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Testing of a 10 to 48-inch Insertion Magnetic Flow Meter
ITRC Flow Report No. 20-003

Introduction

With funding from the US Bureau of Reclamation, California — Great Basin Region (Region 10), the Cal
Poly Irrigation Training & Research Center (ITRC) conducted flow measurement testing on one (1x) 10 to
48-inch Seametrics EX21x insertion magnetic meter (“Seametrics”, “test meter”) in April 2020. Figure 1
shows the meter installed at the testing facility. The testing determined the accuracy of the test meter in
a straight pipe configuration across a range of typical water velocities (0.5 to 5.8 feet per second).
Testing was performed at the ITRC Water Resources Facility (WRF) using calibrated measurements from
a 30-inch Krohne Enviromag 2100 (“Krohne”, “standard meter”) as the standard flow rate for all tests?.
Information regarding the Krohne meter calibration can be found in Attachment A.

Figure 1. View of the Seametrics EX21x meter installed in the 30-inch pipeline at the WRF

Devices Tested

The general specifications for the meter that was tested are summarized in Table 1. A photograph of the
meter is shown in Figure 1 (above). The manufacturer’s specification sheet for the Seametrics meter is
included in Attachment E.

Table 1. Test meter specifications

Specification Tested Meter
Manufacturer Seametrics
Nominal _spool diameter 10-48
(inches)
Spool/sensor model EX2119B-126
Spool/sensor serial number 3200350
Converter model FT440W
Converter serial number Same as sensor
Power supply 12vDC

! The Krohne meter was calibrated with the ITRC volumetric tank using a linear regression analysis — see Attachment A. The
ITRC volumetric tank was calibrated with the NIST-traceable ITRC gravimetric tank using a linear regression analysis.
Information regarding the volumetric tank calibration is provided in Attachment B.

Irrigation Training & Research Center
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Summary of Testing and Results

The meter was tested at seven flow rates with no obstructions in the pipeline within 18 diameters
upstream and 10 diameters downstream (see the Layout section for more details).

Results from the testing are shown in Table 2 and Figure 2. All averages are the mean of the data points.
The flow measurement device calibration report and raw test data logs are included in Attachment C
and Attachment D, respectively.

For the Seametrics EX21x insert meter 3200350, the absolute average error was 2.4 percent.

Table 2. Flow rate and percent error from testing of Seametrics EX21x inset meter with various water velocities
in straight, unobstructed hydraulic conditions

Nominal Velocity Average Percent Error
(feet/sec) Seametrics EX21x
0.5 +3.2
0.9 +0.9
1.7 +2.8
2.2 2.4
3.2 +0.7
4.9 -4.1
5.8 +2.6
Average Error +0.5
Average Absolute Error 2.4
Standard Deviation of Error 2.8

+5%
+4%
+3%
+2%
+1%

+0%

Percent Error

-1%
-2%

-3%

4%
-5%
0.5 0.9 1.7 2.2 3.2 4.9 5.8

Nominal Velocity (feet per second)

B Seametrics EX21x

Figure 2. Average errors from testing of Seametrics EX21x insert meter with various water velocities in
unobstructed flow conditions

Irrigation Training & Research Center
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Layout

The testing was conducted at the ITRC Water Resources Facility (WRF). The test setup was designed to
simulate a meter being placed in a straight, unobstructed section of pipe. The configuration (see Figure
3 and Figure 4) was as follows:
1. Several pumps transferred water to a large pump sump with an overflow. The sump was fitted with
a vertical turbine pump (30 CFS maximum capacity) controlled by a variable frequency drive (VFD).
The VFD pump discharged into a 4-ft square standpipe followed by a 30-inch steel pipeline.
3. The test meter was installed in a straight, unobstructed section of pipe with:

a. More than 18 diameters of straight, unobstructed pipe upstream of the test meter

b. More than 10 diameters of straight, unobstructed pipe downstream of the test meter
4. The 30-inch pipe discharged into an open concrete tank, which overflowed into the WRF reservoir.

r

STANDPIPE & AIR VENTS CONCRETE
TANK

STANDARD
METER

VFD PUMP

25
T oo
(>18D)

OVERFLOW

WATER
SUPPLY

Figure 3. Schematic of test setup - conceptual, not to scale

Test Meter

Figure 4. Test meter (Seametrics EX21x) and standard meter (Krohne) installed on the 30-inch pipeline

Irrigation Training & Research Center
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Procedure

The testing process compared measured values from the test meter to values measured by a calibrated
standard meter. The calibrated standard meter used was a Krohne Enviromag 2100 spool-type magnetic
flow meter. Each velocity test was performed according to the following procedure:

1.
2.

