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APPENDIX A 
Well Pump Performance Test Reports  



 

 

 
August 27, 2020 
 
City of West University Place 
Attn: Mr. Chad Smith 
West University, Texas 77401 
 
Reference: Water Well #8 – Milton Street 
 
Dear Mr. Smith, 
 
Collection and evaluation of field data pertaining to the operation of the well and well 
pumping equipment was recently completed at the above referenced facility. Included in 
this report please find the test results and pump curve generated by the testing.  
 
                                             PERFORMANCE TEST REVIEW 
 
Hydraulic Performance of pump is  Excellent         Good    X     Marginal           Poor____ 
1674 GPM @ 348' field head 
 
Overall efficiency is 62 percent    Excellent         Good     X     Satisfactory          Poor              
 
Pump Submergence 260 feet          Excellent    X       Good          Marginal____ Poor_   
 
Vibration Analysis            Excellent    X       Good          Marginal____ Poor_   
 
Suspended Solids Testing    Excellent     X      Good         Marginal____ Poor___ 
 
Brass Observed in SST    None           X      Trace            Substantial ___ Excessive__ 
 
Flowmeter Accuracy is 100.8 percent      
 
The test indicated that the pump appears to be operating in satisfactory condition. 
 
We appreciate this opportunity to be of service. If you have any questions or comments, 
please call. 
 
Sincerely, 
Gary McMurrey 
 



General Electric
300

PUMP DATA

American
15-M-180

10" x 3" x 1 15/16"

5
580

1600 GPM @ 432. TDH

Manufacturer :
Bowl Type :
Stages :
Setting :
Column Size :
Design Point :

362/460
60127828
L449TP20
1785

Manufacturer :
Size (HP) :
Amps/Volts :
Serial # :
Frame :
Speed (RPM) :

MOTOR DATA

LJ-65-xx-008

Facility 08/25/2020Test Date

U.S.G.S. #

PERFORMANCE TEST DATA

-235Static Lvl (ft)

Discharge Pressure

Capacity (GPM)

Field Head (ft)
Water Horsepower
Overall Efficiency
Horsepower Input
Kilowatt Input
Amp Draw
Voltage
Sand (PPM)
Time (min) 45

Pumping Lvl (ft)
Drawdown (ft)

1674

19.69
347.72

258-258-247

45

Specific Capacity

12

1674
-320

85
19.69
347.72

146.9

468-465
2

235.44
175.7

258-258-247

62%

12

-320
85

147.14

235.44

62%

175.7

2
468-465

New meter installed.
Vibration analysis completed.

Remarks

260Pump Submergence (ft)

6Start-up Sand (PPM)
No

100.8

Additional Data

045445.000

City of West University Place - well #8

Meter accuracy is

Water Spec

20200898

Performance Test Report

       website: www.g-mservices.com                         phone: 281-894-8971

3768Subsidence Well ID#:

Meter Data

% at 

Manufacturer:

Meter Read:

Serial #:

Size:
Brass Detect:

ETM Read:

R McKissickTECHNICIAN

12

1687 GPM



CITY OF WEST UNIVERSITY - WELL #8  (MILTON STREET) 

TEST DATE: 8/25/2020

Pump operating at 
this point into GST

Design Point
1600 GPM @ 432’ TDH



City of West University Place
Well #8

3/09 12/09 6/11 8/12 8/13 6/14 10/15 1/17 7/18 7/19 8/20
-600
-550
-500
-450
-400
-350
-300
-250
-200
-150
-100

Feet Below Surface

0

500

1000

1500

2000
Flowrate (GPM)

Static Water Level Capacity (GPM) Pumping Level

Static Water Level -266 -234 -244 -245 -241 -214 -221 -235 -241 -247 -235
Capacity (GPM) 1534 1557 1541 1538 1672 1721 1691 1663 1643 1629 1674
Pumping Level -348 -329 -332 -335 -313 -298 -301 -318 -326 -330 -320

Current Pump Setting

Prepared by G-M Services



VIBRATION ANALYSIS DATA
TYPE 3 Machine

Position 01 upper motor frame

Position 02 lower motor frame

Position 03pump tension bearing
Position AF2 is a low frequency (OSR shaft run-out)
foundation reading

Explanation of vibration Identification System

First digit is measurement location Second digit is direction

01 = upper motor bearing 1 = horizontal
02 = lower motor bearing 2 = vertical
03 = pump tension bearing 3 = axial

Example: Position 022 is the lower motor bearing vertical direction.
Position 031 is the pump tension bearing horizontal direction.

Measurement points are taken at each bearing. The points are numbered starting at the 
driver and ending at the driven end.

Note: Position AF2 is an acceleration reading on the pump foundation (axial position)
Position OSR is a shaft rider reading at the top of the tension bearing.
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August 27, 2020 
 
City of  West University Place 
Attn: Mr. Chad Smith 
West University, Texas 77401 
 
Reference: Water Well #9 – Wake Forest Dr. 
 
Dear Mr. Smith, 
 
Collection and evaluation of field data pertaining to the operation of the well and well 
pumping equipment was recently completed at the above referenced facility. Included in 
this report please find the test results and pump curve generated by the testing.  
 
                                             PERFORMANCE TEST REVIEW 
 
Hydraulic Performance of pump is  Excellent     X    Good         Marginal           Poor____ 
1972 GPM @ 386' field head 
 
Overall efficiency is 68 percent    Excellent   X      Good         Satisfactory          Poor              
 
Pump Submergence 238 feet   Excellent    X       Good          Marginal____ Poor____ 
 
Vibration Analysis                 Excellent           Good    X      Marginal____ Poor____ 
 
Suspended Solids Testing    Excellent           Good    X   Marginal____ Poor___ 
 
Brass Observed in SST    None           X      Trace            Substantial ___ Excessive__ 
 
Flowmeter Accuracy is 99.1 percent      
 
The test indicated that the pump appears to be operating in good condition. 
 
We appreciate this opportunity to be of service. If you have any questions or comments, 
please call. 
 
 
Sincerely, 
Gary McMurrey 
 



U.S. Motors
350

PUMP DATA

Christensen
14" RJLC

10" x 3" x 1 15/16"

7
580

1600 GPM @ 522' TDH

Manufacturer :
Bowl Type :
Stages :
Setting :
Column Size :
Design Point :

389/460
X07 20160393-0001
447TPA
1785

Manufacturer :
Size (HP) :
Amps/Volts :
Serial # :
Frame :
Speed (RPM) :

MOTOR DATA

LJ-65-xx-009

Facility 08/25/2020Test Date

U.S.G.S. #

PERFORMANCE TEST DATA

-237Static Lvl (ft)

Discharge Pressure

Capacity (GPM)

Field Head (ft)
Water Horsepower
Overall Efficiency
Horsepower Input
Kilowatt Input
Amp Draw
Voltage
Sand (PPM)
Time (min) 45

Pumping Lvl (ft)
Drawdown (ft)

1763

18.36
430.02

283-284-278

15

Specific Capacity

19

1872
-342

105
17.83
385.89

182.4

487-488
2

266.39
198.8

278-280-272

68%

42

-333
96

191.64

271.35

71%

202.5

1
487-489

New meter installed.
Vibration analysis completed.

Remarks

238Pump Submergence (ft)

5Start-up Sand (PPM)
No

99.1

Additional Data

15534
025064.000

City of West University Place - well #9

Meter accuracy is

Water Spec

20200896

Performance Test Report

       website: www.g-mservices.com                         phone: 281-894-8971

3986Subsidence Well ID#:

Meter Data

% at 

Manufacturer:

Meter Read:

Serial #:

Size:
Brass Detect:

ETM Read:

R McKissickTECHNICIAN

12

1855 GPM



CITY OF WEST UNIVERSITY PLACE - well #9

TEST DATE: 08/25/2020

    DESIGN POINT
1600 GPM @ 522’ TDH

PUMP OPERATING AT
THIS POINT INTO GST

42 PSI



City of West University Place
Well #9

3/09 12/09 6/11 8/12 8/13 6/14 4/16 1/17 8/18 6/19 8/20
-600
-550
-500
-450
-400
-350
-300
-250
-200
-150
-100

Feet Below Surface

0

500

1000

1500

2000

2500
Flowrate (GPM)

Static Water Level Capacity (GPM) Pumping Level

Static Water Level -262 -247 -238 -256 -245 -232 -236 -246 -257 -236 -237
Capacity (GPM) 1619 1663 1697 1666 1691 1733 1705 1966 1948 1967 1872
Pumping Level -354 -341 -335 -352 -345 -328 -333 -349 -354 -339 -342

Current Pump Setting

Prepared by G-M Services



VIBRATION ANALYSIS DATA
TYPE 3 Machine

Position 01 upper motor frame

Position 02 lower motor frame

Position 03pump tension bearing
Position AF2 is a low frequency (OSR shaft run-out)
foundation reading

Explanation of vibration Identification System

First digit is measurement location Second digit is direction

01 = upper motor bearing 1 = horizontal
02 = lower motor bearing 2 = vertical
03 = pump tension bearing 3 = axial

Example: Position 022 is the lower motor bearing vertical direction.
Position 031 is the pump tension bearing horizontal direction.

Measurement points are taken at each bearing. The points are numbered starting at the 
driver and ending at the driven end.

Note: Position AF2 is an acceleration reading on the pump foundation (axial position)
Position OSR is a shaft rider reading at the top of the tension bearing.
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APPENDIX B 
Houston Surface Water Contract 

  







2~02-- Construction by West University of Certain Facilities.

a) West University and Houston have proposed the construction of a combined water

facility Project to include the following five Elements:

i) A 16- inch approach main along Weslayan Drive from Westpark to

Bissonnet ( UWeslayan MainU).

ii) Tlrree fire hydrants along the Weslayan Main (" Weslayan HydrantsU).

iii) Various taps and connections off the Weslayan Main to serve Houston

water facilities or customers in the Weslayan vicinity (" Weslayan Tapsll).

iv) A tap and meter at the terminus of the Weslayan Main to serve West

University, near the intersection of Weslayan and Bissonnet (" Bissonnet

Tap & Metern).

v) A 12- inch water main between the Bissonnet Tap & Meter and the West

University' s water plant on Milton Street (" Milton Connectiontr).

These facilities are illustrated in Exhibit " AU, attached. The Weslayan Main, the

Weslayan Hydrants and the Weslayan Taps are within the corporate limits of Houston, and

Houston proposes to take title to them and use them to serve not only West University but also

customers of Houston. Accordingly, the parties have agreed to share costs as follows:

C:\ EWB: pas\ Contract\ WestU .Con
3 -

October 13. 1993
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APPENDIX C 
Historical Water Production 

 
  



/

City of West University Place
Water System Assessment

Historical Water Production

Facility ID
 Bissonnet Surface Water
 Milton Well
 Wakeforest Surface Water
 Wakeforest Well

Historical Water Production

0

50

100

P
ro

du
ct

io
n 

(M
G

D
)

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11

2015 2016 2017 2018 2019

Facility Bissonnet Surface Water Milton Well Wakeforest Surface Water Wakeforest Well

Year

 

Average Day
Demand
(MGD)

Max Day
Demand
(MGD)

2015

2016

2017

2018

2019

2020

2.07

2.12

2.20

2.17

2.17

2.17

4.51

4.36

5.12

5.56

4.28

5.61

Water Source

60.6%

39.4%

Surface Water

Groundwater

Facility Location

Facility Bissonnet Su… Milton Well Wakeforest … Wakeforest…

© 2021 TomTom, © 2021 Microsoft Corporation, © 2021 TomTom, © 2021 Microsoft Corporation, © OpenStreetMap© OpenStreetMap

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=r&FORM=BMLOGO
https://www.openstreetmap.org/copyright
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APPENDIX D 
Field Pressure Testing Results 
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City of West University Place
Water System Assessment

Field Pressure Testing Results

 PR-01
 PR-02
 PR-03
 PR-04
 PR-05
 PR-06
 PR-07
 PR-08

Earthstar Geographics Earthstar Geographics SIO, © 2021 TomTom, © 2021 MicrosoftSIO, © 2021 TomTom, © 2021 Microsoft
Corporation, Corporation, © OpenStreetMap© OpenStreetMap

Pressure Statistics

Min: 49 psi
Max: 68 psi
Avg: 58 psi

Address

4256 Albans Rd

PR-01Pressure Recorder:

Elevation (ft)
55.7

8/13/2020 8/23/2020

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=a&FORM=BMLOGO
https://www.openstreetmap.org/copyright
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City of West University Place
Water System Assessment

