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The development of an 85,000 gpm two-stage primary pump for liquid metal fast breeder reactor
(LMFBR) applications is described. The design was supported by air and cavitation model testing of
the hydraulics, and development and featurs testing of the level control system and the adjustable
frequency solid state power supply. Important fabrication and water test items are also discussed,
along with some unique assembly tooling requirements. This work was performed by the Westinghouae
Electro-Mechanical Division under contract with the Argonne National Laboratory, who was the prime
contractor to Che U.S. Department of Energy.

INTRODUCTION
1. The United States Department-of Energy (DOE)
is currently developing pumps and steam genera-
tors for Liquid Metal Fast Breeder Reactor
(LMFBR) applications. The Large Component
Development Management (LCDM) Project, Compo-
nents Technology Division, of the Argonne Na-
tional Laboratory (ANL), as prime to DOE, con-
tracted with the Electro-Mechanical Division of
the Westinghouse Electric Corporation (WEMD) to
develop an 85,000 gallons per minute (gpm)
(19,303 m3/hr) LMFBR primary system prototype
pump, generally referred to as the Liquid
Sodium Breeder Reactor (LSBR) primary pump.
The pump type selected is a two-stage, single-
suction unit, which delivers the required 500
feet (152.4 m) head at 480 rpm (50.26 rad/a).
The pump was designed for a loop-type plant.
It is, however, readily adaptable to a pool-
type system with minor modifications.

2. The pump with the motor assembled is shown
on Fig. 1 in an artist's rendition. The over-
all height of the unit is approximately 70 feet
(21.34 m), and the Installed weight is approxi-
mately 400 tons (363 m ton). The design is
described in some detail later.

Design and experience background
3. The U.S. state-of-the-art LMFBR pumps are
installed in the Fast Flux Test Facility (FFTF)
and, through 1983, accumulated in excess of
250,000 hours of successful operation. The
FFTF pump development, covering the range from
concept to fully tested plant hardware, re-
quired solving a multitude of technical prob-
lems (ref.1,2,3). These pumps were designed by,
and were water tested at, WEMD. The prototype,
in addition, was sodium tested for 6439 hours,
with 829 hours at temperatures about 1000*F
(538OC) and including 20 thermal transients.
The severity of these transients exceeded all
other known tests and complied with the most
severe calculated plant upset condition. The
correlation of the test results with the design
calculations was excellent (ref.4). Therefore,
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Fig. 1 The 85,000 gpm (19,303 m3/hr) LSBR pump
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it was considered prudent to use FFTF as the
design base for the LSBR pump.

Overall objectives of the program
4. The overall objective of the program was to
develop a large, licenseable LMFBR pump design
and qualify it through rigorous water and sodium
testing for a future application.

5. The drive system includes an air-cooled,
synchronous test motor and a water-cooled,
solid-state variable frequency speed controller.
The development goal for the solid-stage speed
controller was to prove feasibility, with up-
grading to nuclear grade (licenseable hardware)
to be accomplished at a later date.

6. Other underlying objectives of the program
included development of cavitation testing
techniques to establish a criteria which ensures
no cavitation erosion damage in the pump during
its 40-year service life, and verify certain
computer codes during both water and sodium
testing,

DESIGN REQUIREMENTS
7. Salient performance requirements for the
85,000 gpm (19,303 mVhr) LSBR primary pump and
drive system are provided in Table 1.

Hydraulic requirements
8. The LSBR primary pump is required to perform
dual system functions. During normal powered
operation, the main motor drives the pump at 40
to 100 percent of design speed. During plant
shutdown, the pump is operated by a "pony motor"
as part of the residual heat removal system at
approximately 7 percent of the design speed.
During water testing the pump will also be op-
erated at 2.5 and 4 percent of design speeds.
In the plant, pony wator operation is also re-
quired at the minimum safe level, which is 17
feet (5.18 m) below normal reactor sodium level.
The flange is located at the plant 0-foot (0 m)
level. In addition, operation in any combina-
tion of parallel loops is also a requirement.
Fig. 2 depicts the specified LSBR primary pump
performance points with main motor operation.

