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GLWA'’s Water System
« Serving 3.8 million people In
112 communities
5 treatment plants
« 19 pumping stations

816 miles of transmission
main







Program of ReaI-Timeﬁ-
Efficiency Evaluation 3
for Pumping Stations — §

REEPS

« GLWA pays over $20M annual
electricity costs for pumping water to
the customers

« To analyze pump efficiency, GLWA
developed the REEPS program

 REEPS would evaluate real-time
efficiency for each of the 120 booster
pumps and 54 high lift pumps

« REEPS would find ways to improve
pumping efficiency for individual pumps

“~ " and systematic operations



REEPS Method

Evaluating Pump Efficiency:
* Np = Phya! Py
‘ Pb = I:)m X Nm

* Install a power monitoring
meter for each pump (P,,)

Where:

N, = the pump efficiency

Prys = the pump hydraulic power in
kilowatts

P, = the pump input (brake) power
in kilowatts

P, = the motor power in kilowatts
N, = the motor efficiency
(assuming 93%)
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REEPS Method .
Hydraulic Power*: P = power in hp A

P= th360 h=pumpheadinft | =

*source: Quora.com Q = flow-rate in gpm
Phya = 0.131 X Q X Hyg,

A flow meter is not fitting in a pump
system due to its lay length.

Hyp=H,-a @

200

Hean (ft)

Pump head curve formulation*: -

Hign =Hg -a QP
*source: EPANET Users Manual

Where:

Q = the pump flow rate in MGD
H:s, = pump total head in feet 0 10 20 30 a0 50 0
H: = pump shut-off head in feet Q(MGD)

a = pump resistance coefficient
b = pump flow exponent
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REEPS Method

Compute minor friction loss:

V=Q/A=Q/ (i D2/ 4)

H., =KV2/2g
= 0.011 x K x Q2 / D*

Where:

V = flow velocity in feet per second

A = the section area of pipe downstream valve (ft2)
D = the diameter of pipe downstream valve in feet
K = minor friction loss coefficient for discharge
valve (based on manufacturer’s valve curve data)
g = gravity acceleration (32.2 ft/s?)
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Manufacturer’s Valve Curve Sample

Table for valve flow coefficient values

PLUG ANGLE IN DEGREES FROM CLOSED
Cy = 29.8D%4 /1 |'e5E
K 90 & 70 60 5 40 30 20 10
RESISTANCE
FACTOR “K" 46 19 52 13 3 74 180 50
6 3596 1566 826 47 300 193 123 78 44

8 7423 2784 1468 839 534 343 219 139 8
10 12165 4350 2294 1311 834 536 342 217 122
12 18466 6265 3304 1888 1201 m2 493 313 176
14 25613 8527 4497 2567 1635 1051 671 426 239
16 34820 | 11138 5874 33% 2136 1373 81 5% 312
18 45515 | 14096 7434 4248 2703 1738 1110 704 395
2 56191 | 17403 9178 5244 337 2145 1370 8N 488
4 80915 | 25060 | 13216 7552 4806 3089 1974 1253 703
30 134100 | 39157 | 20651 11880 7509 4827 3084 1957 1100
36 200780 | 56386 | 29738 | 16993 10813 6951 441 2819 1583
42 277053 | 76748 | 40476 | 23129 14718 9462 6045 3837 55
48 372356 | 100242 | 52867 | 30210 19224 | 12358 7895 5012 815

Source: hitp:/iterature.puertoricosupplier.com/003/QG2286.pdf

A 36-inch Cone
Valve of GLWA




REEPS Method

Bernoulli equation for a pump system:

P 17 PV,
—t——+z=—=+—=+Zz, + / friction h,vnmp
pg  2g pg 28 |

When V, =V,, then

Han = (Hy - Hg) + Hy,
Eg-A can be changed as follows and is used to solve for Q:
(H. — aQb) = (Hy— H,) + (0.011 K Q2D*)
Eqg-A becomes

f(Q) = (Hy— Hs) + (0.011 K Q2D*)- (H,,—aQb) = 0

Where:

H., = minor friction loss of a pump system in feet
H, = the elevation of station discharge head (ft)
H. = the elevation of station suction head (ft)

