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For the last two years, the February issue of Pumps & Systems has featured sections on 

selecting the right pump. If you check out the February 2020 issue, you’ll fi nd articles on 

pump selection for wastewater, power generation, chemical and more. Go back another 

year, and you’ll fi nd similar.

Every year, we ask our editorial advisory board for suggestions on what to 

cover. When I was looking at some responses from previous years, one from retired 

Geiger Pump CEO Henry Peck caught my attention. He suggested we should go into 

more detail on groundwater and stormwater, and here we are. In this issue, we hit on 

those topics, including how the pump industry responded to a challenging hurricane 

season and technology updates for irrigation. It has been a few years since we have had 

a cover series on groundwater, stormwater and irrigation, but so much of what we write 

about pertains to water.

By the time you read this, hopefully your lives are starting to get back to where they 

were before the COVID-19 pandemic hit. Maybe there are more vaccines, and the rollout 

of those means more people can work in closer quarters safely. We are transitioning into 

a new era with a new presidential administration, and we’ll be writing about changes that 

may come to the pump industry in that regard. You can refer to our January 2021 issue for 

a taste of what’s to come.

We do have some sad news to share. In our December 

2020 issue, we featured 10 young pump professionals to 

watch. Sadly, one of the recipients of this honor passed away. 

Sam Hodel was diagnosed with an aggressive form of cancer 

not long after being nominated and passed away on Nov. 20, 

2020 at the age of 30.

Hodel was an applications engineering manager at GPM, 

Inc., in Duluth, Minnesota, and he was highly regarded by 

his coworkers. Our thoughts and prayers remain with his 

family, friends and coworkers. Gifts in memory of Hodel can 

be made to the UMD Sam Hodel Scholarship online at z.umn.

edu/samhodel, or by sending a check made payable to the 

University of Minnesota Foundation and mailed to: UMD Development Offi ce, 104 Darland 

Administration Building, 1049 University Drive, Duluth, MN 55812. Either way, please 

include a notation that the gift is for the Sam Hodel Scholarship.

As always, thanks for reading.
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NEWS

SHANE MCDANIEL

ASAHI/AMERICA

HOUSTON – Asahi/America, 

Inc. announced the addition of 

Shane McDaniel to its business 

development team. McDaniel joined Asahi/

America Jan. 4 as business development 

manager for actuation products.

McDaniel brings a diverse set of skills 

and experiences with him to Asahi/

America, ranging from instrument and 

controls technician to outside sales, and 

aftermarket sales and service. He will 

work closely with the company’s sales 

and engineering teams to further promote 

Asahi/America’s actuation product line 

across a variety of industries in the U.S. 

asahi-america.com

WAYNE WAWRZYNIEC 

GRIFFCO VALVE

AMHERST, N.Y. – Griffco 

Valve, Inc., announced the 

appointment of Wayne 

Wawrzyniec as the chief fi nancial 

offi cer/chief operating offi cer. He will be 

responsible for all operations including 

manufacturing, fi nance, quality and 

administration.

Wawrzyniec previously served in 

executive roles for BNP Empowered 

Print, a digital and web offset printing 

company, and Ascension Industries, North 

Tonawanda, New York, a manufacturer 

of pressure vessels and other processing 

equipment. He began his career at the 

Buffalo, New York, offi ce of Ernst & Young. 

griffcovalve.com

JESSIE HINTHER 

FRANKLIN ELECTRIC

FORT WAYNE, Ind. – Jessie Hinther, sales 

manager for Franklin Electric’s U.S. 

Industrial–Central Region, has been 

elected president of the Submersible 

Wastewater Pump Association (SWPA), an 

organization serving the manufacturers 

of submersible pumps for municipal and 

industrial wastewater applications, the 

manufacturers of component parts and 

accessories for submersible pump lift 

stations, and companies that provide 

services to users of those products. 

Hinther is a respected expert in the 

pumping industry and has been with 

Franklin Electric for 15 years where he 

held roles in product management prior to 

moving into market development. 

He is currently responsible for industrial 

sales and distribution coverage in the 

central region of the U.S. and Canada for 

all of Franklin Electric’s product lines 

including its FPS, Pioneer Pump and Little 

Giant brands. 

franklin-electric.com

COLTON BENTLEY

APPLIED MOTION PRODUCTS

WATSONVILLE, Calif. – Applied Motion 

Products announced that Colton Bentley 

has joined the sales team as direct OEM 

sales manager for the Central region.

After graduating from Morehead State 

University with a bachelor’s degree in 

design and manufacturing engineering 

and technology, he has spent the 

last fi ve years honing his skills in the 

industrial automation industry. Bentley 

has a specialization in motion control 

components, including integrated motors 

and precision planetary gearheads, 

and a focus on industry segments such 

as packaging equipment, medical/

life sciences, food and beverage 

manufacturing, aerospace, material 

handling, and automotive.

Bentley’s role at Applied Motion Products 

is to support and serve OEM and end user 

customers in the Central region, which 

includes the states of Illinois, Indiana, 

Kentucky, Michigan, Minnesota, North 

Dakota, Ohio, South Dakota, Western 

Pennsylvania and Wisconsin. 

applied-motion.com

KATE NAUGHTON

HAZEN AND SAWYER

BALTIMORE – Engineering 

fi rm Hazen and Sawyer has 

announced the appointment 

of Kate Naughton as principal 

engineer.

Naughton most recently worked in the 

Dams and Hydraulics 

Section of a consulting engineering 

fi rm for more than seven years, 

where her duties included performing 

hydrologic, hydraulic and safe yield 

studies for water resources infrastructure 

projects, as well as facilitating emergency 

action plans and exercises for high 

hazard dams.

Naughton received her bachelor’s 

degree in environmental engineering 

with a concentration in water resources/

NEW HIRES, PROMOTIONS & RECOGNITIONS

May River Capital Acquires 

Unibloc Pump 

Jan. 7, 2021

DeZurik Acquires 

Red Valve Company 

Jan. 5, 2021

EBARA Acquires Vansan

Jan. 4, 2021

A.Y. McDonald Acquires 

Val-Matic

Jan. 4, 2021

Herc Holdings Acquires 

Champion Rentals

Jan. 4, 2021

SPX Flow to Acquire 

UTC Mixing

Dec. 30, 2020

Ohio Transmission Corp.
Acquires JCI Industries 

Dec. 22, 2020

Pinnacle Acquires 

Trinity Bridge

Dec. 17, 2020

Crane Engineering Acquires 

Rapids Process Equipment

Dec. 11, 2020

Brown Brothers 
Engineers Acquires 

SPX Flow New Zealand

Dec. 17, 2020

Ingersoll Rand Acquires 

Tuthill Vacuum & Blower 

Systems 

Dec. 7, 2020

▲

Mergers & Acquisitions
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water quality and a minor in civil 

engineering from the University of Delaware 

in 2014. 

hazenandsawyer.com

HEATHER DODSON

BROWN AND CALDWELL

PITTSBURGH – Environmental 

engineering and construction 

fi rm Brown and Caldwell hired 

Heather Dodson as its new Pittsburgh 

leader. The hire highlights 

the fi rm’s continued expansion to better 

serve clients in the Northeast’s municipal 

and private water, wastewater and 

stormwater sector.

Dodson is responsible for operations 

management, providing client service, 

and expanding Brown and Caldwell’s 

regional presence and talent pool to 

meet market and customer needs. 

She will provide marketing and technical 

leadership during the procurement and 

quality delivery of impactful water, 

wastewater and stormwater projects 

that the fi rm is known for in the 

environmental market. With 17 years 

of experience in water, wastewater, 

and stormwater management design 

and permitting, land development and 

municipal engineering, Dodson brings 

a wealth of knowledge and technical 

expertise to Pennsylvania and to 

the Northeast’s complex water and 

environmental challenges. 

brownandcaldwell.com

DIEGO TEBALDI

CR CLEAN AIR

PARSIPPANY, N.J. – The Clean Air Group, 

LLC, commonly known as “CR Clean Air,” 

has selected Diego Tebaldi of Newton, 

Massachusetts, to fi ll the role of general 

manager. His role will include overseeing 

the day-to-day operations of the fi rm, 

including recruiting additional talent, 

expanding technical capabilities and client 

management and acquisition. 

Prior to joining the CR Clean Air team, 

Tebaldi was at CECO Environmental, 

where he ran the HEE-Duall business 

as well as the Adwest business. 

crcleainair.com
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COMMON PUMPING MISTAKES

This is the fi rst in a three-part series. 

So, you need to build a piping system to 

move 500 gallons of water per minute from 

point A to point B? No problem, I will call 

my buddies over at ACME Pipe4U and see 

what’s on sale. What could possibly go 

wrong? Please read on. 

Reading this column will not make you 

a piping system expert, and for the record, I 

am not an expert either. However, I do know 

a bad pipe system design when I see it. 

In this column, I hope to shine some 

light on the most common pipe system 

problems that directly affect the pump. 

You can inspect, evaluate and compare 

your system to these real-world issues. 

My comments are focused on horizontal 

centrifugal pumps in nonslurry 

applications that are used for pumping 

nonviscous Newtonian fl uids.

First Things First

What’s so important about the piping 

system? It is the characteristics of the 

piping system that dictate how and where 

the pump operates on its performance 

curve. Where the pump operates on its 

curve will dictate its life span, reliability 

and overall total operating cost. The pump 

will inevitably and erroneously be blamed 

for all of the problems that occur, but in 

98% of the cases, it is not the pump’s fault. 

Technically, you should design the piping 

system fi rst and then fi nd the right pump 

to match. The pump and the associated 

system, like a good marriage, must be 

matched to each other. Otherwise, it will be 

a continuous stream of drama-fi lled issues 

followed by unnecessary expenses and 

fi nally a divorce. 

Pipe Size

If you need to pump water a distance of 

1,000 feet at a fl ow rate of 500 gallons per 

minute (gpm) from point A to point B with 

no elevation change, what size should the 

pipe be? Your friends over at the bargain 

pipe store have 2.5-inch pipe on sale, so you 

decide to buy what you need. The problem 

is that the friction loss for a 2.5-inch pipe 

at the fl ow rate of 500 gpm is about 163 

feet (friction loss) per every 100 linear 

equivalent feet of piping (remember, you 

need to pump the water a distance of 1,000 

feet). The money you initially saved on the 

bargain pipe will cost you dearly in both the 

initial pump cost (likely a two-stage pump 

will be required), but more importantly 

the operating costs over time. It takes 

horsepower (hp) to operate the pump and 

that translates directly into kilowatt hours 

(kWh), and that looks like a lot of money 

when the electric bill comes due. If you had 

decided on 6-inch pipe in lieu of the 2.5-

inch, you would have initially paid more for 

the pipe, but your operating hp would drop 

signifi cantly from an estimated 280 brake 

horsepower (BHP) down to less than 10 BHP. 

In this example, I am approximating 

what appears to be an extreme and 

seemingly ridiculous situation, yet I have 

witnessed similar real-world examples. 

The lesson to be learned is that there is an 

optimum pipe size for each system where 

the total system cost is balanced between 

the operating costs over time as compared 

to the initial cost for the specifi c pipe 

size. Perhaps the 6-inch pipe I previously 

mentioned would be too expensive and the 

4-inch pipe would be a better choice? 

Pump vs. Pipe, Part 1

JIM ELSEY | Summit Pump Inc.

IMAGE 1: Piping system (Images courtesy of the author)
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COMMON PUMPING MISTAKES

The 5-inch pipe may be better from a 

head loss aspect, but it is an odd size and 

may not be in stock or may be even more 

expensive than the 6-inch pipe. You and/or 

a pipe system professional would need to 

perform the calculations to determine the 

most correct answer. 

As a general rule for nonslurry 

applications on the discharge side of the 

pump, it is best to keep the liquid velocity 

below 10 feet per second (3 meters per 

second) and anything over 15 feet per 

second (4.5 meters per second) should  

be questioned. 

Note: Frequently the velocity measured 

directly at the pump discharge nozzle will 

be much higher than 10 to 15 feet per 

second, and it is expected that larger  

pipe will be incorporated downstream of  

the nozzle to yield lower velocities and 

friction losses. 

The calculations to determine  

the optimum pipe size and the system 

curve can range from simple to very 

complex, and if you are not experienced 

or familiar with Darcy-Weisbach, Hazen-

Williams and Bernoulli’s equations or 

the estimation/calculation of Reynolds’ 

numbers, you should contract a 

professional for assistance. 

The general idea is that the head loss 

(pipe friction) is roughly proportional to the 

square of the flow rate. 

A few estimating rules of thumb: 

• Doubling the diameter of the pipe will 

increase the capacity by four times. 

• The friction losses vary as the square of 

the capacity ratio.

• Doubling the flow in a given pipe size 

will increase the head loss by a factor 

of four. 

• The friction loss is inversely proportional 

to the pipe diameter ratio raised to the 

fifth power.

• The capacity of a pipe varies as the 

diameter ratio raised to the 2.5 power.  

To be more specific, you will need to use 

the Darcy-Weisbach approach; the formula 

is shown in Equation 1.  

Where f is a variable friction factor 

and depends on the inside pipe surface 

roughness. The f is derived from the CF 

Colebrook equations and the Moody 

diagram. L is the length of the pipe. D is 

the diameter of the pipe. V is the average 

velocity of the liquid in the pipe. And g is 

the acceleration due to gravity. The Darcy 

friction factor f has no units. All units are 

either feet or meters, except note that the 

acceleration of gravity is 9.81 meters per 

second squared (m/s2) for the SI system and 

32.2 feet per second squared (ft/sec2) for 

the USC system. You also need to calculate 

and compensate for the age of the pipe 

system. The friction factor will change with 

age, and especially in raw water intake 

systems you also need to take marine 

growth and fouling into consideration.

Note that it is also feasible to use the 

Hazen-Williams equation in your approach 

(not shown) for pipes sizes under 36 inches 

and for ambient temperature water only.

Finally, note that selecting the pipe size 

based solely on the pump flange sizes is 

usually not a good idea. Again, I point out 

that the system should be designed first 

before selecting the pump. In most cases, 

the optimum pipe system design and best 

practices will dictate a different and larger 

pipe size. The suction line on a self-primer 

pump would be an exception. 

Jim Elsey is a mechanical engineer with more 
than 50 years of design and operating experience, 
primarily focused on rotating equipment reliability 
in most all industrial applications and markets 
around the world. Elsey is an active member of the 
American Society of Mechanical Engineers, the 
American Society of Metals, the National Association 
of Corrosion Engineers and the Naval Submarine 
League. Elsey is the principal of MaDDog Pump 
Consultants LLC and may be reached at  
jim.elsey@spiohio.com.

The total head loss = h
f
 = (f) x 

(L/D) x (V2/2g) 

Equation 1

IMAGE 2: General and simplified economic pipe size optimization analysis
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GUEST COLUMN

Vertical pumps have been used in a wide 

range of applications and sizes. They have 

been employed for different liquids in many 

different services. Large vertical pumps can 

be used in critical services such as large 

cooling pumps, large seawater pumping 

systems, large groundwater/irrigation 

systems and more. Here are practical 

aspects and commonly reported problems 

of large vertical pumps to consider, such as 

vibration issues and dynamic excitations 

among others.

Dynamics & Vibration

Large vertical pumps usually have a 

fl exible casing and structure with different 

excitation frequencies located relatively 

close to natural frequencies. As such, they 

are susceptible to resonant vibration and 

high vibration during operation. In-depth 

vibration studies and verifi cations are 

needed for such pumps.

In many vertical pumps, the dynamic 

performance and vibration level would be 

rather sensitive to changes to the pump or 

its characteristics/operation. These changes 

would include alignment, the balance 

situation, installation details, maintenance 

works, liquid level, load, etc. In other words, 

a resonant vibration might occur during 

operating situations that differ from normal 

operation (alternative operating cases such 

as different part-load operations, different 

liquid levels, etc). Another critical point is 

the ability for site rebalancing of the rotor 

assembly of such pumps. This is usually 

needed on-site during commissioning, 

operation or maintenance.