Field Pressure Testing Results

8/13/2020 8/23/2020

 PR-01
 PR-02
 PR-03
 PR-04
 PR-05
 PR-06
 PR-07
 PR-08

© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation

Pressure Statistics

Min: 50 psi
Max: 70 psi
Avg: 59 psi

Address

3701 Nottingham

PR-02Pressure Recorder:

Elevation (ft)

56.7

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=a&FORM=BMLOGO
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City of West University Place
Water System Assessment

Field Pressure Testing Results

8/13/2020 8/23/2020

 PR-01
 PR-02
 PR-03
 PR-04
 PR-05
 PR-06
 PR-07
 PR-08

© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation

Pressure Statistics

Min: 54 psi
Max: 73 psi
Avg: 62 psi

Address
Wakeforest Water Plant

PR-03Pressure Recorder:

Elevation (ft)
52.8

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=a&FORM=BMLOGO
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City of West University Place
Water System Assessment

Field Pressure Testing Results

8/13/2020 8/23/2020

 PR-01
 PR-02
 PR-03
 PR-04
 PR-05
 PR-06
 PR-07
 PR-08

© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation

Pressure Statistics

Min: 51 psi
Max: 72 psi
Avg: 61 psi

Address
Milton Water Plant

PR-04Pressure Recorder:

Elevation (ft)
57.9

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=a&FORM=BMLOGO
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City of West University Place
Water System Assessment

Field Pressure Testing Results

8/13/2020 8/23/2020

 PR-01
 PR-02
 PR-03
 PR-04
 PR-05
 PR-06
 PR-07
 PR-08

© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation© Vexcel Imaging, © 2021 TomTom, © 2021 Microsoft Corporation

Pressure Statistics

Min: 47 psi
Max: 68 psi
Avg: 60 psi

Address
3025 University

PR-05Pressure Recorder:

Elevation (ft)
55.8

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=a&FORM=BMLOGO
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City of West University Place
Water System Assessment

Field Pressure Testing Results

8/13/2020 8/23/2020
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Pressure Statistics

Min: 50 psi
Max: 68 psi
Avg: 59 psi

Address

4153 Oberlin

PR-06Pressure Recorder:

Elevation (ft)

59.2
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Pressure Statistics

Min: 46 psi
Max: 68 psi
Avg: 60 psi

Address

2737 Arbuckle

PR-07Pressure Recorder:

Elevation (ft)

56.3
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Pressure Statistics
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Elevation (ft)
59.2

ms-pbi://www.bing.com/maps?cp=25~0&lvl=1&style=a&FORM=BMLOGO


Water System Assessment 
City of West University Place 
May 20, 2021 
 

40 
 

APPENDIX E 
Booster Pump Field Testing Reports 

(by Smith Pump) 
  



 

 
 

 

MILTON STREET PUMP STATION FIELD ASSESSMENT 
 

CONTRACTOR: N/A 
 
ENGINEER: Freese & Nichols, Inc. 
 
OWNER: CITY OF WEST UNIVERSITY PLACE 
 
PUMP STATIONS:  Milton Street Pump Station 
 
SPECIFICATIONS: NONE 
 
EQUIPMENT: P-1 & P-2 

American-Marsh HIM, Size 6, 1 Stg HSC, 1,400 gpm @ 175’ TDH, 
1,750 rpm, Serial No: Unknown / 04-5916  |  Howell Horizontal Motor, 
75 hp, 1,770 rpm, 440 V, 86.5 FLA, Serial #: 155042039 / TECO 
Horizontal Motor, 100 hp, 1,780 rpm, 460 V, 115 FLA, Serial #: 
Unknown 
 
P-3 
Fairbanks-Morse 1823, 6”, 1 Stg HSC, Serial No: Unknown  |  
Fairbanks-Morse Horizontal Motor, 60 hp, 1,765 rpm, 440 V, 71 FLA, 
Serial #: F356340 
 
P-4 
ITT A-C 8100, 8x6x12L, 1 Stg HSC, 1,500 gpm @ 132’ THD, 1,775 
rpm, Serial No: 1-74417-01-1  |  USEM Horizontal Motor, 60 hp, 1,785 
rpm, 460 V, 70 FLA, Serial #: F07-H649-M 
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REVISION RECORD 
 

REVISION DATE DESCRIPTION BY 
0 11/18/2020 Initial Release S. Wallace 
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EXECUTIVE SUMMARY 
 
BP-1 motor vibration signatures show possible looseness which is generally caused by worn 
bearings. It is unclear how the pump is performing as the catalog curve could not be found 
but the nameplate shows 1,400 gpm at 175 ft and, according to the test, the trend line is 
significantly lower than this. The rest of the pump appears to be in good condition with no 
significant vibration. It is recommended the motor be pulled and inspected and the pump 
be disassembled to determine the cause for the significant loss in performance. 
 
BP-2 motor vibration signatures show a potential electrical fault though it does not seem to 
be too significant at this point. It is unclear how the pump is performing as the catalog curve 
could not be found but the nameplate shows 1,400 gpm at 175 ft and, according to the test, 
the trend line is significantly lower than this. The rest of the pump appears to be in good 
condition with no significant vibration. It is recommended the motor be pulled and 
inspected and the pump be disassembled to determine the cause for the significant loss in 
performance. 
 
BP-3 pump appears to be operating close to the catalog curve if the curve selected is correct 
and the pump is operating with low vibration. The motor appears to have a slight electrical 
fault with a potential bearing fault but nothing to be too concerned about and is operating 
well. If the pump catalog curve is correct, the motor horsepower will be exceeded if the 
flow rate exceed 1,400 gpm. 
 
BP-4 pump operates close to the catalog curve and with low vibration. The motor operates 
very well with low vibration. The only issue is that the motor rated horsepower will be 
exceeded when the flow rate exceeds 1,300 gpm. If the flow is expected to exceed 1,300 
gpm, it is recommended the existing motor be replaced with a larger one, 75 hp 
recommended. 
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GENERAL ARRANGEMENT 
 
There are four (4) horizontal split case pumps at this station.  Two (2) pumps are of one size 
and two (2) pumps are of another size.  All units are run across the line at a constant speed. 
 
The catalog curve for Pump #4 can be found below. There is not enough information on the 
other units to find the pump catalog curves. 

 

 
Figure 1:  BP-4 Catalog Curve 
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TYPES OF TESTS 
 
Smith Pump performed a Pump Performance Test, Vibration Test, and a Visual Inspection 
on each unit.  The details of each test are outlined below. 

 
Pump Performance Test 

• Test pump at full speed with a 100% open valve and two points with a partially 
closed valve. 

• Record shaft speed (rpm), flow rate, wet well level, discharge pressure, and power. 
 

Vibration Test 
• Measure filtered vibration spectra and overall vibration values in three (3) 

orthogonal planes at the motor non-drive end (NDE) bearing housing, two (2) 
orthogonal planes at the motor drive end (DE) bearing housing, two (2) orthogonal 
planes at the pump DE bearing housing, and three (3) orthogonal planes at the 
motor NDE bearing housing. 

 
Visual Inspection 

• Review baseplate design, material conditions, and piping.   
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ACCEPTANCE CRITERIA 
 

None  
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TESTING VARIANCES 
 

None  
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TESTING ARRANGEMENT  
(calibration data can be found in Appendix B) 

 
• Flow Rate – Recorded with Smith Pump’s GE Panametrics PT878 portable strap-on 

flowmeter with the serial number 02368. The flow meter was located on the suction 
field line before the suction header.   
 

• Suction Pressure – The suction pressure was recorded with an Omega Engineering 
PX459-050A5V pressure transducer which measures from 0 to 50 psia; the serial 
number is 466962.  This transducer was located on the suction of each pump. When the 
pressure gauge could not be removed, the pump station gauge on the pump was used. 
 

• Discharge Pressure – Recorded with Smith Pump’s Winchester Model 1 digital pressure 
gauge with a range of 30 in Hg to 3,000 psi.  The serial number for this gauge is 44518.  
The pressure gauge was located on the discharge of each pump. When the pressure 
gauge could not be removed, the pump station gauge on the pump was used. 
 

• Shaft Speed – Recorded with Smith Pump’s Monarch AFG3021B tachometer.  The serial 
number of this device is 1520757. 
 

• Vibration – Recorded using Smith Pump’s Pruftechnik VibXpert VIB 5.300. The serial 
number of this device is 00558. 
 

• Power – Recorded using a rented Fluke 1738 3-phase power quality logger.  The serial 
number for this device is 35273147.  
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TEST RESULTS: BP-1 
 
TEST RESULTS 

 
The composite curve in Figure 2 below shows field data points plotted against the original 
factory test curve. 

 
• Flow Rate 

o Recorded from a rental and Smith Pump’s portable strap-on flowmeter 
 
• Total Dynamic Head (TDH) 

o Calculated based on the discharge pressure, wet well level, and discharge 
velocity head 

 
• Pump Brake Horsepower 

o Recorded using a rented 3-phase power quality logger   
 
• Efficiency Curve 

o Calculated from the flow rate, TDH, and pump brake horsepower 
o Calculating the efficiency from field data does not produce very accurate results 

due to the errors in the flow, pressure, and power measurements from the lack 
of proper piping arrangements and not having a calibrated motor 
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Figure 2:  BP-1 Field Test D
ata 
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The pump performance test data (hydraulic and electrical) shows the field test points 
recorded for BP-1.  The instrument values were recorded in concert with one another.  The 
data is reduced to result in the points that show up in the composite curve chart. 
 
Once the data is collected and reduced to a value for flow, total head, shaft speed, pump 
brake horsepower, and pump efficiency values, it is then speed corrected to the nominal 
value using the Affinity Laws.  We make this speed correction to overlay the field results on 
the factory test curves at the same speed the factory tested at. 
 
Vibration Transducer Nomenclature: 
M = Motor 
P = Pump 
ODE = Opposite drive end 
DE = Bottom of the motor 
X = Perpendicular to the shaft, horizontal 
Y = Perpendicular to the shaft, vertical 
Z = Axial 
cpm = Cycles per minute (somewhat analogous to revolutions per minute) 
 
For example, the vibration on the motor at the opposite end of the coupling and in the 
horizontal direction would be M-ODE-X. 
 
The spectrums below in Figure 3 to Figure 12 are laid out such that he horizontal axis is the 
vibration frequency, in cpm, and the vertical axis is the vibration amplitude in velocity units, 
in/sec rms. 
 
The motor spectrums have a high number of run speed harmonics which tends to indicate a 
looseness issue. 
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Figure 3: BP-1, M-ODE-X.  Maximum peaks are 0.102 in/sec rms at 3,570 cpm (2X run speed) and 0.039 in/sec 
rms at 7,140 cpm (4X run speed). Other peaks occur at 3X, 5X, 6X, 7X, and 9X run speed. 

 

 
Figure 4: BP-1, M-ODE-Y.  Maximum peaks are 0.093 in/sec rms at 7,136 cpm (4X run speed) and 0.074 in/sec 
rms at 5,351 cpm (3X run speed). The 3X and 4X peaks have sidebands at 420 cpm. Other peaks occur at 1X, 2X, 
5X, 6X, 7X, and 8X run speed. 
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Figure 5: BP-1, M-ODE-Z.  Maximum peaks is 0.069 in/sec rms at 5,351 cpm (3X run speed). Other peaks occur at 
1X, 2X, 4X, 5X, 6X, 7X, 9X, and 10X run speed. 

 

 
Figure 6: BP-1, M-DE-X.  Maximum peaks are 0.108 in/sec rms at 3,570 cpm (2X run speed) and 0.062 in/sec rms 
at 8,921 cpm (5X run speed). Another peak occurs at 4X run speed. 
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Figure 7: BP-1, M-DE-Y.  Maximum peaks are 0.107 in/sec rms at 5,351 cpm (3X run speed), 0.044 in/sec rms at 
7,136 cpm (4X run speed), and 0.036 in/sec rms at 3,570 cpm (2X run speed). Other peaks occur at 5X, 6X, 7X, 
and 8X run speed. 

 

 
Figure 8: BP-1, P-DE-X. Maximum peaks are 0.039 in/sec rms at 3,566 cpm (2X run speed), 0.023 in/sec rms at 
5,351 cpm (3X run speed), and 0.022 in/sec rms at 12,488 cpm (7X run speed). Another peak occurs at 5X run 
speed. 
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Figure 9: BP-1, P-DE-Y. Maximum peak is 0.022 in/sec rms at 5,351 cpm (3X run speed). 