9. During the prototype pump water testing, the
use of coatings on select areas of the pump will
be used to prove the absence of cavitation ero-
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Fig. 2 LSBR pump specified performance points
with main motor operation

sion. This., in essence, requires minimum
visible cavitation in the 32.5-year and 6-year
operation areas on Fig. 2.

System thermal transient requirements
10. Any system scram is accompanied by a trip
of the main motor and subsequent coastdown to
pony motor speed. This and a number of other
system occurrences will result in severe ther-
mal down transients froa the normal operating
temperature. The rate of these transients can
be as severe as minus 3°F/sec (-1.67°C/sec) and
the total differential temperature can reach
300°F (167°C). To verify its design tempera-
ture and thermal transient capabilities, the
LSBR prototype unit is planned to be extensive-
ly tested in sodium in 1985-1986.

Dynamic requirements
11. The pump/system natural frequency is re-
quired to be 1.2 times greater than 105 percent

Table 1. LSBR primary pump salient performance requirements

Specification Parameter Units Value

1. Pumping Discharge Rate - Design

2. Total Head at Design Flow

3. Minimum NPSH available at QZ of design outlet
flow at an inlet pipe interface elevation of
H ft. below normal reactor operation level

4. Sodium Temperature (max.)

gpm
(mVhr)

ft.
(m)

ft.
(m) -

"F
(°C)

85,000
(19,303)

500
(152.4)

33.3 + H - 0.00138Q2

0.3048 ft.

950
(510)
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design speed, with the pump suspended in a
"guard vessel" below the operating floor. No
penetrations were allowed through the guard
vessel and no attachments were allowed between
the guard vessel and the pump. In addition,
the generic seismic requirements specified will
meet all U.S. siting locations.

Fabrieation and safety criteria
12. It was the overall intent that the pump be
built to commercial shop practices to the maxi-
mum extent practical. However, the pump's
integrity and performance is of great importance
to the safety of a nuclear reactor plant.
Therefore, the Code of Federal Regulations,
Title 10, Chapter 1, Appendix A (10CFR50) was
applicable. These requirements were implemen-
ted by adherence to the ASME Boiler and Pressure
Vessel Code, Section IIX, Class I and appropri-
ate code cases, and additional nuclear quality
assurance requirements,

BASIS FOR DESIGN SELECTION
13. Current LMFBR pump designs throughout the
world utilize a gas-buffered, oil-lubricated
face seal, as the primary shaft aeal. As a
result, the shaft design must include consid-
erations, e.g., increased length, to maintain
seal oil temperatures at a satisfactory level.
Ir addition, the effect of the system sodium

le ^13 specified for normal and emergency opera-
tion has to be addressed. The emergency level
for the LSBR primary pump is specified as 17
feet (5.18 m) below the normal operating level,
thus requiring an equal length added to the
shaft.

14. The most important parameter affecting
pump speed, thus diameter, is the available
(system-furnished) nee positive suction head
(NPSHa). The NPSHa, along with the pump cavi-
tation performance criteria specified by the
customer or the designer, control the operating
speed and diameter of the pump. In addition,
the suction piping configuration, which affects
the inlet velocity profile to the impeller,
needs to be carefully designed to minimize its
impact on the required NPSH

15. The configuration of an LMFBR pump is also
affected by non-hydraulic considerations such
as the thermal transient, dynamic and seismic
requirements. On both the FFTF and LSBR pump
programs, a number of design compromises were
required to arrive at a mechanical configura-
tion which complied with all specification
requirements. While these changes were not
without impact, their relative magnitude was
significantly less than those governed by
system hydraulic considerations.