Potential resonances might not be 

detected in the shop performance test. 

But later they might be experienced in the 

actual operation. Actual site foundation 

conditions of installed vertical pumps are 

different from those in the manufacturer 

shop test. Consequently, it is necessary 

to estimate the change in the vibration 

characteristics owing to the difference 

in the foundation conditions of installed 

vertical pumps at the fi nal site and of 

test-equipped ones at the shop. This is a 

diffi cult task. Theoretically, some 

complex mathematical models might 

be used to evaluate the effect of the 

foundation condition on the dynamic 

characteristics of vertical pumps. However, 

this is often challenging. 

In addition to the foundation condition, 

the fl ow through the piping is known 

to have an infl uence on the vibration 

dynamics. Therefore, this can be another 

source of performance difference between 

the shop and site. Flow-induced vibrations 

have been experienced in some cases.

Vibration of Topside

Nearly all vertical pump vibration problems 

(except submersible pumps) have been 

reported as the vibration of the electric 

motor or topside of the pump—regardless 

of the type of vibration. This occurs because 

the head (topside) and electric motor driver 

are the only parts observed by an operator, 

and since the electric motor top is usually 

at the extremity, it exhibits the largest 

vibration amplitude. Vibrations below the 

pump base usually attract less attention. 

Often, on many vertical pumps, below base 

and above base vibrations are somehow 

isolated from each other by their stiff base 

confi gurations or similar arrangements. 

Usually, the maximum of the vibration 

is at the top of the electric motor driver, 

with amplitudes decreasing at the electric 

motor base. Sometimes a discharge piping 

is vibrating more than the pump. Picturing 

the high amplitude locations, and how the 

pump is vibrating, aids in understanding 

the causes of high vibration incidents and 

solving the problem.

Record Vibration at 

Shutdown & Startup

A good observation to obtain useful 

data in case of a set of high vibration 

measurements is to slow down the electric 

motor or record data during shutdown and 

observe how this changes the vibration. 

If the vibration reduces gradually, it is a 

sign that unbalance, misalignment, bent 

shafting or something similar is the cause. 

If the vibration decreases immediately with 

the electrical power shut off, the cause is 

usually electrical imbalance in the electric 

motor. If the vibration disappears with 

only a small speed change, then the cause 

is probably a resonance problem. When a 

pump shudders in slowdown, the cause is 

passage through a resonance frequency. 

Similar data might be extracted from the 

vibration at startup. However, the case 

of shutdown is usually more useful. It is 

recommended to analyze data from both 

shutdown and startup.

With the pump shut down, the shaft 

should be rotated by hand to see the 

behavior. If it is hard to rotate, the cause 

could be misalignment, bad fi t or a bent 

shaft. However, an easily rotated shaft does 

not eliminate these causes, since small and 

fl exible shafts can bend readily without 

load imposed on the bearings.

Inaccurate & Oversimplifi ed 

Model/Analysis 

In a  case study involving long shaft vertical 

pumps with a line shaft of 25 meters long, 

Why Large Vertical Pumps Are Vulnerable 
to Dynamic Excitations & Vibration

AMIN ALMASI |  Principal Machinery/Mechanical Consultant

In-depth vibration 

studies ... are needed for 

large vertical pumps.
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the large horizontal shaft electric motor 

drives the vertical pump shaft through a 

right-angle gearbox. The motor, pump and 

right-angle gearbox were all mounted on a 

common base, which was relatively flexible 

because of the size of the overall structure. 

When the pump was operating at maximum 

running speed, high vibration was sensed 

by sensors and reported at various gearbox 

and discharge head locations. As part of the 

root cause analysis, natural frequencies of 

the system should be estimated with their 

associated mode shapes. Then, all should 

be evaluated with respect to excitation 

frequencies and forces.

An accurate finite element (FE) model 

was created with all the required details. 

The bowl assembly and all column piping 

details were modeled including the liquid 

in and around the piping, the bearing 

spider assemblies, the line-shaft plus its 

couplings, etc. 

The FE modal analysis showed that there 

was a resonance for the first bending mode 

of the shaft. In other words, the natural 

frequency of the line-shaft first bending 

mode was predicted to be almost exactly at 

the pump running frequency. This natural 

frequency had drifted well below the 

value predicted by the manufacturer. The 

reason was the flexible support provided 

to the shaft by the long column piping. 

The manufacturer provided a dynamic 

study, but because the model created by 

the manufacturer was simpler, inaccurate 

and stiffer than actuality, the predicated 

natural frequency was higher and it did not 

show any resonance. This problem could 

not be predicted without the inclusion of 

the base and column piping flexibility in 

the accurate model. 

Amin Almasi is a principal machinery/mechanical 
consultant in Australia. He is a chartered professional 
engineer of Engineers Australia (MIEAust CPEng–
Mechanical) and IMechE (CEng MIMechE). He has 
a Bachelor of Science and Master of Science in 
mechanical engineering and is a RPEQ (Registered 
Professional Engineer in Queensland). He specializes 
in machineries and mechanical equipment including 
pumps, compressors, turbines, engines, motors, 
material handling systems, power generation, 
condition monitoring, maintenance and reliability. He 
has authored more than 200 papers and articles 
dealing with pumps, rotating equipment, mechanical 
equipment, condition monitoring and reliability.
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VALVES

Final control elements (FCEs) play an 

important role as part of basic process 

control system (BPCS). 

A process control loop for BPCS—

consisting of a transmitter, controller and 

control valve—operates under dynamic 

conditions, with outputs constantly being 

adjusted for process control.

Clear understanding of failure 

mechanisms for electronic components 

and mechanical parts will help end users 

design their BPCS-related field devices 

more optimally and accurately. This will 

help eliminate initial premature failures 

and unnecessary plant trips during normal 

operation. It also will help end users 

determine what systems are fit for purpose, 

which will result in capital cost savings. 

Mechanical valve assemblies used 

for the FCE of a BPCS are at the heart of 

process control. Optimal plant performance 

depends on the proper function of the FCE. 

While FCEs are the main driver of process 

control, industry concerns are centered on 

plant availability, loop performance and 

equipment ruggedness.

The valve assemblies can experience 

changed process conditions. Unlike 

electronic devices, the degradation of 

mechanical items occurs in definite 

form depending on application, process 

fluid, physical properties of fluid, 

pressure drop, temperature, operational 

history, maintenance philosophy and 

environmental conditions. Mechanical 

valve assemblies with pneumatic 

accessories inherently have limitations 

related to functionality. Their calibration, 

configuration and zero/span processes are 

manual—and often complex—requiring a 

high level of user expertise. These issues 

also contribute to a longer installation and 

commissioning time.

In addition, several reliability issues 

may affect mechanical valves. For 

example, external factors—like air quality, 

temperature, humidity, etc.—may cause 

abnormal aging of the soft parts and 

pitting in the terminal box, while other 

environmental conditions could lead to 

corrosion of parts and linkages.

Vibration can trigger a calibration shift, 

and it can also cause loss of travel feedback 

and the dropping off of mechanical 

linkages. General wear can lead to 

instability and spurious valve behavior.

Mechanical valves can be prone to 

underperformance with potential issues, 

including high process variability and the 

valve not tracking the controller. Advance 

process control requires tighter controls, 

while there are more productivity and 

throughput requirements. 

Plant maintenance philosophy and 

regulatory requirements mandate regular 

preventive maintenance to avoid any 

mechanical catastrophe, but with growing 

economic pressure and competitiveness, 

many process industries work with an 

extended turnaround period. This makes 

it important to predict the health of 

mechanical valves in advance, before any 

unforeseen issues arise.

However, because mechanical valves 

have no diagnostics, there is no easy way 

to predict valve health. Manual inspection 

is time-consuming and laborious, requiring 

frequent site trips. There are also no remote 

capabilities for data collection and analysis.

Using Digital Valve Controllers

With digitalization, a microprocessor- 

based digital valve controller can aid 

predictive maintenance by providing a  

valve degradation analysis, which is 

important for critical valves in control 

applications. This can reduce the amount  

of scheduled maintenance. 

Installation does not affect the ability 

of a plant to migrate its FCE from a 

nonintelligent to a digital solution. All 

that is required is to switch the current 

instrument to a smart, microprocessor-

based intelligent instrument. 

Microprocessor-based digital valve 

controllers have been used in the industry 

for some time. These smart positioners 

have fulfilled the traditional function of 

converting a current signal to a pressure 

signal to operate the valve. They can also 

use digital communications protocols to 

provide simple access to the information 

critical to process operation, and to deliver 

the capability to integrate this information 

into a control system. 

This means that the controller can aid 

predictive maintenance by providing a 

valve degradation analysis and reducing 

the amount of scheduled maintenance. 

By communicating through a variety 

of industry-specified protocols, the 

controller links with the digital ecosystem 

of industrial internet of things (IIoT) to 

tie data, applications and organizations 

together. The extensive diagnostics 

available to digital devices provide greater 

insight into the health of control valves, 

allowing potential failure conditions to be 

predicted before they occur.

A digital valve solution offers 

functionality from the outset, with auto-

calibration, user-friendly configuration 

and a setup wizard. It delivers accurate, 

precise control of the valve, with a range of 

instrument alerts available. 

A Predictive Maintenance Approach

Communication options transmit critical 

device health data, which can be used 

to predict future valve performance. This 

allows valve maintenance to move from a  

preventative process to predictive.

This can improve reliability and allows 

for wider access to valve experts, both 

within the plant and located externally, who 

can use the data to drive valve performance 

enhancements and reduce loop variability.

Digital valve controllers can help identify 

potential problems including:

• poor seat condition

• internal galling

• downstream restriction 

How to 
Predict the 
Reliability of 
Mechanical 
Valves

Monitoring valves on a regular 
basis can help avoid problems.

RIYAZ ALI  | Emerson
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• crossover adjustment

• feedback interference/loose linkages

• actuator and tubing leaks

• travel sensor failure

• friction

• bad pressure sensor

• tuning

• I/P and relay problems

• lever misalignment

• supplying pressure starvation

A predictive approach streamlines maintenance, making it 

easier to ensure the right spares are ordered, without storing 

them for long periods. Shutdown, turnaround or outage planning 

is also improved, since the areas that need urgent focus can be 

determined by taking the digital valve signature, while valves are 

still in line, saving costs of stripping the valve and taking it in for 

repair work. 

Valve signature is a great help in pinpointing areas of 

concerns (issues like seat area, bonnet portion, packing leak, or 

actuator-related aspects, like pressurized path leak, overtravel, 

damaged diaphragm, etc.). This helps to reduce the time 

required, which is crucial to plant startup and considerable cost 

savings by only handling a portion of valve assembly. 

In addition, by continuously maintaining low process 

variability through controlling the valve near to required 

controller demand, plant efficiency is improved and unplanned 

shutdowns are prevented. By monitoring valves on a regular 

basis, those valves with deteriorating performance can be 

identified and put right, avoiding a potential failure that could 

cause plant shutdown, environmental damage or personnel risk.

Online monitoring is able to define the problem and identify 

the possible cause, the remedy and any recommended action. 

For example, a digital solution was used to monitor final 

control elements in a power plant. The diagnostic detected a 

problem with a specific portion of valve assembly and issued 

a yellow light warning with a list of likely causes in the event 

log. Additional monitoring indicated that the pneumatic part 

had degraded further, causing a red light to be issued. The data 

supported the original indication that a detected component was 

responsible. After applying the recommended action, increasing 

supply pressure to remove the obstruction in the pneumatic 

path, normal operation returned. This avoided a costly shutdown.

Digitalization also allows data to be obtained remotely rather 

than sending personnel to hazardous or hard-to-reach areas. 

Technicians can also calibrate and configure control valves 

directly from the control room.

By combining digitalization with predictive maintenance, 

repairs of control valves can be scheduled to avoid unplanned 

shutdowns and reinforce process safety. This results in savings in 

operation and maintenance, while ensuring the plant is run in a 

safe, optimal way. 

Riyaz Ali is senior director of instrumentation technologies for Emerson. For 
more information, visit emerson.com.
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VALVES

Large-scale dairy, food, beverage and 

other high-purity producers that want to 

enhance their process while eliminating 

the risk of fl uid cross-contamination should 

consider mixproof valves as a solution. 

Understanding the working principles of 

mixproof valves, associated benefi ts and 

best applications for use is step No. 1. 

Working Principles 

Understanding a mixproof valve’s design, its 

working principles and benefi ts is critical 

to recognizing potential applications. A 

mixproof valve has two seats within the 

valve versus the traditional single seat. This 

allows for fl uid separation. In the case of 

a leak, there is an exit area between the 

two seats. This creates a positive method 

for preventing the two different fl uids from 

contaminating one another.

Mixproof valves have two independent 

plug seals to separate the fl uids. The space 

between these seals forms a leakage 

chamber at atmospheric pressure during all 

working conditions. Leakage is not common 

with mixproof valves; however, if leakage 

does occur, product fl ows into a leakage 

chamber and leaves through the bottom 

outlet, making detection easier.

When the valve is open, the leakage 

chamber is closed. The product then 

fl ows from one line to the other. The 

radial seal design of the valve ensures 

that virtually no product spillage occurs 

during valve operation. It is possible to 

adapt valve confi guration to get 

optimum cleaning and water hammer 

protection as per the requirements of 

individual process specifi cations.

The mixproof valve’s design of two 

independently controlled valve stems helps 

ensure that two different products cannot 

mix. This makes mixproof valves ideal for 

large-scale food, beverage, dairy and other 

high-purity manufacturing facilities that 

produce several products at the same time.

Benefi ts 

Designed to optimize resources, mixproof 

valves’ ability to perform dual functions 

simultaneously is helpful for food, 

beverage and dairy manufacturers. 

Integrating mixproof valve technology 

leads to decreased downtime and increased 

production. Maintenance and service are 

relatively simple, and a long product life 

span is common, with little investment 

required for spare part replacement. 

Here are several key benefi ts to 

explore when considering mixproof 

valve technology.

Mixproof Valves 101: Working Principles, 
Benefi ts & Applications

The two independent plug seals separate fl uids and minimize leakage.

LEIGHANN DIENER GUNTER  | Rodem

IMAGE 1: Mixproof valves are often installed on automated skidded systems. Skidded system design can be 
complex, but automation leads to faster payback and increased throughput. (Images courtesy of Rodem)
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VALVES

Flexibility

Mixproof valve technology offers  

flexibility. Using two independent plugs and 

seals means a single mixproof valve can 

replace two or more valves of other types. 

This flexibility results in boosted  

production capability and conserves space 

within the facility. 

Workforce savings

Implementing mixproof valves means 

eliminating swing connections. The 

mixproof valves absorb the function of 

manual pipe swing connections into 

automatic, air-operated valve technology. 

This eliminates the need for in-person 

labor. This also allows for faster changeover, 

easier product-to-product transition and 

easier product-to-clean-in-place transition.

Reduced waste

Additionally, when swing connections are 

eliminated, users eliminate drip points and 

minimize product waste. Mixproof valves 

allow the product to be flushed to the 

destination and offer virtually spillage-free 

operation. For expensive products, the cost 

of spillage can be high. This technology can 

cut out unnecessary product loss.

Faster changeover

With faster changeover from mixproofs, 

users remove the need for total system 

cleaning and can clean each system 

individually. This creates increased use of 

assets and scheduling flexibility. Plants 

can be modeled to run 24/7, and tanks and 

piping can be turned over faster.

Elimination of process  

cross-contamination

Swing connections have the potential 

for error, and single seat valves can allow 

products to mix in certain conditions. 