 

 
Figure 10: BP-1, P-ODE-X. Maximum peaks are 0.041 in/sec rms at 12,491 cpm (7X run speed), 0.037 in/sec rms 
at 3,570 cpm (2X run speed), and 0.029 in/sec rms at 5,355 cpm (3X run speed). 
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Figure 11: BP-1, P-ODE-Y. Maximum peaks are 0.018 in/sec rms at 5,351 cpm (3X run speed) and 0.014 in/sec 
rms at 12,491 cpm (7X run speed). 

 

 
Figure 12: BP-1, P-ODE-Z. Maximum peaks are 0.054 in/sec rms at 5,351 cpm (3X run speed) and 0.025 in/sec 
rms at 12,488 cpm (7X run speed). Other peaks occur at 1X and 2X run speed. 
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The overall vibration readings recorded can be found below in Table 1.  The overall velocity 
limits are set by Hydraulic Institute 9.6.4.2.5.1a to be 0.15 in/sec rms within the preferred 
operating range (POR) and 0.20 in/sec rms within the allowable operating range (AOR) but 
outside of the POR. 

 
Table 1: BP-1 Overal Vibration - Velocity (in/sec rms) 

Time 8:33 AM 9:10 AM 9:25 AM 

Speed 1,781 1,781 1,784 

POR? Yes Yes Yes 

M-ODE-X 0.049 0.109 0.117 

M-ODE-Y 0.029 0.047 0.133 

M-ODE-Z 0.024 0.089 0.098 

M-DE-X 0.058 0.131 0.133 

M-DE-Y 0.039 0.132 0.124 

P-DE-X 0.032 0.035 0.072 

P-DE-Y 0.020 0.037 0.057 

P-ODE-X 0.032 0.059 0.078 

P-ODE-Y 0.019 0.027 0.045 

P-ODE-Z 0.030 0.072 0.113 

 
All vibration readings are below the HI limits. 
 
 

TEST DISCUSSIONS 
  
• Hydraulic Operation 

o It is difficult to make any conclusions on performance as the original catalog curve 
could not be located. An updated American-Marsh pump curve was used. 

o The pump performs well below the rated condition on the nameplate. 
o The customer labeled the base plate with 2,000 gpm as the rated flow, the 

maximum flow rate recorded during testing was 1,100 gpm. 
 
• Electrical Operation 

o The maximum power recorded was 59 hp, well below the motor rated power of 75 
hp 
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• Mechanical Operation 
o The maximum vibration is 0.133 in/sec rms, below the HI recommended limits 
o The vibration in the motor seems to be driven by looseness and the vibration in the 

pump seems to be driven by cavitation. 
 
 

SUMMARY CONCLUSIONS 
 
BP-1 motor vibration signatures show possible looseness which is generally caused by worn 
bearings. It is unclear how the pump is performing as the catalog curve could not be found 
but the nameplate shows 1,400 gpm at 175 ft and, according to the test, the trend line is 
significantly lower than this. The rest of the pump appears to be in good condition with no 
significant vibration. It is recommended the motor be pulled and inspected and the pump 
be disassembled to determine the cause for the significant loss in performance. 
  



 

SMITH PUMP COMPANY, INC. Page 20 of 51 
By: Shane Wallace REVISION:  0 18 November 2020 

 

TEST RESULTS: BP-2 
 

TEST RESULTS 
 

The composite curve in Figure 13 below shows field data points plotted against the catalog 
curve. 

 
• Flow Rate 

o Recorded from a rental and Smith Pump’s portable strap-on flowmeter 
 
• Total Dynamic Head (TDH) 

o Calculated based on the discharge pressure, wet well level, and discharge 
velocity head 

 
• Pump Brake Horsepower 

o Measured using a rented 3-phase power quality logger   
 
• Efficiency Curve 

o Calculated from the flow rate, TDH, and pump brake horsepower 
o Calculating the efficiency from field data does not produce very accurate results 

due to the errors in the flow, pressure, and power measurements from the lack 
of proper piping arrangements and not having a calibrated motor 
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Figure 13:  BP-2 Field Test 
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The pump performance test data (hydraulic and electrical) shows the field test points 
recorded for BP-2.  The instrument values were recorded in concert with one another.  The 
data is reduced to result in the points that show up in the composite curve chart. 
 
Once the data is collected and reduced to a value for flow, total head, shaft speed, pump 
brake horsepower, and pump efficiency values, it is then speed corrected to the nominal 
value using the Affinity Laws.  We make this speed correction to overlay the field results on 
the factory test curves at the same speed the factory tested at. 
 
Vibration Transducer Nomenclature: 
M = Motor 
P = Pump 
ODE = Opposite drive end 
DE = Bottom of the motor 
X = Perpendicular to the shaft, horizontal 
Y = Perpendicular to the shaft, vertical 
Z = Axial 
cpm = Cycles per minute (somewhat analogous to revolutions per minute) 
 
For example, the vibration on the motor at the opposite end of the coupling and in the 
horizontal direction would be M-ODE-X. 
 
The spectrums below in Figure 14 to Figure 23 are laid out such that he horizontal axis is the 
vibration frequency, in cpm, and the vertical axis is the vibration amplitude in velocity units, 
in/sec rms. 
 
The spectrums on the motor show pole pass frequency sidebands around the 2X electrical 
frequency. This is generally a sign of cracked or broken rotor bars. 
 
The spectrums on the pump show peaks at 7X run speed which is very likely the vane pass 
freuqenecy.  
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Figure 14: BP-2, M-ODE-X.  Maximum peaks are 0.038 in/sec rms at 3,559 cpm (2X run speed) and 0.034 in/sec 
rms at 7,196 cpm (2X electrical), each with sidebands at 173 cpm. The 2X run speed peak has sidebands at 78 
cpm which is a pole pass frequency. 

 

 
Figure 15: BP-2, M-ODE-Y.  Maximum peak is 0.029 in/sec rms at 7,196 cpm (2X electrical) with sidebands at 79 
cpm which is the pole pass frequency; the smaller peaks have similar sidebands. 
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Figure 16: BP-2, M-ODE-Z.  Maximum peak is 0.016 in/sec rms at 7,200 cpm (2X electrical). Each peak in the 
spectrum has sidebands at 79 cpm which is a pole pass frequency. 

 

 
Figure 17: BP-2, M-DE-X.  Maximum peaks are 0.057 in/sec rms at 7,196 cpm (2X electrical), 0.029 in/sec rms at 
3,559 cpm (2X run speed), and 0.016 in/sec rms at 1,778 cpm (1X run speed). Each peak has a sideband of 79 
cpm which is a pole pass frequency. 
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Figure 18: BP-2, M-DE-Y.  Maximum peaks are 0.020 in/sec rms at 1,789 cpm (1X run speed), 0.013 in/sec rms at 
1,781 cpm (1X run speed), and 0.013 in/sec rms at 7,200 cpm (2X electrical). 

 

 
Figure 19: BP-2, P-DE-X.  All peaks are very low. 
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Figure 20: BP-2, P-DE-Y.  Maximum peak is 0.018 in/sec rms at 7,200 cpm (2X electrical). 

 

 
Figure 21: BP-2, P-ODE-X.  Maximum peak is 0.016 in/sec rms at 12,457 cpm (7X run speed). 
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Figure 22: BP-2, P-ODE-Y.  Maximum peak is 0.020 in/sec rms at 12,461 cpm (7X run speed). 

 

 
Figure 23: BP-2, P-ODE-Z.  Maximum peaks are 0.021 in/sec rms at 7,200 cpm (2X electrical) and 0.019 in/sec rms 
at 12,465 cpm (7X run speed). 
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The overall vibration readings recorded can be found below in Table 2.  The overall velocity 
limits are set by Hydraulic Institute 9.6.4.2.5.1a to be 0.15 in/sec rms within the preferred 
operating range (POR) and 0.20 in/sec rms within the allowable operating range (AOR) but 
outside of the POR. 
 

Table 2: BP-2 Overal Vibration - Velocity (in/sec rms) 

Time 10:00 AM 10:12 AM 10:26 AM 

Speed 1,778 1,783 1780 

POR? Yes Yes Yes 

M-ODE-X 0.054 0.058 0.052 

M-ODE-Y 0.043 0.039 0.034 

M-ODE-Z 0.030 0.028 0.032 

M-DE-X 0.064 0.063 0.072 

M-DE-Y 0.036 0.037 0.035 

P-DE-X 0.036 0.041 0.029 

P-DE-Y 0.018 0.032 0.027 

P-ODE-X 0.040 0.045 0.034 

P-ODE-Y 0.023 0.028 0.025 

P-ODE-Z 0.036 0.050 0.039 

 
All of the overall vibration readings are very low. 
 
 

TEST DISCUSSIONS 
  
• Hydraulic Operation 

o It is difficult to make any conclusions on performance as the original catalog curve 
could not be located. An updated American-Marsh pump curve was used. 

o The pump performs well below the rated condition on the nameplate. 
o The customer labeled the base plate with 2,000 gpm as the rated flow, the 

maximum flow rate recorded during testing was 1,310 gpm. 
 
• Electrical Operation 

o The maximum power recorded was 62 hp, well below the motor rated power of 75 
hp. 
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• Mechanical Operation 
o The maximum vibration is 0.072 in/sec rms, well below the HI recommended limits. 
o The motor vibration seems to be driven by a potential electrical fault. The pump 

vibration appears to be caused by vane pass. 
 
 

SUMMARY CONCLUSIONS 
 
BP-2 motor vibration signatures show a potential electrical fault though it does not seem to 
be too significant at this point. It is unclear how the pump is performing as the catalog curve 
could not be found but the nameplate shows 1,400 gpm at 175 ft and, according to the test, 
the trend line is significantly lower than this. The rest of the pump appears to be in good 
condition with no significant vibration. It is recommended the motor be pulled and 
inspected and the pump be disassembled to determine the cause for the significant loss in 
performance.  
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TEST RESULTS: BP-3 
 

TEST RESULTS 
 
The composite curve in Figure 24 below shows field data points plotted against the factory 
test curve. 

 
• Flow Rate 

o Recorded from a rental and Smith Pump’s portable strap-on flowmeter 
 
• Total Dynamic Head (TDH) 

o Calculated based on the discharge pressure, wet well level, and discharge 
velocity head 

 
• Pump Brake Horsepower 

o Measured using a rented 3-phase power quality logger   
 
• Efficiency Curve 

o Calculated from the flow rate, TDH, and pump brake horsepower 
o Calculating the efficiency from field data does not produce very accurate results 

due to the errors in the flow, pressure, and power measurements from the lack 
of proper piping arrangements and not having a calibrated motor 
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Figure 24:  BP-3 Field Test 
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The pump performance test data (hydraulic and electrical) shows the field test points 
recorded for BP-3.  The instrument values were recorded in concert with one another.  The 
data is reduced to result in the points that show up in the composite curve chart. 
 
Once the data is collected and reduced to a value for flow, total head, shaft speed, pump 
brake horsepower, and pump efficiency values, it is then speed corrected to the nominal 
value using the Affinity Laws.  We make this speed correction to overlay the field results on 
the factory test curves at the same speed the factory tested at. 
 
Vibration Transducer Nomenclature: 
M = Motor 
P = Pump 
ODE = Opposite drive end 
DE = Bottom of the motor 
X = Perpendicular to the shaft, horizontal 
Y = Perpendicular to the shaft, vertical 
Z = Axial 
cpm = Cycles per minute (somewhat analogous to revolutions per minute) 
 
For example, the vibration on the motor at the opposite end of the coupling and in the 
horizontal direction would be M-ODE-X. 
 
The spectrums below Figure 25 to Figure 34 are laid out such that he horizontal axis is the 
vibration frequency, in cpm, and the vertical axis is the vibration amplitude in velocity units, 
in/sec rms. 
 
The spectrums from the motor have a 2X electrical frequency and sidebands at 55 cpm. It is 
uncertain what the cuase is for these sidebands but possible a bearing fault. Currenlty the 
vibration is low and not of too much concern. 
 
The spectrums for the pump show a possible vane pass at 6X run speed, common on split 
case pumps, and a possible minor misalignment as shown by the 1X and 2X run speed 
peaks. 
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Figure 25: BP-3, M-ODE-X. Maximum peaks are 0.040 in/sec rms at 7,196 cpm (2X electrical) and 0.027 in/sec 
rms at 10,624 cpm (6X run speed). All peaks have sidebands at 55 cpm. 

 

 
Figure 26: BP-3, M-ODE-Y. All peaks are low. 
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Figure 27: BP-3, M-ODE-Z. All peaks are low. 