3.

VFD pump speed adjusted until the desired flow rate/velocity was achieved.

Flow rate from the pump stabilized. Periodic measurements were taken during this time period to

assess the flow rate.

First test meter measurement at test velocity; standard meter flow rate recording began (start of

testing time period).

a. The test meter measurement data shown on the remote-mounted display was manually
recorded on a 5-second interval. A minimum of seven samples were recorded for each test
velocity.

b. Standard meter flow rate recorded from 4-20 mA output signal from meter wired to a 15-bit
programmable logic controller (PLC) analog input. The PLC was networked to a computer
software that logged the signal on 2 second intervals.

c. The standard and test meters were configured with 0- or 1-second averaging to eliminate
potential differences in averaging or filtering algorithms that could impact the results.

Final test meter measurement at test velocity; standard meter flow rate recording ended (end of

testing time period).

The following data processing procedure was used to calculate the average error and average absolute
error of the test meter for each velocity:

1.
2.

3.

Raw data and testing time periods compiled.

Average flow rate from the standard meter for each velocity calculated as the average of all data
points recorded by PLC during the testing time period.

Average flow rate from the test meter calculated as the average of all manually recorded
measurements during the testing time period.

Meter/velocity average error calculated from the results calculated in Steps 2 and 3 using:

_ x 100%

Test meter average error calculated as the mean of the results for each velocity from Step 4.
Test meter average absolute error calculated as the mean of the absolute values of the results for
each velocity from Step 4.

Irrigation Training & Research Center
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Attachment A

Calibration of the Krohne Enviromag 2100 Used as the Testing Standard Meter

Summary and Results

The 30-inch Krohne Enviromag 2100 magnetic flow meter (“Krohne”) was calibrated with the ITRC
volumetric tank at the ITRC Water Resources Facility (WRF). The ITRC volumetric tank was calibrated
with the NIST2traceable ITRC gravimetric tank®; refer to Attachment B for details on the calibration of
the volumetric tank. Measurements were recorded with both devices at six different flow rates, ranging
from 2 to 18.5 CFS (approximately 0.4 to 3.8 fps through the Krohne meter). A best-fit linear regression
was developed to calibrate the Krohne readings to the volumetric tank*. The r-squared value of the
calibration equation was 0.9995.

Layout

A schematic showing the configuration of the two devices used in the calibration is shown in Figure A-1.

STANDPIPE & AIR VENTS

CONCRETE
TANK

300’ LONG STEEL FLUME

Y

VOLUMETRIC KROHNE
TANK
VFD PUMP 512’
>5D d/s
>70’
(>28D)

OVERFLOW

WATER
SUPPLY

Figure A-1. Schematic of test setup — conceptual, not to scale

2 NIST = National Institute of Standards and Technology; the US’s national metrology institute (NMI).

3 The ITRC gravimetric tank has a NIST-traceable expanded uncertainty of 0.1 percent with a 95 percent confidence interval. For
further information, refer to: Feist, K. and Z. Markow. 2020. Overview and Uncertainty Analysis for an Irrigation Flow
Measurement Facility. ITRC Paper No. P 20-001. www.itrc.org/papers/fmfacility.htm

4 The regression analysis performed in this document follows the procedure performed in: Howes, D.J. and C.M. Burt. 2016.
Accuracy of Round Meter Gates for On-Farm Deliveries. J. Irrig. Drain. Eng., 142(1). Retrieved from
https://digitalcommons.calpoly.edu/bae_fac/107
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Procedure

Measurements were collected with both devices (the Krohne and the volumetric tank) at six different
flow rates, ranging from 2 to 18.5 CFS (approximately 0.4 to 3.8 fps through the Krohne meter). A linear
regression analysis of the two datasets was performed to determine an equation that could be used to
calibrate the Krohne readings to the volumetric tank.