Mixproof technology eliminates the need 

for manual swing connections and enables 

the simultaneous flow of two different 

products or fluids through the same valve 

without cross-contamination. These valves 

ensure secure, efficient and automated 

routing and changeover of incompatible 

enemy fluids in hygienic applications.

Extension of shelf life

A mixproof valve’s impact on extended 

shelf life involves a combination of 

factors: system design (easier to clean), 

valve design and elimination of swing 

connections. When swing connections 

are removed from the process, the system 

does not have to be opened after cleaning, 

reducing the bacteriological contamination 

that occurs when exposing the system to 

plant air and human contact.

Mixproof Valve Applications

Mixproof valves have been used in the  

dairy, food and beverage industries for 

more than three decades. The  

technology has been tested, proven and 

accepted by the Pasteurized Milk  

Ordinance and is becoming a standard, 

particularly in dairy processing facilities. 

The change is driven by the payback and 

product improvement.

Examples of Enemy Fluids in  
Food, Dairy, Beverage & Other  
High-Purity Processes

Product to Product

Product to Clean-In-Place (CIP)

Product to Water

Clean-In-Place (CIP) to Clean-In-Place 
(CIP)

IMAGE 2: The mixproof’s two-seat design allows users to run two different fluids at the same time, without risking contamination, making it a solution users should 

consider for large-scale manufacturers.

IMAGE 3: These fluids can lead to  

cross-contamination and ultimately result  

in unneccessary product loss. 
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Mixproof valves work well in a number 

of sanitary processing applications 

throughout food, dairy, beverage and other 

high-purity processing facilities, such as:

• fluid tanker reception and cleaning

• transfer to storage

• raw and pasteurized product routing

• high-temperature, short-time systems

• extended shelf life and aseptic systems

• tank and line clean-in-place systems

• cleaning solution routing valves

Mixproof valves can increase production 

and minimize cleaning and downtime, 

without adding additional processing or 

filling equipment. Although the advantages 

of mixproof valves are numerous, they 

are not a fit for every application. The 

system design requirements to incorporate 

mixproof valve technology can be complex 

and the initial investment costs can be 

high. It is best to consult an experienced 

integrator for consultation when 

considering mixproof valves.

In order to maximize the benefits of 

the valves’ flexibility and efficiency, they 

are frequently installed on automated 

skidded systems. Automation helps ensure 

repeatability, protects product integrity 

and increases uptime, all resulting in faster 

payback. Users should consider automation 

when looking at this technology.

For large-scale food, beverage or 

dairy processors looking to automate 

and enhance processes without risking 

cross-contamination of fluids or adding 

additional equipment, mixproof valves 

should be considered. The valves two-seat 

design offers flexibility and opens the door 

for other subsequent benefits. 

LeighAnn Diener Gunter started with Rodem as 
part of the office staff in 2008, upon earning her 
Bachelor of Science in tourism management from 
Indiana University. As Rodem’s marketing manager, 
Gunter manages all of the company’s marketing 
efforts and works closely with the sales management 
team to assist the sales team in serving their 
customers. For more information, visit rodem.com.

For more articles on valves: 

pumpsandsystems.com/

tags/valves
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Managing and maximizing crop yield 

can be complex. Experienced agricultural 

irrigation professionals have mastered the 

art and science of crop yield, and deeply 

understand the relationships among the 

variables that contribute to crop health. 

Every day is a moving target and the 

schedule is constantly adjusted, tuned and 

executed to ensure optimal crop health.  

It is critical that users have a pulse on 

what is happening to the soil, the weather, 

and the irrigation equipment at all times 

so they are ready to adjust and redeploy at 

a moment’s notice. Now imagine how the 

user might leverage modern technology to 

take control over some of those variables to 

help get the job done with more effi ciency. 

System Overview

While each irrigation system setup 

is different, there are some common 

components such as the pump, controller, 

the type of irrigators and the invisible 

component: the schedule. 

The schedule ties the system together. 

It accounts for the fl ow rate of the pump, 

the size and variability of the fi eld, the 

capacity of the irrigators, and it combines 

that data with things like weather forecast 

data, soil moisture, and crop performance 

history to determine how and when the 

fi eld needs to be watered. At some farms, 

this data is stored in the irrigator’s mind, 

refi ned over the years through experience. 

In others, this data is measured and tracked 

manually, stored in electronic workbooks 

and printed out to deploy to the fi eld. Every 

farm is structured differently, and the 

irrigation tasks may be executed by one 

manager or there might be an individual or 

team responsible for each task. 

Value in Automation

When looking at the activity that makes up 

a typical day of an irrigation team, users 

should be asking, “How can we free up some 

of the time it takes doing the manually 

intensive work, so that we have more time 

to plant additional crops and maximize 

the overall yield?” Leveraging modern 

technology to automate some of these 

tasks is one way to maximize output. 

Labor Savings

Depending on the size of the farm, a big 

chunk of labor hours is time spent traveling 

to and from crop fi elds for inspection or 

daily maintenance. This can be reduced by 

either reducing the need to travel to those 

fi elds by enabling remote management 

or by reducing the amount of time spent 

in the fi eld checking the equipment and 

making changes to the settings. 

Process Effi  ciency

By reducing the labor hours required to 

perform daily monitoring and adjustments 

to the equipment, the process becomes 

more effi cient. In addition to labor savings, 

key contributors to process waste like 

waiting, transportation and unused talent 

can be eliminated. Automating the process 

by enabling remote monitoring and control 

of the pump allows the irrigation team to 

focus time on critical work like equipment 

maintenance and upgrades, ultimately 

yielding a more effi cient process.

Maximized Uptime 

In redirecting focus and attention to 

improving the irrigation process, including 

the equipment and process steps, waste is 

minimized, effi ciency is improved and the 

system can operate at maximized uptime. 

Remote monitoring can provide advanced 

warning when system degradation 

is occurring, prompting precision 

maintenance and avoiding unscheduled 

downtime and reduced crop yield. 

Peace of Mind 

Even when the irrigation team is off duty, 

it is still aware of how critical the job is. 

At any moment, a pump could go down 

or a pipe could break, putting crop health 

at risk. There is a pervasive worry that 

accompanies the job. Enabling remote 

monitoring and control through mobile 

apps on smartphones gives the users peace 

of mind when they leave the fi eld. They can 

pop in any time, from anywhere, and get 

confi rmation that the system is operating 

as it should, meaning the crops are getting 

the water supply and nutrition they need 

to thrive. 

New Construction vs. Retrofi t

Whether designing a new irrigation system 

or retrofi tting an old one, determining 

the best place to start when it comes to 

automating the process and incorporating 

modern internet of things (IoT) technology 

can be intimidating. As a best practice,  

following these steps is recommended:

1. Map out the process. From beginning 

to end, what does the system look like? 

How is the schedule determined? What 

key variables should be considered?

2. Identify key goals/metrics. How is 

success measured today? How does the 

irrigation team know they have done 

the job successfully?

3. List out major detractors to getting 

the job done. Imagine all the things 

Automation in 
Agricultural Irrigation

Follow these 7 steps to design or retrofi t an irrigation system.

NICOLE GEORGE  |  Eaton

COVER SERIES: Groundwater/Stormwater
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that could go wrong. What are some 

of the most common pain points 

that the user encounters in a 

typical workday?

4. Rank the effort versus impact. 

From that list of pain points, create 

a spreadsheet that assigns how severe 

the impact is of those detractors. 

Then assign a value for how hard it 

would be to implement a fi x to that 

pain point. Once the team has 

quantifi ed each opportunity, sort 

the list by most impactful and least 

amount of effort. 

5. Start small. Start with one thing 

that makes the biggest impact and is 

easiest to implement. 

6. Continuously improve. Learn from the 

past. Once there is one implementation 

complete, recommendations can be 

made on what to do differently or how 

to expand what has been implemented. 

The more experience in automating 

the system, the better users will get 

and the bigger the ideas will be.

7. Celebrate the wins. Set small goals for 

individuals and the team. Leveraging 

new technology can feel overwhelming. 

Find ways to communicate success 

(think back to those key defi ned goals) 

and share the wins with the team. 

For remote monitoring of electric 

pumping systems, a controller that has 

communication capability is critical. This 

might be a variable frequency drive (VFD) 

that has cellular connectivity onboard. 

From there, the data from the pump and 

sensors is sent from the VFD through the 

cellular modem into the data cloud where it 

is analyzed and interpreted. 

The mobile application on a smartphone 

is unique to the user’s hardware and 

retrieves the equipment data from the 

cloud and presents it in a clean user 

interface that can be accessed through 

the smart device’s screen. In this scenario, 

users do not need to be next to the 

equipment. If there is internet access on 

the smartphone, there will be access to 

the equipment data. This means even 

the irrigation team can take that much-

anticipated vacation and still get the peace 

of mind that the irrigation equipment is 

running as planned.

As process effi ciency and profi tability 

continue to become key drivers for 

agricultural operations, there are concrete 

benefi ts to adopting solutions based on 

innovation and connectivity. 

By applying remote monitoring and 

control of irrigation systems, users can 

not only enable effi ciency improvements, 

labor savings and reduced water usage, 

but also gain greater visibility into 

irrigation processes. This actionable data 

can ultimately help users make smarter 

decisions while freeing up valuable time to 

maximize yield. 

Nicole George is area sales manager-OEM at 
Eaton. She has a bachelor’s degree in mechanical 
engineering from the University of Tennessee and 
an MBA from the University of Florida. For more 
information, visit eaton.com/controlxpert. 
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More than 99% of the population in 252 

coastal communities in the United States 

will have their homes submerged by 2050 if 

left ignored.1 That’s more than 126 million 

people and 40% of the U.S. population.2 But 

how can pumps help turn the tide?

Many coastal communities have a long 

history of stormwater flooding with varying 

solutions to handle it. Unfortunately, sea 

level rise due to climate change is quickly 

making these 100-year storm plans 

inadequate. The 100-year storm used to 

be a maximum limit, but now cities are 

hitting that mark more often and facing 

higher water volumes than ever before due 

to increasing storm severity and frequency. 

Additionally, due to saturation and sea level 

rise, coastal cities that are already at or 

below sea level during high tide are facing 

excessive erosion and higher groundwater 

tables. This means there is a greater risk of 

everyday “sunny-day flooding” if the water 

cannot be stored or dissipated into the 

ground fast enough. 

The desire to live close to large bodies 

of water, be they a river, lake or the ocean, 

has always been a draw to homeowners—

but at what risk? This often leads to 

overdevelopment and densely populated 

coastal towns. When more homes are 

built and the water collection system 

is overtaxed, many cities experience 

infrastructure failure. Municipalities are not 

focusing on the big picture. Unfortunately, 

many cities are built on antiquated, 

gravity-fed sewer systems that are ill-

equipped to handle the larger demand. Due 

to age and stress, if there are leaks in the 

system or if rain and sewage is combined, 

How High-Volume Water Pumps Can Save 
Cities From Rising Sea Levels 

Cost-effective, high-volume water pumps can mitigate the effects of excess stormwater and 
groundwater if coastal cities act now. 

BRETT CLIMAN  | MWI Pumps

IMAGE 1: There is a greater risk of flooding if water can not be stored or dissipated into the ground fast enough. (Images courtesy of MWI Pumps)
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rainwater entering the system adds to the 

volume of water that needs to be treated by 

a wastewater treatment plant before it can 

be discharged, which is a costly endeavor. 

Some cities have invested time and 

money to strengthen infrastructure. 

Combined sewage overflows (CSO) is one 

solution where large underground storage 

tanks handle excessive stormwater so 

contaminated water does not escape 

without being treated. This system provides 

temporary water storage until the system 

can catch up, but as storms get stronger, 

the capacity need will grow. Another cost-

effective solution is pressurized sewage 

systems. Instead of the costly replacement 

of underground sewer pipes with wider 

pipes, the system uses existing pipework to 

pass larger volumes with higher pressures 

via pumps like submersible electric pumps 

found in lift stations. 

Yet another solution would be to invest 

in separating sewer and stormwater 

systems. Since it is more expensive to treat 

sewage than stormwater, this option lowers 

the amount of sewage that needs to be 

treated and cuts down or eliminates the 

need for overflow storage from excessive 

rain events. Sewage bypass pumps can aid 

the building of a secondary system while 

repair or replacement work is being done 

to the existing sewer system, or these can 

help route flows when a new one is built.

Homeowners near coastlines choose 

to accept the risk of living within a 100-

year floodplain or a Federal Emergency 

Management Agency (FEMA) flood zone, 

but may not be aware of what that means 

until a severe weather or tidal event affects 

them. Many expect the city to have plans 

to guard against water issues, but what are 

the cities’ responsibilities? 

Severe hurricanes, tropical storms 

and seasonal events (such as king tides 

in Miami) could mean knocked out or 

overloaded water, sewage or electrical 

systems, flooded roads or basements, and 

costly damage claims. Plus, larger and 

more frequent storms can and will require 

added pumping capacity for communities 

as well as irrigated lands to remove 

additional water. Excess water can also 

become a threat to a city’s potable water in 

the form of saltwater intrusion, which is the 

movement of saline water into freshwater 

aquifers. This can lead to groundwater 

quality degradation, health hazards and 

compromised sewage plants.3

To better protect cities, municipalities 

must accept climate change, review 

short- and long-term mitigation strategies, 

analyze steps to take within their budget 

and begin to implement plans to help 

IMAGE 2: Coastal cities in need of solutions for handling excess stormwater and groundwater have several methods to choose from. One solution is pressurized sewage 

systems, which use existing pipework to pass larger volumes with higher pressures via pumps like submersible electric pumps.
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citizens. Water pumps can be a key element 

in helping cities mitigate damage and 

losses. In the short term, when higher seas 

do not allow water to drain as easily, high-

volume portable flood control pumps can 

provide temporary or seasonal protection 

to bring water levels down pre-storm 

and remove localized floodwaters post-

storm. For long-term proactive solutions, 

temporary to permanent, fully integrated 

stormwater pump stations provide an 

economical, efficient system. 

Solutions for saving communities 

from sea level rise run the gamut from 

temporary to permanent and at varying 

costs. Temporary fixes include mobile 

pumps to move floodwaters after the storm 

and portable flood walls/barriers that can 

protect individual buildings or parking 

lots. More advanced municipal stormwater 

pumping stations can also be installed with 

minimal civil works, saving more than 30% 

of the time and money it would cost to build 

traditional flood control structures.

One of the biggest ideas is to defend 

the shoreline by building sea walls and 

retaining walls. Efforts like these redirect 

erosion elsewhere, creating the need for 

more sea walls or trapping water against the 

walls, which could do more harm than good. 

Building sea walls is costly, unsustainable, 

unappealing and temporary since the 

average life span is only 25 to 30 years and 

the pounding or rising of water can make 

them ineffective. Alternate plans to building 

solid sea walls include creating natural 
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Without action, by 2040, building 

sea walls for U.S. coastal cities  

and communities with less than  

a population of 25,000 will cost 

$400 billion.4

▲

The Rising Cost  
of Sea Walls

COVER SERIES: Groundwater/Stormwater

IMAGE 3: More advanced stormwater pumping stations can be installed with minimal civil works.
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infrastructure buffers or “living shorelines” 

via mangroves, reefs, marshes, beaches and 

seagrass that help to break up large storm 

surge while slowing land sinkage. 

More costly and difficult plans include 

raising buildings and roads, vacating the 

first floor of buildings, replacing degrading 

infrastructure, strengthening codes or 

building elevations, homeowner buyouts 

and relocating residents or entire towns. 

A good example of critical structures 

that will need raising or relocating are 

pump stations. High-volume water pumps 

can act as the filtration or wastewater 

treatment pumps within the station 

but can also be used for pump station 

bypass to keep the water flowing while 

the station is rebuilt, raised or relocated. 

Additionally, engineering will be necessary 

to help cities prepare its infrastructure. 

