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Condensate
Pumps

Shown below is a simplified view of a steam system from steam generation to condensate return. Steam generated by the
boiler travels through the steam distribution lines supplying steam to various pieces of process equipment. The steam flowing
to this equipment is separated from the condensate return lines by steam traps.
Relatively small steam traps, referred to as “Drip traps,” are used for optimization and protection of steam systems by
draining condensate from steam distribution lines into the condensate return line.
Process Applications refer to draining condensate from the actual process using the steam into the condensate return line.
The steam traps used in these applications have relatively high condensate capacity and are referred to as “Process traps”.
A large plant may have many separate pieces of process equipment and thousands of drip traps discharging condensate
into the condensate return lines. On efficiently run steam systems, this condensate is returned back to the boiler for reuse.
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What are Condensate Return Pumps & when are they required?
In certain cases, the steam pressure of the system may be sufficient to push the condensate through the steam traps and
condensate return lines, back to the condensate holding tank in the boiler room. In most practical situations, however, one
or more condensate return pumps are required to assist in overcoming gravity, pressure drops from long piping runs, and
back pressures in return lines. Condensate Return Pumps are either electrically-driven centrifugal pumps or non-electric
mechanical pumps that use steam pressure as the motive force to pump the condensate. Non-electric pumps are referred
to as Pressure Motive Pumps (PMPs).
What is a Boiler Feed Pump? A facility will often have a separate area that contains various components required for the
generation of steam, such as a boiler, condensate holding or deaerator (DA) tank, boiler feed pump, water treatment, etc.
Regulated by the boiler control system, the boiler feed pump sends condensate from the holding tank back to the boiler.
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Introduction
What are Pressure Motive Pumps (PMPs)?

What is the purpose of a Vented Receiver?
Condensate from several different sources, at different pressures, are often discharging into the same return line. The
discharge from one of the higher pressure sources could easily increase the pressure in the return line, which would stop
the discharge from a critical process application operating at lower pressures.

Condensate
Pumps

Pressure Motive Pumps (PMPs) are non-electric pumps which return condensate back to the boiler room; using
steam pressure as the motive force. PMPs can be supplied as stand-alone units – which include a pump tank, the
internal operating mechanism, and a set of inlet and outlet check valves, or: as a packaged system – which also includes
the vented receiver tank (to collect the condensate) mounted on a common base.

By connecting the condensate return line to a vented receiver, the pressure in the return line will be effectively equalized
to atmospheric pressure, allowing condensate to freely drain from all condensate sources. This is an extremely important
and often overlooked aspect of any properly operating steam and condensate return system. The receiver and vent must
be adequately sized to allow for the discharge of flash steam without building up excessive pressure. Higher condensate
pressures or loads would require larger receiver and vent sizes. Condensate then flows by gravity from the vented
receiver to the condensate return pump and is then returned back to the boiler room.
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Mechanical stand-alone Pressure Motive Pumps (PMPs)
A stand-alone Pressure Motive Pump (PMP) consists of a pump tank with internal operating
mechanism, and a set of inlet and outlet check valves. Pump tanks can be made from ductile
iron (PMPC), fabricated steel (PMPF) or stainless steel (PMPSS). A PMP requires some form
of a separate vented receiver tank that collects the condensate prior to entering the pump.
This vented receiver is required to neutralize the pressure in the condensate return line by
venting the flash steam to the atmosphere.

Pumps with Receiver Tanks (Standard Skid Systems)
Simplex, Duplex, and Triplex packaged systems include stand alone pumps and check valves
with a vented receiver tank, mounted on a steel base and frame. Multiple pumping units can be
used for increased capacity or for system redundancy. The stand-alone pumps are available in
ductile iron, carbon steel and stainless steel; options include sight glasses, insulation jackets,
cycle counters, motive and vent piping, pressure regulators, steam traps, strainers and ASME
code stamp. All components of the system are properly sized and pre-piped together; requiring
only four connections to be made in the field.

Electric Pumps
Electric Condensate Return Pumps are designed to work intermittently, discharging condensate
only when the receiver tank is nearly full. This is accomplished with a float switch. A float
connected to the switch assembly rises when condensate enters the tank. Once it rises above
a set point, the switch energizes the motor on the pump, which runs until the water level drops
below the bottom position of the float switch. The switch then de-energizes the motor to shut
off the pump. Watson McDaniel electric pumps are offered in Simplex and Duplex models.
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Why choose a PMP instead of an electric (centrifugal) condensate return pump?
Condensate
Pumps