The following procedure was completed for each flow rate:

1. Volumetric tank filling began. PLC data logging for the Krohne began.

2. Between one and five volumetric tank measurements were performed. PLC continuously logging the
Krohne data.

3. Volumetric tank filling ended, and average flow rate calculated by PLC. Data logging for the Krohne
ended and average flow rate calculated from PLC data.

Results

Results from the linear regression are shown in Figure A-2 and Table A-1. The resulting equation that can
be used to approximate the volumetric tank measurements from the raw Krohne output is shown
below. The r-squared value of the calibration equation is 0.9995.

Adjusted Krohne Flow Rate (CFS) = 1.0111 x [Raw Krohne Flow Rate (CFS)] - 0.0212

Regression Chart

20

y=1.0111x- 0.0212 /
16 R? = 0.9995 /
14 /

8 e
6 /
N
Ny

0 5 10 15 20
Krohne (CFS)

Volumetric Tank (CFS)
=

Figure A-2. Chart showing Krohne and volumetric tank data with regression equation and trendline
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Table A-1. Krohne Enviromag 2100 30-inch linear regression error results

Caliorret =) Vel UmEtte Ty Raw Krohne Calibrated Krohne
(Standard)
Flow Rate Flow Rate Error Flow Rate Error
(CFS) (CFS) (CFS) (%) (CFS) (CFS) (%)
2.06 211 +0.05 +2.7 2.11 +0.05 +2.4
4.86 4,93 +0.07 +1.6 4.96 +0.10 +2.1
9.00 8.84 -0.15 -1.7 8.92 -0.07 -0.8
11.44 11.20 -0.24 -2.1 11.31 -0.14 -1.2
14.55 14.29 -0.26 -1.8 14.43 -0.12 -0.8
18.45 18.44 -0.01 -0.0 18.62 +0.18 +1.0
Average Error (%) -0.3 +0.4
Average Absolute Error (%) 1.6 14
RMSE (CFS) 0.16 0.12
CVRMSE (%) 1.7 1.3

Pre-calibration (raw Krohne measurements), the average percent error of the Krohne was -0.3 percent
and the average absolute error was 1.6 percent with a root mean squared error (RMSE) of 0.16 CFS and
a coefficient of variation of the RMSE (CVRMSE) of 1.7 percent. Post-calibration (after applying the
calibration equation to the raw Krohne measurements), the average error was +0.4 percent, average
absolute error was 1.4 percent, with a RMSE of 0.12 CFS and a CVRMSE of 1.3 percent.

Irrigation Training & Research Center
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Attachment B

Calibration of the Volumetric Tank

Summary and Results

The ITRC volumetric tank was calibrated with the NIST®-traceable ITRC gravimetric tank® at the ITRC
Water Resources Facility (WRF). Measurements were recorded with both devices at 11 different flow
rates, ranging from 2 to 15 CFS. A best-fit linear regression was developed to calibrate the volumetric
tank readings to the gravimetric tank’. The r-squared value of the calibration equation was 0.9999.

Layout
A schematic showing the configuration of the two devices used in the calibration is shown in Figure A-1.

STANDPIPE &
AIR VENTS CONCRETE

VALVE VALVE TANK
N 300’ LONG

ST

VOLUMETRIC  GRAVIMETRIC
TANK TANK

VFD PUMP

OVERFLOW

WATER
SUPPLY

Figure B-1. Schematic of test setup — conceptual, not to scale

Procedure

Measurements were collected with both devices (the volumetric tank and the gravimetric tank) at 11
different flow rates, ranging from 2 to 15 CFS. A linear regression analysis of the two datasets was
performed to determine an equation that could be used to adjust the volumetric tank readings and
calibrate them to the gravimetric tank.