Decision-makers may see this as a failed 

return on investment since money is spent 

on planning and not actually building 

anything. Progressive pump companies 

often can help by providing free, in-house 

certified engineering and support for 

flood control pump planning and water 

mitigation strategies. 

These options are time consuming, 

costly and require federal, state and local 

support as well as funding that goes beyond 

what individual communities can do alone. 

Most towns do not have a master plan for a 

long-term water mitigation strategy. Many 

rely on a reactive approach to fix what they 

can now and deal with long-term plans if 

there is leftover funding. Unfortunately, 

most state and federal funding is based 

on a reactive approach. A good example 

is FEMA’s approach to help communities 

rebuild from disasters after a storm, yet 

the agency does not provide the same 

funding to prevent imminent destruction 

from happening before a storm hits. With 

a proactive approach to protection and 

careful planning, every $1 spent on disaster 

mitigation can save $6 in disaster relief.5

High-volume water pumps are critical 

elements of a two-pronged solution. They 

can help with the short-term, reactive 

approach by removing water after the 

storm or helping bypass while work is being 

done to existing structures. Pumps can 

also become a foundation for a long-term, 

proactive approach of aiding in building 

stronger, waterproof communities with 

permanent pump stations and protection 

for the future. 
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Growth in America’s greenhouse 

horticulture market—projected in 2019 

at a compound annual growth rate of 

11.3% from 2018 to 2023 by Wise Guys 

Reports—is driving strong demand for 

accurate, versatile mixing systems that 

can deliver nutrients, growth stimulants, 

crop protection products and even air into 

irrigation and hydroponic systems. 

Today’s closed-system farms—

greenhouses and vertical farms—are 

built around smart systems that precisely 

administer inputs and react to changes 

in crop stage or environment. In short, 

they provide perfect growth conditions, 

not just for crops that range from cabbage 

to cannabis, but for pumps and systems 

experts, too.  

Closed-system farms are taking 

many shapes, from classic glass-roofed 

greenhouses of all sizes to compact freight 

farm installations inside 40-foot shipping 

containers, a 90,000-square-foot AeroFarms 

site being constructed now in Abu Dhabi, 

and a 150,000-square-foot vertical farming 

project by Britain’s Jones Food Company 

taking shape in Danville, Virginia.

Few industries have captured the 

imagination of both farmers and Silicon 

Valley entrepreneurs like indoor agriculture. 

Foodies salivate over the chance to savor 

truly local produce in crowded cities. 

Utopians celebrate the chance to provide 

nutritious produce to people in food deserts 

and supply-short supply chains. And 

no-nonsense pragmatists see dollar signs 

where top-quality fruits and vegetables can 

meet high-paying markets without running 

up astronomical freight bills. 

High Inputs

Plenty, which is developing warehouse-

scale indoor farms from coast to coast  

with investment from the likes of  

Amazon’s Jeff Bezos, says 1 square foot of 

one of its vertical farms can yield 350  

times as much produce each year as a 

square foot of farmland. Plenty also  

says its produce requires just 1% of 

the land and 5% of the water used in 

conventional vegetable production.

Every drop of water in closed-system 

indoor farms is managed carefully. In drip-

irrigated and hydroponic systems, water is 

more than just vital nourishment for plants; 

it is also the delivery mechanism for plant 

nutrients, crop protection and air around 

their roots. Everything about that water—

from sourcing it (often from municipal 

supplies) to the inputs it carries to the 

energy required to treat, deliver and recycle 

it—is costly. So, efficiently managing every 

ounce, as well as every ounce of the other 

materials it carries, is key.

State-of-the-art closed-system farm 

management has its roots in the long 

history of greenhouse production. And for 

generations, greenhouse managers have 

relied on either water-run pumps or Venturi 

injectors for dosing and mixing inputs 

into their water. As closed-system farms 

become more precise, growers are assessing 

their choices with an eye toward ever-

greater precision and efficiency.

Dueling Technologies

Water-run pumps use pressure from the 

irrigation flow to push up an injector 

piston, which draws in a dose of fertilizer 

or chemical before being forced back down 

by a spring. Each pulse delivers a known 

quantity into the sealed chamber, and 

injection rates are calculated as a ratio 

to the flow of irrigation water through 

Growing 
Season for 
Closed-System 
Farms

Indoor farms rely on accurate, 
efficient water systems.

JIM LAURIA  | Mazzei Injector Company

IMAGE 1: Indoor agriculture requires accurate, 
versatile mixing systems to maintain both 
productivity and profitability. (Image courtesy of 
Mazzei Injector Company)

IMAGE 2: Closed-system farming uses precise management and tightly packed crops to create extraordinary 
yields of high-quality produce. (Image courtesy of Mazzei Injector Company)
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the main line. Venturi injectors use flow 

pressure to compress a stream of water 

 in a constricting conical inlet chamber  

and then release it through its outlet  

port. As the flow expands in the outlet  

port, it creates a vacuum that draws in 

nutrients, chemicals or air and mixes it 

thoroughly. Injection in Venturi systems is 

measured in percentages (parts per million 

or gallons per acre).  

Venturi injectors contain no moving 

parts, so there is minimal wear and virtually 

no maintenance. In contrast, water-run 

pumps require regular replacement of seals 

and springs, which increase capital and 

maintenance costs. Venturi injectors can  

be specified in sizes ranging from a half-

inch to 4-inches in diameter and controlled 

with almost infinite precision, and they 

blend injected materials into the irrigation 

stream evenly.

A Venturi injector creates a 

homogeneous mixture that is going out 

into that irrigation system. Water-run 

pumps usually require a mixing chamber 

or static mixer. Users must also consider 

compatibility with biological products like 

Check 117 on index.

IMAGE 4: A Venturi injector can be used in  
an automatic fertigation unit, manual mixing 
process or air injection system, using the flow  
of irrigation water to create a vacuum that draws 
and mixes inputs. (Image courtesy of Mazzei 
Injector Company)

IMAGE 3: Vertical farms—like this Plenty facility—are every bit as tuned as high-tech production plants and 
require precision mixing of nutrients, crop protection products and even water. (Image courtesy of Plenty)
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compost teas or microbial pesticides;  

pistons can exert a lot of force and tear up  

the microbes.

Under Pressure

Venturis create a pressure differential of about 

25% between the chambers. They can be used 

for modern drip and hydroponic systems, 

which typically run at 8 to 12 pounds per 

square inch (psi), which is less than the 30 or 

40 psi mainline pressure.

Aerated Irrigation Water

The injection system can aerate the crop root 

zone. International studies of the air injection 

systems—which use a Venturi to inject air into 

irrigation water—indicate that aerating the 

root zone increases yield and quality in a wide 

range of crops.

A recent study at the Center for Irrigation 

Technology at California State University, 

Fresno, and Memorial University of 

Newfoundland, Canada, suggested that this 

type of technology improved nitrogen use 

efficiency, reduced nitrogen oxide production 

potential, and altered the microbial  

population of the soil in favor of aerobic 

bacteria that tends to coincide with more 

vigorous crop growth. 

Root zone air injection with Venturis  

can improve an operation’s carbon footprint, as 

well as its energy bill. Air can also be injected 

with microbubble and nanobubble systems, 

but as with water-run pumps, they require 

energy and maintenance. 

Given the mission of most closed-system 

farms to raise the bar on food quality and 

lower their carbon footprint, pump and 

systems professionals should consider using 

Venturi injectors and other sophisticated tools 

to help take these facilities to the next level 

and make urban farmers’ space-age dreams 

come true. 

Jim Lauria is vice president of sales and  
marketing for Mazzei Injector Company, a fluid  
design company that manufactures mixing and 
contacting systems. He is a leader in the water treatment 
field with a proven track record of revenue growth, profit 
improvement and new business development. Lauria 
earned a bachelor’s degree in chemical engineering from 
Manhattan College. He can be contacted at jlauria@
mazzei.net. For more information, visit mazzei.net.

IMAGE 5: Vertical farming company Plenty says its growing facilities yield 350 times more produce 
per square foot than conventional farmland, with just 1% of the land and 5% of the water. (Image 
courtesy of Plenty)
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When we look back on the COVID-19 

pandemic at some future date, we 

may marvel at all the ways society was 

prepared for the challenges that the novel 

coronavirus presented.  

Existing technologies enabled 

large numbers of people to work 

remotely virtually overnight. Creative 

accommodations made it possible for 

essential workers to interact safely with the 

public while keeping communities and the 

economy going. 

The events of 2020 also laid bare gaps 

that still need to be filled, including some 

in the pumps and systems industry. With 

scientists warning that more pandemics 

are coming, and with the frequency and 

severity of natural disasters also on the rise, 

there is much work to do. 

Municipalities in some parts of the 

country face new pressures to make 

pumping stations and other infrastructure 

more resilient. Now is the time to start 

applying the valuable lessons learned  

from these unplanned events. 

1
Lesson 1: More IIoT Is Needed to 

Make Remote Operations Possible 

The highly contagious nature of COVID-19 

forced every segment of society to rethink 

the need for face-to-face interaction, 

resulting in accelerated use of remote 

monitoring, control and communication 

systems across many industries. The 

applications for remotely operated 

systems, however, extend far beyond a 

pandemic. Hurricanes, floods and other 

natural disasters also pose safety risks 

and complicate in-person operation of the 

critical pumping and flood control systems 

needed to limit catastrophic damage. 

Industrial internet of things (IIoT) 

technologies can play crucial roles in these 

events. For example, in hurricane-prone 

areas, heavy debris, storm surges and 

flooding can create dangerous conditions 

for those responsible for monitoring 

and maintaining pumping and other 

systems. Vibration, temperature and flow 

sensors mounted on a motor or on system 

components can be monitored remotely 

with IoT to detect potential problems or 

understand a disaster’s impacts. 

The good news is that the use of sensors 

is on the rise, as are the capabilities of the 

latest IIoT technologies. But the build-out 

is still in its early stages. Moving forward, 

look for all-in-one universal solutions that 

are brand and product agnostic, and that 

can manage an overall monitoring and 

control system from a single dashboard. 

2
Lesson 2: Preparing for the 

Unknown Is Easier With a  

Systems Approach

From vaccine development to safety 

protocols, the pandemic reminds us of the 

value of taking a systemic approach to 

problem-solving. 

The same is true for flood control and  

for other pumping-related issues. Consider 

the city of New Orleans, which sits below 

sea level and where municipal pump 

stations must be designed to manage  

500-year floods. 

Knowing that a single station can  

pump 30,000 gallons per minute (gpm)  

is important. 

But it is more valuable to understand 

how that station interacts with the larger 

system of levees, pumps and floodgates 

during a storm surge or hurricane. 

When contemplating future replacement 

plans, cities and their engineering teams 

should consider expected downtime, as well 

as the efficiencies and protections needed 

for the system. Even after adaptations have 

been made, maintenance activities should 

focus on mitigating risk and ensuring that 

motors, pumps and entire systems perform 

as intended. 

3
Lesson 3:  Pump Station 

Solutions Are Not  

One-Size-Fits-All Solutions

Like pandemic responses, not all pump 

station designs are appropriate in every 

situation. For small systems where 

downtime does not come at a high cost, 

Planning for the Unexpected:  
5 Lessons Learned From COVID-19 

Pandemic offers valuable perspectives for other disasters such as hurricanes and storm surges. 

PATRICK HOGG & JEFF GOLDBERG  | Nidec Motor Corporation

IMAGE 1: Large branded vertical motors pumping 
water away from a public pumping station. (Images 
courtesy of Nidec Motor Corporation)

COVER SERIES: Groundwater/Stormwater
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general motor specifi cations may be 

perfectly appropriate. Those specs, however, 

may fall short for mission-critical pumps, 

especially those that must withstand the 

harsh conditions that often accompany 

a disaster. 

In New Orleans, for example, electric 

motor-powered pump stations in low-

lying downtown areas are designed to 

pump water continuously into channels in 

normal conditions and during storms when 

fl ooding occurs. But diesel-powered engines 

are needed to build redundancy into the 

system to ensure operation and water 

removal in the most severe cases. Similarly, 

in Houston, humid conditions and heavy 

windblown rain require that motors receive 

other special protections. In Arizona, by 

contrast, pump stations located in desert 

conditions may need protection from heat 

and sand, which can have a corrosive effect 

on motor and pump parts. 

Engineers must take rainfall, elevation, 

water levels and other environmental 

factors into consideration when specifying 

is
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IMAGE 2: Adding in IIoT equipment can minimize business disruptions by remotely monitoring equipment 
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pump station protections. The key is 

to spec motors and other components 

appropriately without applying more specs 

to the system. Engineers who regularly work 

with motor manufacturers understand the 

environmental conditions that demand 

extra protection. 

4Lesson 4: Energy Efficiency 

Should Not Be the Sole 

Consideration in Motor Selection

In a pandemic, our priorities change. 

For example, we may choose safety over 

economy. Priorities may also change 

when designing pump stations to operate 

in a natural disaster. While motor energy 

efficiency is important, it should not 

necessarily be the deciding factor. Consider 

fire pump motors, which rarely run. When 

needed, reliability and pump output—not 

energy efficiency—is what matters and 

should drive selection.  

For pump station motors that run 

continuously, efficiency is typically a top 

consideration. But, the second- and third-

tier pump stations, activated only after a 

storm surge or massive rain, play a critical 

role in preventing water from overwhelming 

a system. It is important to understand the 

pump’s environment and how the pump, 

motor and drive fit into the larger system. 

Motor selection for these pumps should be 

based on ensuring they have the power they 

need when they need it. 

5Lesson 5: Engineers & Motor 

Manufacturers Should Be 

Working Together

A bright spot of the pandemic has been the 

medical and technological breakthroughs 

achieved through interdisciplinary 

collaboration. Moving forward, the pump 

and systems industry can do a better job of 

following this example.   

Working together, motor manufacturers, 

pump engineers, and others can leverage 

IoT and machine-learning to eliminate 

high-failure components and create more 

reliable systems. Engineers are encouraged 

to get involved in industry standard 

committees to stay abreast of the latest 

integrated motor-drives, especially those 

that use IoT to enable communication 

with and between system components and 

improve overall system reliability. 

Conversely, motor manufacturers can 

benefit from learning more about how 

their motors integrate with larger pumping 

systems. By solving problems at the system 

level, customers are more likely to get the 

solutions they need. And we will all be 

better prepared for whatever comes next. 
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Last year was challenging on many fronts, 

but especially as it relates to hurricanes. It 

was the most active and seventh costliest 

Atlantic hurricane season on record. There 

were 30 named storms, 13 of which 

became hurricanes. In August, Hurricane 

Laura became a Category 4. Hurricane 

Delta made landfall in the United States 

in October and was also a Category 4. 

Hurricane Eta (Category 4) and Hurricane 

Iota (Category 5) were also devastating.  

Subject matter experts from Mersino 

answered some questions about how the 

pump industry responded to challenging 

situations from fl oodwaters, stormwater 

and more. Here are answers from Brian 

Courtney, branch manager of the Houston 

branch, Matt Donahue, senior fl eet 

coordinator, and Rodney Davis, branch 

manager of the Daytona branch.

How challenging was this 

hurricane season compared to 

years past?

MERSINO: We have branches nationwide, 

so the fact that the hurricanes were not 

as widespread as they have been in the 

past was a new challenge this year. There 

were several hurricanes which hit the same 

region within weeks/months of each other. 

We stayed on top of equipment, making 

sure we were ready for anything and 

mobilized in advance to ensure immediate 

availability and delivery to our customers.

What lessons from years 

past helped you prepare for 

this year?

MERSINO: As always, we made sure all 

our equipment was fully functional and 

ready to rent. Based on past experience, we 

found it very helpful to have travel trailers 

for crews to stay in while maintaining 

equipment as well as loading and 

unloading, as hotel rooms are generally not 

available during these times.

What types of pumps/

equipment were used mostly 

for hurricane/storm recovery?