Cavitation performance criteria
16. Fig. 3 represents a schematic of pump cavi-
tation regimes (ref.5) at a constant flow.
NPSH is plotted versus vapor cavity size, noise,
and head loss. The vertical dashed lines indi-
cate from right to left incipient acoustic,
incipient visual, zero head loss, and three
percent head loss NFSHr criteria. It may be
seen that at high NPSH values, there is no
cavitation noise, no vapor formation, and the

Fig. 3

KfSK

Schematic of pump cavitation regimes -
constant flow

pump is operating at its design head. As the
NPSH is reduced (moving from the right to the
left), cavitation sets in which may be detected
by high frequency acoustic noise, visually or
by head fall-off measurements.

17. Visual (optical) techniques are inapplica-
ble for in-sodium cavitation monitoring. The
acoustic methods used during the FFTF prototype
pump sodium test, in the French LMFBR pump, pro-
gram (ref.6), and on the LSBR primary pump
model test show promise for future application.
An acoustic criteria for an operating pump im-
peller in sodium, however, needs to be verified
to identify permissible pump operating limits
beyond which cavitation and cavitation erosion
become a definitive hazard, and before design-
ing new sodium pump configurations. Obviously,
this erosion hazard cannot be considered an
acceptable risk.

18. During the LSBR prototype pump water test-
ing, the first stage impeller will be coated
and the model cavitation erosion tests repeated
to prove the absence of cavitation erosion.
These tests, along with visual observations
during both the model and full-size prototype
pump water tests, and acoustic data correlation
of the above two tests with the sodium test
should provide a sound design base for estab-
lishing long-term (40 years) "no cavitation
erosion" performance criteria for future LMFBR
pumps.

19. As shown in Fig. 4, for visual inception
and acoustic inception NPSHr criteria (which
represents the onset of light cavitation or
moderate cavitation on Fig. 3), the acceptable
operating region is limited in that the NPSH,.
represents a "parabolic" or "bucket" type curve
and operation is only acceptable where the NPSHr

is equal to or lower than NPSHa. Thus, on Fig.
4, the pump would be unacceptable for an acous-
tic inception NPSHr criteria and acceptable
only for a limited operating range for a visual
inception NPSHr criteria.
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20. During the LSBR primary pump model cavita-
tion test program, a suction specific speed
Sn* - 9000 was achieved with no visual cavita-
tion at the lowest point of the parabola, and
a Sn - 7200 for the operating range, i.e., for
the interceptions of the NPSHj. curve with the
NPSHa curve.

Other design considerations to avoid cavitation
erosion
21. There is ample evidence in the open litera-
ture that cavitation damage (erosion) is propor-
tional to relative velocity to the sixth-to-
tenth power. However, industrial experience
(ref.7) shows, and it was demonstrated by tests
(ref.8), that with limit- -r.vitation there is
a minimum velocity bel< h no damage occurs.
This velocity range foi >inless steel in
water is 87 to 124 ft/set, to 37.8 m/s) at
the impeller eye O.D. (U;L).

22. Investigations by others (ref.9) and tests
performed .y Weatinghouse indicate that cavita-
tion erosion damage rate in sodium at 700-1000°T
(371-538°C) • • about three times more severe
than in water (2000-hour experience). There is.
however, no empirical information available on
"minimum velocity below which no damage occurs"
in sodium.

23. Based on the above velocity and sodium
damage rate considerations, WEMD concluded that,
until cavitation erosion criteria for an opera-
ting pump impeller a sodium is rigorously ver-
ified, the U, design value for sodium pumps
should OB 100 ft/sec maximum (30.5 m/s). This
is consistent with all currently operating LMFER
primary pump designs.

*Sn - RPM x GFM I/2/OTSH3/4 where RPM - revolu-
tions per minute. GFH • US gallons per minute,
and NPSH is in feet.

DEVELOPMENT PROGRAMS
24. The areas selected for development were
the pump hydraulics (primarily the first stage
impeller and diffuser), the level control sys-
tem, and the speed controller.

Air model test profiram
25. The air model test program consisted of
the inlet piping air model tests and hydraulic
performance air model tests. The objective of
the former was to reduce the required NPSH by
minimizing inlet velocity distortion, and of
the latter to determine a) the hydraulic (H-Q)
characteristics, b) the radial thrust, and c)
the locked rotor impedance of the pump.