 

 
Figure 28: BP-3, M-DE-X. Maximum peaks are 0.031 in/sec rms at 10,627 cpm (6X run speed) and 0.028 in/sec 
rms at 7,200 cpm (2X electrical). Each peak has sidebands around 55 cpm. 
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Figure 29: BP-3, M-DE-Y. All peaks are very low. 

 

 
Figure 30: BP-3, P-DE-X.  Maximum peak is 0.093 in/sec rms at 10,627 cpm (6X run speed). 
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Figure 31: BP-3, P-DE-Y.  Maximum peaks are 0.042 in/sec rms at 3,543 cpm (2X run speed) and 0.021 in/sec rms 
at 1,770 cpm (1X run speed). 

 

 
Figure 32: BP-3, P-ODE-X.  Maximum peaks are 0.026 in/sec rms at 3,543 cpm (2X run speed) and 0.022 in/sec 
rms at 10,627 cpm (6X run speed). 
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Figure 33: BP-3, P-ODE-Y. Maximum peak is 0.023 in/sec rms at 10,627 cpm (6X run speed). 

 

 
Figure 34: BP-3, P-ODE-Z. Maximum peaks are 0.028 in/sec rms at 3,543 cpm (2X run speed) and 0.019 in/sec 
rms at 1,770 cpm (1X run speed). 
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The overall vibration readings recorded can be found below in Table 3.  The overall velocity 
limits are set by Hydraulic Institute 9.6.4.2.5.1a to be 0.15 in/sec rms within the preferred 
operating range (POR) and 0.20 in/sec rms within the allowable operating range (AOR) but 
outside of the POR. 
 

Table 3: BP-3 Overal Vibration - Velocity (in/sec rms) 

Time 11:01 AM 11:25 AM 11:45 AM 

Speed 1,766 1,767 1,771 

POR? Yes Yes Yes 

M-ODE-X 0.017 0.018 0.018 

M-ODE-Y 0.056 0.060 0.060 

M-ODE-Z 0.025 0.024 0.028 

M-DE-X 0.050 0.055 0.059 

M-DE-Y 0.021 0.023 0.025 

P-DE-X 0.062 0.087 0.116 

P-DE-Y 0.044 0.056 0.067 

P-ODE-X 0.045 0.051 0.060 

P-ODE-Y 0.040 0.042 0.052 

P-ODE-Z 0.041 0.043 0.056 

 
All overall vibration readings are low. 
 
 

TEST DISCUSSIONS 
  
• Hydraulic Operation 

o The pump model and therefore catalog curve could not be located. Using the test 
data points, the nearest pump curve was used. 

o It is likely this pump is performing well but it is impossible to tell for certain without 
the actual pump curve. 

 
• Electrical Operation 

o The maximum power recorded was 52 hp, well below the motor rated power of 60 
hp 

o If the pump curve selected is the real curve, then the motor horsepower will be 
exceeded when the pump exceeds 1,400 gpm. 
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• Mechanical Operation 
o The maximum is 0.116 in/sec rms, below the HI recommended limits. 
o The driving motor vibration appears to be a slight electrical fault with possible 

sidebands at a bearing frequency. 
o The driving pump vibration appears to be a slight misalignment and vane pass. 

 
 

SUMMARY CONCLUSIONS 
 
BP-3 pump appears to be operating close to the catalog curve if the curve selected is correct 
and the pump is operating with low vibration. The motor appears to have a slight electrical 
fault with a potential bearing fault but nothing to be too concerned about and is operating 
well. If the pump catalog curve is correct, the motor horsepower will be exceeded if the 
flow rate exceed 1,400 gpm. 
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TEST RESULTS: BP-4 
 

TEST RESULTS 
 
The composite curve in Figure 35 below shows field data points plotted against the factory 
test curve. 

 
• Flow Rate 

o Recorded from a rental and Smith Pump’s portable strap-on flowmeter 
 
• Total Dynamic Head (TDH) 

o Calculated based on the discharge pressure, wet well level, and discharge 
velocity head 

 
• Pump Brake Horsepower 

o Measured using a rented 3-phase power quality logger   
 
• Efficiency Curve 

o Calculated from the flow rate, TDH, and pump brake horsepower 
o Calculating the efficiency from field data does not produce very accurate results 

due to the errors in the flow, pressure, and power measurements from the lack 
of proper piping arrangements and not having a calibrated motor 
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Figure 35:  BP-4 Field Test 
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The pump performance test data (hydraulic and electrical) shows the field test points 
recorded for BP-4.  The instrument values were recorded in concert with one another.  The 
data is reduced to result in the points that show up in the composite curve chart. 
 
Once the data is collected and reduced to a value for flow, total head, shaft speed, pump 
brake horsepower, and pump efficiency values, it is then speed corrected to the nominal 
value using the Affinity Laws.  We make this speed correction to overlay the field results on 
the factory test curves at the same speed the factory tested at. 
 
Vibration Transducer Nomenclature: 
M = Motor 
P = Pump 
ODE = Opposite drive end 
DE = Bottom of the motor 
X = Perpendicular to the shaft, horizontal 
Y = Perpendicular to the shaft, vertical 
Z = Axial 
cpm = Cycles per minute (somewhat analogous to revolutions per minute) 
 
For example, the vibration on the motor at the opposite end of the coupling and in the 
horizontal direction would be M-ODE-X. 
 
The spectrums below in Figure 36 to Figure 45 are laid out such that he horizontal axis is the 
vibration frequency, in cpm, and the vertical axis is the vibration amplitude in velocity units, 
in/sec rms. 
 
The spectrums from the motor have peaks at 2X run speed and 2X electrical. The 2X run 
speed is likely caused by minor misalignment. The 2X electrical is low without any sidebands 
and is likely not an issue . 
 
The spectrums for the pump show a possible vane pass at 7X run speed, common on split 
case pumps. 
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Figure 36: BP-4, M-ODE-X. Maximum peaks are 0.036 in/sec rms at 3,570 cpm (2X run speed) and 0.017 in/sec 
rms at 7,200 cpm (2X electrical). 

 

 
Figure 37: BP-4, M-ODE-Y. Maximum peak is 0.018 in/sec rms at 7,200 cpm (2X electrical). 
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Figure 38: BP-4, M-ODE-Z. Maximum peaks are 0.012 in/sec rms at 1,785 cpm (1X run speed) and 0.012 in/sec 
rms at 7,200 cpm (2X electrical). 

 

 
Figure 39: BP-4, M-DE-X. Maximum peak is 0.031 in/sec rms at 3,570 cpm (2X run speed). 
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Figure 40: BP-4, M-DE-Y. All peaks are very low. 

 

 
Figure 41: BP-4, P-DE-X.  Maximum peak is 0.045 in/sec rms at 12,491 cpm (7X run speed). 
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Figure 42: BP-4, P-DE-Y.  Maximum peak is 0.018 in/sec rms at 12,491 cpm (7X run speed). 

 

 
Figure 43: BP-4, P-ODE-X.  Maximum peak is 0.031 in/sec rms at 12,491 cpm (7X run speed). 
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Figure 44: BP-4, P-ODE-Y. Maximum peaks are 0.026 in/sec rms at 12,495 cpm (7X run speed) and 0.023 in/sec 
rms at 5,355 cpm (3X run speed). 

 

 
Figure 45: BP-4, P-ODE-Z. Maximum peaks are 0.046 in/sec rms at 5,355 cpm (3X run speed) and 0.020 in/sec 
rms at 12,498 cpm (7X run speed). 
  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.14

0.15
P-4\ITT 8X6X12L\P-ODE-Y\103 Mach. spectr. >600 9/8/2020 1:09:08 PM

f [cpm]

v rms [inch/s]

 RPM : 1775 (29.58Hz)

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.14

0.15
P-4\ITT 8X6X12L\P-ODE-Z\103 Mach. spectr. >600 9/8/2020 1:09:43 PM

f [cpm]

v rms [inch/s]

 RPM : 1785 (29.75Hz)



 

SMITH PUMP COMPANY, INC. Page 48 of 51 
By: Shane Wallace REVISION:  0 18 November 2020 

 

The overall vibration readings recorded can be found below in Table 4.  The overall velocity 
limits are set by Hydraulic Institute 9.6.4.2.5.1a to be 0.15 in/sec rms within the preferred 
operating range (POR) and 0.20 in/sec rms within the allowable operating range (AOR) but 
outside of the POR. 
 

Table 4: BP-4 Overal Vibration - Velocity (in/sec rms) 

Time 12:25 PM 12:45 PM 1:00 PM 

Speed 1,784 1,784 1,785 

POR? Yes Yes Yes 

M-ODE-X 0.023 0.023 0.023 

M-ODE-Y 0.021 0.022 0.023 

M-ODE-Z 0.034 0.039 0.045 

M-DE-X 0.037 0.039 0.040 

M-DE-Y 0.018 0.019 0.019 

P-DE-X 0.048 0.070 0.066 

P-DE-Y 0.050 0.043 0.049 

P-ODE-X 0.065 0.065 0.066 

P-ODE-Y 0.061 0.059 0.060 

P-ODE-Z 0.100 0.092 0.106 

 
All overall vibration readings are very low. 
 
 

TEST DISCUSSIONS 
  
• Hydraulic Operation 

o The pump is performing very well and close to the catalog curve. 
 
• Electrical Operation 

o The maximum power recorded was 60 hp which is right at the motor rated power of 
60 hp 

o According to the pump catalog curve, the motor horsepower will be exceeded when 
the pump exceeds 1,300 gpm. 

 
• Mechanical Operation 

o The maximum overall vibration is 0.106 in/sec rms, below the HI recommended 
limits. 
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SUMMARY CONCLUSIONS 
 
BP-4 pump operates close to the catalog curve and with low vibration. The motor operates 
very well with low vibration. The only issue is that the motor rated horsepower will be 
exceeded when the flow rate exceeds 1,300 gpm. If the flow is expected to exceed 1,300 
gpm, it is recommended the existing motor be replaced with a larger one, 75 hp 
recommended. 
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APPENDICES 
 

ITEM DATE DOCUMENT DESCRIPTION 
APPENDIX A 09/08/2020 BP-1 Field Test Data 
 09/08/2020 BP-2 Field Test Data 
 09/08/2020 BP-3 Field Test Data 
 09/08/2020 BP-4 Field Test Data 
  



 

 

APPENDIX A 
FIELD TESTING DATA 



MOTOR:

SERIAL NO.:

RATED HP:

RATED SPEED:

FLA:

BY:

DATE:

PROJECT #:

ENGINEER:

CONTRACTOR:

START: 8:27 AM STOP:

8:33 AM 9:10 AM 9:25 AM

6 43 58

FLOW METER: (GPM) 1,093.00 904.00 645.00

1,093 904 645

0.00 0.00 0.00

8.00 8.00 8.00

SUCT. PRESSURE: (PSI) 9.10 9.10 9.30

SUCT. VELOCITY HEAD (FT): 0.76 0.52 0.26

0.00 0.00 0.00

6.00 6.00 6.00

DISCH. PRESSURE: (PSI) 75.50 77.00 77.80

2.39 1.63 0.83

0.00 0.00 0.00

155.0 158.0 158.8

1,781 1,781 1,784

474.3 473.4 475.6

470.1 469.1 470.9

474.0 472.7 475.2

0.6 0.6 0.6

68.4 64.0 56.2

63.6 59.2 50.8

66.5 61.8 54.2

3.9 4.0 5.5

0.92 0.92 0.91

50.2 46.5 40.0

87.0% 87.0% 87.0%

59 54 47

1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760

1,080 893 636

151.4 154.3 154.6

56.5 52.3 44.8

73.1 66.5 55.4

63.6 57.9 48.2

0.024 0.089 0.098

0.049 0.109 0.117

0.029 0.047 0.133

0.058 0.131 0.133

0.039 0.132 0.124

0.032 0.035 0.072

0.020 0.037 0.057

0.032 0.059 0.078

0.019 0.027 0.045

0.030 0.072 0.113

NOTES:

1 - 

2 ‐

3 ‐

4 ‐

V
IB

R
A

T
IO

N
 (

IN
/S

E
C

 R
M

S
)

VOLTAGE IMBALANCE (%):

CURRENT B-C (AMPS):

CURRENT A-C (AMPS):

CURRENT IMBALANCE (%):

S
P

E
E

D
 C

O
R

R
E

C
T

E
D

TARGET SPEED (RPM):

FLOW RATE (GPM):

TDH (FT):

POWER (HP):

POWER FACTOR: 

INPUT POWER (kW):

Milton Water Plant

PUMP STATION:

City of West University PlaceEND USER:

PUMP TAG #: P‐1

PLANT:

Booster PS

SPEED (RPM):

HEAD LOSS (FT):

TDH (FT):

DISCH. VELOCITY HEAD (FT):

RUN TIME (MIN):

FLOW RATE (GPM):

VOLTAGE B-C (V):

VOLTAGE A-C (V):

Discharge gage is station gage, could not remove to install test gage

Motor vibration increased when the flow was reduced

STATIC HEAD (FT):

PUMP EFF. (%):

TIME:

DISCH. CORRECTION (FT):

SUCTION DIAMETER (IN):

DISCH. DIAMETER (IN):

SHAFT POWER (HP):

VOLTAGE A-B (V):

CURRENT A-B (AMPS):

P-NDE-Y (0°):

WIRE TO WATER EFF (%):

M-NDE-AXIAL:

M-DE-Y (0°):

The American-Marsh HIM pump curve could not be located, an updated curve from the 6x8-15 HD pump curve was used instead

M-NDE-X (90°):

M-DE-X  (90°):

P-DE-Y (0°):

M-NDE-Y (0°):

P-NDE-AXIAL:

P-DE-X  (90°):

P-NDE-X (90°):

MOTOR EFF. (%):

NAMEPLATE DATA

SMITH PUMP COMPANY, INC.