MERSINO: It varies based on the storm 

and the type of recovery required, but this 

year, we primarily mobilized generators to 

assist in areas experiencing power outages. 

We also delivered pumps to help recover 

from fl ooding in some areas, although fl ood 

events were minimal this year.

What were the biggest lessons 

you learned this year (for OEMs 

and end users) that can be 

applied to the future?

MERSINO: The biggest lesson we’ve 

learned over the years is that preparation 

is the key. Proactively ensuring all of our 

equipment is mobilized to the appropriate 

region ahead of the storm, having personnel 

trained and prepared for these emergency 

events, and making sure everyone on the 

team understands that in these types of 

situations, it’s all hands on deck.

How can the industry 

(competitors) work together 

to ensure the best possible 

outcomes in these events?

MERSINO: We all need to remain 

competitive in pricing of equipment and 

freight, and we need to work together to 

help the communities in need. 

How was the groundwater/

stormwater/dewatering 

industry most affected by 

COVID-19 last year, and did it 

lead to changes in operations, especially 

in recovery efforts?

MERSINO: The only slowdown we 

experienced was due to our customers 

postponing or canceling projects due 

to COVID-19 restrictions at their companies. 

Mersino services have been deemed to be 

essential, so we have been on the job and 

ready to work as usual throughout the 

[past] year, always following the current 

health guidelines and safety protocols. 

How the Pump Industry Responded to a 
Challenging Hurricane Season 

Mersino experts explain how to prepare when severe storms are on the horizon. 

DREW CHAMPLIN  | Pumps & Systems

Drew Champlin is managing editor of Pumps 
& Systems. He may be reached at dchamplin@
cahabamedia.com.
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Houston Public Works provides drinking 

water to its communities through six public 

water systems. One of the systems, the 

Willowchase system, provides water to 

approximately 13,500 people and relies 

solely on groundwater. Four facilities in 

the system—Willowchase, Centerfield 

District 254, Willowbrook District 159 and 

Willowbrook West District 237—provide an 

average of 2.1 million gallons per day to 

customers. Originally, these groundwater 

facilities, which were constructed more 

than three decades ago, were operated by 

municipal utility districts. Later, ownership 

and operations of these facilities were 

transferred to Houston Public Works.  

In June 2014, Houston Public Works 

began implementation of improvements 

to 11 drinking water facilities, including 

the four in the Willowchase system, 

to optimize operations, streamline 

maintenance activities and replace worn-

out and obsolete equipment. A national 

planning, engineering and program 

management firm was hired to design 

these improvements. Specifically, the 

improvements included replacement/

rehabilitation of booster pumps, isolation 

and control valves, aboveground piping 

and related appurtenances, as well as 

electrical and supervisory control and data 

acquisition (SCADA) components.

To start, the engineering firm performed 

a comprehensive evaluation of all the 

facilities in the Willowchase system. 

The project team reviewed available 

record drawings, took photos, collected 

data, carried out site investigations, 

tested the equipment and performed 

engineering analyses. In certain cases, 

the record drawings did not match the site 

Collaborative Approach Enables Improvements 
at Texas Groundwater Facilities 

Determining construction sequence, navigating COVID-19 were among challenges. 

MELISSA MACK  | Lockwood, Andrews & Newnam, Inc.

IMAGE 1: Willowchase Public Water System (Images courtesy of LAN)

IMAGE 2: Pump performance curves under different head and flow conditions 
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observations. To reconcile the differences, 

the project team created sketches and 

computer-aided design (CAD) drawings 

to develop a basis for the design. The 

project team also held discussions with 

Houston Public Works’ operations staff, 

listened to their concerns, and added the 

improvements needed at various sites. 

These included replacing motor control 

centers to improve reliability, adding 

butterfly valves to minimize impacts of 

water line shutdowns, making SCADA 

changes to meet current standards, and 

upgrading the drainage at one facility. 

Project Challenges

Once the project got underway, the 

engineer and the contractor faced 

numerous challenges. Chief among them 

was identifying and selecting the right 

pumps for Houston Public Works’ operating 

conditions. Typically, newer facilities are 

designed with expansion in mind and 

equipment space is provided for future 

work. But, given the age of these four 

facilities, engineers had to consider the 

limited space requirements available. Also, 

Houston Public Works wanted to replace 

pumps in-kind, which was not easy given 

the industry changes that have happened 

over the last three decades. Specifically, 

many of the existing installations did 

not meet current Hydraulic Institute 

standards for suction inlet piping, requiring 

piping modifications if space allowed. 

Also, many of the original installed pump 

models were no longer available. Most 

importantly, the pumps for each facility 

were originally designed to pump water 

to a distribution system for a specific area 

of the neighborhood at a specific head 

condition or pressure plane. Now, the once 

independent facilities were required to 

work as part of an integrated system on a 

common pressure plane. 

To satisfy these requirements, the 

project team modeled the facilities to 

understand their hydraulic relationship 

with each other. They also evaluated 

historical SCADA data to determine the 

head and flow conditions needed for the 

pumps. After plotting and analyzing the 

pump performance curves, the project team 

recommended against using in-kind pumps 

and provided pump specifications with the 

optimum head and flow range.  

After installing the pumps on-site, the 

contractor observed that they were not 

operating as anticipated. The project team 

discovered that the Texas Department of 

Transportation had made roadway and 

associated water line improvements in 

an area that Houston Public Works did 

not know about. Consequently, the flow 

conditions were different than the ones 

specified during design. The pumps in one 

facility were fighting against the pumps 

in another facility and were not producing 

the required flows. To resolve the issue, the 

project team performed controlled field 

tests under different conditions for several 

days. During each test, the engineers 

recorded the flow and pressure data. First, 

the pumps were tested under lower flows, 

then a valve on the discharge header was 

Check 116 on index.
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opened to produce more fl ow. This process 

was repeated for each pump individually 

until the pumps delivered the optimum 

hydraulic performance to work in tandem 

with each other. 

Another challenge was determining the 

construction sequence so Houston Public 

Works could continue serving customers 

when facilities are out of service, while 

keeping the construction costs low. 

Houston Public Works serves major 

customers such as the Houston Methodist 

Willowbrook Hospital and Willowbrook 

Mall. As such, Houston Public Works 

stipulated that no more than one facility in 

the Willowchase area could be shut down 

to meet system demands. Also, two of the 

groundwater facilities are located north 

of FM 1960 (a major highway) and two 

are located to the south. Houston Public 

Works required that at least one of these 

facilities, either north or south of FM 1960, 

always remain in operation. Considering 

these requirements, the engineering fi rm 

provided the contractor two construction 

schedules to complete the work on all 

four facilities. The schedules took into 

account winter periods, lag time to avoid 

shutdowns during summer months 

when demand is typically high, as well 

as potential setbacks such as delays in 

equipment, procurement, inspections, 

SCADA troubleshooting and training. 

The ensuing COVID-19 pandemic 

added another complication during 

construction. High water pressure due to 

closed businesses led to false test results. 

To reduce system water pressure, another 

facility was shut down.

Lessons Learned

One of the keys to the project’s success 

to-date has been the collaboration 

with the operations staff. In addition 

to working with Houston Public Works’ 

engineering group, which is responsible 

for implementing the project, design 

engineers held meetings with staff who 

run the facilities’ mechanical, electrical, 

civil and SCADA operations. 

During these meetings, the project 

engineers realized that the operations 

staff had varying needs. With staff having 

limited time to review design drawings, 

mini workshops were held to get input at 

different stages of the design. This helped 

the design team deliver the end product to 

everyone’s satisfaction.

Communication was another 

critical factor. The Willowchase system 

improvements were part of a group of 

projects that Houston Public Works was 

implementing at the same time. As such, 

documenting and communicating the 

decisions made at various stages of the 

project was important to maximize the  

time during reviews.  

Melissa Mack, P.E is a principal and vice president 
at Lockwood, Andrews & Newnam, Inc. (LAN), 
a national planning, engineering and program 
management fi rm. She may be reached at 
mcmack@lan-inc.com. For more information, visit 
lan-inc.com.

• Full Port Flow

• 1/2” to 6” Sizes 

• 3-way or Multiport 

Flow Patterns

• ISO 5211 Mount Pad

• In Stock and Ready 

To Ship

Stainless Steel and 

Carbon Steel Available

Call Inline 

at (800) 568-8998 

or visit 

www.ballvalve.com

800-568-8998

info@ballvalve.com

www.ballvalve.com

Inline 
509 Series 
Ball Valve

BPE-2002ISO 9001

3
68-00

NSF/ANSI 61 & 372

C
h

e
c

k
 1

2
2

 o
n

 i
n

d
e

x
.

IMAGE 3: Centerfi eld District 254 facility improvements were completed in June 2020.
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Wet wipe producers are under pressure to 

meet demanding customer timelines. The 

inability to meet a deadline means the 

opportunity is gone, possibly for good. It 

is tough to meet those timelines when wet 

wipe producers spend so much time on 

nonbillable tasks, such as cleaning tanks. 

If a user is spending a lot of time cleaning 

tanks and struggling to meet batching 

schedules, it might be time to look into an 

inline blending system.

Benefi ts of Inline Blending Systems

Produce more in less time

Getting more product from existing tank 

space is a benefi t of inline blending 

systems. In one case study, a wet wipe 

manufacturer produced chemicals for 

wipes in batches. It took about 90 minutes 

to make a complete batch. 

Then, the user started the process again, 

cleaning the tank, adding ingredients 

and then blending. Cleaning the tank and 

the labor involved in adding ingredients 

for blending was a lot of work and a lot of 

wasted time.

The user implemented an inline 

blending system that allowed them to 

make a 20x concentrate in the same tank. 

The concentrate was diluted with water 

after leaving the batch tank. Now, instead 

of consuming a batch in 90 minutes and 

restarting the cleaning/blending process, 

the concentrate is consumed in 30 hours. 

Maximize fl oor space

Inline blending systems bring a number 

of benefi ts to wet wipe producers. The 

fi rst of which is fl oor space. During this 

new era where wet wipes (especially 

disinfecting wet wipes) are fl ying off 

the shelves, wet wipe manufacturers are 

challenged with increasing production 

while maintaining the fl oor space they 

already have.

A skidded inline blending system is 

compact. Good system designers create the 

smallest footprint possible while making 

each piece of equipment accessible for 

servicing. Inline blending also requires 

fewer tanks to prepare to feed the lines. 

Maintain consistency

Another benefi t of inline blending is a 

more consistent product. When using a 

concentrated base plus water, the fi nal 

blend tends to be more homogeneous 

than in-tank blending methods. 

The demand for wipes will not slow 

down any time soon. Now is the time 

for users to make investments in their 

facility to increase throughput. If a plant is 

struggling to keep up with the demand for 

wet wipes due to constant tank cleaning 

and mixing, it should look into an inline 

blending solution.

The addition of a single piece of 

equipment could stop profi ts from being 

wiped away. 

Using Inline Blending to Meet 
Production Schedules

Producing more, maximizing fl oor space and maintaining consistency are benefi ts.

LANE PITTNER  | Crane Engineering

The demand for wipes will not slow 

down any time soon. Now is the time 

for users to make investments in their 

facility to increase throughput. 

Lane Pittner is manager of the Optifl ow Systems 
group at Crane Engineering. He has been with 
the company since 2008. He may be reached at 
l.pittner@craneengineering.net. For more information, 
visit craneengineering.net.

IMAGE 1: An inline blending system can be 
created on a small footprint with each piece 
readily accessible for servicing. (Image courtesy of 
Crane Engineering)

PHARMACEUTICAL/COSMETICS PROCESSING
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PUMP CURVES

There is no denying that the United States 
Environmental Protection Agency (EPA) 
Final Tier IV-compliant engines are more 
complex than their predecessors. If a 
Tier IV engine gives an error code—and 
the pump stops running—there is no 
time for a learning curve. That is what 
makes selecting the right pump engine so 
important to operators and owners. 

In the past, the most common practice 
was to err on oversizing a diesel engine for 
the pump. Pump curves provided insight 
into what this maximum capacity should 
be; yet with Tier IV engines, bigger is not 
always better. In fact, this type of thinking 
can not only hurt the engine in the long 
run, but also the initial investment that is 
probably being overspent, with expensive 
and time-consuming repairs coming 
down the road. Engines are designed to 
run around 1,800 revolutions per minute 
(rpm), and when they are not running at 
this speed long enough—say, they are 
idling for too long—it can cause problems 
and affect an engine’s life span. It can also 
hurt the pump. Engines work better when 
they run under high load. At lower speeds, 
the load put on the engine from the pump 
is reduced. Low load combined with low 
speeds is a bad combination for Final Tier 
IV engines.

Package curves look at a pump’s 
performance in a new way—creating a 
more specific recommendation for a pump 
and engine package. They show a targeted, 
ideal range needed to run a pump. 

What Are Package Curves? 
Pump curves have been around for  
decades and communicate a simple 
concept: pump performance. 

Package Curves Bring Clarity to  
Final Tier IV Engine Unknowns
Understand the benefits of package curves for pump operators and owners.

CHRIS NELSON & RJ GATES  |  Franklin Electric 

PUMP CURVES

IMAGE 1: Typical pump curve illustrates the performance range of the pump end regardless of engine 
or motor. (Images courtesy of Franklin Electric)

IMAGE 2: New package curve overlays performance boundaries onto pump curve based on the engine.



PUMPSANDSYSTEMS.COM        39

Package curves take this a step further—adding another 
dimension to the curves by specifically showing what size engine 
will run most efficiently with a pump, while still delivering 
optimum performance. These curves are meant to provide the 
right information in the simplest way possible and do not require 
a Final Tier IV expert to understand them. Package curves use 
color coded zones to illustrate boundaries of operation for the 
pump and engine.

Sizing Engines
The traditional way of sizing a diesel engine for a pump was to 
oversize it based on the performance curve. A user would look 
at the pump curve and size an engine that covers the power 
required at maximum speed. However, underusing a Final Tier 
IV engine can cause problems—operating an engine too low, 
for too long can create damage. Today’s Final Tier IV engines 
are more expensive and harder to repair than previous versions. 
Technicians are still learning about these engines. That means 
it is more important than ever to run the engine in a way that 
maximizes its life span and performance. For example, if an 
engine runs at low speed for an extended  period of time, it 
can create problems with the engine, including shortened life, 
emergency service requirements, inefficient diesel exhaust fluid 
(DEF) or fuel consumption and other issues. 

Pump life and longevity can also benefit from these new 
curves. Running at extreme speeds can cause excessive 
vibration, which is clearly marked on the package curve as a red 
or yellow zone of operation. 

The recommended area of operation for the pump package 
is marked in green on the package curve (Image 2). Following 
these guidelines will ensure maximum life of the pump. 

In terms of efficiency, the benefits go beyond operating and 
life span: package curves help users invest in the right-sized 
engine from the start. When following the package curves, users 
can get a correctly sized engine for the pump, which improves 
fuel efficiency and DEF consumption rates. 

Lower Cost of Ownership
Package curves help owners and end users operate pump 
packages within a safe zone—ensuring longer life, reduced 
maintenance costs and lower cost of ownership. They can also 
help personnel in the field feel more confident with Final Tier 
IV engines by illustrating exactly where they can and cannot 
operate the pump. The changes brought on by EPA regulations 
for Final Tier IV have created new challenges, and by extension 
added time and cost into operations. These specialized package 
curves provide a clean and simple way to reduce uncertainty and 
improve performance and longevity of the product.  

Chris Nelson is the director of industrial distribution sales at Franklin Electric.  
 