5 NIST = National Institute of Standards and Technology; the US’s national metrology institute (NMI).

6 The ITRC gravimetric tank has a NIST-traceable expanded uncertainty of 0.1 percent with a 95 percent confidence interval. For
further information, refer to: Feist, K. and Z. Markow. 2020. Overview and Uncertainty Analysis for an Irrigation Flow
Measurement Facility. ITRC Paper No. P 20-001. www.itrc.org/papers/fmfacility.htm

7 The regression analysis performed in this document follows the procedure performed in: Howes, D.J. and C.M. Burt. 2016.
Accuracy of Round Meter Gates for On-Farm Deliveries. J. Irrig. Drain. Eng., 142(1). Retrieved from
https://digitalcommons.calpoly.edu/bae_fac/107
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The following procedure was completed for each flow rate:

1. Gravimetric tank filling began.

2. Gravimetric tank filling ended. Gravimetric tank flow rate calculated by PLC.

3. One to three gravimetric tank measurements were performed for each flow rate tested. The
average of the individual flow rate measurements was recorded as the device measurement.

4. Volumetric tank filling began.

Volumetric tank filling ended. Volumetric tank flow rate calculated by PLC.

6. One to three volumetric tank measurements were performed for each flow rate tested. The average
of the individual flow rate measurements was recorded as the device measurement.

o

Results

Results from the linear regression are shown in Figure A-2 and Table A-2. The resulting equation that can
be used to approximate the gravimetric tank measurements from the raw volumetric tank (VT) output is
shown below. The r-squared value of the calibration equation is 0.9999.

Adjusted VT Flow Rate (CFS) = 1.0238 x [Raw VT Flow Rate (CFS)] - 0.0935

Regression Chart

14 y=1.0238x- 0.0935 /
R2=0.9999

Gravimetric Tank (CFS)
[e=]

0 2 4 6 8 10 12 14 16
Volumetric Tank (CFS)

Figure B-2. Chart showing volumetric tank and gravimetric tank data with regression equation and trend line
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Table B-1. Volumetric tank linear regression error results

CIEMIEF T Raw Volumetric Tank Calibrated Volumetric Tank
(Standard)
Flow Rate Flow Rate Error Flow Rate Error

(CFS) (CFS) (CES) (%) (CFS) (CFS) (%)

14.99 14.78 -0.21 -1.4 15.03 +0.05 +0.3

15.06 14.77 -0.29 -1.9 15.03 -0.03 -0.2

15.06 14.82 -0.24 -1.6 15.08 +0.02 +0.1

9.66 9.56 -0.10 -1.0 9.70 +0.04 +0.4

9.52 9.28 -0.24 -2.6 9.41 -0.12 -1.2

6.38 6.30 -0.07 -1.2 6.36 -0.02 -0.3

6.39 6.33 -0.05 -0.8 6.39 +0.01 +0.1

6.40 6.30 -0.09 -15 6.36 -0.04 -0.6

2.03 2.10 +0.08 +3.8 2.06 +0.03 +1.7

4.82 4.84 -0.01 -0.2 4.86 +0.01 +0.2

8.79 8.73 -0.06 -0.7 8.84 +0.05 +0.6
Average Error (%) -0.8 +0.1
Standard Deviation of Error (%) 1.7 0.7
Average Absolute Error (%) 15 0.5

RMSE (CFS) 0.16 0.05

CVRMSE (%) 1.9 0.5

Pre-calibration (raw volumetric tank measurements), the average percent error of the volumetric tank
was -0.8 percent with a root mean squared error (RMSE) of 0.16 CFS and a coefficient of variation of the
RMSE (CVRMSE) of 1.9 percent. Post-calibration (after applying the calibration equation to the raw
volumetric tank measurements), the average error was +0.1 percent with a RMSE of 0.05 CFS and a
CVRMSE of 0.5 percent.

Irrigation Training & Research Center
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Attachment C

Flow Measurement Device Calibration Report
The flow measurement device calibration report is provided for the test described in this document.

Page Device Testing Condition
C-2 Seametrics EX21x 3200350 Straight pipe, no obstructions

Irrigation Training & Research Center
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EX100/200-SERIES

INSERTION ELECTROMAGNETIC

FLOW SENSOR

(Seametrics

How to Order

Description

Size

Sensor Material

Options (110/210)

Options (150/250)

Externally powered
(12 - 24Vdc) sensor only.