Reliability is the primary purpose for selecting Mechanical type PMP’s instead of Electric condensate pumps.
Electric pumps require a mechanical seal to prevent the leakage of liquid around the rotating shaft that drives the impeller. The liquid
being pumped acts as a lubricant so the seal faces of the mechanical seal may rotate freely against each other. When the liquid
remains relatively cool, the mechanical seal could last for many years. However, hot condensate can flash to steam between the seal
faces leading to seal failure.
A centrifugal pump creates a low pressure zone at the eye of the impeller which draws the fluid into the pump. Hot condensate can
flash into steam in the low pressure zone causing Cavitation. Cavitation happens when bubbles form in the liquid on the inlet side of
the pump that will re-compress on the outlet side, causing erosion of the impeller and pump housing. When a pump cavitates, it often
sounds like marbles or sand is being pumped. This flashing also blocks the flow of incoming condensate; causing the pump to run dry
which decreases performance and also leads to seal failure.
1) PMP’s do not have any seals to fail.
2) No cavitation can occur because the body of the pump is filled by the natural flow due to gravity from a vented receiver, and
then discharged by steam pressure.
Therefore, Pressure Motive pumps are much more forgiving than centrifugal pumps when pumping hot condensate.

Installation of mechanical type PMP’s vs. Electric pumps:
Standard Electric Pumps are supplied with a receiver tank and are intended for lower pressure steam systems. In
these instances, the vent size on the receiver tank should be adequate to vent minimal flash steam, allowing condensate to
freely enter the receiver and to adequately cool prior to being pumped. In higher pressure steam systems, the condensate
temperature is hotter, resulting in more flash steam as the condensate is discharged through steam traps and into the return
line. Additional options may be required for the electric pumps if condensate does not cool to suitable temperatures.
PMPs discharge high temperature condensate that drains from vented receivers. A stand-alone PMP pump tank cannot
be used as the vented receiver since it is intermittently pressurized with steam or air to pump the condensate. PMPs require
a separate vented receiver to collect the condensate and to vent the flash steam to atmosphere. The Simplex, Duplex or
Triplex packaged systems include the separate vented receiver tank mounted on a common base along with the PMP(s).
Vented Receivers should generally be sized to maintain 0 psig in both the receiver and condensate return line upstream
of the receiver. This helps ensure free drainage of condensate from sources that may be operating at both high and low
pressure. Sizing criteria is based on condensate pressure and the amount of the flash steam created. Undersizing the receiver
or the vent will increase the pressure in the receiver and condensate return line, possibly causing issues with condensate
drainage from process equipment upstream. Undersizing of the vent will increase the velocity of flash steam
in the pipe which could possibly draw condensate from the receiver and discharge it out of the vent.
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Operation of PMP Pressure Motive Pump
Open position, allowing any pressure in the pump tank
to vent out and water to freely enter pump by gravity.
Motive Inlet: Closed position
Vent Outlet:

VENT
OUTLET
(open)

MOTIVE
INLET
(closed)

Open

Closed

Condensate
Pumps

Pump Filling

Condensate level rising
inlet

outlet

open

closed

FLOW

The positions of the Vent and Motive valves control the filling
and discharge of the pump. The Vent valve must be open during
the filling cycle to allow air or steam in the pump tank to be
displaced as water enters the pump. Since water flows into the
pump tank by force of gravity, the pump tank pressure must be
neutralized for the pump tank to fill.

1 Condensate flows from the receiver tank through the inlet
check valve and fills the pump tank. During the filling cycle
the float inside the tank rises.

When the pump tank reaches its fill point the vent valve closes
and the motive valve opens. The incoming steam pressure
rapidly forces the water out of the pump tank through the outlet
check valve. When the pump tank empties, the vent valve opens
and motive inlet valve closes.

Vent Outlet: Closed
Motive Inlet: Open; steam pressure enters tank and
discharges condensate
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2 When the pump tank has filled to the trip point, the mechanism
triggers, opening the motive gas inlet valve and simultaneously
closing the vent valve. This allows motive pressure to enter the
pump body, which drives the condensate thru the outlet check
valve into the condensate return line. During the discharge cycle,
the liquid level and the float inside the pump tank drop.

Vent Outlet: Open position, allowing any pressure in the pump tank
to vent out and water to freely enter pump by gravity.
Motive Inlet: Closed Position

Check Valves
Pump Filling

The inlet check valve on the PMP system must
have a very low cracking pressure (opening
pressure) so that the liquid will freely enter the
pump tank. The proper check valve is very
critical to the proper operation of the PMP
system. Watson McDaniel recommends using
spring-loaded stainless steel check valves
with ¼ PSI cracking pressure.

Condensate level rising
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3 At the lower trip point, the mechanism triggers and the motive gas
inlet valve to the pump tank closes and simultaneously the vent
valve opens. The fill and discharge cycle then repeats.
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Snap-Assure Pump Mechanism

Motive Steam Inlet & Vent Valves

Condensate
Pumps

1) Cover & mechanism bolt to top of pump tank.
2) Mechanism is field-repairable by replacing any of the functioning components such as springs and valve seats.
3) Mechanism can fit other manufacturers’ pump tanks.

Threaded into mechanism cover.