RJ Gates is the global engineering manager at Franklin Electric. For more 
information, visit pioneerpump.com or franklinengineered.com. 
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VIBRATION ANALYSIS

Vertical pumps are used in many 

applications where limited surface area 

is available and a smaller footprint is 

required. When these pumps run smoothly, 

they provide long-term operation. When 

problems do occur, diagnosing the problem 

can be challenging. Electrical signature 

analysis (ESA) identifies faults in rotating 

equipment that present challenges with 

other technologies. This case study shows 

how ESA was used to identify issues in two 

cooling water pumps with 30-foot shafts in 

a commercial nuclear power plant.  

Cooling water pumps cool the condensed 

steam from the steam turbine. The 

condensed steam or condensate is then fed 

to the high-pressure pumps that circulate 

water through the steam generator in many 

nuclear power plants. The steam generator 

is a heat exchanger that converts feedwater 

to the steam required to turn the steam 

turbines that drive the generators that 

produce electricity. 

Vertically mounted pumps are being 

used to reduce the mounting surface area 

while providing the wide range of operation 

required to produce the head necessary 

for the high-pressure feed pumps. These 

pumps can have a long life span, however, 

when a problem does occur, it is difficult to 

diagnose using conventional technologies 

such as machinery vibration analysis (MVA). 

Two of the four pumps in question 

experienced issues. The maintenance team 

conducted machinery vibration, pressure 

and flow tests, and contracted Bob Dunn 

of I&E Central in Pittsford, New York, to 

perform power quality and ESA on the 

two 350-horsepower (hp), 480-volt motors 

driving the pumps using a motor analyzer/

power quality analyzer.

The Electric Power Research Institute 

(EPRI) (NP-5704M) and Mechanical 

Technology Inc. conducted a study 

regarding vibration monitoring of vertical 

pumps in the late 1980s that highlighted 

the confusion with MVA. The study’s 

conclusion was that “in order to detect 

the early onset of pump problems, it is 

necessary to mount vibration sensors in 

the submerged (wet) portion of the pumps.” 

There were no sensors mounted in the wet 

portion of the pumps, and so vibration data 

taken from the motor combined with the 

flow and pressure studies provided no clues 

as to the cause of the performance issues. 

How ESA Works

ESA uses the motor as the transducer to 

identify faults in the entire motor system. 

ESA connects current probes and voltage 

leads to the motor’s input supply leads 

and performs several tests. ESA performs 

a simultaneous data capture of all three 

phases of voltage and current for power 

quality analysis, captures a live time 

display of all three phases of voltage and 

current waveforms for a visual display, 

and performs an analog to digital (A/D) 

conversion of the motor’s voltage and 

current live time signals for input into the 

ESA. This information is used to create 

the displays, graphs and tools required for 

a complete fast Fourier transform (FFT) 

analysis of the motor. 

The motor’s current acts as a sensitive 

transducer that identifies mechanical, 

electrical or hydraulic issues within the 

system starting with incoming power, 

the motor, the driven machine and any 

anomalies in the process itself. The motor 

analyzer software collected and transmitted 

the data via Bluetooth, allowing Dunn and 

the maintenance team to remain a safe 

distance from energized equipment.   

Electrical Signature Analysis in  
Vertical Condensate Pumps

How flow-related resonance was identified as an issue at a commercial nuclear power plant.

WILLIAM KRUGER  | All-Test Pro

IMAGE 1: Typical nuclear power plant layout (Images courtesy of All-Test Pro)
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Power Quality

The power quality table (Image 2) 

establishes all voltages, current and power 

are balanced and within normal range, 

producing 87.9% load, indicating good 

power quality. 

Electrical Spectrum

Both the low- and high-frequency current 

spectral data confirm there were no 

electrical or mechanical issues relating to 

the operation or the rotation of the motors 

or the pumps with the performance issues. 

This was consistent with the vibration and 

the flow and pressure tests. 

However, the expanded display of 

the root mean square (RMS) current 

trace shows current modulation 

of approximately 8.5 amps. The 

accompanying low-frequency spectral 

display from the FFT reveals broadband 

peaks in the demodulation spectrum at 

around 10 hertz (Hz). The spectral peaks at 

these frequencies are normally caused by 

pulsations or nonlaminar flow in the  

fluid system.  

Once ESA determined that the root 

cause of the performance issues was flow 

related resonance (FRR), it was determined 

that the FRR was caused by flow dynamics 

in the lake supplying the cooling water. 

Adjustments to the operations of the 

pump combinations were made to not 

operate the affected pumps when the 

specific conditions that caused the 

problem existed. These procedures allowed 

the plant to meet the nuclear power 

plant’s performance requirements. During 

the ESA testing it was also discovered 

that two of the pumps had alignment and 

foundation issues.  

Most plants are aware of using ESA to 

determine power quality or for identifying 

faults in electrical equipment, but users 

are surprised at its ability to identify 

mechanical faults in the driven equipment 

or any anomalies in the operation or 

the process itself. The speed at which 

ESA identifies anomalies makes it an 

excellent tool for the detection, as well 

as the analysis phases, of predictive 

maintenance programs. It is not limited 

by the frequency limits associated with 

vibration and ultrasonics, line of sight 

and emissivity with thermography. 

As discussed above, it also provides 

advantages in identifying faults in 

locations that are difficult to locate 

with sensors due to inaccessibility, 

environmental or safety issues. 

Since ESA uses the electrical 

equipment voltage and current as the 

indicator of faults, anomalies or any 

other issues, it provides measurements 

of all the variables required to determine 

efficiencies, demand and load. Since it 

does not rely on Newton’s second law (F 

= ma) to create the measurable motion 

required to be detectable by vibration, 

ESA can detect most faults earlier than 

vibration and other technologies. 

William Kruger is the training technical manager 
for ALL-TEST Pro, LLC . With more than 50 years of 
experience, Kruger has traveled the world teaching 
the theory and application of motor diagnostics.  
Kruger holds a bachelor’s degree from San Diego 
University. For more information, visit alltestpro.com

IMAGE 3: Low frequency data
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PIPING DESIGN

Part 1 of this article (featured in the 

November 2020 issue of Pumps & 

Systems) focused on the pros and cons of 

spreadsheets versus modeling software. 

Additional Pipe Sizing 

Considerations

With hydraulic solvers a dime a dozen, 

design work has shifted focus to analysis 

and design alternatives. Through improved 

tools, increasingly complex models make 

pipe size optimization more difficult.

What makes pipe size optimization so 

challenging? See Image 1 to break down 

the different considerations that go into 

comparing additional pipe size alternatives.

The Future of Pipe Sizing

It is evident that manually comparing 

every possible pipe size combination for 

these considerations would be hopeless, 

and yet, there is still hope. Technically, 

not every combination needs be checked. 

Since there is an objective way to compare 

the results of design alternatives (such as 

minimizing life cycle cost and ensuring 

design requirements are met), a solver can 

meander its way toward an optimal pipe 

size by looking at solution gradients. For 

example, if a comparison between a 3-inch 

and 2-inch pipe indicated the 3-inch has 

a lower life cycle cost, the solver can avoid 

analyzing sub-2-inch pipes, thus, reducing 

the necessary number of comparisons the 

solver has to make.

Of course, this type of solver would 

require some extra work by an engineer 

to inform the design requirements, 

limits, goals and pipe candidates for 

the solver. However, when compared to 

the manual comparison of even just a 

handful of options, the benefit of this 

extra work is immeasurable. This removes 

many of the barriers that have limited 

pipe size optimization for so long. Since 

modern computers can perform billions 

of instructions per second, engineers 

can again step out of the way of the 

calculations and comparisons to commit 

more time to analysis.

With any luck, this kind of solver can 

automatically size piping networks, taking 

advantage of computer processing in the 

same way modeling software made hand 

calculations antiquated all those years ago. 

No longer will deadline-driven compromise 

limit a hydraulic design’s potential. 

Software for System  
Design & Applications  
Within Pipe Sizing, Part 2

No longer will deadline-driven compromise limit a  
hydraulic design’s potential.

NICK VASTINE  | Applied Flow Technology

Nick Vastine is a business applications engineer 
at Applied Flow Technology (AFT). Vastine holds a 
Bachelor of Science in chemical engineering with 
a minor in economics from the Colorado School of 
Mines. For more information, visit aft.com.IMAGE 1: Considerations for pipe optimization (Image courtesy of Applied Flow Technology)

Cost Along with meeting deadlines, budget informs many design 
decisions. Budget forces engineers to do cost-benefit analysis, 
justifying larger initial investments with long-term savings. It is a 
constant balancing act to keep operating costs reasonable while 
keeping capital costs competitive. Pipe size can influence both 
types of cost by a wide range.

Pressure Drop As mentioned in Part 1, a smaller pipe causes a more substantial 
pressure drop while a larger pipe reduces pressure drop. Allowable 
pressure drop is an important requirement for a system, with flow 
rate generally guiding the design. This range of potential pressure 
drops, when combined with pump sizing, can be a major influence 
on system cost.

Pump 
Operation

Pumps and pipes do not operate independently. Thus, any change 
in pipe size can impact a pump’s operating point (deviating from 
the best efficiency point [BEP]) or to inform the pump’s initial 
sizing. Since pumps are the main source of operating costs for 
hydraulic systems, considering their operation can reduce life 
cycle costs, or for the eco-friendly it can reduce energy use.

Life Cycle of 
System

Speaking of energy use, the system’s life span also plays an 
important role during pipe sizing. A system designed for 25 years 
of operation can justify a larger, operating-cost-saving investment 
whereas a five-year system may not. It is important to consider 
additional investment in context rather than solely minimizing 
upfront capital costs.

Flexibility for 
Expansion

Often, an initial system is built to meet specific design criteria. 
This system may then be expanded (whether planned or not) 
to increase capacity down the road. Accounting for expansions 
during the initial system design is an easy way to avoid replacing 
components down the line, but requires foresight in design 
requirements to be effective.

Multiple 
Operating 
Scenarios

Like anticipating expansions, systems often must operate in 
multiple scenarios with unique design requirements. For example, 
a residential water supply must work as well for homeowners as 
it works for firefighters. Ensuring the pipe sized for one scenario 
works for another scenario adds a whole layer of complexity to 
pipe size optimization.
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Aeration has been a primary method for 

treating wastewater for over a century. 

It is a natural way to reduce biological 

oxygen demand (BOD) and control odors. 

In the sequencing batch reactor (SBR) 

process, aeration helps foster nitrification 

by bubbling air through the mixture 

of wastewater and activated sludge, 

encouraging the multiplication of aerobic 

microbes, which consume nutrients and 

convert ammonia into nitrites and nitrates. 

The two technologies used for the SBR 

process are bubble diffused aeration and 

jet aeration. In bubble diffused aeration, 

oxygen is introduced as air bubbles 

pumped through a grid of diffusers 

arrayed across the bottom of the tank. 

In jet aeration, this is done at high speed 

and pressure through a row of mixing 

nozzles, which provide a mixing capability 

independent of and in addition to aeration.

Fine bubble membrane diffusers are 

known for high oxygen transfer efficiency, 

but bubble diffusion technology has 

evolved from a simple pipe with air holes 

to coarse bubble designs to today’s 

fine bubble designs that use ceramic, 

membrane and other diffuser materials. 

Fine bubble diffusion systems tend to be 

more energy efficient than their coarse 

bubble predecessors. 

Reduce SBR Maintenance Costs 

Membrane diffusers achieve high oxygen 

transfer efficiency by producing the 

fine bubbles that offer more air/water 

surface interface, and thus more oxygen 

transfer, for a given power input. Properly 

maintained, they can provide high 

efficiency and low energy costs. 

The activated sludge environment, and 

SBR particularly, is not kind to diffusers 

since biomass finds the membrane 

surface an ideal place to grow. New 

diffusers lose 35% to 50% efficiency in 

wastewater compared to clean water. 

Subsequent fouling can degrade efficiency 

an additional 30% to 50%. Accordingly, 

fine bubble diffusers must be monitored 

and cleaned frequently, requiring that 

tanks be taken out of service and drained 

at six-month to two-year intervals. In 

addition, membranes wear out and must 

be replaced every four to 10 years. These 

operations must be performed in-basin, 

with associated hazardous confined space 

and safety requirements.

Advantages of Jet Aeration

Jet aeration combines high oxygen transfer 

efficiency with a wide range of other 

features that can provide significant life 

cycle advantages in SBR applications.

Jet aeration systems used in SBR 

systems are driven by pumped mixed 

liquor recirculated through each nozzle of 

the many compound jet assemblies. Air is 

delivered to the outer nozzle of each jet by 

conventional blowers. The system has the 

flexibility to aerate (pump and blower) or 

mix (pump only). Air to the system can be 

infinitely varied or completely shut off, and 

the pumps will provide the required mixing 

action, enhancing process control. The 

denitrification achievable can cut aeration 

power demands by more than 35%.

In applications requiring nitrogen 

removal (denitrification), fine bubble 

diffuser systems require a separate mixer 

for anoxic mixing. Jet aeration’s ability to 

provide either aeration or anoxic mixing, 

independently, eliminates this need. 

Further, jet aerators can receive any 

amount of air flow from zero to 80 standard 

cubic feet per meter (SCFM) per nozzle in 

the normal course of operation.

Jet aeration can accommodate a wide 

range of aeration gassing rates without 

damage. Fine bubble diffuser membranes 

may be subject to stretching or tearing 

if badly fouled or sent excessive gassing 

rates. Any breach in diffuser membranes or 

piping can allow mixed liquor to enter the 

diffuser grid system, causing clogging and 

potential catastrophic failure as solids plug 

pipes and other membranes. Further, fouled 

diffusers impose as much as 0.7 pounds per 

square inch (psi) additional head loss on 

the blower discharge pressure, increasing 

total power more than 10%. 

Conversely, the jet aeration system 

is designed to be filled with mixed liquor 

routinely. The mixed liquor is simply 

pushed out through the nozzles when the 

pump and blower are turned back on.

Clean & Dirty Water Transfer 

Fine bubble diffusers are an efficient 

aeration technology available in clean 

water. However, much of that efficiency 

may be negated in dirty water (i.e., field 

conditions). The ratio of field-to-clean-

water aeration efficiency is the alpha value. 

Various factors suppress efficiency of 

diffusers, including: 

• the surfactants and dissolved organics 

found in wastewater

• increasing mixed liquor suspended 

solids (MLSS) levels

• membrane fouling 

Diffuser performance is minimal 

in highly loaded (higher F:M [Food: 

Microorganism]) reactors or during aerated 

fill in batch reactors, when soluble organics 

and surfactants are most concentrated. It 

is critical to test wastes for the suppressive 

alpha effect on diffusers, where efficiency 

reductions up to 75% can occur due 

to surfactants or defoamers. In these 

Reduce Sequencing Batch 
Reactor Maintenance Costs 
With Jet Aeration

Jet aerators eliminate need for a separate mixer for  
anoxic mixing.

KEN NORCROSS  | Evoqua Water Technologies 

MAINTENANCE MINDERS
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instances, the diffuser effi ciency is 

never greater than that of an old, 

uncleaned membrane system in a 

municipal aeration basin.

Jet aerators typically exhibit only 

mild reductions in effi ciency in various 

wastewaters. This is due to the high local 

liquid velocities in the jet air/liquid discharge 

plumes, which strips away accumulated 

surfactants from the air/water interface, 

allowing oxygen transfer to continue. In fact, 

some industrial wastes have been shown to 

actually increase jet aeration effi ciency by 

intensifying jet shearing action and forming 

massive quantities of micron-sized bubbles. 

One of the evaluation methods used in 

Great Britain applies a standard aeration 

effi ciency test but adds 5 milligrams per 

liter (mg/L) of anionic detergent to clean test 

water in order to closely reproduce actual 

wastewater aeration conditions. 

Extensive testing in this medium 

concluded alpha factors for jet aeration at 

0.9 (or 10% suppression of oxygen transfer) 

and for fi ne bubble diffusers at about 0.5 (or 

50% suppression). The English test data is 

refl ected in the commonly recognized alpha 

values for fi ne bubble diffusion of 0.4 to 0.6, 

compared to 0.7 to 0.9 for jet aeration. 

