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Don’t Get Caught With Your Pumps
Down: Using Analytics to Improve
Pump Reliability and Performance

uch has been written about the
M potential for plugging pumps in both

wastewater and raw water pumping
applications. The prolific use of variable
frequency drives on pumps offers both improved
process control and the potential to reduce
energy expenditures. Unfortunately, operating
these pumps at reduced speeds is leading to
increased incidents of pump plugging, and
therefore, increased potential for sanitary sewer
overflows (SSOs). Most commercially available
remedial systems focus on alarming, or even
potentially reversing, the rotational direction
of the pump if predetermined current set
points are exceeded. These systems, however,

Mike Bernard

do not provide much insight into their overall
performance potential.

The Case for Closely Monitoring
Pumps Using Advanced Analytics

Data analytics of individual pump
performance provides a more-holistic approach
to the life cycle asset management and operation
of these critical assets. Analytics can be used to
decipher mountains of data from instruments
in real time so that operators, managers, and
engineers can work collaboratively to ensure
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Figure 1. Automobile dashboard.

80-82% peak
efficiency after
cleaning
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after cleaning

Figure 2. Functional pump curves before and after cycling.
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Mike Bernard is vice president of business
development at Specific Energy in
Georgetown, Texas.

that systems are operated, maintained, and even
designed properly for the given service.

Simple illustrative dashboards convey
live operating data and actionable alerts in
the case of abnormal operation much more
effectively than screens full of numbers. It’s
perplexing that even todays economy cars
have simple dashboards (Figure 1) based on
complex analytics that can calculate current
fuel efficiency and whether it’s operating within
the car’s performance envelope (tachometer),
and yet today’s multimillion-dollar pumping
stations don’t have anything similar to help
operators make better decisions and take
decisive action to prevent incidents like SSOs.

This no longer has to be the case.

Just like a car’s dashboard that summarizes
important information into graphics, the proper
use of analytics can summarize pump station
operations into easily understood graphics that
quickly convey actionable recommendations. It
only takes a second to look at a car’s dashboard
to tell whether the car is operating properly and
water and wastewater operators shouldn’t have to
spend any more time than that looking at their
pump station “dashboards” to know if they are
performing optimally.

In addition to simple dashboards, analytics
platforms can include monthly summary
report cards that allow managers to proactively
plan for the refurbishment or replacement of
worn equipment before that equipment leads
to unplanned outages. Simple access to raw or
analyzed data also allows engineers to design
supplemental or replacement pumps to better fit
the actual conditions of service and potentially
identify changes in those conditions that may
indicate issues with upstream or downstream
piping.

In short, pump analytics empowers utility
personnel to work together across disciplines



to protect the environment, reduce energy
expenditures, and extend the life of equipment.

Recognizing and Correcting
Abnormal Pump Conditions

The City of Chattanooga (city) in Tennessee
implemented an analytics platform on its Citico
Pump Station in 2020. This combined sewage
pumping station is the largest in the system and
was scheduled for a major refurbishment of
its pumps and electrical components. The city
desired a comprehensive analysis of the pump
sizing and current force main hydraulics to
determine if changes should be made.

The analytics platform provided this
information, but also indicated that there
was a significant amount of deterioration of
the impellers on two of the four pumps. This
deterioration reduced the real firm capacity of
the station from its design of 120 mil gal per
day (mgd) to an actual capacity of 102 mgd.
Additionally, the analytics platform indicated
that plugging or ragging occurs in the pumps
when operated at reduced speeds. While
adversely impacting energy efficiency, this
ragging also robs the station of capacity.

During extreme instances, individual
pumps have lost as much as 50 percent of their
capacity. This is significant as the station’s true
firm capacity has been reduced to as low as 80
mgd during heavy inflow and infiltration events.
Regaining this capacity is essential in the city’s
efforts to reduce overflows and comply with its
consent decree.

Fortunately, the analytics platform
uncovered a positive and useful trend in pump
performance connected to daily purging of the
bubble level control system. During a purge,
the signal from the bubbler indicates that the
wet well is empty, so the programmable logic
controller (PLC) either reduces pump speed to
a minimum or turns off the pump. Five minutes
later, the signal returns, indicating that the wet
well level is too high. The PLC ramps the pump
speed to 100 percent to pull the level back down
before stabilizing several minutes later.

The periodic pump cycling is often enough
to remove a majority of the foreign material
from the impeller. This behavior is illustrated by
data in Figure 2, which shows that the Pump 2
capacity increased by approximately 55 percent
and the efficiency essentially doubled simply by
cycling the pump during the bubbler purge.

