETEC and other interested parties, with
pertinent facts concerning the shipments - what, when, number
of pieces, size, weight, enclosure type, etc. This shipping
plan is contained in the following pages. In practice, this
plan was updated and reissued as shipments took place.

The physical packaging of parts by the pump supplier was good,
providing adequate protection during transport and off loading.
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SHIPPING PLAN FOR FROTUTIPE PUF Sat | of 3 Shts.
Fump Tank | Lower laner Structure Hydraulic Assembly Upper Inner Structure (10) Lube Sys.
Tank & LIS Thermal Top Pump (ase] Baffle ‘aarmg Tne rma Specer(s) Uis Tank Cover Shot [0Vl Supply
Cone Assembly Shield Bearing Brg. Cage] Plate |Shroud to |Liner Assembly |Assembly [Access ank
. Assembly Assembly | Assembly 1Standpipe Assembly |
3. Procurement Participant M
Byron Jackson Pump Livision, Borg-sarner Corporation, Los Angeies, Califormia
2. Supplier
Advanced Reactor Systems Department, Generz) flectric Company, Sunnyvale, Californie
3. Perchase Order No.
(4) 1124-180 Bi¥ (S} AC-0003
4. Pownt of Origin
Yernon - Los Angeles, (aliformia
T i
5 Schedule Shipment Date )
5/5/81& | 7/31/81A | 7/31/81A 8/7/81A 18/14/81A | 8/14/81A 81A 8/14/81A | 8/14/81A | 8/28/81A ., 8/21/81A | 9/11/814 | B/21/8lA
6. Estumte Date of As above| As above | As above | As above | As above | As above | As above | as above hs ata.z | As above As abowe | As above | As above
Arcival) at FTEC
7. fgquipment ldeal. Mo.
{See Bote 1) 509608 409073 409088 436503 436504 333522 333285 437012 136228 509610 409091 294522 436508
al 8. Compoment Quantity )
By } 1 \
S - 1 ] 1 1 1 1 48 1 1 3
g. Humber of Preces
{Shippiog) 1 ] 1 1 1 1 1 1 1 1 1 ] 1
10 Dwensions - APProxX. portie Shlpe# 100 90x90x36 [ 63x53253 96 91x89x7 S1x46x2S 54254x23  119x19x12  fvert. CyY. N 24016216 | 37x33x32
{1aches) 1249/0x249 | Cube Cube 900/0x116  |Cube
11. Shippiag Weight - e
Agprox. (Lbs.) 54,400 15,000 5,500 4,900 16,654 3,129 955 1850 150 40,000 3,224 309 630
12. Prepased Heihod Xiow Bed . Low Bed
of Shipment Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck
13. Eaclesure - Hopen .
Cradle Crated Crated Crated Crated lrated Crated trated Crated Cr! adle Crated Crated Crated
14, Goomeats 10 _ e Packing List ) ® (eriificate of Conformance
Accompany @ Shipping Release {Byron Jackson)
Shipmeat e Shipping Release (ARSD-GE)
- 4’ @ Applicatle Handling & Receiving Iaspection lnstructioas
-= = @ tach approved Waiver or YCR that spplies to the equipment being shipped
- - ® Applicable Material Certifications (Not Delivered, Shown by Testimony in Certificate of Compliance)
Boies: (1) Prototype Test Unit Drawing Part Mo, is Used in Place of CRBRP EIN'S. P Mo IL-593-00775 Rev. @ 10/31/80
{2) See 7-1499-001, 002, 003 Appendix 1 of BJ's H, P & Shipping Plan No. pa.900) k:: 5 %,/%ZA‘
Rev. 4 12/10/81 Rev. 3 6/16/81

BLMP_ SHIPPING _DLAN Pace 1 C 3

FIGURE 2.8.4
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Shaft Seal Assembly

g

Rotating Assembly

SHIPPING FLAN FOR PROTS IPE PuMP

Sk 2.6,

fFinai Fssembly Parts

Cartridge | Insti'n. Fan and Rotating “0% Ring g (‘umten ‘ 30lting Upper Hotor relf [ Locking Stugs 815 Tiocking
Assembly [Accessories fan Shroud Assembly | Retainer Seal Ping Peiaininc ' foup Spac.) Straps f:«: (BN Straps
| Ring J_Sght Ring Joint
“‘ Procurement’ Participant
Byron Jackson Pump Division, Borg-Harner Corparation, Los Angeles, California
2 Supplier '
Advanced Reactor Systems Depa-wment, General Electric Company, Sunnyvale, Californmia
3. Purchase Order Ko. T
(4) wWiza-180 Bmp (5} AC-0003
4.  point of Brigin
. Vernon - (os Angeles, California
3. Seneoule Shpment fate | vaial 10 waa | ey ! 181 i I "
/814 i/ Al /814 /17/814 9/11/81A i 9/4/81A 8/28/814 8/28/8Yy 9/18/81A 9/4/81A 8/28/81 5 8/28/81,
6. fstiweate Date of As above | As above | As abave As above | As above hs above As above | As apove As above As above | As above As above
Arrival at ETEC
7 Lquipment {dent Ka. 333503 2 33“?;3 . A 33'23997, 29:2‘5
(See Mote 1 241819 | 2Fi8i6 333509 09612 | 333506 340569 312804 333507 222998 | 284963 284968 | 294549
8. Cosponent Quantity oty 1e - ] ) a1 80 Preces
) lea | } 1 ea. ? 1 1 V2 Ea. 2 i8 Total
3.  Nember of Preces
{Shipping) i i 1 | 1 L ] 1 1 1 i 1
10. Gimensioas - Approx. 3 32x29x 32232216 Tdx14x 144 x 4 {184x112330 | 19x19xi3 [ 16x16x5 | 32024216 [22-172 1 &
{inches) 12-172 282x48x48 §-1/2 120x120x)2 x 15-1/2 x 8
V. Shippieg Weight
Appros._(Lbs.) 1200 80 T80 (3) 8050 |44 2. 17150 2050 172 27 170 10
12, Progased Method
of Shigment Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck Truck
13, Encloswe
Crated Crated Crated Crated Crated Crated Crated Crated Crated Crated Crated Crated
14. ODocumests to ﬂ
Accomgany
Shipest See Sheet 1
“Er
Hotes;. } e
‘(:) & Cond:hw' [8) Dumy P.0. No. 1dentifier Required By ETEC SP No XL-593-00775 Rev. 0 10/31/80
. ract No. with 6. {6) See T-1479 Appendix 1 of gJ’s H,P & Shipping Rev. 1 2/6/8)
Plan No. pa.g00} Rev. 2 §)16/81
! Rev. 4 12/10/81 Rev. 3 6/16/81
FIGURE 2.8.4
PAGE 2 oF 3
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SKIPPING PLAK FOR PROTOTYPE PuUP

Sht 3 of 3 Shts

Final Assembly Parts - Coatinu Instrumentation (9) Deliverable Spares SEE WOTE (11)
Tank | Curvic tating asteners | Pemetra- |Junction  [Thimble iInstr'n
to Founda-| Teeth Flex Napor nd Misc. tion Box Assy-Level land i
Assemu__mﬂl:__'ﬁmhg____{mm::
1. Prolurement Partigipant
8yroa Jackson Pump Division, Borg-Warner Corporation, Los Angeles, California
Z. Supplier
Advanced Reactor Systems Department, General Electric Company, Sunnyvale, California
3. Purcnase Order No.
{4) N124-180 BiIP {5) AC-0003
4, Pporwat of Origin
Vernon - Los sngeles (Califormiz
5. Schedule Shipment Date | Completed '
5/8/81A | g/4/81a | 9/4/8A | 1079/81a | B/2B/B1 A S5/29/81A | 10/9/81A | 10/9/8IA I
i
6 Estwmate Date of As above] As above | As above | As above | A5 Above | As above | As above | As above '
arrival at €TEC :
}. fquipment ldent. No. 648965 436525 333525 18275 73 !
(See Wote 1) 2849 536520 333536 2£2520 N
Component Quantit Many-See Many-See
. Quaatity 40 ! 1 Note (7) 1 ! 2 Kote (2)
. kamber of Pieces
9 (enipping) 1 1 29 3 1 2 3
it prox- lanaexs 21217 | 1exisxo | aovoxs | setixiz | 7exdiade | 2001212 | aaxaonao
v 480 ea.| 440 4 2,000 100 670 638 600
12. Proposed Hethod
of Shipment Truck Truck Truck Truck Truck Truck Truck
i3 Enclosure g::::ped on
Crated Crated Pallet Crated Crated Crated Crated
14, Documeats to
Accompany NOTES: (9) Partial Instrumentation Release: Pump Tank
Instrumentation Delivered 8/29/81A,
Shipment See Sheet 1 16 - Proximity Probes Uelivered 7/17/81A. Remainder 10/9/81.
{10} UIS Delivery Includes Cover Gas Line Orifice(s).
(11) Pump Spares will be stored by Byroa Jacksom and delivered
incrementally to ETEC on a need basis.
Hotes

+ PA-3001

(7) Sew7-1474-002, to 065 Appendix 1 of BJ's H,P & Shipping Plam Mo. pa-gg0]
{8) See Appendix 1 & 9 of BJ's H,P & Shipping Plan Mo
Installation Tools, delivered with each shipment.

§P Mo, XL-593-00775 Rev. 0 10/31/80

for Applicable Handling/ Rev. 1 2/6/81

Rev. 2 4/16/8}
Rev. 4 12/10/8} Rev. 3 6/16/8}

FIGURE
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Lifting gear was, at ETEC's choice, proof tested at ETEC,
although the supplier provided "blanket" certification (not
individual tool certification).

There were some shortages of documents which were to accompany
the shipments (91 missing out of 1308 documents).

Inventory records of parts were prepared by ETEC as parts were
received.

Non conformances generated during segment A4A were:

NCR# SUBJECT

2535 Handling fixture cradle hinge

2536 Rotating assembly nicks

2538 Thermocouples are grounded type, non grounded
specified

See listing of non conformances in the Appendix if additional
details are needed.

Results, Segment A4B
The purpose of A4B was to assemble the pump internals and to
verify procedures.

The IOM Manual was found to be adequate for pump assembly if
supplemented by addition of details and by providing drawings
of individual parts.

It was found that match marks on certain individual parts were
non existent (had been machined off). In particular alignment
match marks for azimuth alignment of internals to the tank were
missing.

Assembly clearances were within tolerances specified in the IOM
Manual.

Axial travel measured 1.96 inches.
° Assembly of the internals, using a different crew than for
water test, proved that with existing part tolerances,
existing procedures, and new crew, the pump could be
assembled and that the same rotor swing test results were
achieved even with a different rotating assembly than that
used for water test. (Bearing swing test clearances were
35 to 41 mils at ETEC as compared toc 38 to 41 mils at the
pump supplier's facility.)

As run assembly procedures were preserved as & data output
of this test segment.
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.8.5

Non conformances were as follows:

Two interferences were revealed during assembly:
° The level probe radiation shielding plug flange interfered
with the motor support fiange cf the UIS, and required
facto;y rework. (This item was not used during water
test.

© The o0il level probe preamplifier conduit box was
discovered to have a potential for interference with the
vertical drive motor (relocated).
(Both of the above interferences have been corrected on
plant drawings).

NCR# SUBJECT

2545 Cable support cap-sharp edges

2558 Galled nut

2563/65 0i1 probe flange fillet interference

2571 Lead lengths too short

2575 Level probe flange interferes with motor mount
2583 Bracket hole alignment

For additional details on non conformances, see the appendix
listing.

The pump innerstructure assembly is shown in Figure 2.8.4.1
Segment A5 Innerstructure Installation Into Pump Tank

The purpose of this task was to transfer the previously
assembled innerstructure from the component handling facility
(CHCF) to the pump tank in SPTF, install the assembly into the
tank, and perform the post assembly tasks of connections for
purge gas, loading shot into the radiation shield, completion
of connections for the shaft seal and checking for Tleak
integrity.

Results:

The transfer of the innerstructure and installation into the
tank was accomplished without problems. Seventeen tons of shot
were loaded into the radiation shield. It was found tc be
difficult to disperse the shot to the far circumference of the
cavity because of feed location. ETEC found a deficiercy in
hardware and the IOM Manual regarding azimuthal orientation of
the innerstructure with respect to the tank (no scribe marks
for alignment), and special steps were improvised to establish
orientation. The match marks had been removed in the process
of changing the inner structure support from the adjustable
wedge design (used in water test) to the maintenance seal ring
design (used at ETEC for sodium test).
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FIGURE 2.8.4.1

PUMP  INNERSTRUCTURE ASSEMBLY
145 At Byron Jackson



Upon completion of installation, a leak test of the Upper Inner
Structure (UIS) to tank seal was accomplished by pressurizing
the buffer zone between two O-rings (one was a metal ring
prototypical of the plant) and measuring the decay across a
1-hour period. (Note: the prototype pump employed a different
design than plant pumps for the UIS to tank attachment. The
prototype pump at ETEC employed a large ring forging to
establish elevation of the internals in the tank and to seal
the pressure boundary. See Figure 2.8.5. the prototypical
0-Ring is on the upper surface of the maintenance ring forging
and identified as part #23).

w)(%
/
/7 s
§G>

1

30

Figure 2.8.5
Prototype Pump UIS to Tank Attachment

The leak test of the backup maintenance seal by the pressure
decay method after installation of_§he upper retaining ring
passed* the decay criteria of 1x10 ~, scc/sec per cm length
per atmosphere (this was an unfinished item of this test
segment which was run just prior to preheat).

Helium leak test of the shaft seal O-rings were not run during
this segment, but was run after shaft seal centering, Jjust
prior to preheat.

* Initial verbal report indicated that test passed.
Subsequently, ETEC documentation left some uncertainty
regarding identification of two buffer zones.
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In 83ETEC-DRF-4500 (A5 Segment Report), Page 8, ETEC indicated
that the leak test of the back up maintenance seal had been
completed and that it had met the criteria of 1 psi/half hour
at 5 psi leak rate. Subsequent notification however, indicated
a possible lack of configuration control, that there was
uncertainty regarding which of two pipes which bring the buffer
zone pressure connection out of the maintenance ring was the
one which contained the metal 0-Ring. As of the publication of
this document, ETEC concluded that there was uncertainty as to
whether the metal 0-Ring sealed, since one of the two chambers
leaked and one did not, and pipe identification was
questionable.

The sealing cone gap measurements at ETEC are checked
indirectly by using a measurements from the top of the bolting
ring to the motor mounting surface, then comparing this
measurement to the similar measurement made at the water test
set up, where cone gap has been correlated to the bolt ring to
mount measurement. At BJ, a bolt ring to mount measurement of
38.414 inches corresponded to a sealing cone gap of 14 to 17
mils (as measured by entering the tank and inserting feeler
gages into the gap where it was accessible). At ETEC, the
measurement was 38.350, indicating that the inner structure was
seated lower in the tank. This yields a theoretical clearance
gap at the cone of 0.011 inches for the ETEC assembly (38.414 -
38.350) divided by 12.8* yields .005 inches less than the water
test gap, or .011 dinches. This compares with a requirement of
.010 * .005 inches.

The time required for each task of the Inner Structure
installation were somewhat obscured due to separate crews
working in two facilities intermittently. ETEC's records
indicate the following:

Time (Hrs.) Man-Hours

0 Install Internals

Into Tank 16 115
0 Load Shot 24 96
0 Maintenance Installaticon 12 36

0 Bolting & Retaining Ring

Installation 24 72
o Inert Gas Connections 8 20
0 Service Seal With 011 4 8

* Radial taper
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2.8.6

Non conformances generated as a result of this effort:

NCR# SUBJECT
2653/2655 Shot loading not complete
2654 IOM Manual error regarding tool used for loading

ETEC made several recommendations regarding innerstructure
mating to the tank:

0 Fresh 0il servicing connection should be located away from
vicinity of shot access cover so that oil spill will not
enter shot cavity.

0 The o0il supply tank should be equipped with a vent valve.

0 Shot access covers should be gasketed.
(These items have been resolved for the plant pump design)

Segment A6 Vertical Drive Motor Installation

The purpose of this segment was to mate the motor to the pump
support ring, to service the 1lube reservoirs, to perform
preoperational electrical checks, to connect the motor shaft to
the pump shaft and measure the torque required to turn motor
and pump, and to check diagnostic instrumentation.

Results:

Installation and operation of the vertical drive motor was
accomplished with only minor anomalies. Additional tests were
performed as requested by the test Requestor to operate the VDM
under closed loop speed control from the SPTF control room.
The VDM and MG Set were ready tc support subsequent planned
adjustments and tests at the conclusion of this segment.

ETEC found that they could apply only 500 ft 1b of torque to
the motor mounting bolts due to insufficient access space in
the motor frame for the torque wrench. The VDM lube o0il system
required partial disassembly for removal of foreign materials.
The IOM Manual was found Tacking 1in idinstructions for oil
servicing, and in definition of proper o0il supply pressure
drops in the loop. An orifice was added by ETEC to achieve
proper operation of o0il pressure switches.
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2.8.6

Continued

ETEC's measurement of torques at the top of the pony motor
yielded 70 in 1b breakaway and 50 in 1b running torque (with
17.26 to 1 gear ratio installed in pony motor gear box). This
was the start of test torque baseline.

Non conformances identified during this test segment include
the following:

NCR# SUBJECT

2602 Terminal identification

2603 Voith Tevel switches

2604 Limit switch wiring

2605 Ratio of instrument transformer
2606/2608 Thermocouple inoperative

2607 Speed transducer Tinearity

2609 Scoop tube position unstable

2610 Technician error

2611 Low pressure switch orifice

2614 Acceleration problem

2615 Ross valves & pressure

2617 De-energized o0il pump

2623 Water in air duct

2624 Relief valve leak

2625 0i1 Tevel exceeds 1limit

2628 Ammeter pegged

2636 Wiring of instrument transformers
2678 Alarm on scoop tube

2680 Actuator valve for heat exchanger B

See the Appendix of this report for details of the above, with
corrective actions taken at ETEC and corrections planned for
CRBRP.
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8.7

Segment A7 Final Cold Pump Checks

The purpose of this task was to verify that tasks which can
only be done with the pump cold have been accomplished. These
tasks are in the nature of verifications. Included are checks
of the following:

0 Purge/bleed gas connections

0 Sensor connections complete

0 Heater and insulation complete

0 Heater controls and TC's checked out

0 Seal lubrication ready

0 Drive Tubrication ready

0 Drive pump coupling ready

0 Start of test program turning torque baseline

A readiness review meeting was held at ETEC on February 19,
1982. ETEC presented Data Acquisition system tabulations of
sensor readings which permitted a review for anomalous
channels. Numerous channels on both drive and pump were
identified as being anomalous. In addition to these instrument
channels, a formal letter to ETEC listed the items requiring
completion prior to releasing hold #A8 (start of Preheat).
This letter (593-FR-82021, dated February 24, 1982) required
ETEC to accomplish certain unfinished tasks:

1. The drop down seal leakage test (Part of Segment A5A).

2. Maintenance seal leakage test (Part of Segment A4B).

3 Shaft to seal coupling & alignment.

4, Shaft seal leakage test (Part of Segment A5),

5. Resolve numerous data acquisition system channel
discrepancies.

Additional concerns were communicated to ETEC in Letter
#593-FR-82023, dated March 2, 1982,
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2.8.8

The readiness review team expressed concern that segments were
proceeding without previous tasks being completed, all
anomalies identified, and a Quick Look report issued as a
condition of proceeding to subsequent segments. The review
team requested a 1ist of items known by ETEC to require
resolution and GE provided the previously referenced letter
listing unfinished tasks required to remove the hold.

In the segment Report (82ETEC-DRF-4023), ETEC identified the
documents which provided the objective evidence of completion
of the eleven tasks listed in the Test Request for Segment A7.
ETEC Letter 82ETEC-DRF-0465 dated March 2, 1982, provided
closure status of items identified by 593-FR-82023 requiring
resolution for release of the hold AS8.

Segment A8 Preheat and Fill

The purpose of this task was to preheat the pump and the loop
to the sodium fill temperature, to fill with sodium, and to
raise sodium temperature for the purpose of wetting the level
Sensors.

Results:

The start of test breakaway and running torque readings were
followed by readings approximately every four hours.
Temperature '"maps" were recorded very four hours during
preheat. Heat up rate target was set by ETEC at 2°F/hour,
although the test request permitted 3°F/hour for the dry
condition. There was concern that heater elements might induce
severe gradients in the tank envelope. Initially, a limit on
diametral temperature difference was set at 30°. This was
changed 3/12/82 to 60°F. Preheat was completed March 22,
whereupon sodium was introduced at a temperature within 25°F of
tank temperature (400F).

Early in the preheat period it was necessary to lift grounding
of the metallic shields of the tank skin thermocouples in order
to get correct readings (they indicated 40-50°F lower than
heater control thermocouples). This was caused by the fact
that the pump tank thermocouples were grounded units when they
head been specified to be ungrounded units. (Ref. NCR 2523).

While sodium fill operations were in process, two solid state
relays associated with the heaters failed, and resulted in
unwanted energization of four heaters. As a result of this
malfunction, a maximum tank differential of 146°F was
experienced with temperature beyond limits for a period of 5
hours. Pump shaft breakaway and running torques remained
normal, so it was concluded that journal to bearing touch down
aid not occur, Reference  Unusual Occurrence Report
#ETEC-82-03-SPTF-82-01.
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ETEC filled the pump to an intermediate level, drained, .
refilled to a higher level, then the cycle repeated until the
bubbler level was reached. After bubbler level control was
confirmed, filling of piping to higher sodium levels of the

loop (to the air blast heat exchanger at elevation 174) (pump
flange elevation was 154'3") was accomplished. Sodium
temperature was cycled to 700°F for the purpose of wetting the

level probes.

Considerable temperature "mapping" data was taken as the pump
was brought to fill temperature, intended for potential use by
thermal analysts if needed.

Non conformances identified with this segment:

NCR# SUBJECT

2658 Torque reading of motor to pump bolting

2660 Tank insulation not to drawing

2662 Tank delta T = 146°, limit is 60°F

2665 Gaps in insulation

2666 0i1 level probe inoperative

2667 Temp gradient 1imit definition in test
request

For additional details of the above non conformances, refer to
the Appendix.

2.8.9 Segments A9A and A9B Purge Gas Supply & Level Control Checks

The purpose of these segments was to checkout the SPTF purge
and bleed gas systems, i.e. verify that gas flow control was
operative at both normal and elevated pressures; to verify that
the gas flow valves and the bubbler can maintain level control,
and to confirm that the SPTF electrical discrete signals to
switch gas feed occurs with either high sodium Tevel or with
operator command.

The A9A tasks include the verifying of alarms as sodium level
are purposely swung high and low.

A9A also involved pressurizing to 93 psig to verify that the
purge and bleed gas flow control valves worked.

Segment A9B called for reduced cover gas pressure operation -

to verify gas flow control valve operation assumed to be
necessary for subsequent NPSH tests at 45 ft. NPSH.
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Results:

[« « e NolNeNo]

High tank level alarm at 148 ft was activated

High tank level trip at 149 was activated

Low Tevel alarm was activated at 144.5 ft.

Low level trip was activated at 143 ft.

Level probe span was 143.09 ft. to 149 ft.

At both normal ( 4 psig) and elevated pressure (93 psig)
gas flow at the purge input interface 10 was .47 to .51
scfm, and at interface 12, the gas bleed flow rate was .24
to .26 scfm.

Manually controlled transfer of purge gas feed from
interface #10 to interface #18 was demonstrated.

Internal thermocouple TC6 was shown to be effective in
detecting level via the covering and uncovering of the
junction by fluid sodium.

Level control at normal pressure was demonstrated.
Correlation between sodium level and the suction nozzle
pressure was inconclusive. ETEC indicated that there was
an apparent defect in PTI018 sensor (used for head
calculation) however, no non conformance report was
issued.
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2.8.10

Segment B14C, Shaft Seal Replacement Demonstration

The purpose of this segment was to verify the procedures used
to install the shaft seal cartridge with the Vertical Drive
Motor in place.

