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SLURRY FEED-PUMP DEVELOPMENT

E. C. Hise

ABSTRACT

A nuclear reactor utilizing a suspension of
thorium or uranium oxide in water as the fertile or

fissile material requires pumps capable of injecting
several gallons per minute of a slurry that is 50$ or
more solids by weight into a high-pressure system at
up to 2000 psi. This report describes the adaptation
of the hydraulically driven metal-diaphragm pump to
slurry service, the testing of such pumps, and the
demonstration of at least four months of continuous

operation of the pumps, check valves, and associated
equipment.

INTRODUCTION

A nuclear reactor utilizing a suspension of thorium or uranium oxides
in water as the fertile or fissile material requires pumps capable of
injecting up to several gallons per minute of a slurry that is 50$ or
more solids by weight into a high-pressure system at up to 2000 psi. The
oxide particles are 1.5 to 3 p. in size, highly abrasive (Knoop 650 or
Rockwell C-60), dense (s.g. = 10), and settle rapidly, making the slurry
difficult to handle physically. After irradiation the slurry is highly
radioactive, so that the pump must be absolutely leak-proof and contain
no material that suffers radiation damage. Since the pump becomes con
taminated, and therefore impossible to repair and difficult to replace, it
is desirable that it have as long a service life as possible. The
pressure-capacity range is best suited to a positive-displacement pump.

The Westinghouse PAR organization was investigating and testing a
variety of hydraulically and mechanically driven plunger pumps. To broaden
the scope and to use past development work,1^2 j_t -was decided to investi
gate adaptation of the hydraulically driven metal-diaphragm pump at 0RNL.

In its standard configuration, as shown in Fig. 1, it is unsuited to
slurry service. Solids become entrapped between the diaphragm and the con
tour, shortening the diaphragm life, and the metal check-valve trim is
rapidly eroded by the abrasive slurry. It was therefore necessary to

develop a pump configuration suited to handling solids, and check valves

capable of an acceptable life.

DESCRIPTION OF EQUIPMENT AND PUMPS

Modifications to Prevent Diaphragm Damage by Solids

The first approach to limiting diaphragm damage by solids was to reduce
the amount of solids entering the diaphragm chamber and to provide as good
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a path as possible for the exit of the solids which did enter. In the

HRE-2 solution pumps, the fluid flows from suction to discharge check
valve through a vertical l-in.-dia hole in the head. This passage communi
cates with the diaphragm chamber via the vertical rows of l/8-in. holes
(Fig. 2), so that liquid must flow from everywhere in the diaphragm
chamber to this central band of holes to exit.

In the remote-leg slurry pump (Fig. 3), the fluid does not flow
through the head. The check valves are located below the head, which is
used to pulse the vertical column above the valves and cause the fluid

to be pumped through the check valves. If the vertical column is properly
sized with respect to the settling rate of the slurry, an interface forms
in the vertical column so that the pump head operates in water while slurry
is pumped through the check valves. The head is so constructed that the

diaphragm chamber communicates with the remote leg by l/8-in. holes
spaced over the entire contour face rather than in a narrow vertical band.

Therefore any solids that do enter may readily exit. A 20-mesh screen is
interposed between the remote leg and the diaphragm chamber to keep out
relatively large particles. This pump was originally set up to discharge
at low pressure using different-diameter glass remote-legs 3 ft long to
determine the conditions necessary to maintain a water-slurry interface
below the head. On the basis of information thus obtained, it was con
verted to a high-pressure system and operated for long-term evaluation.

The second approach to preventing the entrapment of solids between
the diaphragm and the contour was to eliminate the contour (Fig. 3)« The
single-contour head consists of the driving flange with a contoured face;
the driving diaphragm; the intermediate flange with a flat face, a con
toured face, and communicating holes; the pumping diaphragm; and the
pumping flange with a simple recess and check valves. The driving dia

phragm is operated between the contoured face of the driving flange and

the flat face of the intermediate flange. It oscillates the coupling
fluid in the intermediate flange and, in turn, drives the pumping
diaphragm between the contour in the intermediate flange and its flat
position, thus pumping the slurry through the recess of the pumping
flange. Although the slurry moves through the pump, the pumping
diaphragm is never pressed against a contour or surface on which there
are solids. This type of head was constructed and operated with the
remote leg as a duplex unit in the slurry feed-pump test loop.3 A
duplex unit of single-contour heads has been provided to the 300-SM loop
and is providing satisfactory service to date. (The single-contour
pump is commercially available from Pressure Products Industries, Inc.,
Hatboro, Pennsylvania.)