Test results reported by Mike Stenstrom, 

Ph.D., at the University of California 

Los Angeles, one of the world’s premier 

independent experts on aeration, found 40% 

immediate aeration loss for clean diffusers, 

followed by a further 30% effi ciency loss 

within the fi rst year. Since jets require a 

recirculation pump and diffusers require 

mixers (in SBRs), the net power usage is 

similar, if diffusers are cleaned regularly.

 Jet aeration systems fabricated with 

fi berglass reinforced plastic (FRP) or 316 

stainless steel (SS) offer lifetimes of 50 years 

or more, minimal maintenance and high 

effi ciency. Thus, fi ne bubble diffusers can be 

more effi cient if cleaned annually. According 

to Stenstrom, associated costs include:  

• typically one week per basin for draining/

cleaning/refi lling

• an extra batch reactor basin or a fl ow 

diversion lagoon to serve while the 

cleaned basin is out of service

• a diffuser headloss-and-effi ciency off-gas 

monitoring system to alert the operator 

when cleaning is required

WHITE PAPER
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Ken Norcross is with Evoqua Water Technologies. 
For more information, visit evoqua.com or email 
municipalmarketing@evoqua.com. 

Long-Term Maintenance 

As stated, fine pore diffusers may lose 40% 

efficiency the day they are placed into 

service, require annual maintenance, and 

need to be replaced every four to seven 

years. The rate of performance degradation 

depends on temperature, mixed liquor solids 

concentration, the presence of surfactants or 

other chemicals in the wastewater, gassing 

rates, mineral composition of wastewater and 

many other factors. Further, the additional 

mixers required are located in the basin and 

must be removed for maintenance.

Jet aerators should require little routine 

maintenance other than a 5-minute monthly 

flushing, which is typically automated and 

performed when the jets are not required. 

Flow passages are large and smooth and are 

not subject to biofouling. Jets can have a 

life expectancy in excess of 50 years with no 

reduction in oxygen transfer efficiency. Jet 

recirculation pumps do require occasional 

oil or bearing changes, and pump impellers 

sometimes need to be changed after a 

number of years. 

Site Layout

Because a typical jet aeration system has 

no electromechanical parts or membranes 

to maintain within the basin, any routine 

maintenance can be automated and is 

performed outside of the basin, with no 

interruption of SBR operation. In an SBR 

layout, this allows all electromechanical 

equipment to be located inside one building 

near the tanks, along with the process control 

system. This configuration also allows for flat 

or domed tank covers when desired.

What Option Is Best?

The aeration and mixing system is the heart 

of any activated sludge process. Selection 

of an aeration and mixing technology for 

an SBR system must take into account the 

facility’s effluent permit, its overall energy 

requirements, maintenance costs and 

implications, and day-to-day performance.

In most applications, jet aeration 

combines high efficiency with flexibility, 

minimal installation and maintenance costs, 

low energy costs and long-term reliability. 

R E L I A B L E  P O W E R
When your engine package powers your business, you 
need a reliable source of power that you can depend on 
under the harshest of conditions. That’s why we use John 
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you the support you need, when you 
need it, wherever you are.  We are 
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HI PUMP FAQS

▲ What are the types of  

pump curves?

Pump curves fall into several categories and 

each can be presented in slightly different 

ways. The primary types are:

• pump family selection chart

• manufacturer’s published curve  

for a pump size

• submittal pump curve

• certified pump curve

The pump family selection chart gives 

envelope data for each pump size within 

a product family. The sizes (flow rates 

and total head) will range from low to 

high, and the envelopes for some sizes 

will have overlap (Image 1). This type of 

pump curve is useful for developing a short 

list of pumps that would meet the design 

point requirement. For a pump running at 

a nominal 1,800 revolutions per minute 

(rpm) that could develop 30 meters (100 

feet) of head at 225 cubic meters per hour 

(m3/h) (1,000 gallons per minute [gpm]), 

the 5×6×11 and the 6×8×11 sized pumps 

overlap on the selection chart (Image 1). 

Usually, the three numbers correspond 

to the pump discharge flange, the pump 

suction flange and the pump maximum 

impeller diameter (in inches), respectively. 

Once a shortlist of acceptable pumps is 

developed, the manufacturer’s published 

curves for the pump size can be examined. 

Image 2 shows a 5×6×11 pump running 

at 1,770 rpm. From the published curve 

alone, one can determine the efficiency 

at the rated condition point, the impeller 

diameter, the power draw from the motor, 

and the net positive suction head required 

(NPSHr/NPSH3). These curves are typically 

published for pumping water at 20 C (68 F). 

If a liquid other than water will be pumped, 

the power information must be adjusted 

proportionally for the specific gravity, 

flow and head, and efficiency/power will 

need to be adjusted per ANSI/HI 9.6.7 if 

the viscosity is different than water at the 

standard temperature.

The purchaser can do the upfront work 

described in Images 1 and 2 to find an 

appropriate pump for their design point, but 

often the purchaser will provide their design 

point to the manufacturer who will provide 

a submittal curve that meets the requested 

design point. An example of a submittal 

curve is shown in Image 3. The design 

point is shown as the red dot. The arrows 

represent the tolerance band that would be 

applied for an industry standard grade 2 

bilateral tolerance per ANSI/HI 14.6. Note 

that there are optional power or efficiency 

tolerances on this curve for informational 

purposes that could be specified. If one was 

required, the manufacturer may adjust the 

efficiency or power on the submittal curve 

accordingly. The last type of curve is the 

certified performance curve. If specified 

as a requirement, a certified performance 

curve is developed and supplied. Unlike 

the published curve, which may be applied 

generally for a given type and size of 

the pump model, the certified curve is 

developed for the particular pump being 

supplied under the purchase order. 

The test is performed by the 

manufacturer in accordance with the 

pump’s specified test standard (such as 

the latest version of ANSI/HI 11.6 or 14.6). 

The certified performance curve would look 

much like the submittal curve, but would 

include the actual points that were tested 

and the specifics of the pump it is being 

supplied for.

Types of Pump 
Curves & 
Determining 
Required Power

HYDRAULIC INSTITUTE

IMAGE 1: Pump slection chart (Images courtesy of Hydraulic Institute)

IMAGE 2: Published curve for a pump size
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▲ How do I determine the power required when 

looking at a typical manufacturer’s curve?

A typical pump curve (Image 2) includes the pump head for 

various impeller trims as a function fl ow rate. It also includes 

lines of constant effi ciency, power and NPSH3. There are two 

ways to estimate the power for a specifi c operating point.  

1. For the fl ow and head, you can see where it lines up between 

the lines of constant power to get an estimate. In Image 2, 

the design fl ow or 1,000 gpm and 100 feet of head will require 

approximately 30 horsepower (hp). From this curve, we can 

also see that if a higher fl ow rate would be needed for the 

appropriate pump trim, it would exceed the 30-hp line, and 

the next size motor would be required for full curve coverage. 

2. For any fl ow and head, you can fi nd the closest effi ciency 

and manually calculate the power required. For the same 

design point in Image 2, we can see that the effi ciency will be 

between 82% and 85% but closer to 85%, so let’s pick 84%. 

For water at ambient temperature (specifi c gravity = 1.0), 

the power can be calculated using Equation 1. If the specifi c 

gravity of the liquid is different than water, it can be added to 

the numerator to adjust the required power up or down.  

For more information on pump curves and power 

consumption, refer to Hydraulic Institute training resources at 

pumps.org/training. 

Pump input power (hp) =

Flow (gpm) × Head (ft)  × Specifi c gravity / 3960 × 

Pump effi ciency =

(1000 × 100 ×1.0) / (3960 × 0.84) = 30 hp

Equation 1

IMAGE 3: Pump submittal curve with test tolerance information included

Check 127 on index.

A rotary positive displacement ball-type pump manu-
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SEALING SENSE

Over the last 100 years, there have been 

some technological advancements in 

pump packing—new fibers, lubrication, 

construction and more. But, even the 

best designed packing can have poor 

performance if not properly installed. One 

of the most important steps that is often 

overlooked in pump packing installation 

is inserting the rings into the stuffing box. 

Poor maintenance practices are sometimes 

used, and these can be really costly with 

more maintenance time to adjust, more 

leakage and loss of product, and shorter 

packing life. This article is going to focus  

on four key areas during the inserting  

rings process: 

1. locating the lantern ring port 

2. opening the rings without damage 

3. tamping rings into the stuffing box 

4. rotating ring cut alignment inside the 

stuffing box

One common failure mode seen in 

slurry packed pumps is not locating the 

lantern ring with the lantern ring port. A 

lantern ring not properly lined up over the 

lantern ring port can result in flush water 

not reaching the stuffing box ID where the 

solids are to be kept out of the packing 

rings. Before any rings are installed into the 

stuffing box, the packing installer should 

confirm the packing stackup configuration. 

The best way to locate the port is to 

disconnect the flush port and stick a 

welding rod down the port and measure 

where it enters the stuffing box from the 

top of the gland. Taking that measurement 

and with the overall depth and cross section 

of the stuffing box, a proper stackup can 

be determined. Once that is confirmed, the 

next step of inserting the rings can begin.

Packing rings are a combination of fibers 

and lubricants in a certain geometry, and it 

is important that the rings are handled with 

care. The rings should be separated gently, 

opened in an “s” shape instead of using a 

hinge or C-clamp-style opening that can 

damage or compromise the ring.

Form the ring together around the shaft 

and push it into the stuffing box so it is 

completely inside the stuffing box. Next, 

use the gland nose to push the ring further 

into the stuffing box. Note that the gland 

nose bottoms out (becomes flush with the 

stuffing box) without any resistance. This 

means the packing ring is not against the 

bottom of the box. It is important that 

the ring is tamped into the stuffing box 

ensuring no gap between it and the bottom 

of the box. Many tools can be used for this 

effort including a bushing or tamping tool. 

Custom-made tamping tools can be created 

using polyvinyl chloride (PVC) pipe for large 

applications. Even cardboard can be used 

to ensure there is no space at the bottom 

of the box to the bottom of the first ring. 

Once the first ring is seated correctly, it is 

important that all remaining rings installed 

are also tamped using the same method. 

The last few do not need a tool since the 

gland will not bottom out and is able to do 

the job of tamping. When rings are installed 

without proper seating, it will be hard to get 

the rings into the stuffing box because of 

the load needed to compress them. This will 

also result in rings being over-compressed 

and squeezing out lubrication that could be 

used when the pump is running.  

4 Steps to Correctly Inserting 
Packing Rings

Follow these tips to lengthen packing life.

KATHY JOHNSON  | FSA member

IMAGE 1: Ring rotation inside stuffing box
(Images courtesy of Fluid Sealing Association)

IMAGE 2: Stuffing box arrangement with flush port IMAGE 3: Tamping rings using a bushing or tamping tool
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Once the ring is around the stuffi ng box, make note of where 

the cut is lined up. It is best to locate the fi rst ring with the cut at 

the top of the stuffi ng box (like a clock face, using the 12 o’clock 

position). The next rings should be put in 90 degrees from the 

last one (3, 6 and 9 o’clock positions). 

If the rings are installed with the cuts lined up in a row, 

a straight leakage path will be created. This will result in 

uncontrollable leakage even after adjustments. If these steps 

are followed, the packing rings should be inserted correctly, in 

proper orientation and ready to have a long sealing life.  

It is always recommended to review the packing 

manufacturer installation instructions that will reference 

storage, handling and maintaining the packing product. 

Following these steps will also help with troubleshooting 

failure modes working with packing products because it will 

educate installers on what to look for if improperly installed. 

This knowledge will help the user with maintaining a longer life 

cycle for the packing. Keep in mind that there are new people 

constantly coming into the industrial maintenance industry, and 

providing new professionals with this information upfront will 

allow them to install packing correctly from the start. 

We invite your suggestions for article topics as well as questions 

on sealing issues so we can better respond to the needs of 

the industry. Please direct your suggestions and questions to 

sealingsensequestions@fl uidsealing.com. 

Kathy Johnson is a mechanical engineer for John Crane Inc. With more 
than 20 years of experience, she provides dedication and commitment with 
products in the area of compression packing, gaskets, PTFE and some 
mechanical seals items. Johnson is a member of Fluid Sealing Association 
(FSA), Empowering Women, Society Women Engineers (SWE), National 
Technical Association (NTA), National Society of Black Engineers (NSBE), 
Women in Science and Engineering (WISE) and Team In Training (Leukemia/
Lymphoma Society) where she has been running various marathons for this 
charity for 15-plus years.

IMAGE 4: Correct way to open rings
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U N M A T C H A B L E  E X P E R I E N C E I N  
F L O W  C O N T R O L  T R A N S A C T I O N S

MEMBER FINRA, SIPC

Jordan Knauff & Company is a knowledgeable and 
experienced provider of a comprehensive line of 
investment banking services to the pump, valve and 
filtration industries (“Flow Control”). 

Our lines of business include: selling companies, 
raising debt and equity capital, and assistance 
on acquisitions. 

To learn more about Jordan Knauff & Com-
pany, contact any member of our Flow 
Control team. Access our Flow Control research 
at  www.jordanknauff.com/research-library. 

G. Cook Jordan, Jr.
Managing Principal

cj@jordanknauff.com
312.254.5901 312.254.5907

David A. Kakareka
Vice President

dkakareka@jordanknauff.com
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EFFICIENCY 101

The protection of high-power rotating 

machinery from unforeseen torque 

overloads has always been important to 

extend equipment longevity and maximize 

operating uptime. In the case of trailer-

mounted fracturing (frac) rigs, there is also 

increasing interest in the use of aero-

derived gas turbines as the prime mover 

for the pump because of their low weight 

and high output power. The weight of the 

drive is critical since the frac rig trailers are 

transported between well sites on public 

roads, which have government-mandated 

weight restrictions. 

Frac rigs are a costly piece of equipment 

used in fracking operations to open up a 

site, and once they are done at one site, 

they are moved to a new location. Because 

they operate in remote regions, it is 

critical that they remain in full operation 

throughout their time at each site. This 

makes fail-safe components that allow for 

quick resets especially important for frac 

rigs, and driveline couplings are a perfect 

example of this.

The gas turbine’s coupling design is part 

of both the rig’s weight consideration and 

its standard operation since it is needed 

to effectively transmit the power of the 

turbine and also protect the driveline. 

How Torque Limiters Work

Torque limiters have been used in 

industrial, marine and mobility applications 

for years and are available in many 

configurations and types. Hydraulically 

pressurized, friction-based types of torque 

limiting couplings have no backlash. They 

use shear tubes and a shear ring for the 

release of the hydraulic pressure after a 

slip has occurred during a torque overload 

event. As soon as the pressure is released, 

the coupling disengages and freely spins 

without contact between friction surfaces. 

Resetting the coupling is a simple 

process—the shear tubes are replaced, 

hydraulic pressure is reapplied based on 

the desired torque limitation, and the unit 

is reengaged. Adjustment of the torque 

limiter setting can be made by referencing 

the pressure versus torque calibration 

diagram supplied with the unit. 

The basic, hydraulically pressurized, 

friction-based torque limiting coupling 

is made of an inner and outer sleeve that 

are assembled and welded at the ends. 

This assembly forms a twin-walled sleeve 

that can be oil pressurized up to 1,000 

bar/14,500 pounds per square inch (psi) 

after the machining of the necessary 

pressurization and shear tube ports has 

been completed. The design of the shear 

tube and mating seat provides a sealed 

system. The size of the torque limiting 

coupling determines the size and quantity 

of shear tubes needed. This type of torque 

limiting technology is the most compact 

because its transmittable torque grows 

exponentially with the diameter of the 

friction surface. Further, the friction surface 

is treated to prevent wear during the slip 

phase of the coupling release. Once the 

coupling has released it rotates on bearings, 

preventing wear on the friction surfaces.

