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INTRODUCTION  

 

The role of water meters in residential systems began at the turn of the 20
th
 century. Prior to the 

use of water meters, customers were billed a flat rate for their usage. Customers would often 

overuse water to ensure themselves that they were getting what they paid for. Water meters were 

introduced in an attempt to control allotment and continue to be used today as a means of setting 

a rate structure for utilities. The success of metering residential water has led to utilities metering 

secondary water as a means to conserve water. However, very little research has been conducted 

on the use of commonly used residential water meters for secondary water applications. 

 

Although several types of meters are available commercially for measuring dirty water, including 

magnetic flow meters, ultrasonic flow meters, and Coriolis mass flow meters, these meters are 

usually too expensive for individual household metering. A more economical approach would be 

to use a less expensive and already proven residential model, but design limitations in these 

models do not allow most residential meters to function properly in secondary systems. Debris 

carried in secondary water systems is especially hard on mechanical parts and most meters can 

quickly become clogged or damaged. 

 

In an effort to implement metering in their secondary water system (raw water, unsuitable for 

potable use), the Weber Basin Water Conservancy District (WBWCD) experimented with a 

Polisonic 2850 paddlewheel meter in 2000 and an ABB magnetic flow meter in 2003. Both 

options were abandoned due to poor performance with the paddlewheel and the high cost and 

inadequate battery life of the magnetic flow meters (Utah Division of Water Resources, 2004). 

The district currently has 27 Severn Trent fluidic oscillators
1
 installed and in their third season of 

service (Stephens, 2007). WaterPro, Inc., a nonprofit organization that services Draper, Utah, has 

nearly 20 of the same fluidic oscillator unit and three single jet meters
2
 installed (Gardner, 2007), 

beginning their second season of use. 

 

Grantsville, Utah and Spanish Fork, Utah have had success with filtering their secondary water 

systems. Grantsville installs a filter before each of its positive displacement meters. Maintenance 

is the responsibility of the landowner, but the city will provide assistance in certain cases. With 

only about 1400 secondary connections, this is an option for Grantsville (Taylor, 2007). The 

larger population in Spanish Fork renders individual filtering uneconomical and otherwise 

impractical. Instead, Spanish Fork uses a centralized filtering station to sufficiently clean the 

water before it passes into the distribution system (Richards, 2008). 

 

Conservation districts and utilities nationwide hope to find similar success with their secondary 

systems. The results of this study will aid utilities in implementing an appropriate secondary 

metering. 

                                                 
1
 Smartmeter C700. 

2
 Two 1-in Actaris Flostar meters and one 1-in Metron-Farnier Spectrum. 
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EXECUTIVE SUMMARY  

 

The State of Utah is looking for methods to promote water conservation. Utahôs ratio of indoor-

to-outdoor water use is among the highest in the nation, with residents using about 70 percent of 

their water consumption outdoors. Secondary water meters (meters for outdoor connections) are 

expected to help in conservation measures via associated rate structures. 

 

True secondary water meters, such as magnetic flow meters, are too expensive for use in most 

utilities. Although residential meters (meters for culinary water connections) are much less 

expensive, secondary water environments often cause these meters to clog or fail. Two meter 

types, the fluidic oscillator and the single jet show promise in avoiding these problems thanks to 

their minimal number of moving parts. During this study, these two meter types were tested for 

accuracy and durability in alignment, mineral deposits, freezing, and dirty water. 

 

It appears that both of these meters would be appropriate choices for secondary water 

applications.  Both of these meter types were found to accurately measure water within the flow 

range of a secondary system in their new condition, and when these meters were evaluated in the 

field, they generally showed no significant impact after two seasons of use. 
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DESCRIPTION OF METERING TECHNOLOGIES  

 

There are two technologies that have few or no moving parts, are inexpensive, and have a proven 

record in residential water systems. Because of these factors, these two types of meters are prime 

candidates for secondary water systems. 

 

Fluidic Oscillator  

The fluidic oscillator is an excellent possibility for secondary metering since it has no moving 

parts. As water enters a fluidic oscillator, it is focused into a jet. Two diverging walls create a 

force on both sides of the jet, causing it to oscillate. Volume is recorded as the jet oscillates 

across a transducer, which electronically measures the flow. 

 

This meter type is less affected by grit and particulates than standard mechanical meters. Severn 

Trent is currently the only manufacturer of residential fluidic oscillators. Their C700 model 

(Figure 1) was used for this study. This particular model comes in 15gpm, 20gpm (5/8-in), and 

30gpm (3/4-in) variations. The manufacturer boasts their meter retains accuracy throughout its 

lifetime, does not measure air, and outlasts conventional meters (Severn Trent Services, 2006). 