Check Valves

The check valves that have been developed for solution pumps are
not suited to slurry because the slurry quickly erodes the metal trim
and also causes the balls to stick in their cages. Previous tests^
evaluating possible trim materials ranging from gold to boron carbide
indicated that resistance to erosion increased with hardness. An ex

perimental check valve (Fig. k) was designed to use replaceable ceramic
trim and to provide nearly straight-through flow, close ball guiding
by virtue of the spherical triangular segments into which the ball rises,
and no close clearances to cause the ball to stick.
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Fig. 3. Schematic Diagrams of Single-Contour and Remote-Leg Pumps.
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Test Systems

The development and testing of a pump and check valves required a
test loop or system which, at low flow rates and with a minimum of
attendance, could provide:

1. a suction supply at a predictable or uniform concentration,

2. a high-pressure system to receive the pump discharge,

3. a pressurizer to dampen the discharge surge,

k. a letdown device from the high- to the low-pressure system,

5. pressure and flow instrumentation.

There had been little previous experience with some of these
functions, making it necessary to develop them concurrently with the
pump. Since the information obtained has some application to reactor
slurry systems, it is included in this report. The three test systems
used are shown in Figs. 5> 6, and 7.

The glass-remote-leg test (Fig. 5) was set up to determine if a
water-slurry interface could be maintained in an oscillating column
and to learn what determined the location of that interface. The glass
remote leg was flanged so that various diameters could be tested. Loop
flow was assumed to be the length of stroke observed in the remote leg
times its area times the number of strokes per minute.

The loop shown in Fig. 6 was constructed to test the remote-leg pump
and the single-contour pump at high pressure. The suction-supply pump
was installed to provide a positive suction head and some dump-tank
agitation.

The third configuration, Fig. 7, was devised to eliminate the
suction-supply pump by substituting a statically pressurized dump tank
and arranging the pump suction lines so that settling of the slurry
would not plug them.

From information derived from the preceding test systems, a feed
system was designed and installed in the slurry reactor mockup (300 SM).

RESULTS

The glass-remote-leg test demonstrated that a stable water-slurry
interface does form in the isolation leg. Figure 8 is a plot of the
mean elevation of the interface above the tee connecting the check
valves versus the average velocity of the oscillating column. The slope
of the band of data represents the velocity-dependent function, whereas the
width of the band results from variations in the settling rates of the
different slurries and densities tested. From these data the high-
pressure isolation leg was designed. The glass-remote-leg test also
demonstrated that gas continuously comes out of solution in the
isolation leg on the suction stroke. The gas forms into bubbles which



-HYDRAULIC DRIVE LINE

TO VARIABLE- STROKE,
VARIABLE-SPEED

PULSE GENERATOR

WATER-SLURRY

INTERFACE

8

UNCLASSIFIED

ORNL-LR-DWG 5047(

Fig. 5. Feed Pump Test Loop I; Gloss Remote-Leg Test.

^m^siawwiiitw'Winiwa»»oi^iww(iwfe«i(w-»wi« HI,IWfflWWMWffi»BWBP»



TO VARIABLE-SPEED

VARIABLE-STROKE

PULSE GENERATOR

Fig. 6. Feed Pump Test Loop II; Circulating Pump Suction Supply.

UNCLASSIFIED
ORNL-LR-DWG 50472

vO



FLOWMETER

SURGE

CHAMBER-

SYSTEM-PRESSURE

GAGE •

10

DUMP-TANK

PRESSURE GAGE

UNCLASSIFIED
ORNL-LR-DWG 50473

r—REGULATED AIR

i SUPPLY

£

DUMP
TANK

El

-REMOTE-LEG
DIAPHRAGM HEAD

Fig. 7. Feed Pump Test Loop III; Pressurized Dump Tank.



32

- 28

LLl

24

<
>

i

w 20

o

>
o
CD

<

<
Li

ce
LU

H

O

o

16

12

< 8

<
LU

11

/
/

/
+

/
^

/

/
-y

/

/
/

UNCLASSIFIED

ORNL-LR-DWG 50474

y-
/

y
/

/
/

/
/

y

'/

r-

^
/

/

^r
AVERAGE VELOCITY^

STROKE LENGTHx2x rpm

60

2 4 6 8 10 12 14

OSCILLATING-COLUMN AVERAGE VELOCITY (in./min)
16

Fig. 8. Mean Elevation of Slurry-Water Interface as a Function of Oscillating —

Column Average Velocity.