The shaft seal cartridge installed in the pump at segment A4B
was a non code unit; and was replaced between segments Al0 and
All. This replacement resulted in the required demonstration,
Segment B14C bring performed out of sequence. This
demonstration was accomplished using the removal tool #436577
and procedure MP9018, a part of the Installation, operation and
Maintenance Manual.

The seal cartridge removal and reinstallation was accomplished
with two technicians, a Quality Control inspector and a
supervisor in five shifts of eight hours each. ETEC documented
some changes to the MP9018 procedure. The tooling provided was
adequate for the tasks; the crew provided suggestions for
improvement. The verified (as run) procedure is available at
ETEC.

The removal tool is shown in Figure 2.8.10
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2.8.11

Segments Cl1 Through C6, Pump Assembly, Mate P1SA to Tank,
Install Motor, Preheat and Sodium Fill

The purpose of these test segments was to rebuild the pump
innerstructure assembly (PISA), mate the PISA to the tank;
install and connect the vertical drive motor to power, data
acquisition system and (mechanically) to the pump; preheat the
pump and fill with sodium, and ascertain readiness to start the
Phase C test series.

The following changes to configuration were made during this
reassembly;

° Rotating assembly #174848, previously used in water test
(with impelier diameter of 38.25 inches) was installed for
Phase C sodium testing, replacing Rotating Assembly
#171222 (with impeller diameter of 37.5 inches) previously
used for Phases A&B tests.

Anti convection baffle and filler plates were installed on
the outside diameter of the upper inner structure.

° The thermal shield, previously used in Phases A&B were
omitted.

The shot used for Phases A&B testing was replaced with a
"Fiber Frax" insulation material.

Shaft center position proximeters were replaced. The
bearing gap proximeters and upper bearing accelerometers
were ;ot replaced (therefore not functional in Phase C
tests).

Results:Innerstructure assembly vresulted 1in the following
measurements:

° Axial travel: 1.938 inches

° Swing Test Motion: Swing (Inches)
Keway Azimuth 0 90
0°-+80° PTane .036 .038
45°-114° Plane .040 .039
90°-270° Plane .041 .042
135°-315° Plane .038 .037
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Requirements: 28 to 50 mils

o

Pump assembly was accomplished with no problems using the
procedures previously used 1in Segments A4B the buildup
includes 1installing the thermal insulation in the Upper
Innerstructure, and installation of o0il collection tank,
shaft seal cartridge, oil supply tank, and the pump shaft
to motor shaft flexible coupling, all accomplished at the
Component Handling and Cleaning Facility (CHCF). The CHCF
stiff leg derrick was able to handle the transfer of the
completed assembly, because its weight (without shot) was
within the derrick capacity of 70 tons. (Insulation
weight was 325 1bs, as compared to 32,000 1b of shot
previously used in phases A&B).

After mating the innerstructure assembly to the pump tank,
a leak test of the innerstructure to tank seal (See Figure
2.8.5) was run. The reguirement (Appendix C3 of test
request 22A3551) called for a leak rate of less than .05
SCC/sec (Helium) at a 5 psig pressure. The test did not
meet the requirement, however, a special test was run to
see if the leak was inward or ocutward from the buffer
zone. Test results showed no leakage outward, therefore,
the situation was acceptable and Phase C testing was
released.

When the pump shaft to motor shaft coupling was attempted,
it was found that the replacement shaft being of slightly
different overall length than the previous shaft, required
remachining of the split collar (reference Appendix D,
listing of Pump Problems, NCR2854). This machining is a
normal assembly requirement identified in IOM Manual.

A 1-hour uncoupled run with pony motor and main motor was
run and diagnostic instrumentation was verified. Bearing
& winding temperatures and vibration sensors on all drive
components was satisfactory.

Torque readings taken from the top of the pony motor with
gear "B" (17.6 to 1 ratio) provided the following results:

Uncoupled Coupled

(in-1b) (in-1b)
Breakaway 50 90
Running (Avg) 24.6 54
Low 10 50
High 40 60

A final cold pump check review meeting was held April 15,
1983 and evidence of completion of tasks was presented,
and a 1ist of DAS and test articie irstrument channels in
need of resclutions and procedure checks were identified,
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FIGURE 2.8.11.1
SODIUM LEVEL PROBE & WIRING




Figure 2.8.11.1 shows the sodium level probe and sheathed
wiring leads from the lower bearing as they exit a
penetration and traverse the side of the Tlower
innerstructure. This photograph, which was taken during
pump disassembly at the end of Phase C tests, also shows
effective sodium draining.

Preheat was started April 22 and completed on April 28,
1983.

- Breakaway torque after sodium fill was 130 inch 1b.
- Running torque was 95 to 105 after sodium fill.

After sodium fil11, sodium temperature was cycled to 680°F,
and all pump thermocouples were recorded (Listed in Table
4 of the Segment Report 83-ETEC-DRF-4302). The test
program was interrupted by a smoke alarm in the SPTF High
Flow Loop area, which was subsequently revealed to be oil
scaked insulation. The insulation was replaced after a
sodium drain. Refill was accomplished on May 2, 1983.
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2.8.12

Segment B15, Pump Disassembly (End of Phase B)

The purpose of this task was to remove the innerstructure from
the pump tank, transfer the assembly to the cleaning tank,
clean, transfer to the Component Handling and Cleaning Facility
(CHCF), disassemble the parts, and perform post test
inspections. ETEC was to record any unusual disassembly step,
and report observations of component inspections.

Results:

0 Removal of the Vertical Drive Motor, disconnections of
gas, power and instrumentation connections were routine,
with no problems.

o Considerable difficulty was encountered with shaft seal
removal. It was necessary to partially disassembly the
cartridge in place, destroy the upper rubbing seal faces
to apply heat to the sleeve to achieve release from the
shaft. This 1incident resulted in Unusual Occurrence
Report #ETEC83-01-SPTF-83-01 (See Appendix D).

0 PISA was bagged out of the pump tank, transferred to the
cleaning tank and cleaned with alcohol without problems.

) Some of the nuts and studs which had seen sodium immersion
had sodium deposits remaining, while some came out clean.

) Some of the pump innerstructure parts had a region of
black stain, (assumed to result from the loss of cover gas
incident in Segment B1):

- The UIS had a black stain on the bottom side

- The LIS had black, rust and white deposits which
varied along the circumference. The  black
discoloration was mostly between the upper two rows
of holes. The patterns showed a gas contaminant
circulation of between inside and outside the LIS,
and a convection cell between the adjacent pairs of
holes in the LIS (The pump supplier used these
observations to orient the cellular convection
baffles on the outside of the upper innerstructure).

- The sodium level probes showed a black deposit above
sodium level,

- The shaft had a region (visible through the hole
pattern of the LIS during bagged removal) of black
discoloration. The shaft also had some sodium frost
deposits in the upper region near the labyrinth.
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[A chemical analysis of the black deposits indicated that it
was a hydrocarbon with 20% carbon composition. The presence of
this material 1is believed to have originated in conjunction
with the loss of 0il supplier tank cover gas pressure, at 00:21
on 8/19/82 when the screw pump of the shaft seal rotating
assembly dimparted a high vertical 1ift to the pump shaft,
causing a short term 1ifting of the lower seal rubbing faces.
With 70 psi still remaining on the sea oil, a 1ifting of the
rubbing face of the lower seal would result in a large oil flow
surge above the slinger, part of which went into the shaft
annulus.]

0 Inspection of the curvic coupling showed that it looked
good, showing even loading.

0 The shaft journal looked good -no cracks. Hardface showed
no evidence of scoring or heat checking. There was
evidence of a white depcsit in the press fit between
journal and shaft.

0 At impeller inlet, about 3 inches from the outer shroud
there is a bulge where the cast surface intersects the
machined surface, all around, abrupt 1/8 inch high,
blended, with no step. (This reflects as received
condition).

0 The hydraulic assembly to UIS studs showed sodium
carbonate deposits which required hand cleaning. The
lower bearing showed no evidence of rubbing. There were
no deformations of original machining marks which would be
indicative of contact between the hydraulic assembly and
the tank seal cone.

0 Thermal baffle was clean and bright.

0 Thermal shield color was typical of a part which had not
been subject to sodium immersion.

0 The upper and lower bearing showed no evidence of a
bearing rub. Almost indistinguishable was a pattern on
the surface of the bearing land similar to a group of
comet-tails. Photographs of the pattern were taken by
ETEC of these patterns. The significance of these
patterns is under investigation.

NCR #2840, reporting inability to follow the IOM Manual for
shaft seal cartridge removal, and UCR#ETEC83-01-SPTF-83-01 was
issued to define the details of the incident.

Figures 2.8.12.1 shows the bagging and jacking fixture at SPTF.
Figure 2.8.12.2 shows the bagged pump above the SPTF.
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FIGURE 2.8.12.2 :
BAGGED PUMP TRANSFER FROM SPTF
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2.8.13

Segment C15, Pump Disassembly (At End of Phase C)

The purpose of this task was to drain sodium, cool down the
pump, remove the motor, demate the innerstructure from the
tank, transfer the PISA to the cleaning tank, clean, transfer
to CHCF, and disassembly.

Results

The significant items of this disassembly were:

0 Two cracks were observed in the upper bearing journal.
The two cracks were separated by an arc segment subtended
by an angle of about 55°. One crack was 25 centimeters
long, the other 15 centimeters. The general direction of
each crack was axially (vertically) along the journal.
Inspections indicated that there was no evidence of
delamination between the hardface and the substrate.

0 There appeared to be incipient cavitation surface “comet
tails" on the bearing housings, located on the trailing
edges of the bearing pockets. (These were previously seen
and reported at Segment B15).

0 There was no difficulty encountered in removing the bolts
which attach the hydraulic assembly to the LIS. However,
the studs which attach the upper bearing and suction piece
to the hydraulic assembly required application of external
heat to make removal easier.

0 There was no evidence of any oil contamination of the pump
internals from the Phase C testing.

0 Draining was good. No evidence of residual pockets of
sodium.

0 Post test inspection of the tank part of the sealing ccne
assembly indicated that the cone had gone oval with the
short dimension being 1in the axis of the discharge and
balance parts. Extent of ovality: About .35 inches
difference between the lcng and short dimensions (90° with
respect to each other).

It should be noted that the journals which displayed cracking
of hardface material were not prototypical of the CRBRP design.
These journals, used in water test, (Shaft #174848) had a
hardface application all the way to the end of the journal.
The Jjournals of Shaft #171222, used for Phases A and B,
(employs a 1/4 inch journal land to contain the hardfacing)
were prototypical of the CRBRP pump shaft design, did not
experience cracking.
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2.8.13

Continued

The “comet tails" on the bearing housings are a subject
deserving continued investigation. The ovality change may
explain the jump in head after the severe thermal transients as
first detected in Segment B8. If details beyond that reported
herein are desired, the reader 1is referenced to the ETEC
Segment Report on Segment C15 (See Appendix A).



2.9
2.9.1

Miscellaneous

Vibration

Accelerometers were used on the shaft seal, the tank nozzle,
the pump cover, and the in-sodium hydrostatic bearing to
detected pump vibration. ETEC processed the accelerometer
output by direct recording and by signal conditioning
consisting of vrectification and recording on the data
acquisition system (sampling and digitizing). After segments
A13A and A13B, ETEC added low pass filters (100 Hertz) to
sensors 9015ABC (shaft seal) 9020ABC (tank nozzle), 9010AB
(tank cover), 9012AB (Bearing), and 9014AB (shaft seal).
Channels 9012A and 9014C were inoperative during part of the
test program.

Drive System sensors vwere displacement units with the Drive
System test article performing the signal conditioning
(conversion to a 0-10 VDC output), then ETEC's data acquisition
system performing sampling, digitizing and recording.

During certain test segments, ETEC used a Hewlett-Packard
spectrum analyzer to measure the frequency and magnitude of the
dominant energy level of the several sensors.

Table 2.9.1.1 1list the spectrum analyzer results recorded
during the endurance run, Segment B13. During this endurance
run, the pump is operated at rated desjgn condiEions, that is,
1116 RPM, R3 loop resistance (.40x10 "~ ft/gpm~) with sodium
at 1005°F, and flow at approximately 33,700 gpm.

Sensor Location Level(G's) Frequency(Hz)
VESOIZA  Sodium Bearing (Suction) .007 55.6
VE9012B  Sodium Bearing (Suction) .012 55.6
VE9C14A  Shaft Seal X Axis .001 92.0
VEQO14B  Shaft Seal Y Axis .004 92.0
VE9014C  Shaft Seal Z Axis .011 92.0
VE9015A  Shaft Seal X Axis .003 92.0
VE9015B  Shaft Seal Y Axis .004 92.0
VE9015C  Shaft Seal 7 Axis .008 92.0
VE9020A Tank Nozzle X Axis .012 62.0
VES020B Tank Nozzle Y Axis .005 92.0

TABLE 2.9.1.1
SPECTRUM ANALYZER VIBRATION
SEGMENT B13
ENDURANCE RUN
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B3A), the spectrum analyzer was used to scan vibration energy
vs. freguency for different loop valves settings. The results
presented in Table 2.9.1.2 shows the 3d and 5th harmonics

of the 18.6 Hz operating speed.

. After the first run up to rated temperature (during Segment

R2 R3 R4 R5 R6
G F G F G F G F G F

VE9012A Bearing(Suc.*).047 56 .051 56 .055 56 .055 56 .060 56
VE9012B Bearing(90°S) .012 56 .012 56 .012 56 .012 56 .012 56

VE9014A Seal X .001 92.8 .001 92.8 .001 92.4 .001 92.4 .001 92.4
VE9Q14B Seal Y .009 93.2 .007 92.4 .006 92.4 .004 92.4 .006 92.4
VES014C Seal Z .026 92.8 .023 92.4 .021 92.4 .016 92.4 .016 92.4
VE9020A Nozzle X .008 92.8 .010 9%2.4 .007 92.4 .001 92.4 .005 92.4
VE9020B Nozzle Y .009 92.8 .006 92.4 .003 92.4 .002 92.4 .005 92.4

TABLE 2.9.1.2
SPECTRUM ANALYZER VIBRATION
SEGMENT B3A

R2 = .e8x10™0 ft/gpm?
R3 = L40K106 ¢/ on?.
R4 = .286x107C ft/gpms
RS = .229x1070 ft/gpms
P6 = .199x10™% #t/gpm

The vertical drive motor is arranged with a gear box and the
pery motor protruding above the main drive motor, and the pony
motor and gear box vibration sensors are therefore sensitive
indicators of VDM vibration health. The highest reading during
all sodium testing (Phases A, B, & C) of pony motor sensor
VE9281H was 3.8 mils, recorcded during segment C10. The gear
box sensor VE9284 indicated Tevels from 0.2 to 5 mils.
Throughout the sodium test program, the in-sodium bearing
sensors nominally read less than 0.1 g's. Seal sersor VESQI4A
was usually 0.03 gs or less. Tank nozzle sensors (actually on
the sphere) usually read less than .5 g's, but in Segments Bl4
and C8, the sensor VE9020A approached (.9 g at 1000 RPM and at
1116 RPM *(See R3 speed scan page 27 of 83ETEC-DRF-3711).
Typical vibration levels were recorded during Segment C10 where
plots were made of vibration level vs. speed during a speed
sweep from min main motor speed to full speed.

Figure 2.9.1.1 shows the cover vibration (VE9010A & VESQ10B)
and tank nozzle vibration (VE9Q020A, & VE9020B) during a speed
scan at R3.

Figure 2.9.1.2 shows the shaft seal sersors (VES014A, B, C)
during a speed sweep at R3.

.*Sensitive along axis of suction nozzle
167



BTN -
DO v v
AODDO

IO
[TRITRIARIFEL IS
Epliplipliy Ly

U llrlipl70p ] 2]

- v o @ o

DOOOG

[sfruluslrufd)
OOO00
—ea U
D300
YNNI N

wiiJulnl

==

......................

FIGURE 2.9.1.1

COVER & NOZZLE VIBRATION LEVELS

.............................

&% : MK 2
% ver DR L. . .. 0D
1 Kok wl

]

5/21/83 AT 17:48:16.751

4E$6X w e I BxX ®m| =
m R S 5] mn..
m dap ik W T
— “
= : =
! : o
<N . v
—t . )
— : T oo
- . t 2@ v
© { . R o =
& - : ~
- (s : o ®
£ ud : e
) o : p :
2 m coxe | T F o
= ST S USRS URRRUE SURPPOT s 0
= cT.. o L Rt it x@: gL o®
0. : \ W
9] : g™ bl =
: 0 m
: U oo
: ~
| = 3
m e
: 2 =
b % GM MU....
.\.m m ........................................................ ﬁu\xw# lmm | T8
3 2 Slll = ¥
: : = =
R ‘o XX x&&ma
22 o X
c 23 o
B
WO PR &
< il ol
[N ES e o] .”V =
W . . o
o N : 4 ..r.m_
o0l 0g°0 09°Q 7 4 020 00°a
{ €. 9 SHY S971-0 SI¥H-X HIABI MHYHL dHOd
- 168




691

(3

(

UFFERSERL YIBRATION ¥-RAXIS 0-1G3 RMS

K3 Jetd SUAN

® @
SHAFT SEAL VIBRATION LEVEL A QL4
RS SN oM 9014
B . O omc
T PORT ‘
Al e

Lo

.00

D.20

VE 9014A- X axis
VE 9014B- Y axis
VE 9014C- Z axis

. .
R R R R R R R R R R R R R I R R R R R R R R R N RN

400 500 800 1600 1200
MARIN MOTOR SFPEED-HFP 0-1200 RPH (RFM 1
TIVE FROM 5/21/83 AT 15:50: 0.740 710  5/21/83 AT 17:49:16.751

SEQ B8 SE-9249

200




2.9.2

Figure 2.9.1.3 shows the pony motor (VE9283) and the gear box
(VE9284) levels vs. frequency for a speed sweep at R3.

Figure 2.9.1.4 shows a plot of cover vibration (VE9010A & B)
and tank nozzle vibration (VE9020 A&B) levels vs. frequency for
a speed sweep at R6.

Figure 2.9.1.5 shows a plot of seal vibration (VE9014A, B, C)
level vs. frequency for a speed scan at R6.

Shaft traverse in the hydrostatic bearing during a speed scan
was recorded on an X-Y plot during Segment C8. Figure 2.9.1.6
shows the upper bearing movement in mils as an R3 speed scan is
accomplished. Figure 2.9.1.7 shows the lower bearing movement
in the same speed scan from min main motor speed to full speed.

The accelerometer sensors were sensitive to the onset of
cavitation. In Segment Cll, where cover gas pressure was being
reduced to check on possible cavitation at 39,100 gpm and R6,
plots of the seal (VES014 series) and the tank nozzle (VE9020
series) vibration levels vs. NPSH were made. These are shown
in Figure 2.9.1.8 and 2.9.1.9 the seal sensors show an
increasing noise/vibration level at about 45 ft NPSH.
(increasing as NPSH is lowered), and the tank sensors show a
sharp rise in detected noise/vibration at about 42 ft. NPSH.

The overall conclusion is that there are no speeds in which the
pump operation should be restricted, and the levels observed at
ETEC indicate that there should be no vibration problems with
this pump and vertical drive motor assembly in the plant
application.

Pump Temperature Distribution

The temperature distribution throughout the pump when pumping
sodium at 1005°F is shown in Figure 2.9.2A through 2.9.2E.
(PHTS configuration).

The maximum drive system temperatures experienced during the
Endurance Run (Segment B13) are presented in Table 2.9.2.

The temperature distribution throughout the pump for the IHTS
configuration (no thermal shield and shot replaced with “"fiber
frax" insulation is shown in Figures 2.9.2F through 2.9.2J.
The reader 1is reminded that the nominal IHTS pump sodium
temperature is 650°F (the IHTS pump is in the cold leg of the
THTS loop).
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TEG210A
TE9213

TE9217C
TE9218A
TE9219A
TE9220C
TE92218B
TE9222B
TE9223A
TE9224A
TE9240C
TE9241D
TE9242A
TE9243C
TE9244B
TE9245B
TE9246C
TE9257B
TE9261A
TE9262A
TE9263A
TE9264A
TE9265A
TE9266A
TE9267A
TES268A
TE9269A

MGM
MGM
MGM
MGM
MGM
MGG
MGG
MGG
MGG
MGG
VDM
VDM
VDM
VDM
VDM
VDM
VDM

Winding #1 Temp
Winding #2 Temp
Winding #3 Temp

C. End Bearing Temp
F. End Bearing Temp
Winding 1 Temp
Winding 2 Temp
Winding 3 Temp

EXC Bearing Temp
Input Bearing Temp
Winding 1 Temp
Winding 2 Temp
Winding 3 Temp
Lower G Brg Temp
Upper G Brg. Temp
Thrust Brg. Temp
Anti Rev. Brg. Temp

Pony Motor Gear

Voith Brg. TS08-C Temp
Voith Brg. TS08-1 Temp
Voith Brg. TS08-B Temp
Voith Brg. TS08-A Temp
Voith Brg. TS08-E Temp
Voith Brg. TS08-F Temp
Voith Brg. TS08-J Temp
Voith Brg. TS08-G Temp
Voith Brg. TS08-H Temp

Based on B13 Segment Report

DRIVE SYSTEM TEMPERATURES
(1116 RPM, R3, 1005°F SODIUM)

TABLE 2.9.2
WITH RATED PUMP LOAD
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Recorded High
(°F)

161
166
159
143
134
184
185
183
125
133
131
189
129
146
139
151
186

85
148
161
147
148
153
147
149
148
147
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3.0 SUMMARY OF REQUIREMENTS & OBJECTIVES
3.1 DRS 51.28 Objectives
Objectives Results
1. Demonstrate that the pump is ° At rated speed, pump and

mechanically and hydraulically
stable when separated through

its full design speed and flow
range and verify hydrostatic
bearing performance in the sodium
environment.

Determine pump hydraulic
characteristics (head-flow
map and efficiency) in
sodium

189

drive vibration/displacement
sensors indicate low readings
(Tess than .4g as on pump, less
than 4 mils on drive). No
abnormal levels experienced at
intermediate speeds during Coast-
down or Servo tests Bases -
Segments B13, B6, Bll.

° Pump has a hook in H-Q

curve between R2 and shutoff on
pony motor. This is out of
normal operating range. See
Figure 2.1.3. Basis - Segment
C10.
° On main motor mapping
indicates pump is hydraulically
stable with negative slope from
RZ2 through R6 at 1116 RPM, Basis
A13A, B3A, C8, Cl0.

° Hydrostatic bearing
operation satisfactory as evi-
denced by proximeter performance.
Basis - Segments Al13A, Al6, Bl,
B2 and C8.

° Mapping, with head, flow
measurements and efficiency
calculations were accomplished in
numerous test segments for both
the 37.5 inch and the 38.25 inch
diameter impeller. See Figure
2.1.1, 2.1.2, 2.1.3 for mapping
on pony motor, Figure 2.2.1,
2.2.2, 2.2.4, 2.2.5 for mapping
on main motor. Basis: Segments
A13A, A13B, Al7, B3A, B8, Bl4,
¢8, C10.



Demonstrate that high
temperature and the associated
structural temperature
gradients do not degrade
mechanical operation or
hydraulic performance

Demonstrate that the pump &

pump auxiliaries are capable of
sustained operation while pumping
sodium at variable flows & speeds

Demonstrate pump pony motor
operation; verify hydrostatic
bearing performance in sodium at
pony motor speed; demonstrate
pony motor developed head at/near
shutoff measure head flow
characteristics at different
hydraulic loop impedance.
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° It was determined that
developed head was less

with the temperatures to 1000F
than that predicted by the pump
supplier. Assuming that

the ETEC sodium instrumentation
is valid, the amount of head
degradation (from the prediction)
has been quantified so that plant
impellers may be trimmed
accordingly.

° It was determined that
baffling between the Upper Inner

Structure and the tank s
necessary to mitigate  tank
handling caused by gaseous

cellular convection in the upper
part of the pump. This baffling
design was confirmed by test in
Segment C12. Basis: Segments
All, B1, & Cil2.