26. Inlet piping air model tests. The LSBR
primary pump is a bottom-suction design con-
nected to a 40-inch (1.02 m) downcomer pipe by
a 180-degree bend, both of which are confined
in the envelope of a guard vessel.

27. Eight different elbow configurations,
which in the later setups included increasers
from the 40-inch (1.02 m) downcomer pipe to
the elbows and reducers from the elbows to the
impeller eye, were selected for testing. All
configurations were required to meet the envel-
ope requirements for the plant pump. Velocity
profiles in four different planes for each
elbow configuration were determined by utiliz-
ing 76 survey points.

2b. An acceptance criterion of ±10 percent of
local velocity ratio to the mean velocity in
the bend plane was established. Other criteria
for evaluation of each setup were inlet system
size (weight), and relative incidence angle
effect on the first stage impeller, based on
the three-dimensional contour plots.

29. The selected configuration resulted in
significant cost avoidance to the program com-
pared to an early concept (reverse bend ap-
proach) or to the special elbow used by other
LMFBR designers (ref.10). The inlet flow air
model te3ts were later repeated and verified
during the cavitation model testing.

30. Hydraulic performance air model tests. A
3/16 scale model of the hydraulics was tested
in air utilizing three different first-stage
diffusers, which had eight, nine, or eleven
vanes, respectively (ref. 11). Required head-
flow performance was achieved with the eight-
and nine-vane configurations. The peak pump
efficiency was recorded with the eight-vane
diffuser. The eleven-vane diffuser exhibited
significantly lower head and efficiency. For
each design the head-flow characteristic was
stable well below the specification flow value.

31. Based on these test results, the eight-
vane diffuser war select ad as the reference
design. For the eight-vane diffuser, the meas-
ured static radial thrust, the forward flow,
locked rotor impedance, and the locked rotor
reverse flow impedance values compared very
favorably with the design calculations.
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Cavitation model tests
32. The objective of the cavitation model test
program was to qualify the first stage impeller
design of the LSBR primary pump. Tha require-
ments to be met were a) operation on the hori-
zontal/flat portion of the head/NPSH curve from
maximum impedance to N-l loop low impedance
(32.5 and 6-year operating regions of Fig. 2),
and b) no cavitation erosion in the same opera-
ting region.

33. The experimental investigation was per-
formed on a 3/16 scale model of the LSBR first
stage impeller. The test setup is shown in
Fig. 5.

34. Acrylic viewing chambers and ports with
stroboscopic lighting and high-speed photog-
raphy and special coating application were em-
ployed as an aid to assess the nature of the
cavitation (i.e., damaging or non-damaging).
In addition, acoustic techniques were used to
provide correlation with visual data. This
latter approach to cavitation evaluation is
planned to provide a basis of comparison during
the full-size prototype pump water and later
sodium test programs, wherein visual aids are
impossible.

35. In addition, since there is very little
available data on special leading edge vane
shapes at other than zero fluid incidence,
which qualifies these designs for use in LMFBR
applications, it was decided that a by-product
of the program would be the development of
special design and manufacturing techniques,
which would verify the accuracy of the model
and also provide a tool for producing the full-
size unit (ref.12).

36. The results of the first stage impeller
water cavitation model tests demonstrated opera-
tion on the flat portion of head/NPSH curve with
excellent margin. The NPSH margins at 0 percent
head drop varied from 66 percent at the maximum
speed and flow condition (Point 3 of Fig. 2) to
276 percent at the design point (Point 1 of
Fig. 2). In addition, no visual cavitation

Fig LSBR pump cavitation model test
facility

occurred in the 32.5-year operating range, and
there was no surface coating removal anywhere
in the steady-state operating range.