12

surround themselves with solid particles. The bubbles then rise carrying
solids into the head and gas-binding the head. A continuous vent consist
ing of a check valve and restrictor tube connecting the top of the head
to the high-pressure system was installed to prevent gas-binding. After
over 1000 hr of operation of the glass remote leg, the head was disassembled
and solids were found in the diaphragm chamber; however, there was no
apparent damage to the diaphragm.

The operation of test loops II and III demonstrated that both the
remote-leg and the single-contour heads were practical for pumping
slurries to high pressure. The two heads have now operated nearly 8000 hr
pumping approximately 3/^ gP^ of thoria slurry at a concentration of
about 1000 g of Th02 per liter against a 1500-psi head. After 6200 hr the
heads were disassembled for examination. The remote-leg diaphragm was

severely dented, though unbroken, while the single-contour diaphragm was
unmarked, Fig. 9> The single-contour diaphragm was returned to service,
but the remote-leg diaphragm was replaced. The single-contour head,
being a through pump head, does not require auxiliary venting.

A duplex unit of single-contour heads coupled to a k-5° inclined
suction line was installed in the 300-SM or slurry mockup system. The
system has since been operated for 31^0 hr. The feed system has been
used to concentrate the circulating stream to 950 g/liter on six
occasions and to dilute back down to 0.2 g/liter on six occasions. The
feed system is also on automatic standby to maintain the proper liquid
volume in the system.

The pumps have operated a total of 200 hr on H2O and 1*K) hr on
Th02 - H2O slurry. The average specific gravity of the feed has been
2.0, and the highest specific gravity has been 2.9- The unit is
capable of pumping approximately 2.0 gpm to 2000 psi; however, the let
down system normally limits the pump rate to 800 to 1200 cc/min.

The storage tank is maintained at 125 to 135°C, while the feed line
is cooled to approximately 75°C, giving a positive suction head Df 20
to 30 psig.

There has been no difficulty with the feed system attributable to the
pumps. To prevent plugging of the suction line and check valves, the
suction pressure must be maintained and the suction line and pump must
be flushed by pumping water for a short period after feeding slurry.

During the 8000 hr of operation of loops II and III, one set of
Stellite check-valve trim, one set of tungsten carbide trim, and three
sets of aluminum oxide trim were tested (Table l). The Stellite trim
deteriorated to the point of complete cessation of pumping in 60 hr.
The seats were severely eroded and the balls were pitted (Fig. 10).

The considerably harder tungsten carbide trim suffered a 33$ loss
of pump output after 1250 hr. Its failure by erosion or "wire drawing"
(Fig. U) was similar to that of the Stellite.
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Ball Material

Stellite Star J

Tungsten carbide
Kennametal K96

AI2O3 Alsimag 576,
American Lava

Seat Material

Stellite 6

Tungsten carbide
Kennametal K95

AlgOo,
National Beryllia

AI2O3 Alsimag 576 AI2O3 Thermal Refractories

AI2O3 Alsimag Glk, Alsimag 6lh
American Lava

Service

Hours

60

1250

1333

3309

1600

Mounting

Style Remarks

Gross failure caused by wire
drawing, (Fig. 10); balls uni
formly pitted.

Loss of 33$ flow caused by wire
drawing, (Fig. 11); balls
uniformly pitted.

Seats had radial cracks with

erosion in some of the cracks.

Failure appears primarily
mechanical due to poor mounting.

Balls uniformly worn. Average
diametral loss of 0.007 in.

Again some seats failed mechan
ically apparently due to
mounting. Some seats had simply
worn to a very broad seating
area (Fig. 12). Balls uniformly
worn. Average diametral loss
of 0.004 in.

Test still in progress. Pump
performance gives no indication
of valve-trim deterioration.

Table 1. Performance of Check-Valve Trim in Slurry Feed Pump
(Pumping thorium oxide slurries of concentrations of 500 to 1000 g/liter to an average of 1500 psi)

H



J I L

15

1 2

i I i I i I I I I 1 J I L

UNCLASSIFIED

PHOTO 32303

INCHES

STELLITE CHECK VALVE TRIM (DISCHARGE) APPROXIMATELY 60 hr PUMPING

500 g/liters Th02 SLURRY TO 1500 psi. JULY 1958

Fig. 10.