° Thermal shield design was
confirmed. The tank to support
structure interface temperatures
were adequately mitigated by the
thermal shielding (See para.
2.9.2). Basis: Segment B13.

The endurance runs, Segment B5 &
B13 verify pump and shaft seal
lube service sustained operation
at rated speed and flow. Opera-
tion at variable flows and speeds
is verified by the numerous
mapping and servo testing runs.

Pony motor head/flow mapping was
measured at both 600°F and 1000°F
with two pony motor speeds (104
and 81.6 RPM) Shut off heads were
determined. See Figures 2.1.1
and 2.1.2 for the 37.5 inch
impeller head flow map, and Fi-
gure 2.1.3 for the 38.25 inch
impeller performance map.



Continued

Determine any deleterious
structural distortion caused by
convection in the gas space

Demonstrate ability of the pump
to withstand sodium fluid tempe-
rature transients which simulate
predicted plant operating and
upset transjents

Demonstrate capability of the
standpipe bubbler to maintain
adequate sodium level in the pump
during steady state and operating
transients

Verify pump drive response
characteristics with the pump
operating in sodium with
simulated loop impedance.
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Hydrostatic bearing performance
is demonstrated in all mapping
runs and in Segment Bl, the limit
of the bearing capability to
prevent journal touchdown on the
bearing with high tank
temperature differential was
demonstrated. Figure 2.4.2 shows
the relationship of across tank
differential temperature on
bearing gap.

There is no deleterious
structural (tank) distortion at
internal pressure planned for the
PHTS loops. At planned IHTS loop
pressure (93 psi), the pump will
require baffling between the
Upper Inner Structure and the
tank to mitigate the bending of
the tank to acceptable levels.
This baffling was designed and

verified in test, Basis: Test
Segments All, Bl and Cl12. See
Para. 2.4.

The pump was able to handle every
transient applied to it during
the low temperature, the mild
temperature, and the severe
temperature thermal transients of
Segments Al16, B2, and B7. Sa-
tisfactory operability through
thermal transients was demon-
strated by both operation &ard
visual inspection following
tests.

The bubbler performed
excellently. Level excursions
were fractions of an inch even
during coastdown trips.

Basis: Segments B1l and B13.

Drive response to sinusoid and
ramp function inputs were
measured for numerous flow
Tevels. Drive met the specified
performance requirements except
for stability at 725 RPM, where
random speed variation was over
1%. A modification to the fluid
coupler {between the MG Set Drive
Motor and Generator) is required
to correct the cendition. The fix
was not verified during sodium
testing. Basis: Segment B6.
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11.

12.

13.

Demonstrate flow coastdown
characteristics (head, flow,
speed from maximum facility flow
and from pony motor speed, and
correlate to similar measure-
ments made in water tests.
Determine pump and motor com-
pliance with rotating kinetic
energy requirements per E-Spec
Table 3.3.1.

Measure compliance with NPSH
requirements.

Verify applicability of IOM
Manual procedures for checkout
of assembly, operation,
disassembly, maintenance &
inspection of pump and
auxiliaries.

Demonstrate the CRBRP prototype
flow controller operation with

the drive system and the CRBRP

PM flowmeter.
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Flow coastdowns were quantified
via some 116 coastdowns run
during the test program, at
different temperatures and at
different loop impedances. Some
were run with the pony motor
tripped in advance of the main
motor. The results were tabu-
lated in normalized form and
compared to the required coast-
down schedule of SDD51A. See
Paragraph 2.7.3.

Basis is Segment B1ll.

The pump, based on ETEC measu-
rements in sodium has adequate
NPSH performance except it is
marginal regarding NPSH at the
39,100 gpm flow point with 2

Toop _ginimum ,  impedance
(.1714x10 ft/gpm~). (This
requirement is on hold in SDD51A)
Tests indicate with the 38,25"
diameter impeller that 57 feet
NPSH would be required to operate
cavitation free, at the 39K/R6
pcint, whereas only 49.2 ft. are
available. With the  37.5"
impeller, pressure drop off "at
39,100 gpm and R6 impedance is 4%
with 49 ft. NPSH. (49 ft. is
available at CRBRP).

Basis: Segments Al4, B9, and
Cll.

The pump IOM Manual was very
satisfactory for all operations.
For instrumentation
installations, ETEC had to
generate additional detail.
Basis: Segments A4B, A5, B15, Cl
C15.

The flow control servo system,
with drive servo and pump
hydraulic head were tested for
response to sinusoid, step, and
ramp function commands and the
results quantified.

Basis: Segment B6



14,

15.

16.

17.

18.

19.

Verify that established rate
of dry preheat is sa-
tisfactory as indicated by
tank and internal tempe-
rature gradients.

Determine hydraulic impe-
dance of the pump to Tow
magnitude forward flow of
sodium through the pump rotor

Confirm performance of
shaft seal regarding leak
rates,

Verify suitability of the
pump for subsequent use in
sodium after CHCF cleaning
operation.

This item was deleted from
the DRS.

Evaluate whether sodium
migration upward or oil

The test Request 22A3551 allowed
3°F/hour as the target heatup rate.
ETEC used a slower schedule target

of 2°F/hour. A heater element solid
state relay failure caused a tank

skin differential of 146°F prior to
corrections but no damage was done to
the pump, and bending did not cause
journal to bearing touchdown. The
preheat schedule at CRBRP and the tank
and internal temperature gradient
limits to be used should be based on
the ETEC experience. The IOM Manual
will define target heat up rates and
limits.

Basis: Segment AS8.

The forward hydraulic impedance
through the pump waszquantified as
being about 250 ft/W™ in accordance
with specified requirements.

Basis: Segments Al5 and B4.

The total shaft seal oil consumption
was quantified as 3.9 cc/hr during
segments B7 through B14A (October 24
through December 4, 1982, PHTS
conditions)

Basis: Segment Report B13

The pump was satisfactorily cleaned,
disassembled, and reassembled

between phases B&C. There are design
changes being made for the plant pumps
and unique features to the prototype
which prevent subsequent use 1in the
plant. Some parts required heating for
stud removal. Cleaning at CHCF was
adequate.

Disassembly between Phases B&C re-
vealed some oil product deposition

migration downward is a on the shaft SN171222 above the

concern with purge gas feed,
labyrinth and shaft seal
arrangement.

193

labyrinth, believed to be due to

the incident where the seal over-
heated due to loss of oil tank gas
pressurization. Disassembly at the
end of Phase C, with a different shaft
involved (SN174848) revealed no oil
product deposition



(dropdown) seal during the

program

° Source: Test Request

° Related Segments: AbA
and B14B

20. Determine whether gas Tank sodium level stability with '
injection at the IHX return IHX gas injection is satisfactory
nozzle causes adverse effects as long as the bubbler discharge
on pump sodium level stabi- 1is not impeded or plugged. The
bility or if slug pumping carryover numbers quantified by
occurs at the bubbler; and ETEC were much lower than ex-
to measure sodium carryover. pected, and the test was considered

inconclusive.

3.2 Test Request Performance Predictions & Criteria

The following items were tabulated in Appendix C3 of the test
Request 22A3551. The items are either performance requirements
from the Pump or Drive E-specification, or are predictions by
the pump supplier. Where an item has been modified from its
original E-Spec requirement by an approved ECP, the changed or
updated requirement is listed.

3.2.1 Pump Performance Items

Item Results

1. The journal lateral swing as a Shaft Swing Measured
pendulum within the bearing Position Direction Clearance
assemblies during pump internals (mils)
assembly shall be within 28 to 0 0 39
50, mils. Predicted nominal is 0 45 41
40 mils. 0 90 35
° Source: 1E3862 90 135 39
° Related Test Segment: A4B 90 0 40

90 45 38
90 90 38
90 135 40

2. Upper Inner Structure to tank Segment Report A5, plus
seal leak test shall verify supplementary submittal by
that_%he leak rate is less than ETEC indicated that indis-
5x10 © SCC/Second helium at a putable proof of passing
delta pressure of 5 psi. leak test was not forthcoming
° Source: ECP #G0855 Rev. 7 from the test, due to confusion
° Related test segment: A5 in the labeling of pipes from

the two buffer zone. One buffer
passed, one did not. Unable to
identify which is which.

3. Establish leak rate of the static Leak rate was measured with both

shafts; both measurements with

sodium at 600°F, the first at the

start of the program in Phase A,

the second at the end of Phase C.

Rates are defined in Para. 2.7.5. .
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Shaft seal axial travel shall be
determined by measurement during
assembly.

° Source:

© Related Segment: A4B

Turning torque shall be less than
260 foot-1b with VDM bearing 1ift
(30 to 60 ft.1b.

pump operating.
attributable to seal, 40 to 200
ft. 1b. attributable to motor
bearing). This is 180 inch 1b
when measured at the pony motor
gith the 17.26 to 1 gear ratio

Source: GEK42758

° Related Segment: A8,Bl,
B13,C10

° Source: GEK42758

The preheater system shall not
cause a pump dry heat up rate

in excess of 3 degrees F per hour.

circumferential temperature
gradient shall not exceed 90°F.
Maximum temperature delita for
thermocouples other than 180°
apart shall be 120F.
gradient from bearing TC's to
tank skin shall not exceed 150°F
during dry heat up
° Source: DRS 51.28 &

Test SEgment 22A3551
° Related SEgments: A8,C5

The shut off head when operating
on pony motor plant PHTS design

speed gear shall not exceed 5.0 ft 103.9

° Source: E-Spec 22A3444
° Related Segment: A13B

TM9001 Para. 5.2.5.8

Temperature

Measurement was 1.96 inches.

At Segment A8:

As measured at pony motor test
Breakaway: 70 to 100 in. 1b
Running: 40 to 70 in-1b.

At Segment Bl with damaged shaft
seal;

Breaking: 38 ft 1b.(456 in-1b)
Running: 25 ft. 1b.(300 in-1b)
At Segment B13 Endurance Run
with damaged shaft seal
Breakaway: 75 to 80 in 1b.
Running: 65 to 70 in 1b.

At Segment C10 (1005 F Mapping
with replacement shaft seal:
Breakaway: 95 in 1b

Running: 40 to 45 1in 1b.

ETEC used 2°F/hour as a target.
One solid state relay failure
caused 146°F tank differential,
but bending was not sufficient
to cause journal to bearing
touchdown. No damage to pump.

AT 10 days into preheat,
bearing to tank differential
was 45°F from upper bearing
TEQ033A to transition ring
TC Average (TE9051 series).
This was maximum diffe-
rential during the 30 day
preheat.

With 37.5 inch impeller:

RPM 600F 1005F
4.63(ft) 4.87(ft)

81.6 2.94 2.92

With 38.25 inch impeller

RPM 600F 1005F
103.9 5.04(ft) 5.1(ft)

The above is based on:
Gear B, 17.26/1 Ratio (103.9)
Gear D, 21.98/1 Ratio (81.6)



10.

11.

Continued

The sodium level changes in the

pump tank due to starting and

stopping on pony motor with the

bubbler shall be 4 inches or less

° Source: EM0261

° Level Control Study

° Related Segments Al0, Al2A,
B13B, B3A, Bll

The realized coastdown schedule
for the motor & pump with loop
load for 1116 RPM and R3
impedance shall be compared with
the normalized schedule listed in
Appendix Bl of the test Request.
° Source: SDD51A

° Related Segments: Bl

The measured value of H-Q reading
from main motor mapping at design
speed as shown in Figure 3 of
22A3444 shall not exceed
acceptable deviation per
Standards of the Hydraulic
Institute, 13th Edition

When an NPSH of 49.2 ft.
(CRBRP available) is applied
at 115% of flow, or when an
NPSH of 50.6 ft. is applied at
100% flow, there shall be no
evidence of cavitation as
measured by the 3% head loss
method.
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Plant pumps will Tikely be
trimmed to a diameter between the
two used for test. If a higher
diameter is used, gear C (19.28
to 1 ratio yielding 93 RPM) would
be appropriate.

Level changes with starts & stops
from either pony motor or main
motor were either not discernable
or were small fractions of an
inch.

Coastdown is compliant. See
Para. 2.7.3 for typical coast-
down schedule.

Std. of Hydro Institute: Given
speed & flow, the head may vary:
-0% to +5% (458 to 480.9 ft.)

The 37.5 inch impeller does
not meet the above requirements
(441 ft., 33,700 gpm at 600°F).

The 38.25 inch impeller is just
barely above the 480.9 ft. Timit
when data is adjusted to 33,700
gpm (483 ft. at 600F, and 488 ft.
at 1005F)

There is no evidence of
cavitation at the 100% flow
conditions.

There is cavitation at R6 and
and 39,100 gpm. See Para. 3.1
Item 11.



12.

13.

There shall be no cavitation
when the pump is operated in

the range bounded by the points
1,2,3,6,5 of Figure 3 of E-Spec
22A3444 and at suction pressures
per Figure 4 of 22A3444,

Source 22A3444
Related Segments:

(o]

Al4,89,C11

Under locked rotor conditions,
the forward flow impedance

shall bezequa] to or less than
250 ft/W-.

Under windmilling conditions,

the forward flow impedance shall
bﬁ equal to or less than 102 ft./
W=,

Source: 22A3444
Related Segments:

Q

o}

A15&B4

The predicated radial gap loss
at the in sodium hydrostatic
bearing due to application of
fluid transients:

PHTS Journal:

Up Down
Shock Shock
Lower Opens -2 mils
Bearing per 100°F
Upper -2.3 mils opens
Bearing per 100°F
For IHTS Journal:
Up Down
Shock Shock
Upper -2.8 mils open
Bearing per 100F
Lower Opens -2 mils
Bearing Per 100°F

3]

Source: Byron Jackson
° Related Test Segments:
B2, B7

Al6,
197

See Para. 2.5 for additional
details.

Impedance of non windmilling
rotor in the 10 to 50 inch

W.G. differential pressure

range with 600°F sodium averaged
245, With 1005F sodium and a
differential pressure range of

30 to 143 inches WG, the impe-
dance average was 250 with

data scatter to 230 & 270. Since
the rotor did not windmill, there
is no windmilling data.

Measurements of bearing gap by
means of proximeters proved to
be highly useful as a safety
device during cellular
convection induced tank

bending. The proximeters were
temperature sensitive, requiring
recalibration about every 50°F.

ETEC devised a technique to mo-
dify proximeter output as a
function of temperature and to
display the gap change vs. time
in a post transient test play-
back. These curves are avai-
lable in the ETEC report on
Seg. B7.

The pump survived all applied
transients, which indicates that
the analysis and design is
suitable for the application.



14.

15.

16.

17.

The shaft seal oil leakage rate
shall not exceed 10cc/hour per
seal when operated at PHTS
pressures.

The leak rate for the shaft seal
when operated at IHTS pressures
shall not exceed 70 cc/hour
total (60 cc upper seal and 10 cc
lower seal).
° Source:
Review
° Related Segment:

The recap Design
B13

With an input of .55 SCFM argon
gas into the IHX return with IHX
return flow stream with 200 gpm,
there shall be no detectable gas
entrained in the pump discharge
flow.

With an input of up to .55 SCFM
argon gas into the IHX return
flow stream with 200 gpm sodium
flow, the magnitude of sodium
carryover in the gas region of the
standpipe bubbler shall be mea-
sured during sodium testing.
° Source: DRS51.28 & Test
Request 22A3551
° Related Segment: B3B
The H-Q curve slope at 1116 RPM
for impedance from R2 to R6
shall be negative.
° Source: Test Request & ICD
#CG52004/5
° Related Segment: B13
The shaft seal heat exchanger
shall maintain the seal internal
0oil, as measured by thermo-
couple TE9031A at a temperature
below 225°F.
° Source: Test Request &
ICD #CG52004/5
° Related Segment: B13
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The leak rate of both upper and
lower seal while operating at
PHTS pressures for 1008 hours
from segments B7 through B14A
was 3.9 cc/hr total drainage
from the supply tank. This is
about 20% of the rate which

was recommended for planning
the frequency of servicing.

The only way to detect
entrainment is a fall off in head
developed as compared to
performance without IHX gas
injection. There was no evidence
of developed head drop off.

Carryover measurements were
completed, however, results
were considered unsuccessful.
See Para. 2.7.9 for details.

The constant speed - variable
impedance curve of Head vs.
Flow is negative from R2 thru
R6.

The seal oil temperature was
measured as 145°F when sodium
was 1005F.

(Seal oil temperature during
water test was 140F)




18.

19.

3.2.2

Vibration at Pump Discharge
Nozzle is to be monitored

during Segment Al12AB and arbitrary

alarm limits are to be esta-
blished for subsequent tests.

Source: Test Request
Related Segment: A12AB

<

The HQ curve at pony motor speed
shall have a negative slope from
R2 Toop impedance through R6

loop impedance

° Source: Figure 3 of 22A3444
° Related Segment: A13A,Cl10

Drive System Performance Items

Item

Drive System step function
response shall be:

-Less than 33.2 seconds for
22% to 30% speed

-Less than 20 seconds for
40% to 100% speed

° Source: Table 3.3.2 of
° Related Segment: B6

Drive System overshoot shall be
less than 1% of design speed for

a step function speed command of
10% of design speed; for the 50%
to 100% speed range, and less
than 2% for the 30% to 50% speed
range.

° Source: 22A3553
° Related Segment: B6

Drive system settling time shall
be 1ess than 50 seconds for 10%
step changes from 40% to 100%
speeds.
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ETEC monitored/recorded nozzle
vibration levels at Segment
Al12AB and in all subsequent
segments after Segment Al13A &
A13B, a 100Hz low pass filter
was added.

Within the operating range of

R2 to the minimum hydraulic

loop impedance achievable

at ETEC, the HQ curve displayed a
negative slope.

Between R2 and shutoff there is a
zone where the curve has a dip,
followed by a positive slope in
the 1600 to 2000 gpm region. See
Figure 2.1.3. This dip and posi-
tive slope is not in the CRBRP
operating region.

Results

A11 response times were within
specification.

(Response time is time from
initiation of step command until
output is 90% of the speed
change).

A1l overshoot tests were within
specification.

(Overshoot is the maximum
transient excursion from final
steady state speed following

a step change).

A1l settling times were within
specification.

(Settling time is the time from
step initiation until output is
within 3% of its final value).



Drive system steady state speed
error shall be less than 1% of
operating speed point.

Source: 22A3553

° Related SEgment: B6

Drive System threshold re-
gquirements is +0.27%.
° Source 22A3553

° Related SEgment: B6

Drive system response to sinusidal
speed commands requires that
phase margin be 50 or greater and

that gain margin exceed 20 decibels

and that bandwidth be greater than
0.1 radian/sec.
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The drive system met the 1%
requirement except at 726 RPM,
where the system "hunted".
Resolution is a Voith Fluid
coupler modification.
Confirmation of the fix was not
accomplished during sodium tests,
but is planned for the plant pump
water tests.

(Steady state speed error is the
speed error remaining after a
speed change transient has
expired).

Threshold requirements were met.

Phase margin, gain margin and
bandwidth were met.
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LIST OF TEST SEGMENTS & REPORTS

TEST SEGMENT

TANK, HEATER & INSULATION INST.
MG& AUXILIARY INSTALLATION

MG SET CHECKOUT

PUMP INTERNALS RECEIVING
INTERNALS ASSEMBLY

INNER STRUCTURE ASSEMBLY

LEAK TEST DROP DOWN SEAL

DRIVE MOTOR INSTALLATION

FINAL COLD PUMP CHECKS

PREHEAT & FILL

PURGE SUPPLY/LEVEL CONTROL
PONY MOTOR SNAKEDOWN

LOW TEMP. GAS CONVECTION CHECKS
INITIAL MAIN MOTOR RUN
BASELINE HEAD/FLOW MAPPING
PONY MOTOR MAPPING

LOW TEMP. NPSH

ROTOR IMPEDANCE AT 600°F

LOW TEMP. THERMAL TRANSIENTS
BASELINE RECHECK

HIGH TEMP GAS CONVECTION TEST
MILD THERMAL TRANSIENTS

FIRST RUN TO RATED TEMP/MAPPING
IHX GAS INJECTION TEST

ROTOR IMPEDANCE AT 1005°F

SHORT TERM ENDURANCE RUN

DRIVE & FLOW CONTROLLER SERVO TEST
SEVERE THERMAL TRANSIENTS

HIGH TEMP BASELINE RECHECK

HIGH TEMP NPSH

ONE LOOP OPER ON MAIN MOTOR
COAST DOWN RUNS

LONG TERM ENDURANCE RUN
BASELINE RECHECK

PPIF TRANSIENT (1100°F)

LEAK TEST DROP DOWN SEAL

SHAFT SEAL REPLACEMENT DEMO
DISASSEMBLY
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SEGMENT
REPORT

82ETEC-DRF-0723
82ETEC-DRF-0724
ETEC-TDR-82-10

83ETEC-DRF-4509
83ETEC-DRF-4523
83ETEC-DRF-4500
83ETEC-DRF-4048
ETEC-TDR-82-10

82ETEC-DRF-4023
82ETEC-DRF-0497
83ETEC-DRF-1963
83ETEC-DRF-1999
83ETEC-DRF-2490
83ETEC-DRF-4418
83ETEC-DRF-1964
83ETEC-DRF-1971
83ETEC-DRF-3320
83ETEC-DRF-2151
83ETEC-DRF-2126
83ETEC-DRF-1943

83ETEC-DRF-3156
83ETEC-DRF-2129
83ETEC-DRF-2186
83ETEC-DRF-3917
83ETEC-DRF-2311
83ETEC-DRF-2380
93ETEC-DRF-3834
83ETEC-DRF-2538
83ETEC-DRF-1953
83ETEC-DRF-3104
83ETEC-DRF-3909
83ETEC-DRF-3438
83ETEC-DRF-3910
83ETEC-DRF-2272
83ETEC-DRF-2536
NOT ISSUED

83ETEC-DRF-4496
83ETEC-DRF-4861

REPORT
DATE

2/17/82
2/17/82
6/24/82
10/13/83
10/17/83
10/13/83
9/9/83
6/24/82
7/30/82
1/3/83
5/19/83
5/23/83
6/17/83
9/7/83
5/19/83
5/19/83
7/28/83
6/3/83
6/1/83
5/17/83

7/18/83
6/2/83

5/26/83
8/31/83
6/9/83

6/17/83
8/26/83
6/29/83
5/18/83
7/13/83
8/30/83
8/4/83

8/30/83
6/7/83

6/28/83

10/13/83
11/2/83



C1  REASSEMBLY

C2  INNERSTRUCTURE INSTALLATION
C3  DRIVE MOTOR INSTALLATION

C4  FINAL COLD PUMP CHECKS

C5 PREHEAT & FILL

C6 PONY & MAIN MOTOR START-UP
*C8  BASELINE MAPPING @600°F

C9 DRIVE THRESHOLD TEST
*C10 MAIN MOTOR MAPPING AT 1005°F
Cl1 CAVITATION TEST

C12 CELLULAR CONVECTION FLX EVAL.
C15 DISASSEMBLY & INSPECTIONS

The Quiék Look Report is required to complete these documents:

Test Segment

LIST OF TEST SEGMENTS & REPORTS

TEST SEGMENT

C8

Quick Look Report

€10

83ETEC-DRF-2304
83ETEC-DRF-2111
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SEGMENT
REPORT

83ETEC-DRF-4302
83ETEC-DRF-4302
83ETEC-DRF-4302
83ETEC-DRF-4302
83ETEC-DRF-4302
83ETEC-DRF-4222
83ETEC-DRF-3711
83ETEC-DRF-4221
83ETEC-DRF-3712
83ETEC-DRF-3429
83ETEC-DRF-3192
83ETEC-DRF-476Y

Date

6/9/83
5/31/83

REPORT
DATE

10/5/83
10/5/83
10/5/83
10/5/83
10/5/83
9/23/83
8/17/83
9/22/83
8/17/83
8/12/83
7/20/83
10/26/83
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{As of Juiy 15, 1983)

CORRECTIVE ACTIONS

pmszo’m
FOR_CR

Seg A3

PTIOR DATE/REF LIRELY CAUSE(S)
@ oo / (omee Aion
2497 Lube Q0il System of MG Motor 6/2/81 Support bearing housing oil1} 1. Inspected bearings - OK Install per I0M
was contaminated as received. ETEC settling chamber not 2. Cleaned & flushed settling procedures.
Seg A2 adequately cleaned, chamber & piping Inspect sump of couplier].
3. Filters checked after (1st unit delivered)
runnieg. ’
2499 MG Set Motor & Generator 6/5/81 Lube ol contamination as 1. Bearings examined by 6€- fnspect per I(M
bearings show uneven wear ETEC reported via NCR 2497. I&SE manual.
between upper & lower Seg A2 2. Bearings polished See NCR 2497
halves. Motor inboard
bearing shows scoring.
2505 MG Coupler - sludge {with 6/17/81 Improper cleaning. Reference ETEC #81-211-19-190 Install per I0M
consistency like butter), ETEC 1. Cleaned & flushed rocedures.
iron filings & a pair of Seg A2 2. Refilled, recirculated oil ee NCR 2497
safety glasses found in oil untit filter examination
reservoir. OK visually.
2508 1. Hardware missing - (MG Set§ 6/29/81 Packaging of hardware 1. ETEC replaced missing boltg Install per ICM
o interconnect enclosure ETEC during disassembly for 2. Enclosure cleaned per (M procedures,
attachment hardware Seq A2 shipment inadequate. Manual GEK 42757 Tab ViIl Review IOM for
0 power interconnect Power equipment enclosures 3. Corroded terminals were adequacy
hardware are shipped separately and burnished to "bright metal™
0 hardware for mounting should have been properly 4. Insulation resistance -
internal components in jdentified and tagged per checked per 10M #GEK 42575
enclosure Tag‘ X]l/ofIOH #GEKA2757. Tab 1.
2. I0M Mangal does not cover . :
attachment of the power ﬁ:ieggéz arawings
interconnect enclosure ’
nor does it cover clean-
ing of high voltage
terminals.
3. A rats nest was found Facility not rat proof.
in the power interconnect
enclosure,
2542 Approximately 20 jumpers 10/1/81 Supplier discrepancy. Accepted 33 is, NCR has 1. 1Inspect CRBRP upits
have been located in the ETEC tenminati;n Tist to identi to determine
Voith TB #3 rather than in Seg A2 the as built configurati configuration.
the ICP Panel #2 per drawing 2. If reguired,
0714601676 Sheet 7. correct all units
to agree with
drawing.
2543 Fuses missing, 10/2/81 Apparently canibalized at ETEC furnished fuses. None.
ETEC conclusion of water test.