During normal operation, the bearings 

remain static. 

The bearings only 

rotate following the 

activation of the 

fail-safe release, 

which makes bearing 

life a minor factor 

when considering 

the operational 

dependability of the 

coupling. Lubrication 

oil is used for these 

two reasons:  

Accurate Overtorque 
Protection for Gas  
Turbine-Driven Frac Pumps

Driveline couplings can keep frac rigs running at all times.

TODD LEHMAN  | Voith Turbo

IMAGE 1: Torque limiting couplings prevent damage 
in high-value rotating machinery, including the 
driveline used to power pumps on gas turbine-
powered frac rigs. Without them, the driveline is left 
unprotected from overtorquing and catastrophic 
failure. (Images courtesy of Voith Turbo)

IMAGE 2: In the event of an overtorque, the shear 
tubes shear off, protecting the driveline from 
damaging levels of torque. 

Shear 
tube

Shear 
ring

IMAGE 3: Construction and pressurization of a hydraulically pressurized friction-
based torque limiting coupling

Shaft

Oil change port

Bearings (on each side)

SafeSet sleeve

Hub

Seals (on each side)
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1. As a bearing lubrication during a  

release condition 

2. To maintain a constant friction 

coefficient across the friction surfaces 

resulting in an accurate release torque 

relative to the applied pressure

Calibration of the Coupling

As mentioned, hydraulically pressurized, 

friction-based torque limiting couplings 

have no backlash and are not subject to 

material fatigue because the transmitting 

torque is through a friction surface. The 

applied hydraulic pressure generates 

a defined frictional force between the 

pressure sleeve and the shaft. The applied 

pressure determines how much torque 

will be transmitted through the coupling 

according to the coupling’s calibration 

curve. The set torque tolerance of the 

OEM’s torque limiting coupling is +/- 10%. 

This level of accuracy is possible because 

none of the torque-limiting parts in these 

couplings are fatigue-based. Torque 

limiting coupling designs that use fatigue-

based elements, such as pins or springs, to 

control the release torque can degrade over 

operation cycles, eventually leading to a 

false trip of the torque limiter. 

If the operating torque of the machine 

exceeds the pressure-based torque setting, 

the driving shaft will rotate relative to the 

pressure sleeve, which is connected to the 

driven load. This results in an immediate 

reduction of applied torque when the 

friction force changes from static to 

dynamic. The reduction in applied torque is 

approximately 30 percent—just within the 

static to dynamic change of friction. 

The shear ring that is fixed to the 

driving shaft rotates relative to the pressure 

sleeve and breaks off the top of the shear 

tubes. Upon this contact, the oil pressure 

in the coupling drops and the applied 

frictional force in the coupling is reduced, 

releasing the torque limiting coupling and 

fully separating the driving and driven 

components of the driveline.

Frac Rigs

When selecting a torque limiting coupling 

for a frac rig, it is recommended that the 

set point of the coupling is 20% below 

the maximum torque capacity of the 

driveline component being protected. By 

adding a torque limiter, the drive system 

components can be sized based on the 

actual operational conditions rather than 

being based on an estimated worst-case 

overload torque condition. 

When considering a trailer-mounted frac 

rig drive system, accurate torque protection 

is more important because a less accurate 

torque limiter may require upsizing of the 

weakest component in order to predictively 

manage the design inaccuracy. A larger 

component selection, of course, also means 

a higher trailer weight.

Torque limiting coupling designs can be 

produced so the coupling is shaft mounted 

like a hub or flange mounted as if it were 

a spacer between flexible connection 

couplings. In addition, it is also possible 

to provide designs for incorporation 

directly within a piece of machinery, such 

as a gearbox. There are also accessories 

available for use with torque limiting 

couplings. These accessories include a 

remote slip detection monitor that can be 

used as an operator indicator or to force the 

machine to be stopped.

Maximizing machine capacity and 

production while protecting valuable 

rotating equipment is the purpose behind 

the inclusion of a torque limiting coupling 

into the driveline of any machine. Use of an 

accurate, set point repeatable, hydraulically 

pressurized, friction-based torque limiting 

coupling will allow for optimal driveline 

component selection to avoid unnecessary 

oversizing of components. Right-sizing 

of components is important for every 

application but especially those that are 

mobile, such as trailer mounted frac rigs. 

Todd Lehman is a sales manager for Voith Turbo and 
can be reached at todd.lehman@voith.com. For more 
information, visit voith.com.

IMAGE 4: Calibration curve

IMAGE 5: Typical release curve
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PRODUCTS

1 SYSTEM COMPONENTS 

LIGNUM VITAE NORTH AMERICA LLC produces 

genuine lignum vitae staves, main guide bearings, 

seals and wicket bushings for the hydro industry 

and marine sectors. These bearings are EPA 

compliant, ABS, DNV-GL and NSF61 approved and 

support fl exible operation. Lignum Vitae bearings 

require zero tolerance and hold nature’s perfect 

combination of hardness and lubricity for running 

against steel.  

lignumvitaesolutions.com

Check 201 on index.

2 AODD PUMPS

The F-Series pumps from SANDPIPER feature 

clamp-band construction for applications 

requiring frequent cleaning. Common applications 

for the F-Series include ingredient and product 

transfer, blending and mixing, fi lling lines, and 

winery pump overs. The F-Series includes features 

important for the production of sanitary products. 

The pumps have electropolished 316 stainless steel 

wetted sections for reduced product adhesion. They 

also include nickel-plated aluminum nonwetted 

sections for compatibility with washdown 

chemicals (polypropylene or stainless steel 

available on some models).

sandpiperpump.com

Check 202 on index.

3 BALL VALVES 

CONVAL’s Camseal metal-seated, in-line 

renewable, top-entry forged severe service ball 

valves are available in 1/2-inch through 4-inch 

sizes with socket weld, butt weld and fl anged 

ends. Supplied in pressure classes from ASME 

900 through 4500, Camseal ball valves provide 

savings in labor, materials and downtime. In-line 

renewability is typically accomplished within 30 

minutes. The cartridge is conveniently removed for 

in-situ parts replacement and reassembly. No valve 

removal, welding and PWHT are required, which is 

important with F91 valves.  

conval.com

Check 203 on index.

4 SENSORS

The new Prosense Basic series of proximity 

sensors from AUTOMATION DIRECT offer 

value for general industrial applications. These 

round inductive proximity sensors made from 

nickel-plated brass are offered in barrel sizes 

from 8 mm to 30 mm. Flush and nonfl ush 

mount styles are available in sensing distances 

up to 15 mm and offer an LCP (liquid crystal 

polymer) active face. PNP logic models are 

available with either an N.O. or N.C. output; NPN 

logic is also available with an N.O. output. 

automationdirect.com/proximity

Check 204 on index.

5 CENTRIFUGAL PUMPS

BLACKMER offers its new System One 

high temperature series centrifugal 

pumps. Using high-temperature fl anges, 

elastomers, and a centerline mount that 

supports high temperatures, these pumps 

are able to exceed the 400 F (204 C) standard 

temperature limit of conventional centrifugal 

pumps. This design feature allows these 

pumps to safely and reliably transfer critical 

and valuable fl uids in a wide variety of high-

temperature applications, including thermal 

oils, petrochemical, heat transfer, plastics, 

paper and more. 

blackmer.com

Check 205 on index.

6 BUSHINGS

GRAPHALLOY bushings improve the 

reliability and effi ciency of horizontal and 

vertical pumps in NGL service. Graphalloy is 

self-lubricating and nongalling, which allows 

it to work well in low viscosity pumpage. In 

addition, the material is kind to the rotating 

parts and survives dry starts, fl ashing, and 

loss of pumpage for prolonged periods without 

damage. It also allows immediate restarts. 

Graphalloy bushings can be designed to run at 

about half of API’s recommended clearances for 

metallic wear parts, decreasing vibration and 

improving effi ciencies.  

graphalloy.com

Check 206 on index.

NEW & NOTABLE TECHNOLOGY

Selected by the 
Pumps & Systems editors

To have a product considered for this section, please send the information to Drew Champlin, dchamplin@cahabamedia.com.
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PUMP USERS MARKETPLACE

“Serving the Pump & 
Rotating Equipment, Valve, 
and Industrial Equipment 

Industry since 1969”

Domestic & International

Specializing in placing:
• General Management • Engineering

• Sales & Marketing • Manufacturing

JASON SWANSON • JULIAN MUELLER 

DAN BOLEN

120 N. 44th Street, Suite 325
Phoenix, Arizona  85034

(480) 767-9000
Email:  jason@danbolenassoc.com

www.danbolenassoc.com

EXECUTIVE SEARCH/RECRUITING

Check 137 on index.

Sub ANSI magnetic drive pumps

IN STOCK, READY TO QUICK SHIP.

Phone: 713.972.8666 | Toll Free: 866.624.7867 

FAX: 713.972.8665

3575 West 12th Street, Houston, TX  77008

www.magnatexpumps.com

Check 133 on index. Check 132 on index.

Solve
dry start

problems with
Vesconite Hilube

bushings
● Increase MTBR
● No swell
● Low friction = reduced

electricity costs
● Quick supply.

No quantity too small

Tollfree 1-866-635-7596
vesconite@vesconite.com

www.vesconite.com

Check 135 on index.

Check 136 on index.

Check 134 on index.
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•	Self-aligning	&	self		
grounding

•	High	pressure		
rated

•	Stainless	or		
mild	steel

•	Low	cost

•	High	end	pull

Tuf-Lok International

Phone:	 608.270.9478	 •	www.tuflok.com

Check 141 on index.

Check 140 on index.Check 139 on index.

MONITOR PUMP PERFORMANCE

• Flow Rate

• PumP Condition

• dRy Running

• Cavitation

• BeaRing FailuRe

univeRsal PoweR Cell

• One Size Adjusts for  
All Motors, From Small  
up to 150HP

• Works on Variable Frequency  
Drives, 3 Phase, DC and  
Single Phase

• 10 times more sensitive than  
just sensing amps

• 4-20 Milliamp, 0-10 Volt

Call now FoR youR FRee 30-day tRail

888-600-3247

Check 138 on index.

podcast Episode 46 

Temporary Bypass Pumping 
Solutions with 
Pete Snow of Xylem

LISTEN NOW

Use your smartphone camera to scan the QR code or visit 
pumpsandsystems.com/podcast46



56    PUMPS & SYSTEMS  FEBRUARY 2021

PUMP MARKET ANALYSIS

The Jordan Knauff & Company 

(JKC) Valve Stock Index was down 

7.3% over the last 12 months, while 

the broader S&P 500 Index was up 

15.3%. The JKC Pump Stock Index 

gained 5.1% for the same period.1

The Institute for Supply 

Management’s Purchasing 

Managers’ Index (PMI) jumped to 

60.7% in December from 57.5% 

in November. The manufacturing 

sector is benefiting from the 

pandemic-induced shift toward 

spending on goods versus services. 

The production index rose to a near 

decade-long high of 64.8% and may 

stay elevated over the near-term as 

the new orders index grew to 67.9%. 

The backlog of orders continues 

to grow, up 2.2 points to 59.1%. 

There was a 12.2-point jump in the 

prices paid index to a two-and-a-

half-year high of 77.6%, with no 

commodities reported down in price. 

The employment index rose back 

into positive territory at 51.5%, after 

falling into contraction territory in 

November. Industrial production 

increased 0.4% in November. After 

falling for three consecutive months, 

motor vehicles and parts shot up 

5.3%, while mining added 2.3%. 

Manufacturing, which 

is three-quarters of all 

industrial output, grew 

0.8%. Manufacturing 

output is still about 5% 

below its pre-recession 

high set in December 2018. 

The U.S. Energy Information 

Administration (EIA) estimates 

that U.S. crude oil production was 

11.2 million barrels per day (b/d) 

in November, up from 10.9 million 

b/d in September. The increase 

reflects greater production in the 

U.S. federal Gulf of Mexico after 

hurricane-related disruptions.

The EIA expects that U.S. crude 

oil production will decline to less 

than 11.0 million b/d in March 2021 

due to falling production in the 

lower 48 states, where declining 

production rates at existing wells 

are expected to outpace production 

from newly drilled wells in the 

coming months. 

As drilling increases in response 

to rising oil prices, crude oil 

production in the lower 48 states 

is expected to increase from 8.7 

million b/d in February to 9.1 million 

b/d in December 2021, with total 

U.S. crude oil production reaching 

11.4 million b/d. The EIA expects 

U.S. total crude oil production to 

fall from 12.2 million b/d in 2019 to 

11.3 million b/d in 2020 and 11.1 

million b/d in 2021.

The Dow Jones Industrial 

Average, the S&P 500 Index and the 

NASDAQ Composite rose 3.3%, 3.7% 

and 5.7%, respectively, in December 

as the first doses of the COVID-19 

vaccine were rolled out in the U.S. 

For the year, the Dow and S&P 

500 gained 7.3% and 16.3%, 

respectively. The NASDAQ had 

its best year since 2009, gaining 

43.6%. The Federal Reserve Bank’s 

stimulus package helped markets 

rebound sharply from record lows 

set in February and March. The S&P 

500 gained 66% from its March 23 

low. The technology and consumer 

discretionary sectors were the 

largest gainers of the year. 

Energy was the worst performing 

sector among the 11 major sectors 

of the S&P 500. 

Wall Street Pump & 
Valve Industry Watch

JORDAN, KNAUFF & COMPANY

IMAGE 1: Stock Indices from Jan. 1, 2020 to Dec. 31, 2020. Local currency converted 

to USD using historical spot rates. The JKC Pump and Valve Stock Indices include 

a select list of publicly traded companies involved in the pump & valve industries, 

weighted by market capitalization. Source: Capital IQ and JKC research. 

IMAGE 2: U.S. energy consumption and rig counts. Source: U.S. 

Energy Information Administration and Baker Hughes Inc.

IMAGE 3: U.S. PMI and manufacturing shipments. Source: 

Institute for Supply Management Manufacturing Report on 

Business and U.S. Census Bureau

These materials were 
prepared for informa-
tional purposes from 
sources that are be-
lieved to be reliable but 
which could change 
without notice. Jordan, 
Knauff & Company and 
Pumps & Systems shall 
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ble for claims relating 
to these materials and 
makes no warranties, 
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representations as to 
their accuracy or com-
pleteness or for errors 
or omissions contained 
herein. This informa-
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advice. These materials 
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any financial security 
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deployment of capital. 

Jordan, Knauff 

& Company is an 

investment bank 

based in Chicago 

that provides 

merger and 

acquisition advisory 

services to the  

pump, valve 

and filtration 

industries. Please 

visit jordanknauff.

com for further 

information. Jordan, 

Knauff & Company 

is a member of 

FINRA.

Reference
1. The S&P Return 

figures are 

provided by  

Capital IQ.



rwnpumpfab.com  |   (817) 523-7900  |  8700 West Highway 199 Springtown, Texas 76082

RWN Pump and Fabrication offers a 5 year 

limited structural guarantee on new pump 

packages in addition to the engine and pump 

manufacturers standard warranty. With our 

experienced and highly qualified team, and our 

new blast and paint facility, we can engineer 

your product from start to finish. 

BUY NEW OR REFURB
MAXIMIZE your ROI with our QUALITY

Quality Fabrication 

at its Best

BEFORE BEFORE

AFTER AFTER

New blast and paint facility
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Predict.

Act.

Protect.

flowserve.com/iot

INSIGHTS 

THAT GIVE 

YOU THE EDGE

While uncertainty in the marketplace 
can present real business challenges, 
some plant operators have found a way 
to rapidly adapt – and even thrive. 

Now, you can take remote monitoring 
and management to the next level with 
the RedRaven IoT platform. 

Discover what intelligent fluid motion 
insights can do for you.

Check 104 on index.