OCTOBER 15, 1958

BALLS K96 KH

SEATS K95 K12

KENNAMETAL TUNGSTEN CARBIDE

DISCHARGE CHECK VALVE TRIM FROM

DISCHARGE PRESSURE-1500 psi. TEP
SLURRY S.G. 1.5.

16

UNCLASSIFIED

PHOTO 32697

INCHES

SLURRY FEED PUMP 1250 hr.

IPERATURE-100°F. 1600°C FIRED Th02 LOT DTII

Fig. 11.



17

Used New

Used

Used
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The first two sets of alumina trim were removed because of decreased

pump output after 1333 and 3309 hr of operation, respectively. In both
cases, the seats that had failed were cracked and broken (Fig. 12),
probably as a result of the inadequate support provided by the mounting
in Fig. 13A. The seats that had not failed had simply worn uniformly
from an original seating cone 0.015 in. wide to a spherical band ranging
up to l/8 in. wide but had no wire-drawing damage. The set of trim now on
test Is mounted as in Fig. 13C. There has been no detectable loss of
pump output in 1600 hr of operation.

Considerable difficulty has been encountered in devising an adequate
mounting for the aluminum oxide seat insert. Figure 13 illustrates
three successive approaches to the problem. In all cases the insert has
a 0.001-in. interference fit with the holder, and assembly is accomplished
with both pieces at 300°C. Arrangements A and B did not provide adequate
mechanical support and permitted the inserts to crack. A set mounted
as shown in arrangement C has been on test for 1600 hr and pump performance
shows no sign of deterioration. Although with metal and cermet inserts
the shrink fit has provided a seal, leak rates of up to 1 cc/min of water
at a AP of 2000 psi have been experienced between the ceramic inserts and
the holders. Work is currently in progress to seal the insert by brazing
it to the holder or by plating a metal to the Insert and shrinking that
assembly into a holder. It has been necessary to lap each seat, using
a metal ball and lapping compound, to obtain a good ball-to-seat seal.

The variations possible in density, yield stress, and settling
rate of the slurry make the design of an adequate suction supply difficult.
Figure Ik illustrates the loss of volumetric efficiency with various
slurries as the pump speed increased in the glass loop. The low flow
rates with consequent low velocities also permitted dropout in the
suction line, periodically resulting in plugging. The suction supply
pump was installed in configuration II of Fig. 6 to provide a positive
suction supply and to maintain flow above dropout velocity. This
improved volumetric efficiency and eliminated plugging, but it intro
duced an additional piece of equipment into the low-pressure system.
Configuration III maintained a positive suction head by static pressur-
ization, and dropout in the short, near vertical, pipes did not produce
an appreciable concentration gradient across the diameter of the pipe.
This configuration has been the most satisfactory, and the principle
has been used in the slurry low-pressure-system test and in the 300-SM

loop.

The letdown restrictor, consisting of 110 ft of l/8-in.-ID tubing,
has been in service a total of 6800 hr. Periodic weighings of one
section of tubing have indicated no weight loss.

The rubber-bag accumulator is satisfactory for low-temperature test-
loop service, but attempts to use a gas-pressurized surge chamber failed
because the gas dissolved in the high-pressure system came out of
solution in the dump tank, creating an ever-increasing quantity of stable
foam.

The electromagnetic flowmeter has performed satisfactorily and, as
far as is known, accurately throughout the entire test in both a
horizontal and a vertical position. The vertical position is recommended
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to reduce the possibility of solids dropout. Pressure gages and transmitters,
mounted on vertical legs to reduce solids entry, have performed satisfactorily.

CONCLUSIOIB

A reactor-grade metal-diaphragm feed pump capable of delivering
1 gpm of 1000-g/liter Th02 slurry to a 1500-psi system for at least four
months has been demonstrated. Larger capacities can be designed, and
longer lived check-valve trim probably can be developed.

The single-contour pump is preferable to the remote-leg pump because
its diaphragm life is unaffected by solids and it does not require
continuous venting. The single-contour pump has the disadvantage of
taking only a half stroke.

The statically pressurized dump tank is satisfactory, although in
larger sizes more agitation than that provided by the return stream
is required. The static pressure required to maintain the volumetric
efficiency of the pump is a function of the fluidity of the slurry,
but in tests to date, 20 psi has seemed adequate.

Suction lines should be as short and as near vertical as possible.

The letdown restrictor has shown no evidence of weight loss of

plugging.

The electromagnetic flowmeter is satisfactory for slurry service
and should be developed for reactor service.

Standard gages and pressure transmitters are satisfactory if
mounted on a settling leg to keep solids out.
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