6CC

413 ] PROBLEM DESCRIPTION DATE/REF LIKELY CAUSE(S) CORRECTIVE ACTIONS ‘PROPOSED ACTIONS
$ SYMPTOM/DAMAGE APPLIED AT BJ/ETEC FOR (RafP
8684 Coupler shims for vertical 6/3/81 ETEC No shims supplied with equip< Shiss used at BJ became rusty nong
adjustment are missing. Seg A2 ment when it came from after 2 years and were dis-
Schenectady. carded. ETEC provided new
shims.
Electrical leads and cables are 08K Manual GEX 42757 does The units, when prepared fer nong
not bagged or otherwise prot- not require bagging the shipment, are covered with 2
ected (from moisture). Applies leads prior to shipment. pieces of 4 mil polyethlene.
to both motor and generator. This provides sufficieat
protection for the leads during
shipment. Bagging of the leads
is required only when the units
are in storage. If the P.E.
Box are installed and the units
are idle, the heaters in each
unit are energized to prevent
condensation of woisture.
Ashcroft switch on motor has Loose wires are the oil The loose wires are part of the none |
Toose wires, pressure switch Teads to the | field installed wiring which do
control panel. They were not come with the equipment.
not removed prior to These wires were furnished by
shipment. ETEC per ICD interface
requirements.
Flex conduit damaged on coupler Conduit damaged during ship- | Used as is.
ment, possibly during initfa‘q Repair wheaprototype
shipment from Schenectady. is refurbished
Motor inspection plate bolts Bolts were apparently not ETEC replaced missing bolts. none
missing, five from north side, returned when unit was
four from south side. prepared for shipment.
Generator exiter has loose wires The unft did not have any ETEC replaced the missing nong
and terminal box #4 is missing. condulet (Term. Box #4) condulet {Crouse-Hinds condulet
when it came from Schenectadytw-:i?).
Damage t? tog of elet:!:ﬁcill1 Damage sustained during ship< Used as is. e
gabinet Tabeled "PHTS Loop ment. - ) Repair whasprotot,
- Panel, PPS Purp Trip BKR A®. ) . is refurbished vee !
L . 3
| Pony Motor gear speed module Speed module was removed from Removal of speed module from none’
- missing. ICP prior to shipment. ICP was authorized. The am?og
jwas not fumctioning properly. &1
 replacement was provided for ch
sodiwm test.
* Speed regulator panel door screw Possibly lost during handlingiETEC replaced missing screw. none
missing. ﬁ .
13
Panels need paint Paint scratched during Used as 1s at ETEC.
handling. Repa {r «hes Prototype

{e wafuvhiched
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PROBLEM DESCRIPTION
SYMPTOM/DAMAGE

DATE/REF

LIKELY CAUSE(S)

| CORRECTIVE ACTIONS

APPLIED AT BJ/ETEC

mms.nons

0L¢

8684

PSID gage om Tube ofl skid is in-
operative. Screws and needle
re loose inside glass face.

Front cover damaged om circuit
breaker, P/N 269A6146.

One hold-down bolt for coupler
is 3/4" shorter than the others
and is double-threaded.

6/3/81 ETEC
Seg A2

Screws and needle possibly
Jjarred loose during shipment

Possibly damaged during
shipment.

Reqular bolt appears to have
been lost.

ETEC comsulted the I8SE
represeutative during bis
visit to the site.  Was
res toved.

Used as i3 at ETEC.

ETEC replaced

. FOR_CRBRP
none

——Regairwhenprototyne
is refurbished
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1)

1TEM PROBLEM DESCRIPTION DATE/REF LIKELY CAUSE(S) CORRECTIVE ACTIONS PROPOSED ACTIONS
L SYMPTOM/DAMAGE APPLIED AT BJ/ETEC FOR CRBRP
?
2546 | VDM lube ofl skid-flow switch 10/2/81 Shipping preparation
covermissing. U bolt clamp miss- ETEC carelessness ETEC furnished replacements fione - Lube Skid {s test
ing,Conduit unscrewed § SEG. A3 and repaired loose conduit. egquipment not provided to
exposed ta weather : CRERP
2551 VDM Lube Skid- two temperature 10/14/81 Supplier error s GE spplied missing parts Foone - Test equipment not
n:;g:s megun:l two pressure gages are ETEC (4s received) ! provided to CRBRP
SEG A2 ‘s
2572 Plastic cooling fan at top of 11/4/81 Unknown § ETEC~ reworked- radissed Replacedhen grototype is
bony motor has a piece broken ETEC (As received) corner to blend. refurbished.
away between fan blades SEG A2
2577 Drip pan missing (VDM) 11/12/81 Not 8hipped by supplier Supplier provided a Hove
ETEC replacement.
SEG A2
2580 MG Set Instrum.Panel- Three 11/16/81 Lost between use at BJ & ETEC furnished. None
resistors, 5125 ohms called for ETEC ETEC receipt.
on drawing 0146D1676 sh 4 are SEG A3
wmissing.
2581 Heater fuse wiring non exixtant-] 11/19/81 Incomplete retrofit of a ETEC installed the wiring Inspect all units at
two lines ETEC wiring change CRBRP
SEG A3
2584 Cover plate on Voith positioner 11/18/81 Unknown Cover plate used as is None~CRERP recelving
is broken. ETEC (as received) Bolt replaced inspection complete
Bolt for cover is missing SEG A3 Reworked attachment of strais
Strain relief box is loose, with telief box-fabr.new bracket.
bolt & support angle missing
2585 Ident{fication tags for LTl-min 11/23/81 tUnknown Changed location of identif- Inspect all units at
travel, and LT2-max travel, are ETEC F (As received) ication tags. CRERP
reversed SEG A3
Small bits of insulation frow
2587 Thermocouple TE44B, ETEC tag # 11/24/81 from the thermocouple exten-§ ETEC used alternate TCA4A later | Inspect one set of MG-Set
TE9260A does not operate. ETEC siom wire were crimped under | Repsired TC and used 1. $ Yoith coupier for conti-
SEG A3 the connector pins and pre- \ nuity
vented continuity. !
2588 Pouy motor gear speed d{gital 11/24/81 Transducer was sent back to | Returned :i’mducet was
indicator missing from ICP ETEC subtier supplier for adjust-§ installed.
SEG A3 ment/calibration.
See NCR 2607
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gnd re laced i€ aec

.TB! PROBLEM DESCRIPTION DATE/REF LIKELY CAUSE(S) CORRECTIVE ACTIONS m&’x&&*
# SYMPTOM/ DAMAGE APPLIED AT BJ/ETELC FOR
Lube oil skid wiring as mstallei 12/9/81 Probably modificatica by BJ Ho actiom was required at ETECE Hone - 01l Skid is tese
does not agree with drawing # ETEC without drawing update ETEC NCR to BJ for plant pusp | equipment, oot dejivered
B-76-E-60 Rev'a C SEG A3 b tests. te CRBRP.

2594 | MG-Lube 011 Skid temperature 12/11/81 | Supplier error 1 EYEC relocated semsor Plant units require
sensor for scoop tube outlet is ETEC : inspection.
locateddownstresm of pump 14, SEG ARB (Ref 3.623-6946 Revl)
should be upstresm. 1

2599 |MG Set Hx water valves-(Ross) 12/22/81 Prototype received with ASCO soTennld pi iog valve Inspgct to be sure correc
do not functiom ETEC aulty pilot valve resilfent }' seats reslaced.mking them valves are used

SEG A3 eats. identical to plant equipment. ~

2600 Speed Regulator Pamel circuit 12/22/87 Unknown . In_operat{ve unit replaced wien | rative breaker requir

breaker inoperative ETEC {inoperative as received) reaker f(ro)- qnteispud cont:ol . 11]ac:en;:“td on atocm e ft
SEG A3 el = (1) Investigate breaker fallu chec
at CRBRP

2601 MG Set Motor- Winding phases 12/23/81 Supplier error ETEC swapped the ¥2 & 15 Inspect all units at
were incorrectly terminated in ETEC . connections. CRBRP
high voltage compartment. SEG A3

2602 VDM Terminal Box #1 - terminals 1/8/82 nknosn ‘,mc relabled termimal strip }!‘nspect all units at
are incorrectly identified ETEC 1 | per drawing 136D5551 Rev D CRERP -

SEG AS6 ) '

2603 MG Set Voith Coupler oil level 1/11/82 Unknown : Corrected wiring erver. Splices § Inspect all units at
switches are not commected per ETEC (as received conditiom) jvere required. CRBRP
drawing 3.60-~10174 SEG A6 -

! .

2604 Speed Regulator panel wired to 1/11/82 Unknown © ETEC revised wiring to agree Ingpect all unitas at .
bypass scoop tube lower limit ETEC (as received conditioun) ‘with drawing. CRBRP
switch in violation of 3232-14 SEG A6 iv

i1

2605 MG SET Drive Mbtor potentisl 1/11/82 Unknown ;Used as ts. PY1 was ssed to Inspect all CRBEP umits.
transformer PT1 is a 240:1 ratio, ETEC L zomitor HE Hotew ifae voltage
whereas, drawing 34D842758 Rev 1 | SEC A& #4 in suppore of imitial applfes- , Correct EYEC MG umit
calls for 120:1 ratio. tion of ETEC sutotransformer; prototype s

I not tequired fox tese progra; - refurbished.
Small bits of insulationfrom
t vud ‘1'

2606  |Thermocouple in VDM (ETEC Tagf 1/12/82 the thermocouple exteasion || KTEC used TES243D te replace ?;:’:;tﬁ:i:;‘ o

TE9243B) does mot work ETEC ware crimped under comnectord| inoperative YC. Later repair
SEG AS and prevented contimmity. f IC and used it.

2607 Pony motor speed transducer 1/13/82 Potential incesrect || RTRC used digiral display,since | Pony motor 'P“d treas-
'cu:put 18 not linear proportional ETEC relatfonsnip between sign.._t; analog not woxking properly. ducer analog sigoal wilk’
to speed. SEG A6 level and gate widels ’ be checked for linearity

L
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ITEM PROBLEM DESCRIPTION DATE/REF LIKELY CAUSE(S) CORRECTIVE ACTIONS “PROPOSED” ACTTONS™
¢ SYMPTOM/DAMAGE APPLIED AT BJ/ETEC FOR CRBRP

2608 Va¥M thermocouples TE9246A & D 1/19/82 Small bits of insulation from{ ETEC connected TE9246C to the | Inspect one set of VDM.T
are inoperative(TE41A-B & TEA4A- ETEC the thermocouple extension DAS. Later repaired and used [ for continuity.
443 SEC A6 wire was crimped under the .

comector pins & prev.continufty.

2609 Scoop tube position is unstable 1/20/82 Absence of training & star® ETEC executed procedurs £3 of fone~ procedure is in
between two positions for ome ETEC control.Functien generator nolIXL593-10550 10 Marmal. (1)
position command input SEG A& 6 €aTibrated correctly. Proced-! Incorporated procedure into 10M Manual has been

ure not followed. 1 10M manual checked and is adequate.

2610 Upon loss of reference speed comi 1/21/82 Technician error- clip ETEC replaced the function 10M wanual ypgrade
mand signal, the SRP drives ETEC lead shorted 24 volts to generator PC boards with units to add cautioun noted
scoop tube to maximum rather SEG A6 circuit being mounitored from spare SRP & realigned Return spare to W-OR
than to minimum position. function genarator per

XL 593-10550 spare function genIntor
received from W-OR

2611 Low oil pressure switch doesnot 1/25/82 Lube oil pressure is Orifice was installed to increa Rone- Q11 skid is test
operate when adjusted per ETEC different at ETEC due to pressure at the switch. equipment not to be
drawing SEG A6 line arrangement. { furnished to CRBRP

2614 Speed regulator circuitry does 2/3/82 Design problem A modified circuit was Installed Modify all CRBRP SRP's.
not permit acceleration from ETEC {Resalved) by the manufacturer’s rep. which Update drawings.
pony motor speed to 250RPM when SEG A6 solved the problem.

MOR is set for 22.5% speed.

2615 Ross solenold water valves do 2/3/82 Insufficient MG set cooling § ETEC ‘designed & fabricated See NCR274Q
not operate unless downstream ETEC line water pressure orifices per RFS033767 to
valves are about 90% closed SEG A6 increase delta P across valve,

2617 MG Set lube oil pump—— when 2/10/82 System is not designed to ETEC took no corrective actioen Noue (Not an IOM
simulating a failure, the ETEC shut off pump with simulated menual requirement)
standby pump comes om, but SEG A6 “failure"

"failed" pump is not deenergized

2623 MG Set- Cooling air at exit end 2/18/82 Facility configuration Elbow hood placed on facility Fone
of duct had rainwater when ETEC building at duct interface.
blower motor was activated. SEG A6 Heggar check made on windings

2624 VDM lube oil skid- two pressure 2/18/82 Valves damaged suring Lower valve was replaced. None. 011 skid 1s not
relief valves leak ETEC removal for cleaning. Upper valve was not replaced. delivered to CRBRP

SEG A6 Ref 82ETEC-DRF0286 {(Leak rate acceptable)
2625 011 level exceeds high limit 2/18/82 Adjustment problem with delief valve flow rate adjusted | Sone
. | under normal operating conditiont ETEC unique plumb ing h orifice installed
SEG A6 .

2628 Pony motor ammeter of ICP is 2/26/82 Improper CT ratio. Actusl ETEC procured 2 30:5 ratio CT, Bone. ICD*s define

alwvays pegged at full scale. ETEC current is 31 to 34 amps. and operated withs jumper on proper CT ratio for
SEG A6 ’ ammeter until new CT was CRBR?P (BER Interface)

installed.
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PROBLEM DESCRIPTION
SYMPTOM/DAMAGE

DATE/REF

LIKELY CAUSE(S)

CORRECTIVE ACTIONS
APPLIED AT BJ/ETEC

PROPOSED A‘

FOR _CRBRP

2636

2638

2642

2668

2669

2671

hwuith polarity marks on winding
side of generator. 34D842755
indicates polarity should be vitl-L
fmarker on motor side

Current Transformers installed

VDM lube oil pump is inoperativef
{1ower bearing)

VDM lower bearing thermocouples
TE9243B and TE9243D inoperative

MG Set field thermal overload
relay (FTOL) did not operate
when field current was applied
@ Bamps for 5 minutes

Pony motor overspeed trip does
not function when wired per
0146D1676

Orifices installed per NCR2615
to make Ross valves operate
cause cavitation in facility

piping

3/5/82
ETEC
SEG Aé

3/5/82
ETEC
SEG A8

3/9/82
FTEC
SEG A8

4/1/82
ETEC
SEG A%

4/6/82
ETEC
SEG A D

4/16/82
ETEC
SEG All

Hardware amiswired

Pump ingested a rag of
unknown origin

Unknown. 9243D shorted,
92438 open

Absence of training & startd
Hcontrol. Incorrect adjustment

Unknown

Loop water pressure.
(Piping not prototypical of
CRBRP)

Ct's #1 to 6 were left in
position as {is.

CT's 4,5,6 6§ were rewired to
to drawving

ETECd{sassesbled pump for
removal of rag.

TE9243A was used to ICP alarm.
TE9243C was used for DAS & for
rate of rise alarm.

ETEC readjusted to meet the
55 to 110 sec [OM
criteria

Wiring was changed to achieve
functional operation. NCR
defines revision

Operating condition was acceptef
after unsuccessful experimenta-
tion with another orifice
change

|

g —

None~- Plant units have
been confirmed to be
correct.

Inspect giping install-
ation per construction
routine

TC to be checked whea

y _prototype ia refurbished,

Investigate TC failure
at ETEC
None

CRBRP units to be inspect
to verify configuration
GE/ARSD to check with
vendor to determine if
drawing requires update.

None

See NCR2740

T
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PROBLEM DESCRIPTION DATE/REF LIKELY CAUSE(S) CORRECTIVE ACTIONS PROPOSED ACTIONS 5
”f" smg'fg:/ogimz APPLIED AT BJ/ETEC FIR CRBRP I

2675 VOM Lube 011 Pressure Switches 4/22/82 Loop related Accepted as received with 2 fione
for lower bearing could not be ETEC cosmetic redress of wiring This is part of test
adjusted to a high level of equipment, not to be
20 psig increasing. shipped to CRBRP. ‘

N i

2678 MG Set start up for A6 no-load 4/26/82 Wiring diagram LJP-03-16-82} 1. W¥iring changed per &€ See WCR 2614 for ‘
test was aborted with alarms on ETEC incorrect. ETEC procedure direction. disposition
scoop tube control power loss Seg A6 was top restrictive. 2. Procedure changed to start
and TAH9206 bearing temp rate sequence to allow time !
of change. Rate of rise in for lubricant to reach
excess of 10°F/min, bearings.

2680 Actuator valve for heat exchanger! 4/27/82 Leak in Hx temp sensing bullh Actuator valve to be made
B does not open fully after ETEC (Not ‘prototynical) € 0§1 mix valve locked in prototypical for CRBRP
reaching operating temperature. Seqg A6 closed position (routing it is refurbished.

all oil through HxA) and |[Delivered CRBR plant unit:

HxB used for emergency use valves from different

only. Sensor was replaced. |vendor and will be insp-
ected to confirm this.

2687 0i1 mix valve actuator broken 5/5/82 Excessive force applied scrapped part and replaced. None
while attempting to block in ETEC
closed position ) Seg Al2

2688 Abnormal noise from Voith Coupler} s5/6/82 A support bracket weld was [ Used bolt to reposition part. Voith at ETEC was

2690 Wire found in unit. ETEC broken allowing vapor shield originally welded -

Seg A12 to contact rotating part. others at CRBRP were
bolted. Inspect one unit
at Oak Ridge.

2693 Lower YDM bearing lube system 5/12/82 Unknown Noise disappeared before ! Rone
operates with noise. upper valve could ba disas- -
bearing system does not. sembled for faspectiom.

4 e
2697 VDM and MG trip when attespting 5/17/82 Circuit problem. The timer 1. ETEC used menual stare 108 Banual must be up-
a YOM start - several instances ETEC which controls scoop tube pending circult change. dated. CRBRP umits
between 5/5/82 through 5/14/82. Seg Al2 withdrawal activates based §2. Circuit change was made t be modified.
on MG Set start rather per LJP 06-16-82.
than VDM sequel. Thus,
timer was timed out prier
to start of VOM.

2699 Speed drifted to 1132 rpm. 5/21/52 Inadequate training and ETEC reset speed. Problem did Hone

2ECMZ procedure implementation not recur.

q
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PRG’OS%IONS

DATE/REF LIKELY CAUSE(S) CORRECTIVE ACTIONS
RS ! _ APPLIED AT BJ/ETEC FIR_CRERP

2704 when Hx transferred, only the 6/2/82 Piston size in Ross valves Parts reyised with replacesents None
0il, not the water switched. ETEC incorrect. forwarded from Ross brought i
{See NCR 2740) Seg A12 to CRBRP configquratiom. 1

2705 GE-ICP status lights do not 6/3/82 Supplier error. Circuitry rewired. Units at CRBRP must be '

indicate correct position wodified. Drawings must
of valves related to heat { be updated (0146D1722)
exchanger.
{
§

2706 Pinion shaft fell during a gear 6/10/82 Operator inexperience 1. Procedure revised. oJi
change. Three gear teeth ETEC 2. Damaged gear reworked. ‘ Add cautfom note to I
damaged. A138 ‘

1 J

2707 Gouge on surface of seal 6/10/82 Unknown Raised metal and removed by Hone Hg

No. 1213815. (gear box assembly) ETEC hand, blending. 1
Seqg A138 )
i

2709 Lube oil "C" Pump would not 6/14/82 A vent valve and piping 1. Replacad pump. Hone !
start. ETEC configuration caused loss 2. Revised procedures to Vent valve is peculiar !
See NCR 2754) Seg A13A of oil prime. Vent valve was check an vent valve. to ETEC.

found open causing "C*" pump
to pump air.

2711 Rag visible in tygon tubing used 6/25/82 Improper cleaning operation {0il checked and foreign Install per I0M Manual ’
as sight gage on VDM lower terial removed. ’
bearing.

274 When VDM is started, MG set 7/1/82 Off normal activity 1. At ETEC, Pony Motor was None a
trips. ETEC  triggered protective stopped to reset the relay .

Seg AIS circuitry. logic, MNe other action :
needed,,
/

27158 MG Set tripped with over- 7/8/82 Power transistor Q4 shorted §. ETEC replaced transistor Q4 See NCR 2746
vol tage/regulator faylt annunci- causing full power to be with new unit.

tor alarm applied to the exciter,

2722 ower reading at generator out- 7/16/82 GE drawing 2H9016T for ETEC [1. Potential transformer's None
ut is suspect. ETEC installation was in error. wiring reversed.

Seg Al6
4 DM tripped at 1702 hours on 7/27/82 hransistor Q4 shorted. ETEC replaced Q4 ¢ See NCR 2746
2124 7/26/82 ETEC

Seg Alé




ITEM PROBLEM DESCRIPTION
# SYMPTOM/DAMAGE

DATE/REF

LIKELY CAUSE(S)

CORRECTIVE ACTIONS
APPLIED AT BJ/ETEC

PROPOSED ACTIONS
FOR CRERP

Circuit breaker for speed
regulator panel power supply is
interwmi ttent through the
auxiliary contacts. When open,
"speed reg/scoop tube power
loss.” alare is experienced.

2726

MG Set Voith Coupler bearing
thermocouple TE92008B is erratic
Redundant TC- TE9260A is inoper-
ative. {TE41 A&B)

2730

2732 VDM: Unusual noise is present
during acceleration (sounds

like core noise).

2731 VOM tripped unexpectedly

at 1830 hours on 8/20/82

JAY

Upon command, Hx B will transfer
to A, but A will not transfer to
B at all without assistance.
This problem persists after
action per NCR 2704 has been
completed. Other related NCR's
2599, 2615, 2671, 2704, 0324.