Howell

Unknown

American Marsh, HIM, Size 6

Unknown

PUMP:

SERIAL NO.:

TEST DATA
Shane Wallace

9/8/2020

179004‐02

75 hp

1,770 rpm

86.5 A

Freese & Nichols

N/A

SUCT. CORRECTION (FT):

WET WELL LEVEL (FT):

1,400 gpm

175' TDH

1,750rpm

RATED FLOW:

RATED HEAD:

RATED SPEED:



Project Number 179004‐02 Pump Mfg American Marsh Rated Capacity [gpm] 1,400 Tested Date 9/8/2020

End User City of West University Place Pump Type HSC Rated TDH [ft of H2O] 175 Tested By Shane Wallace

Plant Milton St Water Plant Pump Model HIM, Size 6 Rated Power [hp] Unknownn Company Smith Pump Co

Pump Station Booster PS Number of Stages 1 Rated Speed [rpm] 1,750 Witnessed By
Tag Number P‐1 Serial Number Unknown Rated Efficiency [%] Unknownn Company City of West University Place

FIELD PERFORMANCE TEST 

Motor Power Trim ‐ 12.6"

Namplate COS Trim ‐ 13"
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MOTOR:

SERIAL NO.:

RATED HP:

RATED SPEED:

FLA:

BY:

DATE:

PROJECT #:

ENGINEER:

CONTRACTOR:

START: 9:53 AM STOP:

10:00 AM 10:12 AM 10:26 AM

7 19

FLOW METER: (GPM) 1,323.00 819.00 1,074.00

1,323 819 1,074

0.00 0.00 0.00

8.00 8.00 8.00

SUCT. PRESSURE: (PSI) 8.88 10.45 9.78

SUCT. VELOCITY HEAD (FT): 1.11 0.42 0.73

0.00 0.00 0.00

6.00 6.00 6.00

DISCH. PRESSURE: (PSI) 72.00 77.20 75.10

3.50 1.34 2.31

0.00 0.00 0.00

148.2 155.1 152.5

1,778 1,783 1,780

473.3 474.0 474.5

469.2 469.4 469.8

472.5 472.9 473.8

0.5 0.6 0.6

73.3 60.2 68.0

67.0 53.4 61.0

71.9 58.4 66.6

5.3 6.8 6.4

0.93 0.91 0.92

53.5 43.0 49.4

87% 87% 87%

62 50 58

1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760 1,760

1,310 808 1,062

145.2 151.1 149.1

60.5 48.2 55.7

79.4 64.0 71.7

69.1 55.7 62.4

0.030 0.028 0.032

0.054 0.058 0.052

0.043 0.039 0.034

0.064 0.063 0.072

0.036 0.037 0.035

0.036 0.041 0.029

0.018 0.032 0.027

0.040 0.045 0.034

0.023 0.028 0.025

0.036 0.050 0.039

NOTES:

1 - 

2 ‐

3 ‐

4 ‐

1,400 gpm

175' TDH

1,750rpm

RATED FLOW:

RATED HEAD:

RATED SPEED:86.5 A

Freese & Nichols

N/A

SUCT. CORRECTION (FT):

WET WELL LEVEL (FT):

MOTOR EFF. (%):

NAMEPLATE DATA

SMITH PUMP COMPANY, INC.

Howell American Marsh, HIM, Size 6

45916

PUMP:

SERIAL NO.:

TEST DATA
Shane Wallace

9/8/2020

179004‐02

75 hp

1,770 rpm

M-NDE-X (90°):

M-DE-X  (90°):

P-DE-Y (0°):

M-NDE-Y (0°):

P-NDE-AXIAL:

P-DE-X  (90°):

P-NDE-X (90°):

M-NDE-AXIAL:

M-DE-Y (0°):

VOLTAGE B-C (V):

VOLTAGE A-C (V):

Discharge gage is station gage, could not remove to install test gage

STATIC HEAD (FT):

PUMP EFF. (%):

TIME:

DISCH. CORRECTION (FT):

SUCTION DIAMETER (IN):

DISCH. DIAMETER (IN):

SHAFT POWER (HP):

VOLTAGE A-B (V):

CURRENT A-B (AMPS):

P-NDE-Y (0°):

WIRE TO WATER EFF (%):

SPEED (RPM):

HEAD LOSS (FT):

TDH (FT):

DISCH. VELOCITY HEAD (FT):

RUN TIME (MIN):

FLOW RATE (GPM):

Milton Water Plant

PUMP STATION:

City of West University PlaceEND USER:

PUMP TAG #: P‐2

PLANT:

Booster PS

V
IB
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A

T
IO
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 (
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VOLTAGE IMBALANCE (%):

CURRENT B-C (AMPS):

CURRENT A-C (AMPS):

CURRENT IMBALANCE (%):

S
P

E
E

D
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R

R
E
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T

E
D

TARGET SPEED (RPM):

FLOW RATE (GPM):

TDH (FT):

POWER (HP):

POWER FACTOR: 

INPUT POWER (kW):



Project Number 179004‐02 Pump Mfg American Marsh Rated Capacity [gpm] 1,400 Tested Date 9/8/2020

End User City of West University Place Pump Type HSC Rated TDH [ft of H2O] 175 Tested By Shane Wallace

Plant Milton St Water Plant Pump Model HIM, Size 6 Rated Power [hp] Unknownn Company Smith Pump Co

Pump Station Booster PS Number of Stages 1 Rated Speed [rpm] 1,750 Witnessed By
Tag Number P‐2 Serial Number 45916 Rated Efficiency [%] Unknownn Company City of West University Place

FIELD PERFORMANCE TEST 

Nameplate COS Trim ‐ 13"

Motor Power Trim ‐ 12.6"
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MOTOR:

SERIAL NO.:

RATED HP:

RATED SPEED:

FLA:

BY:

DATE:

PROJECT #:

ENGINEER:

CONTRACTOR:

START: 10:53 AM STOP:

11:01 AM 11:25 AM 11:45 AM

8 32 52

FLOW METER: (GPM) 1,163.00 995.00 741.00

1,163 995 741

0.00 0.00 0.00

8.00 8.00 8.00

SUCT. PRESSURE: (PSI) 8.22 8.66 9.10

SUCT. VELOCITY HEAD (FT): 0.86 0.63 0.35

0.00 0.00 0.00

6.00 6.00 6.00

DISCH. PRESSURE: (FT) 155.00 161.00 166.00

2.70 1.98 1.10

0.00 0.00 0.00

137.9 142.3 145.7

1,766 1,767 1,771

473.8 472.6 471.8

468.9 467.1 465.9

472.8 471.2 470.0

0.6 0.7 0.7

62.2 59.4 53.6

57.2 54.0 48.0

60.3 57.1 51.0

4.5 5.0 5.6

0.89 0.89 0.88

43.5 40.9 36.3

90.0% 90.0% 90.0%

52 49 44

1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775

1,169 1,000 743

139.3 143.6 146.4

53.2 50.0 44.1

77.2 72.5 62.3

69.5 65.3 56.0

0.017 0.018 0.018

0.056 0.060 0.060

0.025 0.024 0.028

0.050 0.055 0.059

0.021 0.023 0.025

0.062 0.087 0.116

0.044 0.056 0.067

0.045 0.051 0.060

0.040 0.042 0.052

0.041 0.043 0.056

NOTES:

1 - 

2 ‐

3 ‐

4 ‐

Unknown

Unknown

Unknown

RATED FLOW:

RATED HEAD:

RATED SPEED:71 A

Freese & Nichols

N/A

SUCT. CORRECTION (FT):

WET WELL LEVEL (FT):

MOTOR EFF. (%):

NAMEPLATE DATA

SMITH PUMP COMPANY, INC.

Fairbanks‐Morse

F356340

Fairbanks‐Morse

Unknown

PUMP:

SERIAL NO.:

TEST DATA
Shane Wallace

9/8/2020

179004‐02

60 hp

1,765 rpm

M-NDE-X (90°):

M-DE-X  (90°):

P-DE-Y (0°):

M-NDE-Y (0°):

P-NDE-AXIAL:

P-DE-X  (90°):

P-NDE-X (90°):

M-NDE-AXIAL:

M-DE-Y (0°):

VOLTAGE B-C (V):

VOLTAGE A-C (V):

Smith Pump gages used on suction and discharge

STATIC HEAD (FT):

PUMP EFF. (%):

TIME:

DISCH. CORRECTION (FT):

SUCTION DIAMETER (IN):

DISCH. DIAMETER (IN):

SHAFT POWER (HP):

VOLTAGE A-B (V):

CURRENT A-B (AMPS):

P-NDE-Y (0°):

WIRE TO WATER EFF (%):

SPEED (RPM):

HEAD LOSS (FT):

TDH (FT):

DISCH. VELOCITY HEAD (FT):

RUN TIME (MIN):

FLOW RATE (GPM):

Milton Water Plant

PUMP STATION:

City of West University PlaceEND USER:

PUMP TAG #: P‐3

PLANT:

Booster PS

V
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CURRENT B-C (AMPS):

CURRENT A-C (AMPS):

CURRENT IMBALANCE (%):
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TARGET SPEED (RPM):

FLOW RATE (GPM):

TDH (FT):

POWER (HP):

POWER FACTOR: 

INPUT POWER (kW):



Project Number 179004‐02 Pump Mfg Fairbanks‐Morse Rated Capacity [gpm] Unknownn Tested Date 9/8/2020

End User City of West University Place Pump Type HSC Rated TDH [ft of H2O] Unknownn Tested By Shane Wallace

Plant Milton St Water Plant Pump Model 1823, 6" Rated Power [hp] Unknownn Company Smith Pump Co

Pump Station Booster PS Number of Stages 1 Rated Speed [rpm] 1,775 Witnessed By
Tag Number P‐3 Serial Number Unknown Rated Efficiency [%] Unknownn Company City of West University Place

FIELD PERFORMANCE TEST 
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MOTOR:

SERIAL NO.:

RATED HP:

RATED SPEED:

FLA:

BY:

DATE:

PROJECT #:

ENGINEER:

CONTRACTOR:

START: 12:13 PM STOP:

12:25 PM 12:45 PM 1:00 PM

12 32

FLOW METER 1: (GPM) 1,301.00 1,159.00 1,065.00

1,301 1,159 1,065

0.00 0.00 0.00

8.00 8.00 8.00

SUCT. PRESSURE: (PSI) 7.35 7.72 8.06

SUCT. VELOCITY HEAD (FT): 1.07 0.85 0.72

0.00 0.00 0.00

6.00 6.00 6.00

DISCH. PRESSURE: (FT) 158.00 164.00 171.00

3.38 2.68 2.27

0.00 0.00 0.00

143.3 148.0 153.9

1,784 1,784 1,785

470.8 469.4 470.4

465.1 463.8 464.3

469.3 468.3 469.4

0.7 0.7 0.8

71.1 68.3 65.4

66.4 63.6 60.3

68.9 66.5 63.6

3.5 3.8 4.4

0.86 0.85 0.85

47.9 45.7 43.6

93.6% 93.6% 93.6%

60 57 55

1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775

1,294 1,153 1,059

141.9 146.5 152.2

59.1 56.4 53.8

78.4 75.6 75.6

73.4 70.8 70.8

0.021 0.022 0.023

0.034 0.039 0.045

0.023 0.023 0.023

0.037 0.039 0.040

0.018 0.019 0.019

0.048 0.070 0.066

0.050 0.043 0.049

0.065 0.065 0.066

0.061 0.059 0.060

0.100 0.092 0.106

NOTES:

1 - 

2 ‐

3 ‐

4 ‐

1,500 gpm

132' TDH

1,775 rpm

RATED FLOW:

RATED HEAD:

RATED SPEED:70 A

Freese & Nichols

N/A

SUCT. CORRECTION (FT):

WET WELL LEVEL (FT):
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Project Number 179004‐02 Pump Mfg ITT A‐C Rated Capacity [gpm] 1,500 Tested Date 9/8/2020

End User City of West University Place Pump Type HSC Rated TDH [ft of H2O] 132 Tested By Shane Wallace

Plant Milton St Water Plant Pump Model 8100, 8x6x12L, 12.8" trim Rated Power [hp] Unknownn Company Smith Pump Co

Pump Station Booster PS Number of Stages 1 Rated Speed [rpm] 1,775 Witnessed By
Tag Number P‐4 Serial Number 1‐74417‐01‐1 Rated Efficiency [%] Unknownn Company City of West University Place
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WAKEFOREST PUMP STATION FIELD ASSESSMENT 
 

CONTRACTOR: N/A 
 
ENGINEER: Freese & Nichols, Inc. 
 