An iterative algorithm to solve Eq-A

A Constant Speed Drive (CSD)
Pump Being Tumed on

Ovation Database

i
(2]
23
E
j
2
3
2

Qn+1=Qn +Fgn

Fgn = Fgn-1
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REEPS Method T L osonseriene

| Pump Flow Rate (Q)

a

X
When the valve curve p,,/ Diferenial

7 Pressure

Hen = Hye-a Q°

data is unavailable: vave L Tramamier

A differential pressure transmitter N5~ o,

(DPT) is installed for each pump. / U ~ 37\»?-»- ==

thh - 2.31 Pdpt Plj;ppower e 7l
Monitoring

Q= ((Hst — Hign) / @) -~
= ((HSt_ 2_31 Pdpt) I a)(1lb) Suction Header

Where:
Pgpt = the pressure differential (psi) measured by a DPT

11




REEPS Method

Affinity Laws for VFD Pumps
Flow is proportional to speed
Q,/Q=N,/N;=F,

Pressure IS proportlonal the
square of speed

Hinp / Hene = (N, / N¢ )2 =F2

Where:

Q, = the partial speed flow rate for a VFD pump
in MGD

Qs = full speed flow rate for a VFD pump in MGD
N, = partial pump speed in RPM

Nf full speed for a VFD pump in RPM

F = factor of speed (N, / Ny)

Hin, = Pump head under a partial speed in feet
H;,r = pump head under full speed in feet

total head (ft)

350

300

250

200

150

100

50

4 8 12 16 20 24

flow (MGD)

e Fulll speed 95% speed

90% speed

— 5% speed 80% speed — T5% speed

e T0% speed
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REEPS Method A -

Discharge valve
X / is open

Pump Flow Rate

VFD Pump: the discharge valve is open.
Pump head curve formula:
Hign = Hg -2 QP

Q= ((Hy; = Hegn) / a)1)
VFD aVFD

Combined with Affinity Laws: \m ‘<ﬂ>/

Q, = Fs ((Heys — (Hg — Hs) / Fs 2)/a)(") J

yhere: A | Suction Header P H
H.s = pump shut-off head under full speed in feet / NI T—

13



I A aTYYA R AR S
REEPS In
Ovation

Flowchart for

Calculating flow
rates for each of
the six pumps in
Franklin Pump
Station

E E E @ E H
g5 g
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|

| [ ] STATION
OVERVIEW
I n Ovatl O n - REAL-TIME PUMP EFFICIENCY EVALUATION

L1 L3

Real-time L
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STA COMPUTED FLOW STA PUMPING POWER STATION EFFICIENCY
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REEPS
In Ovation

Hourly and
daily pump
performance

PUMPFP L3

226 a8 oW 2@ I ZE B M I 25 9 W 23 2 I I8 I 3% 238z 25 3%



REEPS
In Ovation

,,,,,,,,,,,,,,,,,,,,,,,,,

Electricity costs
are calculated

b as ed on th e owe-—r. .Supply Thare;:
Demand Charge: $16.24 per KW of on-peak billing demand

rate sc h ed u I € Of ”””” Energy Charges: 3.719¢ per kWh for all on-peak kWh

DT E E ner g y 3.419¢ per kWh for all off-peak kWh

MONTHLY ON-PEAK BILLING DEMAND: The monthly on-peak billing demand shall be the single highest 30-
minute integrated reading of the demand meter during the on-peak hours of the billing period.

On-peak hours are those hours between 1100 hours and 1900 hours each day, Monday through Friday. legal
holidays excluded.

17



REEPS
Sample S
Application -

200

Pump flow, head _.
& efficiency
analysis for
Adams Station

Pump Head (ft)
-
8

3

120

100

80

Adams Pump Station Operations

Pumping Head vs Flowrate Frequency

<4

48

1-pump operation >

< 3-pump operation >

T TE—

Preferred Flowrates
8-20MGD

[

1216 16-20

T

2024 2428 2832 3236 3640 4044 4448 4852 5256 5660 60
Station Flow (MGD)

® Flow Frequency i Average Raised Head with 90 Percentile Variation
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REEPS
Comparison of Pump Unit Energy Costs in 2018*
Sample

Application
Pump flow, head :
& efficiency £, ;
analysis for | n
Adams Station 0

*average costs for 12 months of 2018 weighted by the monthly
pump run hours; the energy costs are estimated at $0.095 / kWh.