2740

2745 VDM tripped unexpectedly

at 1328 hours on 8/26/82

2746 VDM tripped during a start
attempt at 1726 hours on

8/26/82

2754 During MG start-up, Lube oil
pump B failed to prime itself
and would not pump oil. Failing
to pump oil, it didnot shut

itself off.

2/2/82
ETEC
Seg Al6

8/12/82
ETEC
Seg B2

8/16/82

8/20/82
ETEC
Seg 81

8/25/81
ETEC
Seg B1

8/26/82
ETEC
Seg B3A

8/27/82
ETEC
Seg B3A

9/3/82
ETEC
SEG B3A

Component failure, cause

unknown.

Same as NCR 2587

Unknown

Power transistor (4 shorted,
causing full power to be
supplied to the exciter.

May be a design problem
Cooling water pressure
differential across transfer
valve uau

Basler Voltage regulator
faulty (other NCR's: 2715,
2724, 2731, 2745).

Alr in loop resulting from
local piping. ETEC has a
vent valve between sump and
oil pump,which 1s believed
to be source of air.

too low at ETEC

f
Power transistor Q4 failed.

l

1. ETEC rempyed and replaced
faulty moduie with spare.

2. Faulty unit was to be
repaired/returned to
supplier for repairs.

ETEC deleted this readout
from the DAS. Can be checked
visually by tesp. gage TSO8A
(temp switch will shutdown on

and used TC.

ETEC was instructed to continue
to use YOM as fis.

GE LMEG representative says

“No problem®

1. Q4 replaced with new 2N6151
transistor.

2. Installed a .22 wfd capaci-
tor.

3. Installed a fan in the ICP
panel for added cooling.

ETEC requested to continue to
operate with HxB as the primary
unit and HxA as backup.

ETEC replaced both (4 and
resistor R10

Voltage regulator unit replaced
with one from the CRERP storage
facility. Faflure analysis
completed.

ETEC handled the problem
administratively by running

the Lube oil skid prior to the
normal start-up sequence.

over temperatyre). Later repau]ed

Circuit breaker in spare
SRP to be replaced

{1} Insvect one SRP for
proper lacketing of this

circuit breaker. Vendod#
invest {gation found ne |

failore. |
Same as WCR 2587 !

Troubleshoot
and fixwheaprototype is
refurbished

See NCR 2746

Ross Valve Representative
determined. chief cause of
problem is low pressure
min operating pressure

to be defined to CRBRP

See NCR 2746

PR

Replace unit removed

Ridge. Replace the
failed voltage regulator
with a new one.

Houe. (Thexrea are no
vent valves on the

oil pusmp suction lines
at CRBRP}

from storage in Qak }
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ITEM PROBLEM DESCRIPTION DATE CORRECTIVE ACTIONS PROPOSED ACTIONS
# SYMPTOM/ DAMAGE, REF NCR LIKELY CAUSE(S) APPLIED AT BJ/ETEC FOR CRS®P
2753  Law lube 0il level 9/13/82 | Level switch needs recalibration Proper lube oil level is verified | Action for CRBRP is
alarm sounds inter- ETEC or is defective or changing periodically with MG set stopped pending further
mittently even though | SEG.B3A | operating conditions cause alarm. | using a dipstick. Will request investigation by ETEC
lube 0il level is ETEC to recalibrate oil level
within operating switch and monitaw urit to deter-
Timits. mine if any particulac operating
conditions trigger alarm.
2766  Loss of Main Pump 10/6/82 | Combination of the ETEC applica- Clean the pressure switches to be | 0il pressure switch
Drive Motor Alarm ETEC tion and the oil test rig which sure any remaining rag fragment which initiated the
SEG.B6 is not CRBRP equipment. don't inhibit switch plunger move- | alarm signals is not
ment. Continue totoperate since the CRBRP equipment.
system will be protected by the CRBRP application
minimum value pressure switch will be reviewed to
and/or the thermal switches on the] determine the best
YDM bearings. pressure switch
value to avoid false
alarm.
Main Pump Orive Motor § 10/6/82 | ETEC application causes com- Continue to operate provided that | None, problem is -
vibration alarm which | ETEC siderable fluctuation in the RS level does not exceed 5 mils. | unique to ETEC test
is triggered by either | SEG.B6 vibration level on the “Pony structure & flow
“"Pony Motor® or “Pony Motor® or "Pony Motor Reduction control,
Motor Reduction Gear Gear Frame" sensors at speed
Frame® sensors. above 1100 rpm.
2767 Qil leaks at various 10/6/82 | 0i1 leaks in the Ross Valve are Continue to operate. Replenish Seal replacement to
joints in MG set oil ETEC caused by seal deterioration due ofl as required. ETEC is to keep | be identified in O8M
Tube system were ob- SEG.B6 to expiration of normal seal life.} the area around the ME set as Manual spare part

served during daily
inspection.

01l leaks in the piping are
caused by leaking joints.

clean as practical. ETEC will be
requested to repair oi] leaks and
replace valve seal! during shut-

dowm for pump beffle instaliatien

list. Repair proce-
dure is alveady
{dentified.
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ITEM  PROBLEM DESCRIPTION DATE CORRECTIVE ACTIORS PROPOSED ACTIONS TARGET
§ SYMPTOM/DAMAGE REF NCR LIKELY CAUSE(S) APPLIED AT BJ/ETEC FOR_CRBRP DATE VERIFICATION
2770  Vertical Drive Motor 10/13/82 Test Engineer accidently applied Replace shorted zener diode. 08M Manual will 4den- HNote D N/A
will not start. ETEC 28V to zenkr diode in function Rewire test points to terminal tify the use of equiv 6L4226
HARTMAN-BRAUN elec- SEG.B6 generator while using previously block to prevent reoccurance. Yocations which will
tronic module does prohibited test points. Refer- eliminate the possib-
not function properly. ence NCR 2610. ility of applying 24V
to function generator
output terminels.
2777  Vertical Drive Motor Rework switch and retumn to #/R, this component is N/A W/A

2783

2791

279%

circuit breakers
tripped out on startup

Speed regulator panel
provides uncommanded
Pusp speed changes,

RPH changes from 1116
to 1128 have been
observed.

Yolts per hertz ratio
is not constant

over vertical drive
motor speed range of
approx. 223 RPM to
1116 RPM, volts per
hertz varies from
approx. 75.4 to 66.0
respectively.

Pump speed cannot be
controlled within
4 0.3 as required.

10/28/82  0il pressure switch PSVR-U2
ETEC failed to operate due to sticky
SEG.B7 plunger switch in the ofl test rig.

11/2/82  V¥oltage at test point TSW1-8 is
ETEC changing causing VDM speed to
SEG.B7 change.

Occurrence §s random & inter-
mittent. Test evaluation ident-
ified & defective part 2240001.

11/15/82 Equipment received from supplier
ETEC in this condition. Incorrect
SEG.BB Jocation of capacitor C25.

11/17/82 Seme problem as EVEC fdentified
ETEC #n NCR 2783.
$E6 B

service.
i

Pefective component was replaced

and pump operated successfully

for at least 24 hours under close

monitoring for this event and
drive performance was satis-
factory

Repair fatled unit.
Provide failure analysis.

Adjusted wolts/hertz regulator to

establish wolts/hertz versus

part of the o0il test
rig and not CRBRP equip-
ment.

Replace Speed Regu- (2)Note B {ZNote 6

Yator card removed 6La225
spare speed regulator
panel

#odify Yocation for Note B
€25 capacitor on all  GL4225

exciter field current curve within plant wmits.

permissable range. Later (25

capacitor was relocated and V/Hz

improved to 72.5 at 234 RPH to
68.5 at 1116 RPM.

See BCR 2783.

See HCR 2783. Rote D

614226

614227

Hote 6
6L4226

®/A
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PROBLEM SESCRIPTION
SYMPTOM/DAMAGE

DATE/REF

LIKELY CAUSE(S)

CORRECTIVE ACTIONS
APPLIED AT BJ/ETEC

PRO CTIONS
RBRP

2523

2529

2530

2533

2535

2536

2538

2545

2557

2558

2563

Tank thermocouples are Class 1
{grounded) ,whereas component
spec. calls for Class 11
{ungrounded)

Rotating Element Handling Fixturg
towing hitch was not shown on
drawing. Several rungs were
damaged.Phenolic liners of
cradle were damaged

Pump Case & Bearing Cage Assy
has light score marks on ID of
sodium bearing surface, & tool
marks around outside surface, &
one dimple

Interface between ETEC supplied
tank cover and bolt heads used

to secure pump maintenance seal
ring.

Lower cradle of Rotating Element
Handling Fixture has a distorted
hinge & a bent hinge pin.

Rotating Assembly has several
nicks, gouges, and 4 jaw chuck
marks

Spare thermocouples are Class 1
{grounded)-should be Class 11
{ungrounded)

Cable support cap has sharp edges
Drawing cails for rounded edge

Thermocouples used on pump
internals are Class 1(grounded)
should have been Class 11.

Nut galled on its stud

Fillet weld on 0il1 level probe
flange interferes with ID of
instrument hole; one bolt has
interference with holes in seal

8/11/81
ETEC
SEG AdA

9/2/81
ETEC
SEG AdA

9/2/81
ETEC
SEG AdA

9/10/81
ETEC
SEG Al

9/15/81
ETEC
SEG AdA

9/15/81
ETEC
SEG A4A

9/24/81
ETEC
SEG AdA

10/2/81
ETEC
SEG A4B
10/21/81
ETEC
SEG AdA

10/21/81
ETEC
SEG A4B-

10/27/81
ETEC
SEG A4B

Component supplier
error

(as received condition)
Supplier discrepancy

{as receoved cpndition)
Supplier discrepancy

Design of cover did not
accomodate pump design
change which added the
maintenance seal ring

(as received condition)
Supplier discrepancy

{as received condition)
Supplier handling

Component supplier
error. See NCR2523

Supplier discrepancy

Component supplier error

Unknown

Supplier error

Sheath ground at the

DAS system was disconnected. i

Accepted as is for use,

Discrepancies are minor, and
have no impact on test articlé

Accepted as is for use.

Discrepancies are minor and

have no impact on test
program.

While cover was used, the
maintenance seal was held

down with only two reworked

bolts

Reworked- replaced hinge
pin and assembly.

One gouge was polished,
all other used as is.

No immediate action.

Caps were removed, reworked,

and reinstalled.
Sheath ground at the DAS
system was disconnected.

Reptaced one stud and two
nuts.

ETEC machined fillet weld
& cut bolt.

Nene reguired.Specifica-
tion calls for Class II
{Ungrounded) components.

Refurbish by supplier for
plant use.

None required

None required

Refurbish by supplier for
plant use

None required

iNone required

o

]

i

iNone required. The plant
'pump equivalent part is
'#82000018 & has generous

countersinks
None required

fone required

None required. Plant
pumps will not have
valves mounted on
collection tamk cover
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PUMP PROBLER TABLUATION

" PROBLEM SESCRIPTION
SYMPTOM/ DAMAGE

DATE/REF

LIKELY CAUSE(S)

Page 2

TS AT BTG v

PROPOSED ACTIONS
FOR CRBAP

et

'
‘2565

257

2578
2583
2596

2619

621

2622

2650

2653
2655

2658

2658

Fillet weld on oil level probe
interferes with ID of instrument
hole

Thermocouple and proximeter probed
have leads which are too short.
Upper seal adjusting lugs do no®
align with holes in seal.

Flange af sodiums level probe plug
interferes with motor mounting
flange.

0il service valve brackets holes
do not align with holes in valve
Ref: 294817 & 437009

Pull box associated with the supp?
tank level probe interferes with
the vertical drive motor.

~

Split ring of motor half cowpling
0D is oversize, causing interfer-
ence between ring and shaft groow

I0M manual illustration for split
ring installation is incorrect

Piping schematic 2£2519 Rev B
shows a valve in the Tube system
shaft saal vent line which does
not exist.

Seal oil supply tank level sensor
inoperative

Shot loading not complete, Actual
was 28,650 18; required was
32,000 1b.

10M Manual calls for use of the
jvacuus shot transfer tool for
lcading, whereas the tool does
t have capability for loading-
nly for unloading

orque required to turn pump &
exceeds 1imit of E£TEC procedury

..

Pump tank fnsulatfon not installed
per drawing

10/ 30/81
ETEC

SEG A4B
1174/81
ETEC

SEG A48
11/6/831
ETEC

SEG A48
iy
ETEC

SEG A48
12113
ETEC

SEG A6
2/11/82

ETEC
SEG AS

2/17/82
ETEC

SEE A6
2/18/82
ETEC

SEG ASA

3/18/82
ETEC

SEG A8
3/19/82
ETEC

SE6  AS
3/19/82
ETEC

SEG AS

3/22/82
ETEC
SEG A8
Jj23/82
ETEC
SEG A8

Suplier error

Design error by suplier

Design error. Part was
not usad during water test.
Supplier arvor

.

Design error

Supplier manufacturing
error

Suppifer artwork error

Supplier error

Preamplifier wndule fatiluve

Unable to deflect shot to
outside edge of shot cavity
with gravity pouwr method,

108 menual in error

Varizble drag of floating
shoe bearings in the VO
Limit was set toa Tow

Construction costrectow
error.

ETEC muchined f11let weld,

Thermocouple extension
leads provided by ETEC.
Elongated hole im bracket
of seal adjustimg lugs.

Plug was returned to supplier
for rework.

Bracket holes were
elongated.

ETEC removed the conduft
box & employed softwire
to Tevel probe electronics.

Retyrned to 8J for
remachining

10M illustration ignored

Orop deam seal lesk test
was rue with & fitting
loosened.

ETEC procureds new
preasplifier;

Accegted loadlps as is

Shot wes Toadtd using the-
HEDL tilt fixtime.

Accepted as 13§

Cans
rmur&'gw' tractor

i

Pump supplier has designedd a new Tewel probe mount assembdly - Dwg.
8200013,

. Bone required

Sodium level probe plug design has been eliminated on plant pumps.
A thimble drawing #340592 has a smaller diameter than the prototype.

Wone required. Interconnections between oil supply tank & seal cartridge wevre

redes igned.

Redesign eleminates pull box. A flexible condyit goes from the ieve! probe
to the electronics. See Plant Dwg. 2£2531/2£2532 Sheet &. No action requirsd

Factory QA program should prevent recurrence.

- Plant pump drawing 14061 & 1E4062 Sheet 1, Zone C-20 shows the valve. No
action required.

’ fome required

* A tool which would facilitate loading to outside edges of the UIS is required

"Tesling (tilt fixture, siing, fumel} for gravity assisted loading is requizad-

"Plant procedure torque Timit will be based on ETEC experience.

.Me required.
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ITEM  PROBLEM SESCRIPTION DATE/REF LIKELY CAUSE(S) g 18 Jut i {' proposen AcTions
§ SYMPTOM/ DAMAGE EOR CRARP
2662 Pusp tagk diffarential tenenturL 3/26/82 Loss of facility heater ETEC replaced defective None required
was 146°F, where limit was 60OF ETEC control, & personnel power relays and examsined
SEG A8 fallure to heed an 2larm wiring. Task _ use as is.
2665 Tank nozzle insulation- gaps 3/29/82 Lack of expansion joimt ETEC added blanket i ’
have appeared at several locatioms] ETEC insylation mterial, None required
SEG A8 1
2666 ISeal oil supply tank level probe 3/29/82 High capacitance & tog Moved preamplifier & used
not operating after installation ETEC long a cable between sensor! a Jow capacitance cable. | Plant pumps will have preamplifier located about 1 foot from level probe.
0f new preampiifier. SEG A8 & preamplifier causing loss
of signal.
2667 Temperature gradient on pum 3/29/82 [mproper 1imit defined in Accepted as is. Test *
tank exceeded Test Request ETEC the Test Request. Request changed. None required. I0M manual will define limit for CRBRP.
maximum. SEG A8
f
2n3 Seal Vibration sensor VES014C 7/1/82 Loose connection in one VEIOI2A had a loose ' . ERNEN
and sodium bearing sensor ETEC case. Unknowm in other. connector § was reworked. The plant pump has no vibration sensor on the in-sodium bearing. Plant
VES0124 are inoperative SEG Al5 pump seal cartridge has a total of 3 vibration sensors (redundant 3 axis).
2734 Facility pressure relief valve 8/19/82 Foreign material in facility Technician opened the valve
PSV873  failed to reseat after ETEC gas line. See UOR# then returmed to normal. Plant should alarm on high oil temperature. Plant Sys. 82 alarms on lg(sg of
in overpressure condition. This SEG 81 ETEC82-08-SPTF-83-03 Foreign material was . pressure to pump oil supply tank interface #13. An ECP will propose adding
taused a short term oil aver tesp expelled. After test,valve i #8 alarm to Table #5-4 of CG52004 & CG52005.
tycle of 3300F was removed for inspection.
8679 Many tank bolts have nicks & 5/12/8% Improper or lack of Part were reworkad
scratches ETEC preshipment inspection by Part were replaced None required
SEG A4A supplier
8680 Tank rust streaks internal 5/15/81 Unknown- Probably from Stains were cleaned, roller
{vertical streaks). FExterior ETEC water test or post test marks- use as is. Hone required
has roller streaks SEG AdH cleaning
: fum cooler fag 813 is the long term enduramcs
9 Uncontrolled Sodiygm temperature 11722482 The loop's sod
2798 excursion to 1056%# was applied t§ mﬂau g‘mhf:“.ﬁm“ to sotor ;‘um 1%21;%),?50 '3’*'
the sodium pump %6 st the alarm TAK-120 to 100S°F. Rone required
is at ETEC
28 Miscellaneous scratches, gauges, 3/1/83 Inflicted during water test| Use as
* rubmarks, & weld spatte;‘ on the ETEcm at pump suppliers facility
55304 water test impeller as SEG
received for the start of phase C Hone required
Test .
¢ tank to] Swage Tock assembly replaced
738 Broken swage lock fitting & possif 3/10/83 tmproper binding o
2 ble ﬂexﬂ,]g: of1 have damage, ETEC pellet while tank was in Hydro tested dn.!n hose.
011 suoply tank SEG €1 storage
fone required

el




ITEM

PUMP PROBLEM TABULATION

PROBLEM DESCRIPTION

DATE/REF

LIKELY CAUSE(S)

CORRECTIVE ACTIONS
APPLIED AT BJ/ETEC

Page 4

PROPOSED ACTIONS
FOR CRBRP

2840

2806

2846

2833

2807

2803

2786

2787

uleé

SYMPTON/DAMAGE

10M Manual Para. 7.2.2.6 pro-
cedure for seal cartridge re-
moval could not be followed.

It was necessary to disassemble
shaft seal in order to remove
it.

Shaft failed to drop down
when coupling bolts were
loosened (NCR's 2806 & 2840 &
2734 are common failure items)

Accelerometer connector is
bent

LIS to hydraulic bolts
648963 have galled threads
and scratches on shank

Test Segment B14B, Leak
Test of Drop Down Seal could
not be run when scheduled

The vacuum shot transfer
tool inoperative

Sodium purity out of limits

PPIOU transient applied

at a rate higher than
permissible ?exceeded

tolerance of + 30% of specified
rate)

Alarm ZAH90036, Pump Bearing

3/11/83
ETEC
SEGB1S

3/22/83
ETEC
SEG B15

2/23/83
ETEC
SEG C1

12/14/82
ETEC
SEG B14B

12/15/82
ETEC
SEG B15

11/4/82
ETEC
SEG B8

11/8/82

ETEC
SEG 87

9/20/82

Seal sleeve was locked to the
shaft, and bumper bearing
surfaces grooved. Cause was
Toss of gas pressurization of

Seal was disassembled piece by
piece. Rubbing faces of top seal
were destroyed to gain access to
seal sleeve. Torch heat was

the oil supply tank and the high applied to sleeve to release

cross tank differential tempe-
rature being induced by pump
internal cellular convection.
See NCR #2734 for ETEC facility,
event which was the initiator
of this problem. Additional
details provided in unusual
occurrance Report #ETEC-83-01-
SPTF-83-01

Unknown

Supplier furnished (as
received condition)

Bumper bearing was grooved &
locked axially. Initiator of
problem was loss of gas
pressure on 0il supply tank.
See NCR's 2734, 284042806

Bearing seizure
-

New sodium had been added
to loop for transient testing
of segment B7

Facility feed valve controller
failed to follow the valve
opening program

Proximeter component ZE9005C/D
failure. Failure cause unknown

it from shaft. A replacement seal
cartridge was then used for
subsequent testing

Used as is

Used as is

Segment B14B was subsequently
run at the end of Phase C
tests, with replacement shaft
seal in place.

Substitute equipment used

Cold trapping continued

ETEC stationed an operator to
manually override the automatic
program for valve positioning

CRT display at SPTF changed to
show lower bearing gap sensors

CRBRP must provide a reliable
gas supply or provide an
alarm and administrative pro-
cedure which w 11 get the pump
shut down before the seal
overheats.

None required

None required

See NCR 2840

None required

None required

None required



Page §

PROPOSED ACTI‘III'

DATE/REF LIKELY CAUSE(S) -CORRECTIVE ACTIONS
I;EH S$gg%g:/g§:§§épTI0N / APPLIED AT BJ/ETEC FOR CRBRP
fred
P i 9/20/82 Proximeter component CRT display SPTF changed to None requ
27% glﬁ:? 5259223?&at23° bearing E4EC ZE9005C/D failure. show lower bearing gap sensors Proximeter not used at CRBRP
SEG B4 Failure cause unknown
le data duri 6/10/83 Reference junction in None reauired other than to Kone
288 ;gizmggoggoldozn periogg ETEC SPTF Data Acquisition recognize that TC data invalid
was not valid SEG C15 System was temporarily for 8 hours on 6/10/83
disconnected for
maintenance of other
equipment
2876 H/Q data at R3 omitted from 8/16/82 Documentation No procedural changes needed Hone
test at end of mild thermal ETEC error
transitional test SEG B2 (discovered after the fact)
2886 A partial cut of 36" pipe was 7/11/83 Personnel error in dwg. Use as is. BJ is to repair None required
initiated at wrong location ETEC interpretation (dwg. has saw mark as necessary
(and final cut was made at SEG C15 two centerlines)
correct location)
2889 First three threads on a tank 7/20/83 Unknown None required None
mounting bolt are stripped ETEC
SEG C15
2898 Cracks in hardfacing of upper 8/5/83 Improper manufacture which None required None
journal of shaft used in ETEC allowed hardface material The journals used in Phases Control of hardface dimension
Phase C tests SEG C15 to extend to end of journal| A&B did not experience this will prevent this condition
problem
2854 Mechanical interference 4/ /83 Supplier manufacturing ETEC remachined the original None
between motor shaft ETEC error split co11gr used previously
extension_and new Seg C3 with rotating assembly #171222

174

split collar




APPENDIX E

THE INFORMATION IN APPENDIX E WAS PREPARED BY

THE ENERGY TECHNOLOGY ENGINEERING CENTER
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UHUSUAL DCCURRENCE REPORT

‘ ‘ Page ) of 8
p . 1. Report Number  ETEC-82-08-SPTF-82-03
2. Status and D@te ( ) Inftia) 08-23-82
( ) Interim
| (X ) Final 11-01-82

3. Division or Project
Energy Technology Engineering Center (ETEC)

§. Facility, System, and/or Equipment 5. Date of 6. Time of
Sodium Pump Test Facility (SPTF) Occurrence Occurrer
Argon Supply and Pressure Control System 08-18-82 2350 hou

7. Subject of Occurrence
Malfunction of 011 Seal Reservoir Relief Valve

B, Apparent Cause
Design Materia) X Personnel
< Procedure Other (Explain in Item 14)

8. Description of Occurrence

| The CRBR pump tank cover gas pressure was set to 93 psig to perform Test
Segment Bl which simulates the CRBR intermediate pump operating conditions at

775°F sodium temperature. The vertical drive motor (VDM) oil seal reservoir
pressure regulator was set in cascade mode to maintain its argon pressure 30
psi above the pump tank cover gas pressure. The pressure controller allowed
the pressure in the reservoir to increase to 139 psig at which time the
relief valve in the pressurizing line religved and stuck in the open position
Pressure in the oil seal reservoir decayed below pump tank pressure, ap-
parently allowing cover gas from the pump tank to leak through the oil seal,
bubble through the oil in the reservoir and then vent through the relief
valve. Pressure in the oi) reservoir decayed to approximately 72 psig while
the pump tank pressure took an initial dip to approximately 86 psig for
about 3 minutes and then recovered to approximately 93 psig within 7 minutes

after the relief valve opened.