OWNER: CITY OF WEST UNIVERSITY PLACE 
 
PUMP STATIONS:  Wakeforest Pump Station 
 
SPECIFICATIONS: NONE 
 
EQUIPMENT: P-5 

Aurora 411 BF, 5x5x15, 1 Stg HSC, 1,750 rpm, Serial No: 89-02378  |  
Marathon Electric Horizontal Motor, 60 hp, 1,775 rpm, 460 V, 74 FLA, 
Serial #: UJ 364TSTFS8026BP 
 
P-6 
Aurora 411 BF, 5x5x15, 1 Stg HSC, 1,500 gpm @ 145’ TDH, 1,750 
rpm, Serial No: 92-16929  |  Baldor Electric Horizontal Motor, 75 hp, 
1,780 rpm, 460 V, 85.9 FLA, Serial #: A1208072074 
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REVISION RECORD 
 

REVISION DATE DESCRIPTION BY 
0 11/19/2020 Initial Release S. Wallace 
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EXECUTIVE SUMMARY 
 
BP-5 pump performs close to the assumed catalog curve, but it is difficult to say whether it 
performs close to the original curve. The pump and motor vibration spectrums and overall 
values are very low. This unit is operating very well. 
 
BP-6 motor vibration signatures show a bearing outer race defect, but it is difficult to 
determine which motor bearing has the issue. There is also a peak at 5.93X which does not 
line up with a bearing fault or any other normal faults. The pump spectrums do not show 
any significant issues, but it appears that the overall vibration levels are high due to a raised 
noise floor at the higher frequencies; this is potentially a bearing issue. The pump operates 
fairly close to the catalog curve. It is recommended the pump and motor be monitored to 
ensure the vibration levels and bearing faults do not increase in severity.   
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GENERAL ARRANGEMENT 
 
There are two (2) horizontal split case pumps at this station.  All units are run across the line 
at a constant speed. 
 
The catalog curve for the pump can be found below. The pump model numbers are the 
same but the impeller trims, and therefore the conditions of service, are different. The 
conditions of service for BP-6 are shown with the red triange. 

 

 
Figure 1:  BP-5 & BP-6 Catalog Curve. BP-6 conditions of service shown by the red triangle. 
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TYPES OF TESTS 
 
Smith Pump performed a Pump Performance Test, Vibration Test, and a Visual Inspection 
on each unit.  The details of each test are outlined below. 

 
Pump Performance Test 

• Test pump at full speed with a 100% open valve and two points with a partially 
closed valve. 

• Record shaft speed (rpm), flow rate, wet well level, discharge pressure, and power. 
 

Vibration Test 
• Measure filtered vibration spectra and overall vibration values in three (3) 

orthogonal planes at the motor non-drive end (NDE) bearing housing, two (2) 
orthogonal planes at the motor drive end (DE) bearing housing, two (2) orthogonal 
planes at the pump DE bearing housing, and three (3) orthogonal planes at the 
motor NDE bearing housing. 

 
Visual Inspection 

• Review baseplate design, material conditions, and piping.   



 

SMITH PUMP COMPANY, INC. Page 7 of 31 
By: Shane Wallace REVISION:  0 19 November 2020 

 

ACCEPTANCE CRITERIA 
 

None  
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TESTING VARIANCES 
 

None  
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TESTING ARRANGEMENT  
 
• Flow Rate – Recorded with Smith Pump’s GE Panametrics PT878 portable strap-on 

flowmeter with the serial number 02368. The flow meter was located on the discharge 
header just inside the building.   
 

• Suction Pressure – The suction pressure was recorded with an Omega Engineering 
PX459-050A5V pressure transducer which measures from 0 to 50 psia; the serial 
number is 466962.  This transducer was located on the suction of each pump. 
 

• Discharge Pressure – Recorded with Smith Pump’s Winchester Model 1 digital pressure 
gauge with a range of 30 in Hg to 3,000 psi.  The serial number for this gauge is 44518.  
The pressure gauge was located on the discharge of each pump. 
 

• Shaft Speed – Recorded with Smith Pump’s Monarch AFG3021B tachometer.  The serial 
number of this device is 1520757. The serial number on BP-5 could not be measured 
due to the coupling guard. 
 

• Vibration – Recorded using Smith Pump’s Pruftechnik VibXpert VIB 5.300. The serial 
number of this device is 00558. 
 

• Power – Recorded using a rented Fluke 1738 3-phase power quality logger.  The serial 
number for this device is 35273147.  
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TEST RESULTS: BP-5 
 
TEST RESULTS 

 
The composite curve in Figure 2 below shows field data points plotted against the original 
factory test curve. 

 
• Flow Rate 

o Recorded from a rental and Smith Pump’s portable strap-on flowmeter 
 
• Total Dynamic Head (TDH) 

o Calculated based on the discharge pressure, wet well level, and discharge 
velocity head 

 
• Pump Brake Horsepower 

o Recorded using a rented 3-phase power quality logger   
 
• Efficiency Curve 

o Calculated from the flow rate, TDH, and pump brake horsepower 
o Calculating the efficiency from field data does not produce very accurate results 

due to the errors in the flow, pressure, and power measurements from the lack 
of proper piping arrangements and not having a calibrated motor 
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Figure 2:  BP-5 Field Test D
ata 
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The pump performance test data (hydraulic and electrical) shows the field test points 
recorded for BP-5.  The instrument values were recorded in concert with one another.  The 
data is reduced to result in the points that show up in the composite curve chart. 
 
The position of Smith Pump’s flow meter was ideal for most of the data points recorded but 
the low flow condition on BP-5 was well below the curve. The on-site accumulation flow 
meter was used at this point, shown with an “x” on the curve, which gave a reading much 
closer to the catalog curve. 
 
Once the data is collected and reduced to a value for flow, total head, shaft speed, pump 
brake horsepower, and pump efficiency values, it is then speed corrected to the nominal 
value using the Affinity Laws.  We make this speed correction to overlay the field results on 
the catalog curve at the same speed the factory tested at. 
 
Vibration Transducer Nomenclature: 
M = Motor 
P = Pump 
ODE = Opposite drive end 
DE = Bottom of the motor 
X = Perpendicular to the shaft, horizontal 
Y = Perpendicular to the shaft, vertical 
Z = Axial 
cpm = Cycles per minute (somewhat analogous to revolutions per minute) 
 
For example, the vibration on the motor at the opposite end of the coupling and in the 
horizontal direction would be M-ODE-X. 
 
The spectrums below in Figure 3 to Figure 12 are laid out such that he horizontal axis is the 
vibration frequency, in cpm, and the vertical axis is the vibration amplitude in velocity units, 
in/sec rms. 
 
All spectral peaks on the pump and motor are very low. 
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Figure 3: BP-5, M-ODE-X.  All peaks are low. 

 

 
Figure 4: BP-5, M-ODE-Y.  All peaks are low. 
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Figure 5: BP-5, M-ODE-Z.  Maximum peaks is 0.025 in/sec rms at 7,200 cpm (2X electrical). 

 

 
Figure 6: BP-5, M-DE-X.  All peaks are low. 
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Figure 7: BP-5, M-DE-Y.  Maximum peak is 0.019 in/sec rms at 7,203 cpm (2X electrical). 

 

 
Figure 8: BP-5, P-DE-X. All peaks are low. 
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Figure 9: BP-5, P-DE-Y. All peaks are low. 

 

 
Figure 10: BP-5, P-ODE-X. All peaks are low. 
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Figure 11: BP-5, P-ODE-Y. All peaks are low. 

 

 
Figure 12: BP-5, P-ODE-Z. All peaks are low. 
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The overall vibration readings recorded can be found below in Table 1.  The overall velocity 
limits are set by Hydraulic Institute 9.6.4.2.5.1a to be 0.15 in/sec rms within the preferred 
operating range (POR) and 0.20 in/sec rms within the allowable operating range (AOR) but 
outside of the POR. 

 
Table 1: BP-5 Overal Vibration - Velocity (in/sec rms) 

Time 8:40 AM 9:56 AM 9:12 AM 

Speed 1,781 1,781 1,781 

POR? Yes Yes Yes 

M-ODE-X 0.014 0.022 0.015 

M-ODE-Y 0.017 0.019 0.023 

M-ODE-Z 0.027 0.027 0.028 

M-DE-X 0.017 0.017 0.016 

M-DE-Y 0.027 0.027 0.026 

P-DE-X 0.039 0.035 0.043 

P-DE-Y 0.036 0.036 0.045 

P-ODE-X 0.047 0.038 0.044 

P-ODE-Y 0.032 0.028 0.031 

P-ODE-Z 0.055 0.041 0.044 

 
All vibration readings are well below the HI limits. 
 
 

TEST DISCUSSIONS 
  
• Hydraulic Operation 

o It is difficult to make any conclusions on performance as the original conditions of 
service or trim could not be located. An assumed trim level was used which matches 
the data test points. 

o The pump performs close to the assumed catalog curve. 
 
• Electrical Operation 

o The maximum power recorded was 64 hp, which is above the motor rated power of 
60 hp and within the service factor. 

 
• Mechanical Operation 

o The maximum vibration is 0.055 in/sec rms, well below the HI recommended limits. 



 

SMITH PUMP COMPANY, INC. Page 19 of 31 
By: Shane Wallace REVISION:  0 19 November 2020 

 

SUMMARY CONCLUSIONS 
 
BP-5 pump performs close to the assumed catalog curve, but it is difficult to say whether it 
performs close to the original curve. The pump and motor vibration spectrums and overall 
values are very low. This unit is operating very well. 
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TEST RESULTS: BP-6 
 

TEST RESULTS 
 

The composite curve in Figure 13 below shows field data points plotted against the catalog 
curve. 

 
• Flow Rate 

o Recorded from a rental and Smith Pump’s portable strap-on flowmeter 
 
• Total Dynamic Head (TDH) 

o Calculated based on the discharge pressure, wet well level, and discharge 
velocity head 

 
• Pump Brake Horsepower 

o Measured using a rented 3-phase power quality logger   
 
• Efficiency Curve 

o Calculated from the flow rate, TDH, and pump brake horsepower 
o Calculating the efficiency from field data does not produce very accurate results 

due to the errors in the flow, pressure, and power measurements from the lack 
of proper piping arrangements and not having a calibrated motor 
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Figure 13:  BP-6 Field Test 
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The pump performance test data (hydraulic and electrical) shows the field test points 
recorded for BP-6.  The instrument values were recorded in concert with one another.  The 
data is reduced to result in the points that show up in the composite curve chart. 
 
The pump rated speed is 1,750 rpm and the motor rated speed is 1,780 rpm. Using the 
affinity laws, the power will increase by 5% with this speed difference. That maximum 
power shown on the catalog curve at 1,750 rpm is 74.7 hp but at 1,780 rpm will be 78.6 hp 
which exceeds the motor rated horsepower. It is recommended to order the pump or new 
impeller at the motor rated speed to prevent these kinds of issues. 
 
Once the data is collected and reduced to a value for flow, total head, shaft speed, pump 
brake horsepower, and pump efficiency values, it is then speed corrected to the nominal 
value using the Affinity Laws.  We make this speed correction to overlay the field results on 
the factory test curves at the same speed the factory tested at. 
 