Cover

Pump Tank
Made in various materials & styles:
Ductile Iron, Fabricated Steel,
Stainless Steel

Pump
Mechanism

Inlet

Check Valve

Check Valve

Outlet

Check Valves
The inlet check valve on the PMP system must have a very low cracking pressure (opening
pressure) so that the liquid will freely enter the pump tank. The proper check valve is very
critical to the proper operation of the PMP system. Watson McDaniel recommends using
spring-loaded stainless steel check valves with ¼ PSI cracking pressure.
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Mechanical Condensate Return Pumps are available as:
1) PMP (Pressure Motive Pump - Stand-Alone Unit) or
2) Pump System (Pumps with Vented Receiver Tanks):
Mechanical PMP Stand-Alone Pumps
Watson McDaniel’s Pressure Motive Pump (PMP stand-alone unit) consists of the pump tank, which is made from ductile iron,
fabricated steel, or stainless steel, and Watson McDaniel’s patented “Snap-Assure” internal operating mechanism, along with a set of
inlet and outlet check valves. An additional vented receiver or flash tank is required to collect the condensate before it enters the pump.
Watson McDaniel offers a full line of PMP accessories, including custom tanks, insulation jackets, gauge glasses, cycle counters,
pre-piped accessories, pump mechanisms, check valves and anything else you may need to maintain your system.

Several choices of pump body materials, types and configurations are available to meet specific customer applications:
Ductile Iron Pump Tanks
Ductile Iron is far superior to cast
iron in handling higher pressures
and temperatures. Ductile iron is
also extremely corrosion resistant to
condensate and water and can last
in excess of 50 years before tank
replacement is required. Our ductile
iron tanks can be ASME coded on
request.
Fabricated Carbon Steel Pump Tanks
Carbon steel tanks are required in
certain industrial facilities such as
chemical and petrochemical refineries.
However, fabricated cast steel is much
less corrosion-resistant to condensate
than ductile iron. Our carbon steel
tanks are standard ASME coded.
Fabricated Stainless Steel Pump Tanks
Stainless steel (304L) tanks are
extremely corrosion-resistant, giving
increased longevity and can serve
as a substitute for fabricated carbon
steel tanks.

Stand-Alone Units - Pressure Motive Pumps
PMPC

PMPF

Cast Ductile Iron

PMPSS

Fabricated Carbon Steel

304L Stainless Steel
(Corrosion Resistant)

Significantly more
corrosion-resistant to
condensate when
compared to carbon steel.

Carbon Steel may be required
by code in Chemical and
Petro-Chemical industries
(required in certain industries).

Can serve as a substitute for
fabricated carbon steel tanks
for extended life or when
Stainless Steel is required.

PMPLS

PMPBP

PMPNT

Fabricated Carbon Steel
(Reduced-Profile)

Carbon Steel
(High-Capacity)

Ductile Iron or Stainless Steel
(Low-Profile)

Low Profile Pump Tanks
Low-profile tanks are required when
vertical space for adequate filling
head of the pump is limited.
Lower in height than PMPF.
Required when vertical
space for adequate filling
head of the pump is limited.

For applications requiring
large transfer rates of
condensate or other liquids.

For lower capacity
applications.

PMPSP Sump Drainer (non-electric sump pump)
Sump drainers are used to pump water from pits or sumps using steam or air pressure. They are similar
to the standard PMP models except that they discharge vertically upwards. This piping configuration
allows them to be lowered into a sump or pit.
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The PMPC, PMPF & PMPLS pump units are also available with a Vented Receiver mounted on a common base. The vented
receiver is needed to collect the condensate which then drains by gravity into the pump tank. These standard Simplex, Duplex
and Triplex packaged systems include stand-alone pump(s) and check valves with a vented receiver tank mounted on a steel
base and frame. Multiple pumping units can be used for increased capacity or for system redundancy. The pump units are
available in ductile iron (PMPC) or carbon steel (PMPF). Additional options include sight glasses, insulation jackets, cycle
counters, motive and vent piping, pressure regulators, steam traps, strainers, ASME code stamps, etc.

Condensate
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Pump Systems (Pumps with Receiver Tanks)

Receiver Vent
Vented
Receiver Tank

Simplex Pumping System (shown)
Single pump with receiver tank
mounted on a common base.

Pump Tank

Check Valve

Inlet
Check
Valve

Outlet
(Discharge)

System mounted on
steel base & frame

Duplex Pumping System (shown)
More than one pump can be used for
increased capacity or system redundancy.

Vented
Receiver Tank

High pressure steam
enters through
Steam Inlet Valve
and is used to
pump condensate.

Pump Tanks
Check Valves

Outlet
(Discharge)

Receiver Vent
Adequately sized vent is important
to neutralize pressure that is generated
by flashing condensate. This allows
condensate to freely flow by gravity
into the receiver tank and then to
pump tank.

Condensate drains by
gravity from receiver
tank into pump tanks
Inlet
Check Valves (2)
System mounted on
steel base & frame
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