The C700 is priced at just over $100 per unit for either size at the time of this writing. 

 

 
Figure 1 Smartmeter 20gpm C700 

 

Single Jet 

The single jet meter is an inferential meter that relies on the rotation speed of a multi-bladed 

rotor to record flow volume. The meter gradually reduces in diameter from the inlet to create a jet 

of water that is directed at the rotor. This size reduction is designed so that the rotor speed is 

directly proportional to the water flow velocity. 

 

Thanks to its small number of moving parts, the single jet meter is also a prime candidate for 

secondary metering. Unlike the fluidic oscillator, there are several single jet meter manufacturers. 

The Actaris Flostar (Figure 2) was chosen to represent single jet technology in this study and was 

selected based on two factors: a wide range of sizes (from 5/8-in to 6-in) and a viable cost ($48 
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for 3/4-in and $80 for 1-in). Other manufacturers were found to be expensive and had less 

available sizes. Personal communications with Actaris confirmed that this meter ñcan be used to 

measure gray or secondary waterò (Ferrell, 2007). 

 

 
Figure 2 Actaris 3/4-in Flostar meter 
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TEST STANDARD 

 

Testing was performed at the Utah Water Research Laboratory (UWRL) at Utah State University 

(USU). The UWRL is home to engineers, scientists, technicians, and students that collaborate 

with outside agencies to develop methods of optimizing the use of water resources. 

 

Meters were acquired for the project in both new and used states. New meters were calibrated 

and then tested in at least one of five conditions. Meters pulled from field installations were 

tested only for accuracy before being returned to their respective systems. 

 

Calibrations were performed at three flow rates as shown in Table 1. These flow rates were based 

on the AWWA publication C713-05: Cold Water Meters: Fluidic-Oscillator Type (2005). This 

standard was chosen since AWWA has not yet published a standard for single jet meters under 1 

1/2-in. Additionally, the max flow rate in C713-05 is representative of that experienced in 

secondary systems. As a point of reference, the WBWCD experiences a maximum flow between 

15 and 23gpm (McKnight, 2008) and Waterpro, Inc. provided a minimum of 10gpm for their 

system to maximize head for sprinkler systems (Cunningham, 2008b). 

 

In the event that a meter failed a test (that is, registered below the acceptable defined accuracy) it 

was tested twice more. A meter was considered compliant if it registered between 98.5 and 101.5 

percent of the maximum and middle test flows and between 95 and 101 percent of the minimum 

test flow, as described in C713-05. For the purpose of this research, a meter was considered 

compliant if it passed two of the three tests. In all cases of multiple testing, an average of the 

registries was reported for the meter accuracy.  In a practical sense, these clean water accuracy 

requirements are probably too stringent for most secondary water applications, but were used 

anyway for this study since no secondary meter standards currently exist. 

 

Table 1 Flow rates for new meter testing 

Meter Size 
AWWA Min  

(gpm) 

AWWA M id 

(gpm) 

AWWA Max 

(gpm) 

5/8-inch 1/4 2 20 

3/4-inch 1/2 3 30 

1-inch 3/4 4 50 
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TEST DESCRIPTION 

 

In -Service Meter Testing 

Sixteen meters, comprising 12 fluidic oscillators from WBWCD and two fluidic oscillators and 

two single jets
3
 from Draper, Utah were acquired for accuracy testing. All of the WBWCD 

meters had been in service for two irrigation seasons at the time they were pulled and tested. The 

Draper meters had been in service for one full season. 

 

The exterior of these meters was gently washed upon arrival. After laboratory testing, they were 

returned to the utility and reinstalled at the same connection from which they were pulled. Tests 

were performed over seven flow rates (Table 2), including three flows under 1gpm. These tests 

helped to determine the extent of wear on the meters. 

 

Table 2 Flow rates for in-service meter testing 

Meter Size Low Flow 

2 

Low Flow 

1 

AWWA Min  

(gpm) 

AWWA Mid  

(gpm) 

Mid Flow 

1 

AWWA Max 

(gpm) 

5/8-inch 1/16 1/8 1/4 2 15 20 

1-inch 3/16 3/8 3/4 4 40 50 

 

New Meter Testing 

Fifty-five new meters were acquired for the project. These consisted of thirteen 5/8-in and 

fourteen 3/4-in fluidic oscillators and fourteen each of 3/4-in and 1-in single jet meters. Meters 

were first tested to confirm that they met AWWA standards (calibration). Each meter was then 

tested at various alignments and finally subjected to one of three additional tests. Test conditions 

were often exaggerated to find the meter limitations. 