Vibration Transducer Nomenclature: 
M = Motor 
P = Pump 
ODE = Opposite drive end 
DE = Bottom of the motor 
X = Perpendicular to the shaft, horizontal 
Y = Perpendicular to the shaft, vertical 
Z = Axial 
cpm = Cycles per minute (somewhat analogous to revolutions per minute) 
 
For example, the vibration on the motor at the opposite end of the coupling and in the 
horizontal direction would be M-ODE-X. 
 
The spectrums below in Figure 14 to Figure 23 are laid out such that he horizontal axis is the 
vibration frequency, in cpm, and the vertical axis is the vibration amplitude in velocity units, 
in/sec rms. 
 
The spectrums on the pump and motor both show bearing outer race defects for the motor 
bearings, 6313; due to this defect showing up on all locations, it is difficult to determine 
which motor bearing has this defect. There are also spectral peaks at 5.93X run speed that I 
have been unable to explain. In the motor Z direction there are peaks at 1X, 2X, and 3X 
which indicates possible angular misalignment. The pump does not show any spectrums of 
interest. 
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Figure 14: BP-6, M-ODE-X.  Maximum peaks are 0.033 in/sec rms at 10,579 cpm (5.93X run speed) and 0.008 
in/sec rms at 5,475 cpm (1X bearing out ring defect). 

 

 
Figure 15: BP-6, M-ODE-Y.  Maximum peak is 0.037 in/sec rms at 5,475 cpm (1X bearing outer ring defect). 
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Figure 16: BP-6, M-ODE-Z.  Maximum peaks are 0.022 in/sec rms at 3,570 cpm (2X run speed), 0.020 in/sec rms 
at 1,785 cpm (1X run speed), and 0.017 in/sec rms at 5,478 cpm (1X bearing outer ring defect). 

 

 
Figure 17: BP-6, M-DE-X.  Maximum peaks are 0.040 in/sec rms at 10,579 cpm (5.93X run speed), 0.015 in/sec 
rms at 10,946 cpm (6.14X run speed), and 0.008 in/sec rms at 5,475 cpm (1X bearing outer ring defect). 
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Figure 18: BP-6, M-DE-Y.  Maximum peak is 0.041 in/sec rms at 5,479 cpm (1X bearing outer ring defect). 

 

 
Figure 19: BP-6, P-DE-X.  Maximum peaks are 0.022 in/sec rms at 8,925 cpm (5X run speed) and 0.022 in/sec rms 
at 16,549 cpm (3X bearing outer race defect). 
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Figure 20: BP-6, P-DE-Y.  Maximum peak is 0.037 in/sec rms at 8,921 cpm (5X run speed). 

 

 
Figure 21: BP-6, P-ODE-X.  Maximum peak is 0.017 in/sec rms at 8,925 cpm (5X run speed). 
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Figure 22: BP-6, P-ODE-Y.  Maximum peak is 0.017 in/sec rms at 8,925 cpm (5X run speed). 

 

 
Figure 23: BP-6, P-ODE-Z.  Maximum peak is 0.035 in/sec rms at 8,921 cpm (5X run speed). 
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The overall vibration readings recorded can be found below in Table 2.  The overall velocity 
limits are set by Hydraulic Institute 9.6.4.2.5.1a to be 0.15 in/sec rms within the preferred 
operating range (POR) and 0.20 in/sec rms within the allowable operating range (AOR) but 
outside of the POR. 
 

Table 2: BP-6 Overal Vibration - Velocity (in/sec rms) 

Time 9:52 AM 10:08 AM 10:28 AM 

Speed 1,785 1,785 1785 

POR? Yes Yes Yes 

M-ODE-X 0.052 0.057 0.042 

M-ODE-Y 0.048 0.046 0.045 

M-ODE-Z 0.043 0.044 0.042 

M-DE-X 0.057 0.057 0.054 

M-DE-Y 0.055 0.052 0.054 

P-DE-X 0.040 0.069 0.088 

P-DE-Y 0.052 0.048 0.051 

P-ODE-X 0.076 0.134 0.154 

P-ODE-Y 0.031 0.033 0.035 

P-ODE-Z 0.081 0.095 0.122 

 
The overall vibration readings at the pump opposite drive end either slightly exceeded or 
almost exceed the HI vibration limits. 
 
 

TEST DISCUSSIONS 
  
• Hydraulic Operation 

o The pump appears to operate fairly close to the catalog curve. It is likely Smith 
Pump’s strap on flow meter deviated as the flow decreased which is what was seen 
with BP-5. 

 
• Electrical Operation 

o The maximum power recorded was 74 hp, below the motor rated power of 75 hp. 
o If the pump catalog curve is speed corrected to the motor speed, the motor 

horsepower will be exceeded when the flow rate exceeds ~1,440 gpm. 
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• Mechanical Operation 
o The maximum vibration is 0.154 in/sec rms, slightly above the HI recommended 

limits. 
o The motor vibration seems shows a potential bearing fault and a puzzling peak at 

5.93X run speed which does not seem to correlate to any bearing or normal cause. 
The pump vibration appears to be caused by a raised floor at high frequency which is 
a potential bearing issue. 

 
 

SUMMARY CONCLUSIONS 
 
BP-6 motor vibration signatures show a bearing outer race defect, but it is difficult to 
determine which motor bearing has the issue. There is also a peak at 5.93X which does not 
line up with a bearing fault or any other normal faults. The pump spectrums do not show 
any significant issues, but it appears that the overall vibration levels are high due to a raised 
noise floor at the higher frequencies; this is potentially a bearing issue. The pump operates 
fairly close to the catalog curve. It is recommended the pump and motor be monitored to 
ensure the vibration levels and bearing faults do not increase in severity.   
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APPENDICES 
 

ITEM DATE DOCUMENT DESCRIPTION 
APPENDIX A 09/15/2020 BP-5 Field Test Data 
 09/15/2020 BP-6 Field Test Data 

  



 

 

APPENDIX A 
FIELD TESTING DATA 



MOTOR:

SERIAL NO.:

RATED HP:

RATED SPEED:

FLA:

BY:

DATE:

PROJECT #:

ENGINEER:

CONTRACTOR:

START: 8:35 AM STOP:

8:40 AM 8:56 AM 9:12 AM 9:12 AM

5 21 37 37

FLOW METER 1: (GPM) 1,263.00 1,400.00 898.00 1,040.00

1,263 1,400 898 1,040

0.00 0.00 0.00 0.00

6.00 6.00 6.00 6.00

SUCT. PRESSURE: (PSI) 9.99 9.82 10.11 10.11

SUCT. VELOCITY HEAD (FT): 3.19 3.92 1.61 2.16

1.00 1.00 1.00 1.00

5.00 5.00 5.00 5.00

DISCH. PRESSURE: (FT) 137.00 144.50 163.00 163.00

6.61 8.12 3.34 4.48

0.00 0.00 0.00 0.00

118.3 127.0 142.4 143.0

1,781 1,781 1,781 1,781

490.2 490.8 489.3 489.3

492.5 492.6 491.3 491.3

492.0 492.1 490.9 490.9

0.3 0.2 0.2 0.2

74.6 73.2 69.6 69.6

73.7 72.6 68.8 68.8

74.9 73.3 69.8 69.8

0.9 0.6 0.8 0.8

0.82 0.81 0.81 0.81

51.6 50.5 47.7 47.7

92.4% 92.4% 92.4% 92.4%

64 63 59 59

1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775 1,775

1,259 1,395 895 1,036

117.5 126.2 141.4 142.0

63.3 61.9 58.4 58.4

59.0 71.8 54.7 63.6

54.5 66.3 50.5 58.8

0.027 0.027 0.028

0.014 0.022 0.015

0.017 0.019 0.023

0.017 0.017 0.016

0.027 0.027 0.026

0.039 0.035 0.043

0.036 0.036 0.045

0.047 0.038 0.044

0.032 0.028 0.031

0.055 0.041 0.044

NOTES:

1 - 

2 ‐

3 ‐

4 ‐

Unknown

Unknown

1,750 rpm

RATED FLOW:

RATED HEAD:

RATED SPEED:73 A

Freese & Nichols

N/A

SUCT. CORRECTION (FT):

WET WELL LEVEL (FT):

MOTOR EFF. (%):

NAMEPLATE DATA

SMITH PUMP COMPANY, INC.

Baldor 

09‐05380‐8/2‐02

Aurora 411BF, 5x6x15

89‐02378

PUMP:

SERIAL NO.:

TEST DATA
Shane Wallace

9/15/2020

179004‐01

60 hp

1,775 rpm

M-NDE-X (90°):

M-DE-X  (90°):

P-DE-Y (0°):

M-NDE-Y (0°):

P-NDE-AXIAL:

P-DE-X  (90°):

P-NDE-X (90°):

M-NDE-AXIAL:

M-DE-Y (0°):

VOLTAGE B-C (V):

VOLTAGE A-C (V):

Approximate 1 minute flow rate from the station totalizer flow meter showed 1,040 gpm for the fourth point (9:12 AM)

STATIC HEAD (FT):

PUMP EFF. (%):

TIME:

DISCH. CORRECTION (FT):

SUCTION DIAMETER (IN):

DISCH. DIAMETER (IN):

SHAFT POWER (HP):

VOLTAGE A-B (V):

CURRENT A-B (AMPS):

P-NDE-Y (0°):

WIRE TO WATER EFF (%):

SPEED (RPM):

HEAD LOSS (FT):

TDH (FT):

DISCH. VELOCITY HEAD (FT):

RUN TIME (MIN):

FLOW RATE (GPM):

Wakeforest Water Plant

PUMP STATION:

City of West University PlaceEND USER:

PUMP TAG #: P‐5

PLANT:

Booster PS

V
IB

R
A

T
IO

N
 (

IN
/S

E
C

 R
M

S
)

VOLTAGE IMBALANCE (%):

CURRENT B-C (AMPS):

CURRENT A-C (AMPS):

CURRENT IMBALANCE (%):

S
P

E
E

D
 C

O
R

R
E

C
T

E
D

TARGET SPEED (RPM):

FLOW RATE (GPM):

TDH (FT):

POWER (HP):

POWER FACTOR: 

INPUT POWER (kW):



Project Number 179004‐01 Pump Mfg Aurora Rated Capacity [gpm] Unknownn Tested Date 9/15/2020

End User City of West University Place Pump Type HSC Rated TDH [ft of H2O] Unknownn Tested By Shane Wallace

Plant Wakeforest Water Plant Pump Model 411, 5x6x15 Rated Power [hp] Unknownn Company Smith Pump Co

Pump Station Booster PS Number of Stages 1 Rated Speed [rpm] 1,775 Witnessed By
Tag Number P‐5 Serial Number 89‐02378 Rated Efficiency [%] Unknownn Company City of West University Place

FIELD PERFORMANCE TEST 
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MOTOR:

SERIAL NO.:

RATED HP:

RATED SPEED:

FLA:

BY:

DATE:

PROJECT #:

ENGINEER:

CONTRACTOR:

START: 9:40 AM STOP:

9:52 AM 10:08 AM 10:28 AM

12 28 48

FLOW METER 1: (GPM) 1,349.00 1,196.00 966.00

1,349 1,196 966

0.00 0.00 0.00

6.00 6.00 6.00

SUCT. PRESSURE: (PSI) 8.91 9.40 10.78

SUCT. VELOCITY HEAD (FT): 3.64 2.86 1.86

1.00 1.00 1.00

5.00 5.00 5.00

DISCH. PRESSURE: (FT) 170.00 180.00 193.00

7.54 5.93 3.87

0.00 0.00 0.00

154.3 162.4 171.1

1,785 1,785 1,785

488.9 483.7 483.5

489.6 484.5 483.9

487.6 482.9 482.6

0.2 0.2 0.2

81.1 78.9 75.3

82.9 80.5 76.4

79.7 77.9 74.0

2.1 1.8 1.6

0.84 0.84 0.83

57.7 55.5 52.4

95.4% 95.4% 95.4%

74 71 67

1,750 1,750 1,750 1,750 1,750 1,750 1,750 1,750 1,750 1,750

1,323 1,173 947

148.3 156.1 164.5

69.5 66.8 63.2

71.3 69.1 62.3

68.0 66.0 59.4

0.043 0.044 0.042

0.052 0.057 0.042

0.048 0.046 0.045

0.057 0.057 0.054

0.055 0.052 0.054

0.040 0.069 0.088

0.052 0.048 0.051

0.076 0.134 0.154

0.031 0.033 0.035

0.081 0.095 0.122

NOTES:

1 - 

2 ‐

3 ‐

4 ‐

V
IB

R
A

T
IO

N
 (

IN
/S

E
C

 R
M

S
)

VOLTAGE IMBALANCE (%):

CURRENT B-C (AMPS):

CURRENT A-C (AMPS):

CURRENT IMBALANCE (%):

S
P

E
E

D
 C

O
R

R
E

C
T

E
D

TARGET SPEED (RPM):

FLOW RATE (GPM):

TDH (FT):

POWER (HP):

P-NDE-X (90°):

MOTOR EFF. (%):

SHAFT POWER (HP):

1,500 gpm

145' TDH

1,750 rpm

RATED FLOW:

RATED HEAD:

RATED SPEED:

1,780 rpm

FLOW RATE (GPM):

85.9 A

Freese & Nichols

N/A

SUCT. CORRECTION (FT):

WET WELL LEVEL (FT):

TEST DATA
Shane Wallace

9/15/2020

179004‐01

DISCH. DIAMETER (IN):

Wakeforest Water Plant

PUMP STATION:

NAMEPLATE DATA

SMITH PUMP COMPANY, INC.