-]

Pump Runtime (hrs.)
Ly = w
[=] [=] [=]
=] o o
o o o
[=1]

Unit Energy Cost ($/MG)

IS

]
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REEPS P fl head & effici lysi
ump triow, nea erficiency analysis
Sam.ple _ for Adams Station
Application
Pump ID L1 (VFD¥) 2 3/ W\ R R2
Average Pump Efficiency (%) 66.7% 71.8% 711.1% ," 65.7% ° 81.5% 80.6%

Average Discharge Valve Position (%)|  “100% 80.4% 54.0% :' 77.8% '. 23.3% 41.8%
Energy Loss Due to Throttling (kWh) | No Throttle. 41,635 27,985 ", 17,273 5 83,956| 41,242
Throttling Energy Loss (%) No Throttle 5.9% 11.8% l\‘ 5.6% | 25.3% 21.0%
Overall Efficiency with Throttling (%) 64.7% 67.6% 62.0% \‘\\56.8% S 52.1% 55.5%

~_.7

*VFD has a efficiency of 97% on average. -

-—
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REEPS
Sample
Application

Pump flow, head

& efficiency
analysis for
Adams Station

Head (ft)

300

240

180

120

60

Pump L4 Re-Sizing

Throttle Reduction Potential ‘

l Efficiency Improvement Potential

Preferred Duty Zone /
~
~
~
~
Preferred .
Duty Zone
BEP* at Proposed
Rated Point (13.8
MGD @ 178' Head)
0 2 4 6 8 10 12 14 16 18 20
Flow (MGD)

== == New Pump Head Curve

New Pump Efficiency Curve

= = = Exist. Pump Head Curve
A Pump Rated Point

Exist Pump Efficiency Curve

- 100
BEP* at Existing Pump |- 90
Rated Point (18.2
MGD @ 191' Head)
- 80
- 70
~ - 60
~
~
~
N
N
N AN
N - 50
h N
N N
N
- 40
22 24 26

* BEP - Best Efficiency Point
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REEPS Using Re-Sized Pump L4
Sample = BT | =

Application

Pump flow, R
head & 2,
efficiency | stopeeD
analysis for el e e
Adams Station il m W g

:m\ Y £ i . 4 v A
|- | sToPPED | AL| 1020 RPM |

o

SUCTION PRESSURE

ISCHARGE PRESSURE

DISCHARGE
PRESSURE SETPOINT

DIFF PRESS
[ ! 42 [ ] |G

: A 5xxx%
J NOT REA’DJ

J STOPPEbJ

DISCHARGE
HEADER

DIFF PRESS
L3
—

SUCTION \
HEADER 2
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REEPS | | .
Energy Savings by Using Re-Sized Pump L4

Sample * Pump efficiency increased from <70% to
Application 827%

* Pump discharge throttling reduced from
Pump fIOW, head >50% to approximately 10%
& efflc!ency * Annual energy savings is estimated about
analysis for 180,000 kWh (approx. 6%)
Adams Station * The overall unit energy cost reduced

from $81.1 per MG to $75.7 per MG
(annual cost savings of about $16,500)
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Real-time Pumping Optimization Project
REEPS PIng P ’

S r T l SCADA - ici Detroit
a. ple Ovation ( Elelfltlrlglty O( AWR O ( WANR O
System
Automatically
Performing
I Ca I O n Optimal Pumping
Shedule \ \' /

« Generate optimal pumping RPO Inteface
schedule for next 24-hour ‘

* Reduce on-peak billing demand of
System Hydraulic Model “ i :
Data Warehouse
and Al Demand
Projection Tool

electricity
Optimization Calculation Engine

Next 24 Hours
Optimal Pumping
Schedule for
System Operatiors
Review

 Reduce energy costs against DTE
Energy’s tariff

» Optimize water transmission

paths to reduce pumping
requirements Wem\
RPO Program Forecast

Cloud

 Use cloud computing technology Compuiing
to speed up the calculation in
optimization algorithm engine
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REEPS
Sample
Application

REEPS helps
real-time
pumping
optimization
program

Real-time Pumping Optimization Project
o (| () |
L/

\ \’ / / L-REEPS Used for

Updating Pump
RPO Interface Performance (Head
& Efficiency) Curves
System Hydraulic Model
Data Warehouse
and Al Demand
Projection Tool
Optimization Calculation Engine

RPO Program

SCADA -
Qvation
System

Automatically
Performing
Optimal Pumping
Shedule

Next 24 Hours
Optimal Pumping
Schedule for
System Operatiors
Review

WeatN
Forecast

Cloud
Computing
Server
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Questions?

/N GLWA




THANK YOU