The city is now evaluating automated
pump cycling based upon a preset level of “lost
capacity” provided by the analytics platform.
Before a major rainfall event begins, operators
can proactively check the real firm capacity of

Continued on page 38

Rogerson Drive Pump Station
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Figure 3. Elevated specific energy during operation at low speeds.
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Continued from page 37

the station and perform any additional “cleaning
cycles” on the pumps to assure that the station is
performing to its potential.

How to Optimize for an
Oversized Pumping System

Orange Water and Sewer Authority
(OWASA) in Carrboro, N.C., implemented the
same platform at the Rogerson Drive Pump
Station, its largest regional wastewater pumping
station, in early 2022. The initial finding from the
analysis is that these pumps were operating too
slowly almost 100 percent of the time.

Like most wastewater pumping stations,
this one was designed to convey peak flows
during heavy rainfall events; however, these
events occur only 10 to 15 times per year. The
unfortunate consequence of designing like this is
that these pumps are operating outside of their
preferred operating range (POR) almost all of
the time.

Two things happen when pumps operate
outside of their POR:

They waste energy. During low flow periods
every night, these pumps consume 300 percent
more energy per gal pumped than they would if
they were in POR. This is indicated in Figures 3
and 4.

Wasted energy harms pumps. Conservation
of energy dictates that this energy must go
somewhere. In pumping systems, if it’s not going
to pumping water, then it likely manifests as heat,
damage, or noise. All of these are damaging for
the pumps, which is why the Barringer-Nelson

curve (Figure 5) indicates that operation of
pumps outside of POR significantly reduces the
life of these critical assets.

The insights provided by the analytics
platform have provided OWASA the data
and opportunity to evaluate two potential
modifications to its system.

The first is to simply increase the minimum
speed set point of the existing pumps from 45
hertz (Hz) to 50 Hz. This will move the operation
of each pump into its POR, but it will also cause
the station to revert to a fill-and-drain mode of
operation.

Operations was concerned that this could
lead to odor complaints along the force main
and a slugging effect at the wastewater treatment
plant, so the second alternative is to add a
jockey pump at the station that will handle the
lower nighttime flows. The addition of a smaller
100-horsepower (HP) pump could both reduce
the overall energy expenditure at the facility, as
well as extend the life of the 200-HP pumps, so
that OWASA doesn’t get caught with its pumps
down when it needs them.

Using Analytics to Predict
Obstructions in Suction
and/or Discharge Piping

Analytics can also identify issues in the
piping to or from the pumping systems.

This was one of the most important benefits
for a utility in Texas at one of its raw water
pumping facilities. The facility experienced
issues in both the suction and discharge piping
systems. The barrel strainers on the suction side
of the canned turbine pumps were blinding due
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Figure 6. Performance Improvements from pipeline pigging.
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to algae buildup, which starved the pumps and
reduced output. The analytics platform provides
a simple graphical indication to operators when
this situation occurs so that operators can know
to proactively clean the screens.

The discharge-side obstruction was more
challenging to diagnose. The system hydraulics
indicated that there was, at times, as much as 250
ft of additional head on the system that should
not be there. This additional head, coupled
with wear and tear on the pump impellers,
increased the amount of electricity needed, while
reducing the station’s potential output as much
as 28 percent. Fortunately, the utility was able to
reduce the head by running foam pigs through
the 22 mi of 30-in. diameter main.

With the help of analytics, the system
identified that the issue was caused by a
combination of sediment and perched air
bubbles in the piping due to faulty air release
valves. Figure 6 illustrates the hydraulics before
and after pigging. The data show that, after
pigging, the current pump system hydraulics
perfectly match the hydraulics from the original
system design. The analytics package allows the
utility to monitor the health of both the pumps
and the piping systems and enables proactively
scheduling maintenance activities to ensure that
the utility has the capacity needed to make it
through the hot summer months in Texas and
keeps the systems operating optimally.

Summary

Almost every water and wastewater
pumping system in the world today has some
level of instrumentation that generates data.
Unfortunately, most of these data are not
being properly analyzed to give the operators,
managers, and engineers who work with them
the actionable insights they need to translate
data into optimal system operation.

The application of a powerful analytics
platform can provide these insights, reduce
energy expenditures, extend the useful life of
equipment, and protect the environment by
reducing unplanned outages. All of this ensures
that water and wastewater operators, managers,
and engineers have the information they need to
make sure that they don’t get caught with their
pumps down.

This article first appeared in the spring 2023
issue of NC Currents, a publication of NC One
Water (originally the North Carolina Section of
the American Water Works Association and the
North Carolina Member Association of the Water
Environment Federation). ¢