The operators on duty managed to close the relief valve through manual
manipulation; however, the valve was stuck in the open position for 28
minutes before closure was accomplished.

The facility operators, the Test Requester (GE) Site Representative and a
manufacturer's Representative immediately reviewed the test data and in-
spected the pump, oil seal reservoir and all related hardware, There
was no apparent impact on the test in progress nor any damage to the
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9. Description of Occurrence (cont'd) ._
test article. The decision was made by the Test Requester to permit testing {
continue. The operators reset the oil seal reservoir pressure to 108 psig by
operating the pressure controller in the automatic mode (to set a fixed pres-
sure rather than a delta pressure above pump tank pressure) and testing was
continued. Subsequently, the oi) seal reservoir sight gage has been closely
monftored and no evidence of ofl leakage or seal degradation has been ob-
served, .

10, Operating Conditions of Facility at lime of Occurrence "

A special test in support of Test Segment Bl of the CRBR pump test proyram
was in progress at the request of, and under the surveillance of the Test
Requester Site Representative and a representative of the pump manufacturer.
The following conditions existed at the time of the incident.

Sodium Temperature - 775°F

Sodium Flow Rate - - 7860 gpm

Pump Tank Pressure - 93 psig

Pump Speed - 260 rpm

1. Immediate Evaluation

Apparently the cascade mode function of the oil seal reservoir pressure regul
failed to function properly and allowed regulated pressure to drift high enou
to relieve the pressurizing Yine relief valve. The relief valve failed to re
seat allowing the pressure in the oil seal reservoir to decay below the pres-
sure in the pump tank. The minimum recorded pressure in the reservoir was 72
psig. After some work on the valve, including a second 1ift to clear any ob-
struction, the operators were successful in reseating the relief valve. Ther
was no §ndication of what the object was that was apparently preventing the

relief valve from seating.

A decrease in measured seal temperature (approximately 8°F) was observed co-
incident with opening of the relief valve and decay .in pump tank pressure.
These observations suggest that there was leakage of clean pump tank sweep
gas through the oil seal reservoir (for a period of possibly 3 minutes).
There was a sharp increase (to approximately 265°F) in oil and seal temper-
atures approximately 18 minutes after the relief valve opened and a sharp
increase (to 330°F) in another oil temperature when the relief valve closed.
The temperature increases have not yet been explained. A grab sample of oil
was analyzed and compared with new DTE-24 oi). There was no evidence of
contamination or decomposition of the oil taken from the oil seal reservoir.

The reservoir ofl has been submitted for particulate analysis. .

228




Page 3 ot 8
ETEC-82-08-SPTF-B2-03
November 1, 1982

Jmmediate and/or Temporary Corrective Action Taken and Results

The relief valve was reset to something above the operating pressure level
of 108 psig in the oil seal reservoir. On completion of the special test,
the relief valve will be removed, inspected, cleaned and reset and re-
installed in the facility system.

The ofl1 seal reservoir pressure controller has not yet been checked out in
the cascade mode because the controller 1s still being used in the auto-
matic mode to provide a set pressure to the oil seal reservoir. The con-
troller wil] be checked out after completion of the current test.

13. Is Further Evaluation and/or Corrective Action Necessary? No. Except as
noted in Item 14. .
V4. Final Evaluation and/or Corrective Action Taken

Results of the immediate evaluation of the incident indicated that there was
a possibility of back flow of cover gas from the pump tank, past the shaft
seal, and through the o1l reservoir when the oil reservoir pressure relief
valve unseated. Further evaluation of the incident reinforces the initial
conclysion that there was flow of cover gas from the pump tank past the shaft
seal, however, the most likely flow path is now considered to be through the
seal 0il vent line to the oil reservoir rather than through the il supply
1ine as first speculated.

The pump manufacturer has not reviewed this analysis, but has stated that
the shaft seal was designed to prevent back flow of gas in the event of pres-
sure reversal, i.e., pump tank pressure higher than 011 reservoir pressure.

Pressure and temperature time histories for the incident are presented in
Figures 1 and 2. A description of the events indicated in Figures 1 and 2
is presented in Table 1. It can be seen from Figure 1 that the shaft seal
oil reservoir pressure decayed to a value approximately 22 psi below the
pump tank pressure after the relief valve opened. Figure 2 shows evidence
of perturbations in the seal and oi) temperature measurements coincidental
with the relief valve opening. The initial volume of gas flow from the pump
tank was probably near-ambient sweep gas from the shaft annulus in the upper
inner structure causing only slight, but perceptable, temperature pertur-
bations. As the pump tank cover gas continued to vent through the shaft
seal, "hotter gas from the pump tank ullage was drawn up through the annulus
and vented through the shaft seal and into the oil reservoir pressurization
(and vent) line. Evidence of hot gas flow through the seal can be seen in
Figure 2 at Events 3 and 4. The upper seal and inlet oil temperatures be-
gin to increase at Event No. 3. Al)l three seal and inlet oil temperatures
begin to rise rapidly at Event No. 4 indicating that hot gas from the

pump tank ullage was passing through the seal.

These temperature excursions were only observed during the period when the
pump tank pressyre exceeded the oil reservoir pressure. Figure 1 shows
that the reverse pressure condition existed from the time that the relief
valve opened (Event No. 1) unti) the relief valve was manually closed
(Event No. 5), a period of approximately 28 minutes. The reverse pres-
sure condition also existed for approximately 3 minutes between Events

No. 5 and 6. After the relief valve was closed while the operators were
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14.

Final Evaluation and/or Corrective Action Taken {cont'd) .

attempting to re-establish the pressure balance between the pump tank and
the 01l reservoir. After the proper pressure balance was restored, the

seal and oil inlet temperatures returned to their normal values. No

further anomalous seal temperature excursions have been observed. Another
data observation can be made from Figure 1 to support the conclusion that
pump tank cover gas vented through the shaft seal. WNote that the pump tank
pressure decayed when the relfef valve opened at Event No. 1 and tended to
follow the decay in oil reservoir pressure until Event No. 2. The operators
began to manually pressurize the pump tank at Event MNo. 2 to bring the pump
tank pressure back to the target valve of 93 psig. It can be seen from
Figure 1 that the oil reservoir pressure also increased at the same rate
during this period, although the cperators took no action to vary the oil
reservoir pressure. The conclusion drawn from this observation was that
increasing pump tank pressure resulted in increased gas leakage flow past
the shaft seal into the o1l reservoir pressurization line causing an in-
crease in 01l reservoir pressure. HNote also that when the relief valve
¢losed at Event No. 5, there was a corresponding increase in pump tank pres-
sure as a result of higher than normal sweep gas flow (initiated at Event
No. 2) and cessation of cover gas leakage past the seal (when the oil re-

.servoir pressure exceeded the pump tank pressure).

The 01l reservoir pressure dropped below the pump tank pressure between
Events No. 5 and 6, however, there was no corresponding disturbance in pump
tank pressure. The relief valve was closed during that period and there
was evidently not enough gas leakage past the seal to perturbate the pump
tank pressure. Figure 2 shows that there was a sharp‘increase in upper
seal temperature between Events No. 5 and 6. This is interpreted to be
evi?ence that there was hot gas leakage from the pump tank past the shaft
seal.

Following completion of the special high pressure pump tank test, the oil
reservoir relief valve was reset in-place to relieve at 125 psig to ex-
pedite further pump testing. The relief valve was then tested to ensure
satisfactory operation. The valve would repeatedly relieve at 125 psig
allowing the inlet pressure to drop to approximately 70 psig and it would
then reset. This operation is similar to its operation at the time of the
incident, except for failure to reseat at that time. Cover gas flow from
the pump tank through the shaft seal vented through the same line that the
oil reservoir vents through (this is also the oil reservoir pressurization
1ine). The additional gas flow through the oil reservoir vent line may
have been sufficient to keep the pressure at the relief valve high enough
to prevent reseating. This appears to be a possible explanation of why
the relief valve did not reseat during the incident. The relief valve
cannot be conveniently removed from the system for further checkout while
pump testing is in progress. The oil reservoir pressure is normally
operated at approximately 30 psig. One more test at high pump tank pres-
sure 1s scheduled. It is planned to gag the oil reservoir relief valve
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Final Evaluation and/or Corrective Action Taken (cont'd)

for that test and provide argon bottle bank pressure at no greater than 125

psig. These steps, combined with an existing 150 psig relief valve in the

:rgon system, will provide adequate protection against recurrence of this
ncident.

The o1l reservoir pressure controller was checked out after completion of
high pressure pump tank test. The regulator was found to operate satis-
factorily in cascade mode throughout its normal operating pressure range
(up to 50 psig). 1t was noted that the controller tended to deviate when
operated above the normal pressure range. The conclusion drawn was that
the controller should not be used in the cascade mode at higher than normal
operating pressure (50 psig for this controller). The operating pressure
was approximately 130 psig at the time of the incident. The cascade mode
maintains a desired delta-P between two pressure points. The controller
will be operated in the automatic mode (maintaining a desired set pressure
at one point rather than a delta-P between two points) any time it is
necessary to pressurize the oil reservoir above approximately 50 psig. No
further checkout of the controller is deemed to be necessary.

15,

Programmatic Impact
None

6.

Impact Upon National Codes and Standards
None

7.

Similar Unusual Occurrence Report Numbers
None

18.

Signatures

Originator 7)‘(%“”")“" Date //~A-F A
W. H. Munyon - Manager - SPTF

Cognizant Manager 2 H. ZYeensson— Date 4 *—F2L
W. H. Munyon - Manager - SPTF

Engineering %/ \, ZA LI Date _//-3-£L
R. E. Fenton - Manager - Test

Engineering
Quality Assuranc 4’ P //é\,u/ Date // -5 -8V

Copeland - Manager - QA
Test Requester ‘;g;z,, e fﬁk&4h¢4¢f2¢:;_ Date //-28—-82
. . L} Grimal GE-Site Representative
Operations Manager

at ETEC

}ég% Date /-8-82

S. ar = Manager - Operations

Dept,
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Event No.

TABLE

DESCRIPTION OF TIME EVENTS

Time of Day, Hours

2351.0
(8-18-82)

2354.7
(8-18-82)

2359.7
(8-18-82)

0012.2
(8-19-82)

0018.0
(8-19-82)

0027.0
(8-19-82)

Event Descr@ption

Relief valve in the oil reservoir
pressurizing 1ine unseated and failed
to reseat. Disturbances noted in oil
temperature measurements.

Operators began to pressurize pump tJ
manually after noting that pressure
had decayed below target value.

Pump tank pressure returned to target
value, 011 temperature start to shoyw
increase. .

Shaft seal inlet o1l and upper seal
temperatures increase rapidly as much
as 130F. Lower seal temperature
also shows an increase.

Operators manually reseated relief vq
[

Balance restored between pump tank af
oi1 reservoir pressures, Seal and o
temperatures experience excursions w
adjusting pressures. 0il reservoir
pressure dropped below pump tank pre
sures during the period between Even
5 and 6.
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ENERGY TECHHOLOGY ENGINEERING CENTER
UNUSUAL OCCURRENCE REPORT

Page 1 of 4

1. Report Number ETEC-B2-09-SPTF-82-04

2. Status and Date ( ) Initial _08-25-82
( ) Interim
( X) Final 11-01-82

3. Division or Project
Energy Technology Engineering Center (ETEC)
4. Facility, System, and/or Equipment 5. Date of 6. Time of
Occurrence Occurrence
Sodium Pump Test Facility (SPTF)
Motor Generator (MG) Voltage Requlator 8-20-82 1830
7. Subject of Occurrence
CRBR MG Voltage Regulator Failure
8. Apparent Cause
Design _ X Material _________ Personnel
W Procedure _____ Other ‘ (Explain in Item 14)
9. Description of Occurrence
The vertical drive motor (VOM) was driving the CRBR pump at minimum main motor
speed during a special high cover-gas pressure test of the pump tank per a-
procedure approved by the Test Requester.
Before the special high pressure test was completed, the Basler voltage re-
gulator {a component of the test article) for the motor-generator (MG? failed
causing the VDM to trip. :
The pony motor was manually tripped and the high pressure test was completed
with the pump stopped per procedural instructions.
10. Operating Conditions of Facility at Time of Occurrence
A special pump tank high cover gas pressure test was being performed at the tim
of the incident. The plant conditions are summarized below:
Sodium Temperature - 175°F
Pump Speed - 260 rpm
Pump Tank Pressure - 93 psig
Sodium Flow Rate - 7860 gpm
~ 11, lmmediate Evaluation
, A power transistor (identified as Q-4 on GE Drawing 9117900910) in the Basler
voltage regulator for the MG was immediately suspected because it had failed
twice before during operation at ETEC. Checkout of the voltage regulator
235
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Immediate Evaluation (cont'd) ."‘
confirmed that Q-4 power transistor had failed.

Several observations were made which suggest that failure of the Q-4 power
transistor is temperature related. There are four power transistors in the
regulator all mounted on the same heat sink. The Q-4 transistor {is mounted
near the center of the heat sink, probably the location of highest temperature.
A review of the previous failures revealed that they occurred during the
highest ambient temperature time of the day. Outside ambient temperatures at
the times of failure were in the range of 88-95°F, Ambient temperature in
the MG room (where the Instrument Control Panel (ICP) and voltage regulators
are installed) is not controlled and is usually higher than outside air
temperature when the MG is operating. Also, the VDM was operating at or near
minimum speed at the time of each failure. The power transistors dissipate
more energy when the main motor {s operating at low speed than at high speed,
thereby causing the transistors to operate hotter,

Immediate and/or Temporary Corrective Action Taken and Results

The Q-4 power transistor has been replaced with one that was purchased earlier
as 8 spare.

The Test Requester (GE) has requested that ETEC also install a capacitor
(identified as C-25 on GE Drawing 9117900910)in the Basler voltage regulator.
The voltage regulator did not include this capacitor in the &s-delivered
configuration but the capacitor does appear on the component drawings.

ETEC has concurrence from the Test Requester Site Representative to install
a fan near the voltage regulator to provide convective cooling of the heat
s!nk and power transistors for the remainder of the test activity at ETEC.

[ 13.

Is Further Evaluation and/or Corrective Action Necessary? No, Not by ETEC

14.

Final Evaluation and/or Corrective Action Taken

The voltage regulator power transistor, Q4, failed six times during the test
series. This regulator was replaced and testing continued with no further
;e%?lator failures. A brief summary of the voltage regulator test history
oliowss

July 8, 1982, 1859 hours.

VDM trip at 457 rpm, ambient air temperature approximately 88F. Notified
Test Requester (GE) and Basler Corp. Transistor Q4 determined to have failed
...replaced Q4. .

July 26, 1982, 1702 hours.

VOM trip at 260 rpm, ambient air temperature approximately 96F. Notified GE
and Basler Corp. Transistor Q4 had failed...replaced Q4. I
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y.

Final Evaluation and/or Corrective Action Taken (cont'd)
August 20, 1982, 1830 hours.

VDM trip at 260 rpm ambient air temperature approximately 96F. Notified GE

and Basler Corp. Transistor Q4 failed. Replaced Q4 and installed capacitor
C25 per request of Test Requester (GE). Installed a fan to increase convective
cooling of heat sink on voltage regulator. UOR written,

Auqust 26, 1982, 1328 hours.

VDM trip at 357 rpm after 1 hour of operation since replacement of transistor
Q4 and capacitor C25 on 8-20-82. Ambient air temperature approximately 92F,
Notified Test Requester. Transistor Q4 failed...replaced Q4.

August 26, 1982, 1726 hours.

VDM trip while attempting VDM startup. Ambient air temperature approximately
B85F. Notified Test Requester. Transistor Q4 found to have failed. Replaced
Q4 and checked components associated with the transistor Q4 circuit (capacitor
€9, diode CR28, and resistor R10) per request of the Test Requester, Associated
components were not faulty. Replaced R10 however, per instructions from the
Test Requester. .

August 27, 1982, 1816 hours.

VDM trip while attempting VDM startup. Ambient air temperature approximately
86F. Notified GE. Again found transistor Q4 to have failed. Removed the
Basler voltage regulator from the Instrumentation Control Panel (ICP) per in-
struction from the Test Requester.

A1l components in the regulator were checked and found to be in satisfactory

condition. Transistor Q4 was replaced and the regulator reinstalled in the ICP
for the purpose of making more instrumentation diagnostic measurements.

August 28, 1982

Measured output voltage from Basler regulator while running the requlator

test mode on an oscilloscope. Measurement revealed a voltage spike with 2
peak magnitude of 400 volts on the leading edge of the chopped 200 volt out-
put voltage, This spike could have been a significant contributor to the last
three failures and may have been caused by the addition of capacitor (25.

Auqust 31, 1982.

Installed a new Basler voltage regulator in the (ICP). The output of the
Basler regulator was again measured with an oscilloscope while the generator
was runnin? in the voltage regulator test mode. No voltage spikes were ob-
served on leading edge of the chopped output voltage.

NOTE: A1l VDM trips described above were indicated by the "Generator Over-
voltage and/or Voltage Regulator Fault and/or B Exc FLD TOL" window
on ICP panel. .
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T4, Final tvaluation and/or Corrective Action Taken (cont’'d) .

The new Basler voltage regulator behaves somewhat differently than the previous
re?ulator from the standpoint of Volts per Hertz output. The slope of the
Volts per Hertz output versus speed is steeper for the new regulator. The con-
sequence 1s that the Volts per Hertz is out of Test Requester specifications at
both high speed and Yow speed operation. The Test Requester factory represen-
tative made adjustments to the regulator, but was not successful in bringing
the Volts per Hertz output within specifications over the entire speed range.
The Test Requester has provided operating limits of Volts per Hertz over the
normal range of exciter current values. The voltage regulator can be adjusted
to provide aperation in an acceptable region of Volts per Hertz and exciter
field current for sustained high speed or low speed operation.

The original Basler voltage regulator was returned to the Basler Corp. for
evalyation to determine the cause of repeated failure of the power transistor
Q4. This evaluation has not yet been completed.. ‘

The replacement voltage regulator is still in service and has not experienced
failure such as was encountered with the original regulator.

15. Programmatic Impact

Failure of the Basler voltage regulator resulted in loss of approximately five
days test time to perform diagnostic testing and servicing. Operation with the
. replacement voltage regulator does not significantly impact the SPTF operation

since adjustments can be made to assure satisfactory operation within Test
Requester specified limits.

Programmatic impact on CRBR plant operations has not been determined.

16. Impact Upon National Codes and Standards - None
7. Similar Unusual Occurrence Report Numbers - None
18. Signatures -

Originator ALK T gioe Date o A, PFA
W. H. Munyon - Manager - SPTF
Cognizant Manager v M"’“ Date or &, PrE

W. H. Munyon - Manager - SPTF

Engineering %ZZZ,,‘L‘%& _ Date _y/-3- L
R. E. Fenton - Manage'r - Test Engineering

Quality Assurance ,@//L(/ Date s/ 4= 7%
}41’ . B./Lopeland - Manager - QA

Test Requester .C? /,_2«1744 ;3[%'/ Date 4
. L. trimaldi - GE Site Representative

at ETEC

Operations Manager Z A Pate //8 -8&
: . Defled

- - 1
Manager ?pf:.:'at ons 238 |



ENERGY TECHNOLOGY ENGINEERING CENTER
&«:/. UNUSUAL OCCURRENCE REPORT

ESDRL 1365

Page 1 of 5
1. Report Number ETEC-83-01-SPTF-83-01
2. Status‘and Date { g Initial 1-7-83

Interim
| (X ) Final 3-28-83

3. Division or Project:

Energy Technology Engineering Center (ETEC)

4, Facility, System, and/or Equipment: 5. Date.of 6. Time of
Occurrence: Occurrence
Sodium Pump Test Facility 8-18-82 2351
CRBR Sodium Pump Shaft Seal (Problem
, identified on
1-3-83)

7. Subject of Occurrence:

[ Damage to CRBR Sodium Pump Shaft Seal Bumper
8. Apparent Cause:
Design Material Personnel
| Procedure Other X (Explain in Item 14)
9. Description of Occurrence:

Damage to the CRBR pump shaft seal sleeve bumper and bumper bushing was
discovered upon removal of the bumper sleeve and bumper bushing from the
pump shaft. Disassembly of the shaft seal was performed on 1-3-83, fol~
lowing completion of the scheduled CRBR sodium pump test program, during
preparation for pump modification. The shaft seal sleeve bumper and
bumper bushing are described on Byron Jackson (BJ) Drawing No. AB 2F1819
as Part Numbers 437002 and 340541, respectively. The sleeve bumper i$
fabricaled from 316 CRES and the bumper bushing is fabricated from ASTH
B-584 cast bronze alloy.

Bushing material was found to have been galled from the bearing surface
and was deposited in the bushing oil supply holes. The redeposited
material has the general appecarance of having been scuffed or shaved off
and layered. It could not be determined positively whether the material
had been melted during the galling action since the bronze bushing was a

. casting.
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Description of Occurrence: (cont'd)

Difficulty was experienced in removing the bumper Sleeve from the pump
shaft until BJ fabricated a special tool for its removal. In addition,
heat was applied to the outer surface of the sleeve to expand it away
from the shaft. The seal housing was removed without further difficulty
after removal of the bumper sleeve.

A significant overheat pattern was present on the outer surface of the
bronze bushing in an area corresponding to the bushing-to-sleeve rubbing
area on the inside surface of the bushing. The bumper sleeve and bumper
bushing were removed from the pump shaft as a unit and were immediately
returnced to the pump manufacturer for inspection and evaluation. No
further information regarding the BJ evaluation results of the bumper
sleeve and bushing is available at this time. An overheat pattern was
also evident on the surface of the seal housing (Part Number 509618) in
the area which was adjacent to the overheat area on the bumper bushing.

10.

Operating Conditions of Facility at Time of Occurrence:

The most - likely time of occurrence of damage to the pump shaft seal
sleeve bumper and bumper bushing was during a special pump tank high
pressure test which was performed in support of Test Segment Bl of the
CRBR pump test program. That test was performed on 8-18-82. At that
time a relief valve in the shaft seal oil reservoir pressurizing line
unseated allowing the seal o0il reservoir pressure to decay below pump
tank pressure. This condition persisted for approximately 28 minutes.

The special test was being performed under the direct surveillance of
the Test Requester Site Representative and a BJ representative. Since
the pressure reversal had no apparent effect on pump operation, neither
party requested that testing be discontinued at the time of the
occurrence. The following conditions existed at the time of the
pressurant gas relief valve incident.

Sodium Temperature - 775F

Sodium Flow Rate - 7860 gpm
Pump Tank Pressure - 93 psig
Pump Speed - 260 rpm
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March 28, 1983

10.

Operating Conditions of Facility at Time of Occurrence: (cont'd)

A complete description of the pressurant gas relief valve incident is
presented in the referenced UOR of Item 17.

11.

Imnediate Evaluation:

The apparent cause of seal bumper damage was displacement of the oil
supply in the seal due to back flow of cover gas from the pump tank
through the seal during the relief valve unseating incident. The test
data showed that hot gas from the pump tank was detected by the thermo-
couples in the seal oil inlet and the upper and lower seal 0il passages
in the seal housing. The seal oil reservoir liquid level increased
during the aforementioned relief valve incident providing conclusive
evidence that o0i1 has been displaced from the seal housing. It appears
that the seal bumper could have been run-without adequate lubrication
for as long as 28 minutes before the o1l reservoir pressure relief valve
was closed.

