Cost Effectively Maintaining and Rehabilitating an
80-MGD Pump Station for Energy Efficiency

NEWEA Energy Efficiency & Asset Management Conference
April 12,2018

Frederick A. Mueller, P.E., Tighe & Bond sl
Sarah H. Bounty, P.E., Tighe & Bond

e mmmmmmmmmmmm—m——— Tighe&Bond



Outline

Waterbury WPCF

Energy Efficiency Study

Project Introduction
Rehabilitation of Influent Pumps
Procurement Strategy
Implementation / Results
Control System Improvements

Discussion

mmmmmmmm—m—— Tighe&Bond 2




B Processes
— Influent Screening
—  Grit Removal
— Influent Pumping
— Primary Sedimentation
— Activated Sludge
— RAS Pumping
— Secondary Sedimentation
— UV Disinfection

B Flows:

— ~22 MGD Current Average Flow
— ~27 MGD Average Design Flow
— ~80 MGD Peak Flow
— Bypass
»  CSOif >~80 MGD;
»  Primary Treatment > ~50 MGD

m NEWEA Award 2017 (Wastewater
Utility) NEWEA

WORKING FOR WATER QUALITY
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Energy Efficiency Study

JK Muir Completed Study in December 2015

®  Actual Performance Testing

$101,568 Utility Grant
® Influent Pumps (4) — This Project
®  RAS Pumps

Rebuild/Rehabilitate Pumps - Return to Factory

Curves

®  Replace wear rings, wear plates
®  Rebuild worn surfaces
®  Bearings

Interior Ceramic Epoxy Coating EVERSéU RCE

®  Data to support improved efficiency
®  Not Quantified for grant
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Project Introduction

m History
— 4 Influent Pumps
— Only Seal Repairs since 2000
— Historic Vibration Concerns
— Historic Air Binding Concerns
m Goals
Execute Grant
Improve Pump Efficiency 7,
Reduce Energy Costs 25.45 ft.
Maintain Capacity
Investigate Vibration
Rehabilitate System:
» Pump
» Motor
» Drive Shaft ,
» Check Valve Check Valve Pump. Drive Shaft
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Rehabilitation of Influent

H 4 Influent Pump

Systems
— ITT AC Pump
» 19,500 gpm
(28 MGD)
» 39 feet
— 250 HP WEG
motor
— 30-inch Check
Valve
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Procurement Strategy

m Timeline
— March - June 2016: Design Project
» Allowance for unknown repairs ($100k) ggomros
— August 2016: Bid Project ol
» Engineer’s Estimate: $730,000
» Lowest Bidder: $620,000 A
— Construction Period: January — December 2017
» 4 Pumps ~ 3 Months each
— Final Completion: March 9, 2018
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Photos - Before
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Photos - After
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Performance and Vibration
Testing

Pre- and Post-
Rehabilitation
Tests

Performance
Flow (MGD)
Pressure (psi)

» influent
» effluent
Motor Power
Est. Efficiency

Vibration
— Motor
— Shaft
—  Pump

Performance Monitoring
(Constant Level & Speed)

Vibration Monitoring
Motor (Shaft and Pump)
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Pump & System Curves

Difficult to test at
100% speed (80

MGD)
5% Factory Curve
100% Speed
60 42%
Pump
Efficiency
81% Speed
£ 25% (Used for o T
540 42% /Testing) "
i 72%
= \‘\SG‘VL \
Design Point 6;2%
20 System Curve (352@ '://IGD)
3 pumps running SN
Best Efficiency Curve
1
0 pump
0 5,000 10,000 15,000 20,000 25,000

Pump Flow (gpm)
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Performance Results

Pump & System Curves

Improvement in Efficiency:
Low flow: -2.5%
Medi low: 2.8%

60
Post-reha
£ 25% % u
40 42% A
g 72%
I
64.7% & 86%
2% 81.3% e —
T BT =TT
2! 65%
e
20
Calculated 65859,
Pump Efficiency T
Throttle valve to generate
curve at 81% speed
0
0 5,000 10,000 15,000 20,000 25,000

Pump Flow (gpm)
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Vibration Results

T "“I_’ﬁ
ump Speeg T

|
--»ff«\a

12:00:00 12:07-12 12-14:24 12:21:36 12:28:48 11:24:00 113112 11:38:4 11:45:36 11:52:48 12:00:00 12:07:12 121424 122136

Time Tiie

Pre-Rehabilitation Post-Rehabilitation

Conclusion: Vibration High at High Speed, but Some Improvement
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Pump Rehabilitation Project

m Success!
— Project Under Budget

m Estimated Savings
— Annual:
» ~300,000 kWh*
» ~$45.000**

*  JK Muir Estimate
** Assuming $0.15/KWH




But Wait — There is NMore!