Level control system development tests
37. The loop-type primary heat transport sys-
tem (PHTS) for a liquid sodium breeder reactor
(LSBR) has interconnected free sodium surfaces
at several locations. These include the reac-
tor outlet plenum with the largest free surface
and the free surfaces in the pump tanks for
each of the primary system pumps. By depress-
ing the free surface level of the sodium in the
pump tank, the pump length can be considerably
shortened. This results in significant seismic
and dynamic advantages.

38. For plant safety and proper operation of
the sodium pumps and the FHTS, the elevation of
the free sodium surface in the pump tank must
be maintained within specific limits during all
plant conditions. The level control system
(LCS) is responsible for maintaining the pump
tank sodium level within safe limits.

39. The LSBR primary pump level control system
serves three functions in the PHTS. These are:
a) return the internal flow leakages from the
pump tank to the main sodium stream near the
pump suction; b) maintain a sodium level in the
pump tank approximately 90 inches (2.3 m) below
the normal leactor sodium level by using a
standpipe bubbler; and c) return the intermedi-
ate heat exchanger (IHX) overflow to pump
suction.

40. The design of the pump -<* level control
system must meet the following constraints:
a) the sodium level in the pump tank shall not
fall to a level at which cover gas can be in-
jected into the PHTS (suction pipe); and b) the
sodium level in the standpipe bubbler shall not
rise to a level that sodium can flow, or be
carried over, into the gas equalization line.

41. To support the LCS design, three indepen-
dent development tests were performed. These
tests included a 0.2 scale hydraulic model test
of the pump LCS system, including the standpipe
bubbler; a full-scale overflow control valve
test; and a one-aixth scale model test of the
overflow pipe/suction pipe mixing tee, inclu-
ding thermal striping tests. The tests have
shown that a) the LCS operation is stable, pre-
dictable, and highly damped under steady-state
and transient conditions; and b) the LCS is
adjustable over wide range of system and inter-
nal impedance changes. Further verifications
are planned during the prototype pump water and
sodium test programs.

Speed controller development
42. The LSBR primary pump speed control system
consists of solid-state power conversion equip-
ment utilizing conventional 3-phase bridge
arrangements, with thyristors as the control-
lable elements. The design goal was to develop
a control system, with the capability of power-
ing a synchronous motor over a variable speed
range from 0 Hz Co 69.3 Hz.
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43. In order to accomplish this design goal,
key features of the speed control system design
were identified that required development.
These were; a) fiber optics thyristor gating
system; b) thyristor water cooling system; c)
thyristor stack and protection network design;
d) motor counter EMF control; and e) motor
field excitation controller.

44. The available air-cooled, 4160V adjustable
frequency units had a maximum capacity of about
5000 hp (3.8 Mw). Thus, four air-cooled units
would have been necessary. Therefore, it was
decided to develop water-cooled units, which
approximately halved the size and reduced the
cost significantly.

45. The speed controller design was verified
by testing a scaled-down system of the produc-
tion unit. The results of these tests verified
that all objectives of the scaled down test
program have been met.

DESIGN DESCRIPTION
46. The LSBR prime- ry pump is a vertically
mounted, variable speed, free surface, two stage
centrifugal pump, which uses the standpipe bub-
bler concept for level control. Pump internals
are contained in a tank structure which forms
the primary pressure boundary for the pump sys-
tem and meets the ASME Code, Section III re-
quirement for design, fabrication, and test.

47. The various requirements and constraints
imposed directly by the contract and indirectly
by the assumed plant configuration and the nec-
essary operating characteristics to meet these
requirements resulted in several unique mechani-
cal design challenges. Some of these are dis-
cussed below.

Shaft assembly
48. The pump shaft is approximately 432 inches
(10.97 m) in length, and is 26 inches (0.66 m)
in diameter at its largest point. It is de-
signed in conjunction with the bearing system to
produce a first lateral critical speed in excess
of 125 percent of maximum operating (105 per-
cent) speed. The shaft consists of three gen-
eral zones: the solid machined forging upper
end, a seamless forged (extruded) hollow evacu-
ated torque tube including a thermal baffle
assembly, and a machined hollow forging, plugged
at its upper end, to isolate the torque tube.
The torque tube is evacuated for thermal sta-
bility.