There appears to be no apparent design deficiency of the shaft seal,
other than failure to prevent backflow of cover gas through the seal in
the event that pump tank pressure exceedes the seal oil reservoir
pressure. This apparent deficiency can be overcome by procedural
changes which would require pump shutdown in the event of pressure
reversal between the pump tank and the seal 0il reservoir. The seal oi)
reservoir normally is operated at pressure 20-50 psi above pump tank
pressure.

12.

Immediate and/or Temporary Corrective Action Taken and Results:

Aside from correction of the pressure reversal at the suspected time of
this occurrence, no additional corrective action was taken since there
was no apparent evidence of a scal problem or other reason to suspect
that the main motor should be shutdown. The pump was run, without
problem, for an additional four months after the relief valve incident.
It was not apparent that a seal problem existed until after seal removal
from the pump shaft.

The GE Test Requester and the BJ pump manufacturer were notified of an
apparent overheat area on the pump shaft after scal removal on 1-3-83.
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Is Further Evaluation and/or Corrective Action Necessary? HNo

Final Evaluation and/or Corrective Action:

Based on this incident it is apparent that the oil side cover gas pres-
sure must be maintained for reliable seal operation. The intermediate
pumps are the most critical since for these units the pump tank cover
gas pressure is to be carried at 93 psig and a loss of 0il side cover
gas pressure can produce a larger reverse pressure than can be generated
in the primary system where the normal pump tank cover gas pressure is
of the order of 3 psig. It appears desirable in the case of the inter-
mediate pumps to design a very reliable seal oil cover gas pressure
system and further to institute a prompt pump shutdown if the pressure
balance becomes reversed. While a reversed pressure may not be
sufficient to open the seal faces, some overpressure on the oil side is
desirable to maintain a thin film of 0il between the moving parts and
thus reduce friction heating. HNo changes to the pump seal design are
recommended as a result of this incident. The fact that the seal con-
tinued to perform its sealing function for several months after having
experienced this incident is indicative of an adequate seal design. At
SPTF the relief valve PSV-973 has been gagged and appropriate procedural
changes incorporated. The argon supply is limited to a maximum design
pressure of the seal oil system. The corrective action procedures have
been modified to require pump shutdown should the low differential
pressure alarm (PDAL 9030) activate and the condition not be immnediately
correctable by adjusting controls on the console. PDAL 9030 is set to
alarm if the seal oil cover gas pressure is less than 15 psi above pump
cover gas pressure.

Programnatic Impact:

None

Impact Upon National Codes and Standards, Including RDT Standards:

None

oo
' 13.
14,
N~
15.
|
16.
17.
.

Similar Unusual Occurrence Report Numbers:

Refer to UOR ETEC-82-08-SPTF-82-03 for a description of an incident ’
believed to have caused the damage described in this UOR.
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18.  Signatures:

/C/vgx/
Originator . P27 Date B-RI~Y>
D. K. Darley - Aénior Operations
7Engineer, SPTF

Cognizant Manager %%77'“”2‘1”*\ Date Abral A7, 1747
W. H. Munyon - Manager SPTF

e Viav 3w /53¢
Engineering / [ AT Date / 2, P35

M. J. Tessier - Acting Manager
Test Engineering

; 74
Quality Assurance /%Az‘/ Date /i/“'“'/‘ < /7E3
R. Fyhrer - Acting Manager

QA

Per Telecon
Test Requester J. L. Grimaldi- DRF No. 1346 Date April 4, 1983
J. L. Grimaldi - GE
Representative al ETEC

Operations Manager 42 ;%g/’{é&k Date 44'85

?gBear “Manager
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ENERGY TECHNOLOGY ENGINEERING CENTER .

UNUSUAL OCCURRENCE REPORT

Page 1 of 5
1. Report Number: ETEC~-82-06~SPTF-82-02

2. Status and Date: ( ) Initial 06-03-82
( ) Interim

(X) Final 09-29-82

Division or Project:

Energy Technology Engineering Center (ETEC)

4, Facility, System, and/or Equipment: 5. Date of 6. Time of
Occurrence: Occurrence:

Sodium Pump Test Facility (SPTF) May 30, 1982 2030 hours
Motor Generator (MG)

7. Subject of Occurrence:
CRBR MG 0Oil Heat Exchanger Anomaly

8. Apparent Cause:

Design X Material Personnel Procedure

Other X (Explain in Item 14)

9.

Description of Occurrence:

The motor-generator (MG) oil coolant system utilizes redundant oil/water
heat exchangers. The system is designed to automatically switch both the
oil flow and the heat exchanger water coolant flow to the alternate
exchanger if the active exchanger overheats.

The active MG oil heat exchanger ("A") was given a signal to switch to
the alternate heat exchanger ("B") for reasons unknown at this time.
There was no indication of excessive temperature or other data recorded
to indicate that the o0il heat exchanger should have been automatically
switched. The active heat exchanger ("A") oil valves switched to the
alternate heat exchanger ("B"); however, the water coolant valves (both
"AY and "B") failed to switch. The result was that oil flow was diverted
through to the "B" heat exchanger while coolant water was still flowing
through the "A" heat exchanger. Consequently,the MG bearings heated to
approximately 243°F due to oil heatup before the MG was shutdown by the .
operations crew. Normal oil temperature during operation is 140-175°F.
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ETEC-82-06-SPTF-82-02

09-29-82

10.

Operating Conditions of Facility:

The main motor had been driving the CRBR pump until tripped due to high
level facility valve vibration (unrelated to this incident). The pump was
running on pony motor at the time of the incident. The MG was operating,
but was not driving the main vertical drive motor (VDM). The temperature
of sodium in the loop was 600°F.

11.

Immediate Evaluation:

Checkouts of the MG heat exchanger Ross water valves were made following
the incident. Neither valve would operate when the heat exchangers were
switched from one to the other, although the oil valves consistently
operated as intended. The Ross Valve Co. was contacted and given a des-
cription of the problem encountered with the water valves. HRoss Valve
Co. offered to supply replacement piston and cylinder assemblies for the
two water valves, They explained that the water valve configuration
provided to ETEC was designed for throttling service rather than for the
intended shutoff service; the replacement piston assemblies reconfigure
the valves to CRBR configuration and provide greater operating force,
Replacement valve parts were received by ETEC and both water valves were
disassembled, cleaned, and the replacement cylinders installed. The
replacement piston/cylinder assemblies are larger than those originally
installed and will provide greater operating force in the closing direc-
tion only...the operating force in opening direction will be lessened.
Reliable opening of the valves is more critical than reliable closing.

The MG heat exchanger water valves were found to be inoperable when ori-
ginally received and installed by ETEC. Per direction of General Elec-
tric (GE), the test requester, the valves were disassembled, cleaned, and

- reassembled by ETEC personnel. The valve internal parts were found to be

heavily coated with calcium deposit scale upon disassembly. After clean-
ing, the valves did operate, although sluggishly. Replacement parts for
the Asco solenoid valves were installed at the same time that the water
valves were cleaned and checked out. The heat exchanger oil and water
switch-over systems were checked out per test procedures in accordance

with directions from GE and were deemed to be satisfactory for initial MG
startup.

Facility eircuitry to preclude tripping the MG when the VDM is tripped was
recently installed to prolong the useful life of Plant Protection System
(PPS) circuit breakers. One inherently undesirable feature of the new

trip circuitry is that the MG is without facility PPS alarm protection from
the time of VDM trip until a relay is reset manually on the Instrumentation
Control Panel (ICP). The relay must be reset in the MG room by means of
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ETEC-82-06-SPTF-82-02

09-29-82

11.

Immediate Evaluation (continued)

a rotary switch to restore facility PPS protection to the MG set. Had
the VDM not tripped, or if the relay had been manually reset after VDM
trip, the facility PPS system would have provided an alarm in the control
room when the heat exchangers switched. The facility PPS system would
also have provided an alarm when the oil temperature reached 239°F or a
trip of the MG would have occurred when bearing temperature reached
194°F, Because of the temporary loss of facility PPS protection to the
MG set, coincident with the trip of the VDM, the alarm and trip capa-
bility was disabled. .

12,

Immediate or Temporary Corrective Action:

When VDM trip occurred, (at 1915 hours) attention was directed toward
analyzing the problem and getting back into test. The operations crew
entered the MG room on routine surveillance at 2033 hours and noted that
the oil temperature gauges were reading approximately 250°F The MG set
was immediately shutdown. Records were made of all alarm lights, maximum
oil temperature readings, valve positions, and general oil heat exchanger
status to aid in diagnosing the cause of erroneous healt exchanger switch-
over. 0il samples were procured and analyzed and compared with samples
of new oil. No degradation of the oil was found.

The heat exchanger crossover circuit was electrically jumpered (after the
status was recorded) to preclude automatic crossover and to allow comple-
tion of the test series being performed.

A timer circuit was installed which will shutdown the MG set if the
relay on the ICP panel is not manually reset in the MG room within

7 minutes after a VDM trip. This will preclude operation of the MG
set for long periods of time without PPS alarm preotection.

13'

Is Further Evaluation and/or Corrective Action Necessary? No (Not by ETEC)

14,

Final Evaluation and/or Corrective Action laken:

The records of alarm lights, temperature readings and valve positions
following the incident were reviewed. The data were inconclusive

as far as isolating the cause of heat exchanger crossover, i.e. high
oil delta-P or high oil temperature. The heat exchanger crossover
circuitry was jumpered (with Test Requester concurrence) to prevent
crossover during the remainder of the test series underway at the
time of the incident. The circuit was restored to its original con-
figuration after completing that test series.

The heat exchanger alarm signals (high delta pressure and high oil .
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14, Final Evaluation and/or Corrective Action Taken: (cont'd)

temperature) have been separated and have been wired to individual
annunciator windows for the remainder of the pump test program at
SPTF, Since this is test article hardware this change was made with
the concurrence of the Test Requester. ETEC will restore the alarm

signals to their original configuration at the completion of pump
testing.

Water samples from the facility coolant system were analyzed for mineral
content (Fe, Si0,, Ca, and Mg), pH, and conductivity. The water quality
was satisfactory for heat exchanger service, except for being slightly
hard. Blowdowns of the facility water cooling tower evaporator were
performed to remove precipitated calcium from the system. There was

nc evidence of algae formation in the water system which includes

a Chemicator to inhibit algae growth.

A schedule of daily MG water valve switchover was initliated to exercise
the valves and lessen the likelihood of scaling of the valve pistons

and other critical components. Despite this program the valves operated
normally only for a few days and then became increasingly sluggish

and unreliable,

The SPTF facility water pumps provide approximately 500 gpm flourate

at 40 psig to the MG oil heat exchanger system. The water valves
presently do not operate reliably at 40 psig, but can be made to operate
by throttling the heat exchanger water outlet valves to increase pressure
to approximately 60 psig. However, heat exchanger system cannot be
operated continuously under throttled flow conditions due to the reduced
cooling capability at lower water flowrate.

In summary, attempts to determine the cause of the crossover incident
through data analysis and failure simulation have not been successful.
Heat exchanger delta-P and temperature signals will continue to be
monitored separately to assist in problem diagnosis should a similar
event occur in the future. The piston and cylinder assemblies provided
by the Ross Valve Company to reconfigure the valves to CRBR configuration
have not improved valve operability and the valves no longer switch
reliably upon command. Since both the control circuitry and the water
valves are test-article related and the valves are now in CRBR con-
figuration, ETEC has, in essence, completed all of the corrective actions
and final evaluation permissible under the scope of ETEC responsibility.
The Test Requester has been advised of the operational status of the

MG oil heat exchanger system and the diagnostic tests performed at

ETEC by means of Reference 1. Further corrective actions are being
resolved by the Test Requester in conjunction with the valve manufacturer.

247



%

Page 5 of 5 .
ETEC-82-06-3PTF-82-02

09-29-82

14, Final Evaluation and/or Corrective Action Taken: (cont'd)

Reference 1: 82-ETEC-DRF-4765, "MG Set Lube 0il Cooling System =
Automatic Valve Switching," dated September 13, 1982

15. Programmatic Impact:

There was no significant impact of this occurrence on the CRBR pump
test program at ETEC. The possibility of a similar occurrence at
CRBR, and the associated impact, is indeterminate.

16. Impact Upon National Codes and Standards:

None

17. Similar Unusual Occurrence Report Numbers:

None

18, Signatures:

Originator vt Vdoasar Lo Date 72=/~F2
W. H. Munyon - Manager - SPTF

Cognizant Manager A WM”\' pate 72-/~Fa
W. H. Munyon - Manager - SPTF

Engineering é é; ZE!S 'f:: Date -4 -

R. E. Fenton - Manager - Test
Engineering

Quality Assurance___';\/f 5 &n&é«,/ Date 70-6-82

L. B. Copelaﬂd - Manager - QA

Test Requester ‘/z e ey S P O ////(A/\' Date /o) -£& -5
o Jde rimaldi - GE_-.Site Rep at ETEC

L.
Operations Mgr. M Date _(/O-7- eé.
/

W. S. I}eﬁear > Operations Dept. Mgr.

248




APPENDIX F

249



REFERENCES

XL-593-20247, GE (L. Salerno) to ETEC (*H. Wieseneck) "CRBRP;
Hydraulic Performance Measurement Meeting Notes", dated August 17,
1982.

XL-593-20557, GE (L. Salerno) to W (W. Purcell), "GE Plan of Action
to Resolve Head/Flow Data from Sodium Test at ETEC", dated October 1,
1982.

XL-593-20561, GE (L. Salerno) to W (W. Purcell), "CRBRP; Prototype
Pump transmittal of Meeting Notes, Data Review Meeting at ETEC of
October 8, 1982", dated October 13, 1982.

XL-593-20289, GE (R. Michalak) to W (W. Purcell), "CRBRP; Prototype
Pump Performance, GE Plan to Resolve Head Flow Problem", dated
December 10, 1982.

XL-593-830014, GE (R. Michalak) to W (W. Purcell), "CRBRP; Main
Sodium Pump Head Flow Meeting Recommendation, GE Action Plan", dated
February 2, 1983.
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) . Energy Technology Engineering Center

Operated for the U.S. Department of Energy
by Energy Systems Group, Rockwell international

P.0. Box 1449, Canoga Park, California 91304
Telephone {213) 341-1000

RECORD OF TRANSMITTAL
R Prototype Pump (DSP) PATE october 31, 1983 lDRFggéTEC-DRF-%Il
DISTRIBUTION ACTION: O approvaL B inFORMATION [ COMMENTS
Mr. W. L. Frisby"' DESCRIPTION

General Electric Company
Advanced Reactor Systems Department
P. 0. Box 3508

Sunnyvale, California 94088 Supplementary Pump Test Data Tabulations in Response
5-17 to GE Informal Request dated 9/12/83 (18 pages)

w/0 enclosure

J. T. Cochran, GE-ARSD, Sunnyvale
G. G. Glenn, GE-ARSD, Sunnyvale

INTERNAL DISTRIBUTION (w/o encl)

P. Archbold
D. K. Liu

M. J. Tessier
D. J. Zweng
DRF Control

. C\

REDBY: ,— ArbhoUkesi €N oRe:
. Boardman; Cogn?zant Eng1neer M. J. Tessier, Actg. Mgr., - Test Engineering /am

135-A-103 REV 878 252




N

R2 SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
446.4
251.0

R3 SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
446.4
251.0

R4 SPEED SCAN
SPEED (RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
446.4
251.0

A13ATAB

HEAD(FT)

517.2
495.3
416.5
331.6
267.5
186.5

83.2

26.2

HEAD (FT)

441.0
421.9
351.4
282.9
228.4
161.2

72.8

23.1

HEAD(FT)

394.2
377.3
316.6
252.3

203.8
143.2

65.2
20.8

37.5-INCH IMPELLER
PERFORMANCE IN 600°F SODIUM
TEST SEGMENT Al3A

FLOW(GPM)

23699
23462
21403
19133
17152
14387

9595

5412

FLOW(GPM)

33560
32930
30448
26902
24288
20108
13444

7511

FLOW(GPM)

38111
37316
34243
30612
27581
22952
15228

8555

SHP(HP)

4052
3772
2908
2098
1509

848

236

SHP (HP)

4715
4392
3304
2365
1729

977

267

SHP(HP)

4905
4608
3443
2456
1803
1030

282

MGG POWER(KW)

3200.8
3014.1
2307.8
1651.8
1201.9

712.9

216.8

MGG POWER(KW)

3652.4
3414.2
2634.5
1878.2
1365.7

803.6

241.1

MGG POWER(KW)

3817.8
3567.6
27398.2
1954.8
1422.6

839.9

252.4

ACTUAL SPEED

1114.7
1092.2
999.6
893.1
802.4
672.0
446.2
246.4

ACTUAL SPEED

1115.5
1090.4
998.9
893.1
802.6
671.9
446.3
246.6

ACTUAL SPEED

1116.3
1091.5
999.4
892.4
802.3
671.7
446.1
246.3
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A 13A CONTINUE-

R5 SPEED SCAN

SPEED (RPM) HEAD(FT) FLOW(GPM) SHP (HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 351.0 41240 4956 3899.2 1116.1
1092.0 334.6 40558 4713 3658.6 1092.3
1000.0 284.6 36988 3538 2808.8 1000.7
892.8 228.4 33031 2499 1999.6 893.3
802.0 184.7 29722 1841 1l461.1 803.6
669.6 128.7 24896 1061 853.8 669.7
446.4 57.9 16576 292 259.8 445.9
251.0 18.5 9240 —— e 246.5

R6 SPEED SCAN

SPEED(RPM) HERD(FT) FLOW(GPM) SHP(HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 NOT ATTAINABLE
1092.0 NOT ATTAINARLE
1000.0 187.0 40062 3489 2783.1 1001.1 (20 psig)
892.8 177.1 36042 2545 2038.3 893.1
802.0 144.0 32448 1836 1473.8 801.6
669.6 104.8 27109 1079 867.3 . 670.0
446.4 49.6 18104 296 264.0 446.4
A13ATAB
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PERFORMANCE IN 1000°F SODIUM

37.5-INCH IMPELLER .
TEST SEGMENT B3A

R2 SPEED SCAN
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP(HP) MGG POWER(KW)  ACTUAL SPEED
1116.0 515.5 24227 3948 3135.1 1116.4
1092.0 493.4 23601 3690 2950.2 1094.4
1000.0 414.9 21703 2813 2245.6 999.7
892.8 331.0 19297 1988 1606.7 894.3
802.0 266.2 17349 1443 1165.5 801.8
669.6 185.8 14494 835 682.2 669.5
558.0 130.1 12126 456 394.0 558.1
446.4 83.1 9742 220 205.9 445.5
335.0 46.9 7267 ' 85.3 89.7 335.3
251.0 26.5 5493 25.9 32.4 247.6

R3 SPEED SCAN
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP(HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 444.9 33294 4452 3498.5 1113.9
1092.0 426.1 32540 4156 3292.4 1092.3
1000.0 358.0 29819 3172 2524.0 999.7
892.8 285.3 26648 2247 1797.6 892.1
802.0 230.6 24032 1620 1305.6 801.8
669.6 161.6 20095 944 722.6 671.5
558.0 112.7 16816 524 440.5 558.2
446.4 71.7 13352 254 231.3 446.2
335.0 40.6 10105 99 100.5 335.3
251.0 22.9 7537 33 39.7 251.1
R4 SPEED SCAN
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP (HP) MGG POWER(KW)  ACTUAL SPEED
1116.0 405.4 37503 4623 2590.0 1116.4
1092.0 385.7 36695 4327 3418.3 1091.8
1000.0 323.3 33662 3296 2641.5 1002.6
892.8 256.8 30076 2338 1968.9 892.2
802.0 207.5 27124 1687 1360.8 802.3
669.6 144.4 22750 982 803.0 671.4
558.0 102.4 18862 547 456.5 558.1
446.4 64.8 15032 266 239.9 446.4
335.0 37.0 11340 103 104.0 335.2
251.0 20.6 8463 34 39.1 247.1
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B3A (Continued) -

RS SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

R6 SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

HEAD(FT)

369.9
353.3
300.1
237.2
193.2
134.6
94.8
60.3
34.3
19.1

HEAD(FT)

FLOW(GPM)

40628
39712
35995
32232
29005
24294
20342
16387
12231

9202

FLOW(GPM)
43469

39038
34948
31410
26255
22157
17723
13418

9968

SHP(HP)

4709
4416
3360
2389
1720
998
560
271
106
34

SHP(HP)
4796

3425
2420
1756
1018
572
280
108
36

MGG POWER(KW)

3704.8
3490.0
2674.7
1915.6
1386,3
816.7
465.6
243.9
106.0
39.2

MGG POWER(KW)
3705.8

2722.0
1936.7
1421.3
831.8
474.3
249.7
107.9
40.1

ACTUAL

1115.1
1092.2
1000.6
894.9
802.3
671.5
558.1
446.6
335.3
247.0

ACTUAL
1108.4

1000.2
892.9
803.5
671.1
558.1
446.2
335.2
247.0

SPEED

SPEED
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R3 SPEED SCAN - 37.5" IMPELLER .
(AFTER SEVERE TEMPERATURE TRANSIENT)
TEST SEGMENT B8

600°F
SPEED(RPM)  HEAD(FT)  FLOW(GPM)  SHP(HP) MGG POWER(KW)  ACTUAL SPEED
1116.0 447.5 33405 4472 3534,7 1116.2
1092.0 428.5 32735 4188 3309.6 1091.5
1000.0 360.8 29925 3198 2567.1 1002.8
892.8 287.0 26773 2265 1831.3 895.6
802.0 231.5 24078 1642 1329.4 803.2
669.6 161.7 20089 957 782.0 671.7
558.0 112.5 16764 545 445.6 558.1
446.4 72.1 13425 264 236.4 444.9
335.0 41.5 10135 103 107.3 338.9
251.0 23.2 7598 39 48.9 260.4
1000°F
SPEED(RPM)  HEAD(FT)  FLOW(GPM)  SHP(HP) MGG POWER(KW) ACTUAL SPEED
1116.0 453.5 33510 4278 3354.1 1112.6
1092.0 434,7 32845 4009 3186.5 1093.1
1000.0 364.9 30136 3056 2420.0 997.8
892.8 290.8 26947 2168 1752.0 895,2
802.0 234.5 24297 1574 1275.1 803.0
669.6 163.7 20335 920 752.3 671.5
558.0 114.9 16797 513 435.8 559.3
446.4 73.5 13528 248 226.5 446.0
335.0 41.7 10127 96 99,2 336.2
251.0 23.5 7635 38 54,2 273.2
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R3 SPEED SCAN - 37.5% IMPELLER
(PRIOR TO SEVERE TEMPERATURE TRANSIENTS)

600°F (A13A) 1005° (B3A)
SPEED(RPM) HEAD(FT) FLOW(GPM) HEAD(FT) FLOW(GPM)
1116.0 441.0 33560 444.9 33294
1092.0 421.9 32930 426.1 32540
1000.0 351.4 30448 358.0 29819
892.8 282.9 26902 285.3 26648
802.0 228.4 24288 230.6 24032
669.6 161.2 20108 161.6 20095
558.0 wame  eeea- 112.7 16816
446.4 72.8 13444 71.7 13352
335.0 cmmm mmeea 40.6 10105
251.0 23.1 7511 22.9 7537
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~ R3 SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

R4 SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

HEAD(FT)

445.8
430.0
360.5
287.0
231.4
161.4
113.3

72.8

41.2

23.2

HEAD(FT)

405.5
388.2
326.8
260.0
209.6
146.0
102.2

64.9

36.8

20.5

37.5-INCH IMPELLER
PERFORMANCE IN 600°F SODIUM
‘TEST SEGMENT B14

FLOW(GPM)

33630
32594
29934
26827
24158
20246
16742
13460
10082

7623

FLOW(GPM)

37694
36875
33699
30132
27103
22618
18915
15111
11367

8458

SHP(HP)

4477
4173
3193
2265
1640
959
543
262
101
39

SHP{HP)

4656
4357
3324
2358
1706
997
576
276
107
41

MGG POWER(KW)

3546.0
3297.0
2546.4
1814.6
1322.9
774.2
453.9
239.3
101.6
50.6

MGG POWER(KW)

3682.5
3436.6
2656.9
1886.5
1374.5
810.0
474.3
247.7
107.8
54.9

ACTUAL SPEED

1117.1
1091.4
1000.6
892.6
802.2
668.6
558.0
447.9
334.2
263.6

ACTUAL SPEED
1116.9

-1091.3

1001.8
892.5
802.0
670.0
5569.5
446.6
336.2
267.2
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B14 600F (Continued) -

RS SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

R6 SPEED SCAN
SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

HEAD(FT)

375.4
359.4
301.3
240.4
194.2
135.9
94.4
60.8
34.2
19.4

FLOW(GPM)

40392
39558
36308
32409
29174
24360
20338
16202
12212

9241

SHP(HP)

4762
4452
3397
2406
1739
1015
580
283
110
40

{NORMAL COVER GAS PRESSURE)

HEAD(FT)

320.8
309.6
262.0
210.2
170.0
119.4
83.2
5306
30.6
17.1

FLOW(GPM)

43265
42518
39135
35092
31577
26482
22160
17705
13352

9975

SHP(HP)

4847
4541
3466
2453
1772
1030
592
290
111
41

R6 SPEED SCAN (20 PSIG COVER GAS PRESSURE)

SPEED(RPM)

1116.0
1092.0
1000.0
892.8
802.0
669.6
558.0
446.4
335.0
251.0

HEAD(FT)

329.4
316.5
266.3
213.5
171.4
120.2

83.9

FLOW(GPM)

43647
42787
39267
35200
31622
26415
22091

- o @
o o

SHP(HP)

4844
4538
3466
2454
1777
1032

593

MGG POWER(KW)

3741.6
3497.5
2708.2
1930.1
1391.0
822.4
480.2
250.6
110.3
41.1

MGG POWER(KW)

3826.3
3586.6
2762.6
1962.7
1429.5
842.4
448.5
259.1
109.8
43.5

MGG POWER(KW)

3799.0
3571.5
2755.8
1969.7
1422.4

833.0

490.0

ACTUAL

1114.8
1090.1
1001.2
893.5
800.2
669.4
558.0
445.3
335.9
241.8

ACTUAL

1116.9
1092.4
1001.3
893.0
802.7
671.3
558.0
447.6
334.5
245.5

ACTUAL

1114.3
1091.1
1000.5
893.9
800.5
668.5
558.2

SPEED

SPEED

SPEED
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B14 1000F (Continued) - .

