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Abstract 
Kempner Water Supp ly Corp . in Cent ra l Texas serves a

popu la t ion o f 20 ,000 . A f te r ins ta l l i ng VFDs, they

exper ienced h igh pressure sp ikes wh ich s t ra ined the i r

p ipe ne twork as we l l as the i r s ta f f . L ine breaks

became a common issue . Af te r ins ta l la t i on o f a

Dynamic Pump Opt im izer (DPO) , the pressure

t rans ien ts decreased and the VFDs were used to the i r

fu l l po ten t ia l . I n the end, KWSC was ab le to reduce

peak t rans ien ts by 77%, cu t the i r energy cos ts by

20%, and bet te r manage the i r asse ts .



Problem Statement
“After instal l ing VFDs, my team was f ix ing
suct ion and discharge pipe ruptures once a
week. I was about to lose my guys because
they grew frustrated of having to perform the
same urgent repairs, working long hours.”



System Overview
• State Highway 195 Pump Stat ion
• (5) 250 HP Vert ical  Turbine Pumps
• Pump water to Ivy Mountain tank
• KWSC’s largest energy consumer
• Instal led VFDs to reduce energy

High Service
PumpsGround 

Storage 
Tank

M

SH 195 Pump 
Station

Ivy Mountain Tank

40,000’ 24” pipe
Flow

EL 915’

EL 950’

EL1200’

EL1305’

M
Electrica
l Power



Operators’ Challenge
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Specific Energy - Defined

Energy In 
(kWh)

Work Out 
(MG)

Specific Energy =
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 [𝑘𝑘𝑘𝑘𝑘]
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 [𝑀𝑀𝑀𝑀]

=
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑘𝑘𝑘𝑘
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 [ ⁄𝑀𝑀𝑀𝑀 ℎ]

EXAMPLE
Pump station power: P = 1,125 kW
Flow rate: Q = 15,000 gpm

SE = k (P / Q)
SE = 1,125 kW / 15,000 gal / min

* (1,000,000 gal / MG)
* (1 hour / 60 minutes)

SE = 1,250 kW h / MG

100% efficient system: 3.14 kilowatt-hours 
per million gallons per foot of elevation gain.
SE Efficiency =

3.14 ∙ (elevation gain in ft) 
(measured SE)

Typical efficiency for public water pumping 
and distribution systems: 50% to 75%.



Specific Energy - Illustrated
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VFD Losses

Friction Losses
Pump Losses

VFD

DestinationValve

PumpMotor

Source

Pipeline
Efficiency

Pump
Eff.

Motor
Eff.

VFD
Eff.

Wire to 
Water

Eff.

System 
Eff.

Pump Station Losses
Total System Losses



Specific Energy - Graphed

Minimum 
System SE

Peak 
wire-to-water 

efficiency

Single Pump 
Flowrate 

(gpm)



Specific Energy - Solution 
Architecture

Plant Data 
•Pressure 
•Flow 
•Level 
•Pump power/speed 
•PLC/Controller 

(inputs/outputs) 

Dynamic Pump 
Optimizer - Edge Device  
•Physics based model analytics
•Compute Pump Curves 
•Optimize in real-time
•Model ROI 
•Dynamic modeling

Cloud 
•Operating visibility and 

recommendations
•Pump health reports
•Monitor from anywhere
•Unlimited data 

storage/historian

Operations
•Text message alerts
•Recommendations
•Real-time pump 

performance
•Flexible operations  
•Dashboards

Physical System Digital Twin 
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Specific Energy – Map
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Pump Health – Graph
Pump Health 
Index (PHI) = 
Current BEP 
Efficiency vs. 
Factory BEP 
Efficiency

Factory 
Curve

Current 
Tested Curve

PHI decrease 
since 2013

Graph shows the pump 
current status and a 
month of data points



Pump Health – Report
The monthly health report
shows how the pump has worn
to date. The goal is to quickly
show managers information on
deciding to refurbish a unit
when the Net Present Value
(NPV) turns positive. It takes
the total run time and
calculates the energy reduction
based on using a refurbished
unit (more efficient). No more
running pumps to failure or
past their energy efficient
lifespans. In some cases,
capacity reduction is king.

Inputs



Results - Energy Reduction
Annual Energy 

Savings:   
$37,000

431,052 kWh

Daily Specific Energy 
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Results – Operation within 
POR

Operators without 
dashboard access 
“F ly ing  B l ind ”
=78% ou t  o f  
POR

Operators following 
recommendations
Adv isory  
Mode <1% ou t  
o f  POR

Green = In POR
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20 days of 
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30 days of 
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Operators are controlling the 
pumps and speeds following 
DPO recommendations in 
Advisory Mode(passive).



Water Hammer - Before

Without Digital Transient Control

Max Pressure: 240 PSI

Min Pressure: 88 PSI

∆ Pressure: 152 PSI

Max: 240 PSI

Min: 88 PSI

PID control made changes too quickly
[no flow rate-of-change control]

controlled via pump speed
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Digital Transient Control -
After

Max Pressure: 185 PSI

Min Pressure:  150 PSI

∆ Pressure:      35 PSI

With Digital Transient Control

Max: 185 PSI

Min: 150 PSI

Edge analytics determined appropriate 
response interval for flow rate-of-change 
(Dynamic Pump Optimizer in control)
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Lessons Learned
• Kempner WSC learned that their lead pump

was severely worn and operat ing at a peak
eff ic iency of 57% - almost 30% lower than
the peak eff ic iency of a new pump

• Software recommended a pump repair
project wi th a NPV of $12,488 and a ROI of
50%

• An average of 23% energy savings real ized
by operat ing at minimum speci f ic energy

• Digi ta l Transient Control funct ional i ty
reduced peak pressure transients dur ing
pump starts and stops by 77% from 152 to



Customer Feedback

“The DPO has made i t
much easier to run our
pump stat ion and
al lowed us to get the ful l
benef i t out of our VFDs.”
– Rodney Seaver
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