 

Test #1: Calibration: All meters were calibrated at the flow rates presented in Table 1. This 

provided a benchmark for comparison with later tests. 

 

Test #2: Alignment: It was observed during the pulling process that meters can become 

misaligned. One example of how this can happen occurs when the adjoining property is 

landscaped and the meter box is moved by the landscaper (Cunningham, 2007). After calibration, 

meters were tested at five radial angles varying from 45 to 180 degrees from the vertical in 45 

degree increments. 

 

Test #3: Mineral Deposits: Interior mineral buildup can quickly deteriorate a meterôs 

effectiveness. Buildup usually occurs over time as the pipe is filled with water and drained from 

season to season. Once the pipe has been drained, water evaporates from inside the meter leaving 

deposits behind within the meter body and chamber. To simulate this, three meters of each 

                                                 
3
 One each of the Actaris Flostar and Metron-Farnier Spectrum. The remaining Flostar meter 

was described as broken, but the extent and type of damage is as of yet unknown. 
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type/size were soaked in a solution for 27 days. Meters were removed from the soaking solution 

and air dried before testing (Figure 3). 

 

 
Figure 3 Meters soaking in solution (left) and drying (right) 

 

This composition of the soak solution was based on five water qualities: hardness, alkalinity, pH, 

conductivity, and total suspended solids (TSS). Table 3 provides the most recent reported values 

of these qualities for the supply reservoirs of the participating utilities (Utah Division of Water 

Quality, 2008). 

 

Table 3 Water qualities in supply reservoirs for participating utilities 

Utility  Weber Basin Draper 

Water Source Causey East 

Canyon 

Pineview Rockport Smith & 

Morehouse 

Willard Utah 

Lake 

Hardness (mg/L) 173 269 149 187 24 235 437 

Alkalinity (mg/L) 160 176 138 178 18 177 198 

pH (umhos.cm) 8.86 8.6 7.4 8.48 7.4 8.4 8.4 

Conductivity 306 676 315 369 47 1346 1914 

TSS (mg/L) < 3 4.8 9 < 3 5 18 106 

Report Year 1991 1992 1992 1992 1991 1992 1991 

 

The values in Table 3 were very similar to a synthetic water proposed by Brandhuber in a study 

on chromium removal (2005). This water was made up to approximate the 75
th
 percentile 

concentration of major ions of over 2000 natural waters. For this test, the soak solution was 

prepared using Logan City tap water and five times the quantities in Table 4. Soil was also added 

to the solution to account for affects from TSS. A soil concentration of five times the average 

TSS of the Weber Basin reservoirs was used. 
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Table 4 Synthetic water composition 

Chemical Dose (mg/L) 

CaCO3 100 

Na2CO3 94 

NaCl 78 

Na2SiO3.9H2O 89 

MgSO4 149 

 

Test #4: Freezing: Northern Utah provides an obstacle to secondary metering in the form of 

freezing temperatures. In Grantsville, six fluidic oscillators failed due to a pressure leak caused 

by freezing inside the meter chamber or a similar, localized high-pressure event (Taylor, 2007). 

 

Freezing can occur in two scenarios. One possibility is that the meter box can flood (Figure 4) 

and freeze around the outside of the meter. Another possibility is that water inside the meter body 

can freeze due either to an early frost or incomplete draining of the line during the off-season. 

Arguably, both situations can occur at the same time, but it was determined that testing each 

scenario individually would provide more specific data. Three meters of each type/size 

combination were tested for each situation. 

 

 
Figure 4 Flooded meter box in Weber Basin 

 

Each meter was installed in a bucket with pipe connections branching out either side, as seen in 

Figure 5. The bucket was filled with water until the meter body was about 75 percent submerged. 

The bucket was frozen and then installed in the calibration test. The meter was tested over the 

noted flow rates. The meter was tested again after the ice thawed and the bucket drained. 
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Figure 5 Freeze tests ï installed (left), in freezer (center), and during testing (right) 

 

For interior freezing, each meter in a set of three was filled with one of three volumes of water. 

To determine the volumes, each meter was capped on one end and filled with water. The water 

was then measured and noted as the meter capacity. Fill volumes were initially designated as 40 

percent, 25 percent, and 10 percent of the capacity. It was found that none of the meters were 

adversely affected by these volumes so an additional three fill volumes were tested at 90 percent, 

70 percent, and 50 percent of capacity. The fill volumes are shown in Table 5. 