RS SPEED SCAN
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP(HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 377.3 40753 4569 3602.7 1115.5
1092.0 364.0 40045 4272 3371.6 1091.3
1000.0 306.2 36622 3265 2610.3 1001.7
892.8 245.0 32746 2313 1847.5 891.9
802.0 197.0 29484 1670 1357.5 804.3
669.6 137.9 24614 973 788.7 669.3
558.0 96.4 20463 558 465.9 558.5
446.4 61.7 16391 271 245.2 447.7
335.0 34.8 12397 104 104.6 334.8

251.0 19.8 9298 39 43.0 247.7

R6 SPEED SCAN (NORMAL COVER GAS PRESSURE)
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP (HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 317.8 43980 4663 3679.8 1116.1
1092.0 314.1 42879 4366 3445.5 1091.6
1000.0 266.8 39423 3337 2661.4 1001.1
892.8 213.5 35155 2358 1888.0 . 892.8
802.0 171.4 31833 1702 1381.7 804.1
669.6 121.8 26661 993 806.5 669.9
558.0 84.9 22205 572 474.1 558.0
446.4 54.0 17803 274 247.6 447.6
335.0 30.3 13332 106 106.2 334.5
251.0 17.1 10219 40 44.2 248.4

R6 SPEED SCAN (20 PSIG COVER GAS PRESSURE)
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP(HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 334.9 44166 4661 3677.0 1116.0
1092.0 319.7 43337 4360 3451.2 1092.7
1000.0 269.1 39586 3333 2659.7 1001.3
892.8 215.3 35486 2357 1894.7 894.0
802.0 174.0 31947 1706 1384.2 804.0
669.6 122.2 26712 996 807.4 669.4
558.0 84.5 22357 570 468.8 556.2
446.4 - - .- -—- ———

335.0 - - c—- .- -

251.0 —- ——- o= - ——-
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37.5 IMPELLER
PERFORMANCE IN 1000°F SODIUM
TEST SEGMENT Bl4

R3 SPEED SCAN
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP(HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 453.7 33605 4284 3392.3 1116.3
1092.0 434.3 32918 4012 3182.9 1092.4
1000.0 364.5 30186 3066 3453.4 1001.4
892.8 291.1 26940 2170 1732.0 891.2
802.0 234.4 24274 1571 1260.8 800.5
669.6 163.9 20258 916 748.5 670.9
558.0 114.2 16846 517 435,0 557.6
446.4 73.6 13524 250 230.0 447.1
335.0 41.6 10207 97 97.7 333.7
251.0 23.4 7624 35 39.3 245.1

R4 SPEED SCAN
SPEED(RPM) HEAD(FT) FLOW(GPM) SHP (HP) MGG POWER(KW)  ACTUAL SPEED

1116.0 418.0 37378 4439 3481.9 1113.2
1092.0 400.5 36613 4158 3297.1 1092.7
1000.0 334.0 33773 3180 2547.5 1002.1
892.8 266.4 30193 2253 1797.4 891.3
802.0 214.8 27146 1629 1320.1 803.3
669.6 150.0 22710 949 777.2 671.8
558.0 104.4 18934 538 449,2 557.3
446.4 67.0 15164 260 235.8 446.6
335.0 37.7 11473 101 100.1 332.6
251.0 21.2 8652 39 53.1 267.7
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37.5 Inch Impeliler
600°F Performance

at 1116 RPM, R3
. R&(‘/a{c' Puymp
! SHF AEE
Segment Head (ft) Flow (gpm) MGG PéCer (kw) SHP_(HP) H/Q2
A13A 443.6 33,301 3643 © 4695 4630 4000 TCk
Al7 444.5 33,335 3631 4632 4UIS ,4000 740
B8 447.5 33,405 3534 44v2 449/ .4010 234
B14 447.5 33,449 3546 asky  1St7 4000 T3
37.5 Inch lmpeller
1000°F Performance
at 1116 RPM, R3
Segment Head (ft) Flow (gpm) MGG Power (kw) SHP (HP) H/Q2
B3A 444.9 33,294 3499 452 Y447 4013 ¢9.4
B5 444.6 33,338 3544 454  450Y 4000 &5
B8 453.5 33,510 3385 4280  yspy .4039 73
B13 451.4 33,593 3394 4215 4373 .4000 73,(
Bl4 453.2 33,660 3392 428 45]/ .4000 7.3.¢

VoM Effreiency I fFull
sho§T hersepowrer Column 1s bosed o usin

g Pu»z/o efficieney ds [isYed 17 @o/w;m@ 15 derived

H x® ¥ Spbr
39460 x SHF

Al/bert, SHAP =

The yesull

Froom s

E§f =

power shooll be 9978 .

MG Fower x 2717
¢ 7957

The recalev/ated
(9478 for each case (Ls
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DATA SHEET

TesT SEamedT (B
R2 SPLLD SCAN L. BB ¢10-v £1/600)

B3ETEC-DRF-2017
Page 11 of 15

5-23-83
S Head | Elow | SHP EFF.% | EFF% |  XLR(xigh|M&& poueR | ACTurL-
(‘ (ft) (gpm) | 'Lup) (overall) (Pump) | (ft/gpm")| (pw) |ofe.
251.0 2.6 MAYIA 32.8 68.7 & WiYAy 375 246.0
335.0 +9.3 7502 | 1.6 8.0 90, 2 L% 94.9 335.2
446.4 ¢ 7.7 |iooe 238.7 657 g5 . §695 | 219.0 | 445.3
558.0 /%6, 12394 4968 té. ) 152 8901 | 42d4.3 | 359.2
669.6 19L.7 14937 $67.5 (7.7 3.1 6807 720.6 | 669.2
802.0 28(.0 17940 1529 67.3 2.2 8732 l1230.2 | Bolo
892.8 345 4 | 19924 21tb 7.2 2.& 8776 [169¢.3 | 891.9
1000.0 926.9 | 2223%¢ 2990 67.1 7.2 L8837 |2391.B |[le0].0
1092.0 Sw.r | 2S5 | 3444 .8 2/ 1 . 8372 |3100.6 |leq1.6
1116.0 cyry | 48] | 4193 66.9 /.0 6921 | 33179 |Ins.g
RRUSPEED STAN (AX|D76 §1/4610)
S
251.0 585 | 983 39.5 69.2 €~ 3612 4417 |280.)
335.0 43.L | 10416 109.0 L2.9 gq2.1 4o20 108.7". [335.)
~446.4’ 769 | (2862 | 2.9 | 9.9 | 834 |.«ool | 2494 |445.|
558.0 1200 | /7354 | §%s2 | 71.0 | 78.3 |.398%8 | 4292.7 |¢se.8
669.6 (72.3 | 20757 | te2b 70. 77.) | 3998 | 832.9 {6647
802.0 2¢6.7 | 24920 | /763 7/. 4 720 | 3993 |1417.1 |8¢elb
892.8 306.0 | 17485 | 2440 7. 4 26.4 4000 {19609 | B94.2
1000.0 3%2.% | 20929 | 39s§ 1) 75.8 |, 402 | 27424 9999
1092.0 457.3 | 33450 | 4s19 . 75,2 | %039 | 3564.4 |48
1116.0 497.7 1 auisy 4828 7/.0 28 ow7 | 37905 |7
- i
- ey oniat ) e b
-1 T ¥ ,.’.‘{-,9;’. 6
‘ i ¥
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_DATA SHEET

TesT segmedT €8

83ETEC-DRF-2017

Page 12 of 15

R4 SPEED  SCAN L XLE =286 XDt ¥1/apmt)  5-23-83
Speed Head | - Flow | SHP EFF /o | EFF | XLR , |Mat oce gt
(rpm) (ft) (gpm) |+ (KP) (overall)l (Pump) [(ft/gpm™)| (kw) A
251.0 Tl iz 42.6 6% Y ~5— 28320 472.4 | 250.4
335.0 29.7 11725 | 115.G 67.4 92.6 | 2885 | n4y.3  |335.3
446.4 ot (Si24 | 3ol 4 £8, 2 0.5 L2872 | 262.4 14449
558.0 169.0 | 195uq | b20.6 69.0 78,9 2852 | Sz | 5592
669.6 1$7.6 | 2220 | 107y 69.5 75.7 2672 | 86B.9 | 6691
802.0 2227 ) 27990 1898 9. + 7¢4.2 L2853 14939 B03.
892.8 190 W 362 | 2562 65,5 744 1 8yd |zeyo§ - | 892.0
1000.0 3.7.7 | 34202 | 3603 £9.5 73.9 287 |2860.5 |998.4
1092.0 i, 2964 | Y740 69.% 732 287/ 37329 {l°%1.9
1116.0 4zis | TRRyR | So72 69. 4 73. 2% 28467 139830 |lus. 4
Ro JFill YAN (XLR=.217X1D7C */ara*) 20 PFIG
251.0 20.¢ G535 ¢3.5 §7.Y &~ L2307 47.1 | w8l
335.0 392.0 | 12654 | n9.7 £6.2 86.7 | 2295 | 117.B - 13359
446.4 §5.5 | 16848 | st | ¢7.1 8.7 2308 | 269.7 |44s.b
558.0 01.7 | 21085 | 6373 | ¢7.8 | 745 | 228% | s2s.4 |5593
669.6 J¥6.3 | 257204 | 1100 £8.2 74.2 230¢ | 394.3 [é70.2
802.0 2/0.8 | 29727 | 1899 §8. 1 73.¢ L2385 | 157 | oIS
892.8 259.2 | 331278 | 240 $8. ) 72.9 134%2 | 29810 ]8413
1000.0 327.0 | 272078 | 3617 68.3 72.5 | 2378 | 292v.8 | 992S
1092.0 390.5 | 4oy )y 2138 68.3 72.0 239 | | 3807.7 {199}
1116.0 407.8 | 41324 | sIBo £8.% 1.9 | .2388 | 40812 |71
- .'.*:;fa??
$ . 1 054
X 3
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DATA SHEET

TesT  seqMenNT ~ L8

83ETEC-DRF-2017

Page 1

3 of 15
R& OSPEED SLCAN (XLR=.,171 YD+ /qem?) . 2D PSlA

5-23-83

‘ S Head ‘Flow SHP EFF 7» EFF 7, XLR("“’;) MaG POWER | ACTuaL
_ (‘ (ft) (gpm) | (HPY (overall) (Pump) [(ft/gpm“)| (ww) SPEED
251.0 /5.5 1 Jowrg | %4.8 t3.9 o [§R¢E 4.8 | 2457
335.0 52.2 | 12979 | (3. b4 | 83.4 | /499 12o.6 | 336.1
446.4 c7.2 118936 | 3208 | 42.2 | 72.9 | .67 | 1wz |459.8
558.0 9ot 122892 | 6518 | ¢4z | 703 | 1929 | S§36.0 |559.2
669.6 125.9 296285 | 11285 byt | $7.7 /70 qlo.2 | keq.!
802.0 184.,2 | 2225 | 193§ b2 £9. | 0P IS61.6 | 803.3
892.8 22462 | 34v3) | 2683 | 44 634 | ./9i4 | 2143.5 | 893.3
1000.0 24¢.9 | 44k22 | 3788 (2.7 | 67.6 1721 | 3001.7 |i000.4
1092.0 2-:09 | 44340 | 44941 | 3.0 | €65 | 13 | 38s4.2 [1087.5
1116.0 - — — —— N
hax.
OBTANED
R7| Speed ¢ead
251.0 IS¢ | 11266 $5.S S8.53 A 125 b 46,77 lz44.2
335.0 -
446.4
558.0
669.6
802.0
892.8 :
1000.0
1092.0 B
1116.0 :
u.”égz
o EEIVH I
y SPR RECPI
) EN A
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83ETEC~DRF-2111

ATA SHEET TesT seamenT 10 ng;_gg )
Speed Head Flow SHP EFF, 7% | EFF.. XLRM;“’ Mbb PWER | AcTual
(rpm) (ft) (gpm) | (p) | (overall) (Pump) = [(Ft/gpm")| (wwy LSPEED

N "R2 SPEED SCAN .=

251.0 29 .1 619 23 62.7 -~ 8718 §0.6 | 27¢.]
335.0 $9.% 1537 9.1 6.0 27.7 . §77% Ge1 |336.9
446.4 §7.6 7999 225 63.9 go.0 . R7¢/ 212,17  |4%b %
558.0 1369 | vy | 476 b¢.9 7¢c | 88¥3 | 4n.3 5549
669.6 146.9 1493 €3 | <8 | 714 B Goo | 700.9 679
802.0 LA (] 1787 | 430 (5 2 70.7 @poo | 11943 | §e|.7
892.8 348.6 (G404 | 2047 6S Y 70.S | %799 |26472.9 | 893.3
1000.0 4374 | 2226 | 2885.6 | ¢s.5 | 0.1 8522 | z3o4.8 | 9994
1092.0 sa1:7 | 24217 | 3784 | esy £9.¢, $9¢3 | 3018.7 |1093.
1116.0 &5s, | 2484 | Yo¥yg 65,5 6. ¢ . 8%32 | 32010 |Nis.y

R3_SPEED| SCAN

251.0 4.9 %18 40.5 68,5 € Luo( ] $7.9
335.0 42,9 | lo449q [05.% £7.7 1.1 L4017 106.8
446.4 77.1 113395 | 213 £7.7 ¥1.S | Ju4oeS | 2447
558.0 120,6 | 17348 S6 | £9.4 7.6 | .3498 470.7
669.6 173.0 | 20886 926 70.0 76. 2 3948 ¢o3.4
802.0 29yg.L | 24%S | 169¢ 70.3 7b.06 . Yoof | 18645
892.8 3023 | 2763L | 2344 0.2 75y edh | 18823
1000.0 385.4 | 3ndz 13316 0.4 751 3976 | 2639.0
1092.0 459.b | 338¢9 | 435D 0.2 744 | .4oob |3438.4
1116.0 4380.3 | 3463 | 4657 70.2 7¢.% | Hoos | 3¢86.8

i V267 ) .




" DATA SHEET

TesT seqmedT c1o §§ggE§;°RF-2'”

¥10® | &b POWER. [ACTUAL

i G | (om | (B [(overa1n) (ume) |(E76D)| ckwy [P,
"Tl‘p R4 SPEED] SCAN (NORMAL COVER]GAS PRESSURE) T
251.0 229 3841 43.0 6%.4 - 299y bs.2 |281.9
335.0 40.1\ Wby 1\o.% 6.7 £%.7 289} .3 (3364
446.4 0.9 15825 | 29¢4.2 | 68.3 §2.2 2831 | 2s2.3 |4u4b¢
558.0 1o.9 19590 | S90.4 | £9.2 76.6 2892 | 489.7 |558.9
669.6 1s4.6 | 23378 | (027 69-§ 5.6 | 2921 £33.8 6¢9.7
802.0 28,1 27919 | 1967 69.5 75.0 »292) | 1¥31.4 | 8037
892.8 2795 | 31219 | 24S8S 64.( ¢, | 88 | 1970|9939
1000.0 3498 | 35007 | 3470 £8.9 73 298¢ | 2764.6 |l0of.2
1092.0 4180 | 381%9 | 4549 69.0 73.0 286b | 3600.2 (/0932
1116.0 437.0 | 3901| 4%63 £9.1 72.9 2871 | 38426 Yyi7.2

RS SPEEQ SCAN (NORMAL COVER| GAS PRESSURE)

251.0 21.3 9538 443 617.0 -G~ . 234\ é8.0 zgs.?
335.0 37.§ 12934 ni,s 6.4 $9.0 | .2249 neg.9 13380
446.4 £5.7 16858 294 6G. \ 78.3 | .2312 26[. 1 qyr.2
558.0 1027 | 20997 | boB 66.9 5.8 2334 | 507.0 |560.8
669.6 4bo 25083 10 3 672.4 3.4 <2351 B60.9 | 67/.3
802.0 21.% | 3000l | I%12 67-6 .o | 2353 | 14588 | Bor.2
892.8 262.8 | 33149 | 2907 67.1 72.¢ | .2377 | w54 | BA4S
1000.0 329.7 3205 | 354] 6.9 2.1 2382 | 2810.§  ljoco. |
1092.0 393.7 | 4qouss) | 4buz 619 71.5 | .2394 | 366/.5 |lo922
1116.0 4.2 | 41433 | 496 | 67.6 yI1x 2395 | 3999.8 |iis.¢
e
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— - 83ETEC-DRF-2111
DATA SHEET TesT sEamedT Clo Page 12

5-27-83 |
Speed Head Flow SHP EFF EFF XLRe1d)y | Moés POWER |AcTuml

- (rpm) | (ft) (gpm) | (HP) | (overall) (Pump) |(ft/gpm")| (4. f‘;‘

‘jf RG SPEED| SCAN (20 [PSIG COVER GAS PRESHURE) |
251.0 22.7 gq10 3.0 £7.7 A 12260 60.S | 279.3
335.0 4.4 14897 {og.0 63 .4+ 91.7 eS| 1e6.8 |33%.0
446.4 240 | 15702 | 287 67.9 £0.% 12318 255.5 | 446.%
558.0 6.3 19519 MUK £3.5 75.3 2897 “487.0 | 557 %
669.6 i$5.0 21159 1070 62.9 75.0 L2y 8384 | 670.3
802.0 2267 | 28986 | 1715 3.9 4.6 2874 | 1Ysz | Bol ¢
892.8 284S 31167 | 2453 69,32 4.3 | ,2897 | 1969.2 | 8923
1000.0 3524 s99sy | d4bb 69> 3.8 | .2838 | 274.7 | 991§
1092.0 419.4 | 3312 | 45¢% 54. | 3.1 2877 | 35821 |lodi ¥
1116.0 §37.0 | 29103 | ugb2 £9. 1 3.0 28858 | 38034 i3y

. R5 SPEED| SCAN (20 |PSIG COVEH GAS PRES$URE)

251.0 21.0 qs66 44 v 6S.§ © 2297 62.0 | 2743
335.0 8.2 | 2940 113.Y 63.7 90.§ L2284 13.7 13349
446.4 652 1694 L 29 £6.0 1€.3 02298 258.2 | Uyb.3y
558.0 | iot.9 21043 | ¢oS™ 66.8 2237 | 2302 | Sblb 15594
669.6 146.3 25319 oS 2 673 73.2 2282 965.5 | 670.)
802.0 208.9 1p392 | 1813 $7.¢ 72.9 c2209 | 1¥710 | 8636
892.8 259.7 | 33677 | 2512 $7. 6 722.4 2270 | 2008.1 | 8928
1000.0 327 37474 3$SD (7.7 72.0 2303 | 2827.5 |ieol.l
1092.0 382 | 4149 | 4659 £7.6 2.5 | 2299 | 3456.S |1090-¢
1116.0 4073 | 41935 | 4978 | 7.6 | 709 | 2314 | 3895.3 | 139

@

sa wsem e ax sl
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' DATA SHEET

© =TEST SEqMENT C1D

83ETEC-DRF-2111

Page 13

5-27-83 .
M&t POWEL. |ACTUAL
[ 2 s | B ] o o] o[]S
T R6 SPEED FCAN (NORMAL COVER GAS PRESSURE) o
251.0 (9.0 (e227 45 .y 2.7 =- 4174 §3.2 |17v.3
335.0 22.b |45 ((7.9 £3,3 §3.2 bbbz 1b.2 [335.8
446.4 Sl 1340l 3057 622 3. 1720 266.1  |44s.6
558.0 ai. ) 22933 | 428 (3.9 b4-b 132 sis.2 | 558.8
669.6 131.0 PYA T X {eg | 62-L, b9.2 1738 978.1 |669.8
802.0 (36.2 | 327¢ | 1857 633 68.2 | 174) | 1¥98.7 | g03.]
892.8 2284 | 34438 | 2§74 b2.4 6.8 A720 | 20603 | 89394
1000.0 293.9 | 40619 | 363¢C 619 659 | 1720 | 870.8 | 9986
1092.0 1371 44028 | 490 {1 ST ] 1729 | 37542 [1993.3

1116.0

R6 SPEED $CAN (20 PSIG COVER |GAS PRESSURE)
251.0 18.4 10448 | 45.5 b2 .4 - no7 6s.8 12783
335.0 333 12934 | 117.0 62.7 §2.4 s 116.6 13369
446.4 580 | |35 | 303 TR 22.8 | 41732 | 2657 |4v6.9
558.0 9200 | 22993 | (a5 62.6 b3.9 | 1703 515.9 |559-3
669.6 129.9 27543 | (678 3.5 (9.1 1707 8721 | £70.3
802.0 186 3%017 | 859 63.77 683.7 | 07104 1492.7 | el.7
892.8 2293 | 36689 | 2574 b3. 4 £8.0 | .17s3 | 2070.9 |9950
1000.0 2%86.% 40970 | 363% £3.] 7. 1 70g 2093.1 |lvol.)
1092.0 39 | 44617 | 4714 (2.3 £4.3 VI3 ] 3l 10924
1116.0 358 4557Y | So09¢ (2.¢ L6 709 3917.2 |he7.¢
4715 3970.7 112 .4
R speep Scan
j.o 1b.) h22b | 46.3 56.9 gl.a | .1179 6.2 |2,
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APPENDIX H
POWER EFFICIENCTIES
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POWER EFFICIENCIES

Pump Motor (VDM) Output (Pump Input), HP 5000 3750 2500
Pump Motor Efficiency 84.78% | 94.3% | 92.85%
Generator Output (Pump Motor Input), KW 3935 1 2966 2009
Generator Efficiency 97.2% 97.3% 97.1%
Fluid Coupler Qutput (Generator Input), KW 4048 3048 2069
Fluid Coupler Efficiency 92.8% 1 91.1% 87.4%
Drive Motor Output (Fluid Coupler Input), KW 4362 ' 3345 2367
Drive Motor Efficiency 95.25% | 94.3% 92.9%
Drive Motor Input, KW 4580 3542 2548
Overall Efficiency .814 .788 .732
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