Bearings
49. The shaft is supported by two radial bear-
ings. The upper radial bearing is a commercial
16-inch (0.41 a) diameter, oil-lubricated, pre-
loaded, tilting-pad hydrodynamic bearing.

50. The lower bearing is a hydrostatic sodium
bearing with four pockets and replaceable hard-
faced wear surfaces. To make the sodium bear-
ing insensitive to the effect of thermal tran-
sients and the effects of dimensional instabil-
ity such as densification of 304 stainless
steel (CFS) castings at high temperature (ref.3),

a unique bearing support arrangement was devel-
oped. The support scheme incorporates tangen-
tially oriented spokes between the hydrostatic
tearing housing and tha bearing mounting surf-
aces of the first stage diffuser (Fig. 6). The
combined axial stiffness of these spokes provi-
des the required bearing lateral mounting stiff-
ness, while the spoke bending stiffness is suf-
ficiently low to accommodate any differential
movement. High pressure discharge flow is
routed to the bearing through holes in the
first stage diffuser vanes.

Shaft seals
51. The shaft seal for the LSBR pump consists
of two axial oil-buffered, face-type graphitar
seals operating against an AISI 304 stainless
steel flame-sprayed runner. The two face seals
are used to contain the pump cover gas environ-
ment and separate it from the bearing immersed
in oil above the seals. A reservoir is pro-
vided on the top of the pump shield plug to
accept leakage past the seals, which is then
recirculated. The seal housing reservoir is
sized to accommodate the total system oil
inventory.

Oil circulation system
52. Oil is provided to both the bearings and
the shaft seals by a specially designed lubri-
cation circulation system, which a) provides a
pressurized barrier between the pump cover gas
and atmospheric pressure; b) provides a medium

Fig. 6 LSBR pump hydrostatic bearing and first
stage diffuser in assembly
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Co clean the oil and remove the friction gen-
erated heat from the mechanical seals and bear-
ings as well as heat migrating up Che pump
shaft; and c) collects and recirculates seal
leakage. Two Independent circulation systems,
one for the bearings and a second for Che shaft
seals, are utilized Co achieve these functions.
Included in the bearing system is an oil lift
pump for startup. In addition, Che system
includes a transfer system for oil inventory
maintenance.

FABRICATION AND PUMP ASSEMBLY
53. Additional challenges arose as the design
was converted to actual hardware. Many of the
problems related simply Co Che overall size of
the various parts in relation to machine and
Inspection capabilities, while in other cases
design requirements forced state-of-the-art
fabrication techniques to be developed.

Shaft fabrication and balancing
54. From the onset, considerable effort was
expended during fabrication Co ensure a balanced
shaft and ultimately an acceptable rotating
assembly (shaft, journals, impellers, etc.).
Machining tolerances were based on the final
balance criteria selected for each part in the
rotating assembly. In addition, each part, in
Che assembly was balanced independently, and
the magnitude and direction of unbalance closely
noted.

55. Particular emphasis was placed on the
"torque tube" section of the shaft. To preclude
problems, three balance rings were provided in-
side the torque tube. Machining tolerances were
held so closely, however, that no balance cor-
rection was necessary. Based on the individual
balance checks, the calculated 105 percent speed
maximum rotating assembly unbalance at the upper
bearing is 170 pounds (77 Kg), and the lower
bearing 109 pounds (49.5 Kg) maximum.

Hydrostatic bearing
56. The pump lower sodium bearing or hydro-
static bearing was machined from a 60.5 Inch
(1.54 m) diameter hollow forging. Machining
the 16 spokes (Fig. 6) was particularly diffi-
cult since the geometric relationship of spoke
to bearing bore is critical to acceptable pump
operation. Proper fixturlng was imperative
during both machining and inspection operations.