 

Table 5 Water volume frozen in meter 

Meter Type 
Meter 

Size 

Capacity 

(mL) 

Percent of Capacity (mL) 

90% 70% 50% 40% 25% 10% 

Fluidic Oscillator 5/8-in 125 112 87 62 50 30 12 

Fluidic Oscillator 3/4-in 125 112 87 62 50 30 12 

Single Jet 3/4-in 175 157 122 87 70 45 20 

Single Jet 1-in 250 225 175 125 100 75 25 

 

The meters were frozen, thawed, and then tested over the calibration flow rates. 

 

Test #5: Dirty Water Accuracy: Three meters of each type were tested for real-time accuracy in 

dirty water as shown in Figure 6. A mixing tank was used to keep the soil particles suspended 

and evenly distributed. Siemens magnetic flow meters
4
, accurate to within 0.25 percent of flow, 

were installed upstream of each test meter. The tank was filled with 65 gallons of Logan City 

water. Meters were first installed and tested with the clean water. Soil was added incrementally, 

with testing occurring at each concentration presented in Table 6. Meters were tested at a flow 

rate of approximately 20gpm, as measured by the magnetic flow meters. 

 

                                                 
4
 Siemens 1-in MagFlo Mag 5100 W with MagFlo Mag 5000 Transmitter. 
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Figure 6 Dirty water accuracy test bench 

 

 

 

 

Table 6 Soil mixture  

 Baseline 50x Baseline 150x Baseline 

Soil Concentration (mg/L) 150 7500 22500 

Weight 
Soil (lb) 0.08 4.07 12.21 

Water (lb) 542.21 542.21 542.21 

Percent Soil 0.015% 0.75% 2.25% 

 

As a means of comparison, the USGS took a random spring sampling of TSS concentrations in 

the Upper Mississippi River System between 1994 and 2004. The maximum mean reported 

concentration was just over 400 mg/L (USGS, 2006). This is nearly 20 times less than the second 

testing concentration and more than 50 times less the high concentration.
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TEST RESULTS 

 

Test results are provided in a graphical format in the following sections. Numerical data are 

available in the Appendix. 

 

In -Service Meters 

It should be noted that both groups of meters had been in service for only one or two irrigation 

seasons. While this allowed for easier comparison across utilities, it also fails to represent the 

desired 10+ years lifetime for a meter. There was also a lack of calibration data for these meters. 

 

Both Weber Basin and WaterPro have similar installation procedures and monitoring protocol 

and the utilities differ in their water sources. WBWCD receives its water from seven local 

reservoirs. Each of these reservoirs has a chemical make up similar to that of household hard 

water. WaterPro pulls most of its secondary water from Utah Lake, which contains nearly twice 

the hardness and more than five times the total suspended solids of the highest of WBWCDôs 

reservoirs (Table 3). 

 

Test results (Figure 7), show that water quality can create a variance in meter wear and accuracy. 

The inconsistencies in meter accuracy between utilities, however, occurred only at flow rates 

below 1gpm. It should be noted that secondary water flows will usually be greater than 1gpm, 

barring the presence of leaks. Waterpro attributes the lower efficiency of some of its meters to its 

water source (Cunningham, 2008a). 

 

 
Figure 7 Pulled meter accuracy 
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All of the fluidic oscillators registered between 95 and 101.5 percent for flows of 2gpm and 

above. Nine of the 12 fluidic oscillators from the WBWCD provided °2 percent accurate 

measurements down to 1/8gpm. One of the remaining five meters registered within 0.1 percent at 

1/4gpm, while three registered within 3 percent at 2gpm. The final meter did not measure the 

flow within AWWA standards at any tested flow rate. WaterProôs fluidic oscillators both 

registered 97.4 percent of flow at 2gpm, but dropped to 74 percent and 5 percent at 1/4gpm. 

 

The two single jet meters provided °2 percent accurate flow measurements from 50gpm to 

3/16gpm with the exception of the tests at 3/8gpm. At this flow rate, one of the meters 

consistently over-registered by more than 25 percent. The other meter fluctuated between 95 

percent and 111.5 percent over three tests. A more thorough presentation of registry percentages 

can be found in Table A.1 in the Appendix. 

 

As mentioned previously, the decline in low flow accuracy in Waterproôs meters has been 

attributed to the quality of its water source. It is also possible that Waterproôs fluidic oscillators 

registered low to begin with, as indicated by the 3/4-in new meter calibrations. 