Baldor, EM4316TS

A1208072074

Aurora 411BF, 5x6x15

92‐16929

PUMP:

SERIAL NO.:

75 hp

M-NDE-AXIAL:

M-DE-Y (0°):

STATIC HEAD (FT):

Booster PS

PUMP EFF. (%):

TIME:

DISCH. CORRECTION (FT):

SUCTION DIAMETER (IN):

M-NDE-X (90°):

M-DE-X  (90°):

P-DE-Y (0°):

M-NDE-Y (0°):

P-NDE-AXIAL:

P-DE-X  (90°):

VOLTAGE A-B (V):

CURRENT A-B (AMPS):

P-NDE-Y (0°):

WIRE TO WATER EFF (%):

POWER FACTOR: 

INPUT POWER (kW):

VOLTAGE B-C (V):

VOLTAGE A-C (V):

City of West University PlaceEND USER:

PUMP TAG #: P‐6

PLANT:

SPEED (RPM):

HEAD LOSS (FT):

TDH (FT):

DISCH. VELOCITY HEAD (FT):

RUN TIME (MIN):



Project Number 179004‐01 Pump Mfg Aurora Rated Capacity [gpm] 1,500 Tested Date 9/15/2020

End User City of West University Place Pump Type HSC Rated TDH [ft of H2O] 145 Tested By Shane Wallace

Plant Wakeforest Water Plant Pump Model 411, 5x6x15 Rated Power [hp] Unknownn Company Smith Pump Co

Pump Station Booster PS Number of Stages 1 Rated Speed [rpm] 1,750 Witnessed By
Tag Number P‐6 Serial Number 92‐16929 Rated Efficiency [%] Unknownn Company City of West University Place

FIELD PERFORMANCE TEST 
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WATER SYSTEM ASSESSMENT 

APPENDIX F 

1.0 MODEL DEVELOPMENT AND CALIBRATION 

As part of this study, a hydraulic model of the City’s water system was developed to analyze and evaluate 

the City’s distribution system.  The model utilizes InfoWater® hydraulic modeling software by Innovyze, 

which makes use of engineering equations and mathematical algorithms to determine the flows and 

pressures that would occur in a distribution system under a specified set of conditions.  The hydraulic 

water model was created utilizing the City’s GIS files, inventory information, and information collected 

during field testing.  A screenshot of the hydraulic model is shown on Figure 1-1.  

Figure 1-1:  West University Place’s Hydraulic Water Model 

 

1.1 MODELED INFRASTRUCTURE 

1.1.1 Water Lines and Junctions 

All water mains in the City’s GIS were included in the hydraulic model.  The model contains approximately 

58 miles or 2,551 links of water line. Information such as material and installation year were preserved 

from the City’s GIS where data was available and input into the hydraulic model.  Water lines were 

assigned initial Hazen-Williams roughness coefficients of 110. 
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There are also 2,289 junctions in the model.  Junctions are placed where modeled pipes connect and are 

utilized to store demand data.  All junctions in the distribution system were assigned an elevation based 

on LiDAR data. 

1.1.2 Pumping and Storage Facilities 

 There are six pumps, four storage tanks, and two reservoirs in the model, representing groundwater 

wells.  Within the hydraulic model, multiple ground storage tanks at each water plant were simulated by 

a single tank that maintains the onsite height and total storage volume.  Tank elevations were assigned 

using survey data, as-built information, and LiDAR.  All pumping and storage facilities were manually 

added to the model based on as-built drawings and information provided by the City.  Tested pump curves 

were input into the model for all booster pumps.  Variable area tank curves were developed for ESTs 

based on tank shapes to accurately model changes in volume. 

1.1.3 Unique IDs 

The City’s GIS did not have a unique identifier (ID) for each distribution system component.  Unique IDs 

are required by modeling software and are a best practice for maintaining and updating utility system 

assets in a GIS database.  FNI created and assigned unique IDs for all modeled water mains and facilities 

during the model development process.  The format of the assigned unique IDs is shown in Table 1-1. 

Table 1-1: Format of Unique IDs for Water Distribution System Components 

Water System Component Unique ID Format Example 

Water Main WU_1234 WU_0223 

Storage Tank Name_EST_Size Bellaire_EST_0.25MG 

Well Water Plant_Well Wakeforest_Well 

Pump Water Plant_PMP_1 Milton_PMP_1 

1.2 CONNECTIVITY UPDATES 

During the model building process, FNI coordinated with IDS on updating the connectivity of the GIS 

network.  IDS provided GIS shapefiles for water lines and valves and updated the connectivity of the lines 

with available data.  FNI further updated the connectivity at hydrant connections, at locations where 

water lines ended at another line, or where water lines would otherwise be completely disconnected from 

the rest of the system.  
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At locations where the connectivity of a line was updated by FNI, the line received a unique ID with the 

format ‘P1234.’  The original ID of the line that corresponds to GIS was preserved in the ‘Description’ field 

in the model.  

1.3 DEMAND ALLOCATION 

The distribution, or allocation, of water demands is a crucial step in building a hydraulic model.  The spatial 

location and relative magnitude of demands significantly impact the hydraulics of a water distribution 

system.  FNI allocated demands to the model utilizing water meter billing data.  The active water meters 

were spatially located through a process called geocoding, and the associated consumption was assigned 

to the nearest model node.  Based on the West University’s Subdivision and Zoning map shown on Figure 

1-2 and information on meter types from the City’s customer billing database, the water demands were 

divided into eight (8) categories: 

• Residential SF-1 

• Residential SF-2 

• Residential SF-3 

• Townhouse District 

• Commercial 

• Commercial Irrigation 

• Residential Irrigation 

1.4 MODEL CALIBRATION 

In order to verify that the hydraulic model accurately represents West University Place’s distribution 

system, an extended period simulation (EPS) model calibration was performed.  The calibration process 

involves adjusting system operational parameters and roughness values to match a known system 

condition.  August 19, 2020 was selected for a 24-hour calibration.  This day was selected as it was a 

weekday with no rainfall and the system operation was typical with no major changes in pressure due to 

line breaks or other incidents visible in the pressure recorder data.   
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1.4.1 Calibration Process 

FNI utilized the City’s smart water meter data to distribute the demands from the calibration day to the 

model.  The smart meter data was also utilized to develop diurnal patterns specific to the calibration day.  

Diurnal patterns were developed for each of the eight (8) categories (Section 1.3) and are shown on Figure 

1-3, along with the weighted average of the diurnals.  

Figure 1-3:  Calibration Day Normalized Diurnal Patterns (August 19, 2020) 

 

Tank Levels and Pump Controls 

The City provided SCADA for the pressure testing period that included Bellaire and Wakeforest EST tank 

levels and pressures at the Milton Water Plant.  This SCADA was utilized to set initial EST tank levels and 

to compare the modeled tank levels throughout the calibration day.  GST level controls were added to the 

model based on the typical operating levels from City staff. 

The City also provided pump controls for both water plants based on the Bellaire EST water level.  West 

University designates three different pump control set points based on observed demand conditions: 

• Set Point Guidelines (Typical) 

• High Usage 

• Deep Cycle 
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These set points have options to lead with the Wakeforest pumps or the Milton pumps.  The ‘set point 

guidelines’ with Milton pumps leading were utilized during the calibration day and are shown in Table 1-2. 

Table 1-2:  Calibration Day Pump Controls 

Facility Name Pump Number Control Pump On Pump Off 

Milton Water Plant 

Lead 

Bellaire EST Level 
(feet) 

22 28.5 

Lag 1 20 25 

Lag 2 19 24 

Lag 3 17 21 

Wakeforest Water Plant 
Lead  21 28 

Lag 1 18 22 

Calibration Controls and Adjustments 

During the EPS calibration, adjustments were made to the model in order to match the known conditions 

of August 19, 2020.  After discussions with City staff, the following adjustments were made to simulate 

the conditions that occurred over the 24-hour period: 

• A valve at Wakeforest EST was added that regulates the water level in the tank. Once the 

Wakeforest EST tank level drops below a certain point, the valve opens to allow Wakeforest to 

refill.  Whichever pump(s) are on at this time fill the Wakeforest EST. 

• The lead and lag pumps at each water plant were selected by analyzing the historical pump 

runtime data provided by the City.  Pump runtime data for the calibration day was unavailable, 

but historical data was analyzed to identify typical pump usage patterns under similar demand 

conditions and operational scenarios. 

• As part of the calibration process, IDS surveyed the Bellaire EST ground, bottom of the bowl, and 

overflow elevations.  This information was incorporated into the hydraulic model. 

1.4.2 Calibration Results 

The results of the EPS calibration are summarized in the graphs included in Appendix H.  The graphs show 

modeled pressures versus recorded data at pressure recorder locations and modeled tank levels versus 

recorded levels.  Calibration statistics are presented in Table 1-3.  The percentages shown represent the 

number of occurrences where the modeled pressures and observed data were within the given ranges of 

10 psi, 5 psi, and 3 psi.  The results suggest a good correlation between recorded and modeled values and 

provide a high level of confidence in the accuracy of the model.  
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Table 1-3:  Pressure Calibration Statistical Summary 

Pressure Recorder Within 10 psi Within 5 psi Within 3 psi 

PR-01 100% 94% 81% 

PR-02 100% 94% 85% 

PR-03 98% 82% 76% 

PR-04 100% 92% 67% 

PR-05 100% 97% 93% 

PR-06 100% 97% 93% 

PR-07 100% 96% 93% 

PR-08 100% 99% 95% 

Average 100% 94% 85% 
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APPENDIX G 
System Analysis Mapping 
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WATER SYSTEM ASSESSMENT
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SCALE IN FEET

MINIMUM PRESSURE
!( Less than 35 psi
!( 35 - 45 psi
!( 45 - 50 psi
!( 50 - 55 psi
!( Greater than 55 psi

Minimum pressures under projected 6.1 MGD demands with firm
capacity pumping. Utilizing high usage set points from the City. 
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SCALE IN FEET

FIRE FLOW
Less than 1,000 gpm
1,000 - 2,000 gpm
2,000 - 3,000 gpm
3,000 - 4,000 gpm
Greater than 4,000 gpm

Available fire flow under projected 6.1 MGD max day demands with
firm pumping capacity. Utilizing high usage set points from the City. 
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LEGEND
! ( Metered Connection
[Ú Pump Station
3Q Water Plant

(#
UT Elevated Storage Tank
UT Ground Storage Tank

8" and Smaller
Water Line
10" and Larger
Water Line

Cast Iron
Water Line
Road
Railroad
City Limit
Other City Limit

WATER AGE UNDER
AVERAGE DAY DEMANDS

Less than 1 Day
1 - 2 Days
2 - 5 Days
5 - 10 Days
Greater than 10 Days

Water age und e r 2.2 MGD average d ay d e mand s with thre e active
pumps at Milton and  one active pump at Wake fore st. Utilizing
‘Set Point Guid e line s’ from the City as the booster pump set points.
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SCALE IN FEET

PERCENT WATER
FROM MILTON
WATER PLANT

Under 20%
20 - 40%
40 - 60%
60 - 80%
80 - 100%

Source  trace  unde r 2.2 MGD ave rag e  day de m ands with two
active  pum ps at Wake fore st and one  active  pum p at Milton.
Utilizing  ‘De e p Cycling  Se t Point Guide line s’ from  the  City.
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APPENDIX H 
Water Model Calibration Results 
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