First stage diffuaer flow holes
57. High pressure discharge flow is fed to the
hydrostatic bearing through 32, 1-21/64 inch
(0.037 m) diameter feed holes drilled in Che
firsc stage diffuser vanes. The drilling of
these holes presented a unique challenge since
the vanes were not truly radial and their loca-
tion could have shifted during the casting pro-
cess. The depth of the hole (18 inches or
0.46 m) and casting "hard spots" compounded the
problem.

58. To establish the location of the vanes in
space, multiple radiographs were taken of each
vane and the angle of the shot recorded to es-
tablish the best path for the hole. The method

was extremely successful, with only one minor
wall breakthrough recorded.

Assembly
59. To assemble the pump, it was necessary to
first construct a 25-foot (7.62 m) deep pit.
Pump internals were Chen assembled in and above
Chis pit in an inverted position starting with
the support cylinder and the shaft, and ending
with the first stage impeller.

60. The assembled internals weighing 135,000
pounds (61 m tons) were then lifted from Che
assembly pit and upended (Fig. 7). Finally,
the Internals were partially lowered into the
pump tank, the shield plug attached to the sup-
port cylinder, and the entire assembly was Chen
lowered into Che tank using a spreader beam and
two cranes.

WATER TEST PROGRAM
61. Full-scale water testing of the LSBR pri-
mary pump will bft conducted ac speeds and flows
commensurate with the entire operating envelope
(Fig. 2) to verify that the pump meets func-
tional specification requirements. Loop water
temperatures will be In the nominal range of
100-215°F (38-101°C). Testing will be conducted
with the general intent of meeting the require-
ments of the ASME Test Code PTC 8-2.

Test facility
62. Pump water testing is to be conducted in a
special test facility located at Uestinghouse
EMD, Cheswick, Pennsylvania, USA. The facility
consists of four major sections: the main loop
which contains the test tank, piping, throttlit*
valves and an acoustic flow measuring device;
the auxiliary process system which provides for
Che maintenance and control of loop water; a
fully computerized instrumentation and control
system which affords assimilation and documen-
tation of large amounts of test data and con-
trol jf testing operations; and the main drive
power supply.

Instrumentation
63. Both the pump and loop are heavily instru-
mented. Pump instrumentation is based on the
comb}led excensive experience gained during
testing o* the FFTF and over 270 large commer-
cial nuclear pumps at Westinghouse. The instru-
mentation will be used to determine relative
displacement and vibration characteristics of
pump components, level control system overflow
characteristics, radial hydraulic and bearing
loads, as well as monitor and protect hydro-
static bearing performance.

64. Special loop instruments will be employed
to provide additional diagnostic assessment
capabilicy. Velocity probes will permit meas-
urement of piping flow profiles, particularly
any down-stream elbow distortion effects, and
hydrophones will permit measurement of dis-
charge pressure pulsation levels. View ports
will be utilized throughout Che pump to assess
not only the level dynamics but also gas inges-
tion. Piezometer rings will provide for meas-
urement of discharge head and suction pipe
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Fig. 7 Upending of the LSBR pump assembly in
preparation for water testing

losses ahead of the pump.

Test scope
65. A series of hydraulic tests will be con-
ducted to establish head flow performance,
efficiency, required NPSH, and total power in-
put versus flow over the operating envelope.

66. Endurance testing will include a 50-hour
endurance run at design speed and maximum flow,
a 50-hour endurance run at the design speed and
maximum resistance, and a 250-hour continuous
run at the design point. A 250-hour run, in-
cluding at least 100 start/stop cycles and runs
to demonstrate speed control capability, coast-
down characteristics, and level control shall
also be performed.

67. NPSH tests will be performed at design and
at limiting points of the operating envelope
using a specially developed coating on select
areas of the first stage impeller to prove the
absence of cavitation erosion. The adequacy of
this coating has been qualified as part of the
cavitation model test progiam discussed earlier.
Cavitation erosion performance will be correla-
ted with acoustic data.

erate noise signatures, vibration and str; s
data, and to determine level control and be*. -
ing operating conditions and to perform a motor/
pump alignment sensitivity study, will also be
conducted.
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68. Additional tests, such as required to gen-