Sensor Only

3"~ 10" pipe = EX110
10" - 48" pipe = EX210

Hot Tap
3"—-10" pipe = EX150
10" - 48" pipe = EX250

Brass = B
316 Stainless = S

Brass Adapter Fitting 2" NPT = -02
SS Adapter Fitting 2" NPT = -02
Reverse Flow Output = -15

Brass Adapter 1 72" BSP = -23

SS Adapter 172" BSP = -24

Old Style Adapter 12" NPT = -35
*Immersible = -40

Low Power = -50

12" Extension (200 Series Only) = -72

316 SS Valve Assembly = -08

No Valve Assembly = -09

316 SS Valve Assembly = -08
Reverse Flow Output = -15
*Immersible = -40

Low Power = -50

12" Extension (200 Series Only) = -72

Description

Size

Sensor Material

Options (113/213)

Options (153/253)

Externally powered sensor
(12 - 24Vdc) with FT430
rate and total indicator
(with pulse outputs)
mounted on the sensor.

FT430 Mounted
on Sensor

3" - 10" pipe = EX113
10" - 48" pipe = EX213

Hot Tap
3"-10" pipe = EX153
10" - 48" pipe = EX253

Brass = B
316 Stainless = S

Brass Adapter Fitting 2" NPT = -02
SS Adapter Fitting 2" NPT = -02
Reverse Flow Output = -15

Brass Adapter 1 72" BSP = -23

SS Adapter 172" BSP = -24
Tamper Evident Kit = -32

Old Style Adapter 172" NPT = -35
Low Power = -50

Non-resettable Total = -64

12" Extension (200 Series Only) = -72
Hinged Display Cover = -126

316 SS Valve Assembly = -08

No Valve Assembly = -09

Reverse Flow Output = -15

Tamper Evident Kit = -32
Non-resettable Total = -64

12" Extension (200 Series Only) = -72
Dual Relay Output = -98

Hinged Display Cover = -126

Description

Size

Sensor Material

Options (116/216)

Options (156/256)

Externally powered
sensor (12 - 24Vdc) with
self powered DL76 data
logger mounted on the
sensor.

DL76 Mounted
on Sensor

3"~ 10" pipe = EX116
10" - 48" pipe = EX216

Hot Tap
3" - 10" pipe = EX156
10" — 48" pipe = EX256

Brass = B
316 Stainless = S

Brass Adapter Fitting 2" NPT = -02
SS Adapter Fitting 2" NPT = -02
Reverse Flow Output = -15

Brass Adapter 172" BSP = -23

SS Adapter 172" BSP = -24

Tamper Evident Kit = -32

Old Style Adapter 172" NPT = -35
Low Power = -50

12" Extension (200 Series Only) = -72

316 SS Valve Assembly = -08

No Valve Assembly = -09

Reverse Flow Output = -15

Tamper Evident Kit = -32

Low Power = -50

12" Extension (200 Series Only) = -72

Description

Size

Sensor Material

Options (119/219)

Options (159/259)

Externally powered sensor
(12 - 24vdc) with FT440
rate and total indicator
(with pulse and 4-20mA
outputs) mounted on the
sensor.

FT440 Mounted
on Sensor '

3"-10" pipe = EX119
10" - 48" pipe = EX219

Hot Tap
3"-10" pipe = EX159
10" — 48" pipe = EX259

Brass = B
316 Stainless = S

Brass Adapter Fitting 2" NPT = -02
SS Adapter Fitting 2" NPT = -02
Reverse Flow Output = -15

Brass Adapter 112" BSP = -23

SS Adapter 172" BSP = -24
Tamper Evident Kit = -32

Old Style Adapter 12" NPT = -35
Low Power = -50

Non-resettable Total = -64

12" Extension (200 Series Only) = -72
Hinged Display Cover = -126

316 SS Valve Assembly = -08

No Valve Assembly = -09

Reverse Flow Output = -15

Tamper Evident Kit = -32
Non-resettable Total = -64

12" Extension (200 Series Only) = -72
Dual Relay Output = -98

Hinged Display Cover = -126

* Immersible to maximum of 3 ft (Im), up to 2 weeks
" When ordering an EX with an FT440 mounted, the EX sensor cannot be loop powered.

Seametrics « 19026 72nd Avenue South « Kent, Washington 98032 « USA

(P) 253.872.0284 « (F) 253.872.0285 + 1.800.975.8153 « seametrics.com

LT-65650131r3.7 20200219

2/19/2020
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