m Other Part of Puzzle?

m Vibration
— Avoid High Speeds - Modify Controls ?
— Structural Study & Design ? $3%7?

m Air Binding
— Avoid Low Wet Well Levels — Modify Controls $




Air Binding of Lag Pumps

El. 83.67 %

El. 80.00 <—
El.7800 |
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Air Binding of Lag Pumps

High level alarm -—_r-.:—
el 9320 .
Typical wat ¥
el.91.00 E[ 8

Low El. 83.67
level < —

alarmel. El. 80.00 jf
81.50 El.78.00 ~
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Air Binding of Lag Pumps

Typical .|
Overnight
Low Flow
Water el.
85+/-
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Control System Changes

B Avoid High Pump Speeds
B Avoid Low Wet Well Levels

1.24 1|

Start Level Stop Level
Lead Pump 88.70 9.70 86.00 7.00
Al 1st Lag Pump 92.25 13.25 90.10 11.10
2nd Lag Pump 93.50 14.50 91.80 12.80
Stdby Pump 95.50 16.50 92.80 13.80
Influent Wet Well High Alarm g3 o 14.20
Influent Wet Well Low Alarm g 4 :50 2.50 2
,1 3 Reset all to default setpoints L

3 %
L7 1nfient P

P- 301 B
94

“““““ P-302

Low Flow Controls

Logic Hidden

Influent Pump
o Lead/Lag Control

H2S Normal
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O Influer
Setpoi

Y Plant
Influent
Flow
FIT-305

1353988 MG

" Primary Building
GAS Status
Oxygen Normal

Combustible Normal

~ Plant
Effluent
Flow
FIT-910

16.08 MGD




Wet Well Level vs. Flow

2nd Lag Pump
1stLag Pump

Lead Pump Pump Volute EI. 89.0

Low Flow Control
Logic — Late Night Old Control System

—
Q
Q

L

;=
c

ke,

o
(C
>

@

L

K]
>
Q

—

$
o

=

20 40 60 80

System Flow (MGD) o




Wet Well Level vs. Flow

Recommended Plan — Proportional Control
(Reduce Head & Energy)

O
(o]

o

Pump Volute EI. 89.0

Low Flow Control
Logic — Late Night Old Control System
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Pump Optimization Model

Pump
Efficiency
Curve
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Recommended Plan

Flow vs Speed

85,000 495
80,000
75,000 o 110
70,000 e 100
65,000 .
S 60,000 =
& 55,000 g0 O
£ 50,000 70 =
(_% 45,000 " g
o 40,000 e
£ 35,000 / so £
2 30,000 ' z
2 pcop0 40 MGD # ©w g
20,000 30
15,000 23 MGD - / 20
10,000
5,000 e
. S 0

0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100% 110%  120%
Pump Speed (%)

——System Flow 1 Pumps Running —=—System Flow 2 Pumps Running +—System Flow 3 Pumps Running
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What is the Most Efficient

Operating Strategy?

20.0

15.0

10.0

Power to Flow Ratio (EHP/GPM)

5.0

0.0

——0One Pump

\ ==Two Pumps

One pump at ——Three Pumps
|\ 81% speed or Two pumps at
\ 2 pumps at 75% speed or
\ 68% speed 3 pumps at Three pumps

68% speed at 87% speed

One Two Three
Pump Pumps Pumps

10,000 t 20,000 ' 30,000 40,000 50,000 t 60,000 70,000

System Flow (gpm)

23 MGD 40 MGD 80 MGD 24
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Impact of Control System

B Put Lag Pumps on Sooner

B Run at Higher Wet Well Levels
B Avoid High Speed & Vibration

H Increase Pump Station Capacity

m Estimated Annual Energy Savings
— 147,000 KWH*
— $22,000 **

* Estimated by Tighe & Bond ** Assume $0.15 / KWH
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Pump Optimization Tool

m Can be used to analyze any centrifugal
pump station.

m Pump Curves
— Flow v Head,

— Flow v Efficiency
— Flow v NPSHR

m System Curves

:




Low Head - Very Short
Force Main (Waterbu
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Medium Head - Long
orce Main (Middletowr
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THANK YOU

QUESTIONS?

: ] Jen Muir
Tighe&Bond
Karl Knightly

Joe McCann
Art Daigle Fred Mueller

Warren Thomas Amy Sowitcky
Sarah Bounty

Engineers | Environmental Specialists

A NEW ENGLAND
~ ) PUNMP & VALVE

Jeff Armstrong
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