 

New Meters 

Test #1: Calibration: Test #1 calibrations confirmed that most new meters conformed to the 

C713 AWWA standard (Figure 8, Table A.2). There were two exceptions. Two 3/4-in single jet 

meters consistently registered between 103 percent and 105 percent at 2gpm. Also, for some 

reason all fourteen 3/4-in fluidic oscillators registered between 69 percent and 94 percent in their 

new condition, with an average registry of 86.3 percent at 1/2gpm. This became a running 

problem with the 3/4-in fluidic oscillators as these 1/2gpm baseline results were repeated on 

subsequent tests.  
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Figure 8 New meter calibration accuracy 

 

 

Test #2: Alignment: Both types of meters were able to accurately register flows at all tested 

angles (Figures 9 through 12, Tables A.3 and A.4). There was no significant change in registry 

between the calibration (Test #1) and the alignment tests. This includes the low registry points 

found at 1/2gpm with the 3/4-in fluidic oscillators. Some meters did show problems at and 

beyond the 90-degree alignment. Single jet meters would sometimes cease to register at the high 

flow. One fluidic oscillator showed signs of difficulty; at and beyond 45-degrees, the digital 

register would become unreadable. These problems account for the low accuracies shown in 

Figures 9 through 12. When returned to a horizontal orientation, the register would again become 

clear. 
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Figure 9 45-deg alignment accuracy 

 

 
Figure 10 90-deg alignment accuracy 
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Figure 11 135-deg alignment accuracy 

 

 
Figure 12 180-deg alignment accuracy 

 

Test #3: Mineral deposits: Meters will most likely not show serious affects from precipitates until 

after multiple seasons of service. One pulled meter utilized during this study showed a significant 



 16 

accumulation of deposits (Figure 13). Conversely, none of the new meters had visible deposits 

after the 27-day soaking period. 

 

 
Figure 13 Mineral deposits 

 

All test #3 results were within acceptable limits as previously defined with the exception of the 

3/4-inch fluidic oscillators (Figure 14, Table A.5). Again, these units showed consistent results to 

the new meter calibration data, which shows that they were not adversely affected by the 

precipitate.  It appears that some reduction in accuracy may be expected when meters that are in 

service (as seen in Figure 13) accumulate deposits (refer to Figure 7). 

 

 

 
Figure 14 Mineral deposit (post-precipitate) accuracy 
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Test #4: Freezing: Over the course of the exterior freeze tests, the 3/4-in fluidic oscillators 

continued to register in the same range as the new meter calibrations. Five additional meters 

failed at least one flow test on the exterior freeze. Of these, two of the 3/4-in single jets registered 

excessively high (150 percent and 110 percent of flow) at 3gpm when the meter was still frozen. 

The third 3/4-in single jet fluctuated between 92 and 98 percent, with an average of 94.97 

percent. The other two failed meters also registered within one percent of passing in the frozen 

condition (Figure 15, Table A.6). 

 

The meters were subjected to testing a second time once the exterior ice had melted in order to 

determine if there were any lasting affects on the meters. The 3/4-in fluidic oscillators again 

registered at the same level as the new meter calibrations. Most of the remaining meters fell 

within acceptable limits. One of the 3/4-in single jet meters registered slightly high (102.47 

percent), but the other six failed tests were within one percent of passing (Figure 16, Table A.7). 

 

Results from interior freezing were similar between fill volumes. Upon removal from the freezer, 

there was no sign of damage to the exterior of the meters. None of the freeze plates on the fluidic 

oscillators had broken. In a few instances, the caps on either end of the meter had been torn from 

the force of the ice pushing outward, but without damaging the meters. Nine tests failed to meet 

C713-05 standards, with six of those attributed to the 3/4-in fluidic oscillators. Again, those six 

interior freeze tests were consistent with the ½gpm new meter calibrations, indicating that the 

freeze tests had little effect on the meters from their new baseline condition. The remaining three 

tests were within 0.5 percent of passing (Figures 17 through 22, Tables A.8 and A.9). 

 

 
Figure 15 Exterior freeze accuracy results - frozen 
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Figure 16 Exterior freeze accuracy results - thawed 

 

 
Figure 17 Interior freeze accuracy 10 percent of capacity 
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Figure 18 Interior freeze accuracy 25 percent of capacity 

 

 
Figure 19 Interior freeze accuracy 40 percent of capacity 

 



 20 

 
Figure 20 Interior freeze accuracy 50 percent of capacity 

 

 
Figure 21 Interior freeze accuracy 70 percent of capacity 

  


