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INTRODUCTION

The role of water meters in residential systems began at the turn of'tber0ry. Prior to the

use of vater meters, customers were billed a flat rate for their u€aggomersvould often

overuse water tensure themselvekat they were getting what they paid for. Water meters were
introduced in an attempt to control allotment and continue to be usgda®dameans of setting

a rate structure for utilitie3.he success of metering residential water has letllittes metering
secondary wateas a means to conserve watdéowever, very little research has been conducted
on the use ofommonly usedesicential water meters for secondary water applications.

Although ®veral types of meters are available commercially for measuring dirty water, including
magnetic flow meters, ultrasonic flow meters, and Coriolis mass flow mtese meters are
usuallytoo expensive for individual household metering. A more economical approach would be
to usealess expensive and already proven residential mbdetesign limitations in these

models do not allow most residential meterfuttction properlyin secondaryystems. Debris

carried in secondary water systeimgspecially hard on mechanical parts amobt metergan

quickly become cloggedr damaged

In an effort to implement metering in their secondary wsystem(raw water, usuitable for
potable use)theWeber Basin Water Conservancy District (WBWCD) experimented with a
Polisonic 285(@addlewheel meten 2000 andan ABB magnetic flow meten 2003. Both

options were abandoned due to poor performance with the paddlewheel high tteest and
inadequate &ttery life of the magnetic flow meters (Utah Division of Water Resources, 2004).
The district currently has72Severn Trenfluidic oscillators installed and in their third season of
service (Stephens, 2007). WaterPro, Inc., a nonprofit organizatiosetivates Draper, Utah, has
nearly 20of the samdluidic oscillatorunit and three single jet metéisstalled (Gardner, 2007)
beginning theisecondseason of use

Grantsville, Utatand Spanish Fork, Utah hakiad success witfiltering their secondgrwater
systems. Grantsville instalésfilter beforeeach of its positive displacementtes. Maintenance

is the responsibility of the landowner, but the city will provide assistance in certain cases. With
only about 1400 secondary connections, thisiisg@tion for GrantsvilléTaylor, 2007. The

larger population in Spanish Fork renders individual filteringaamomicabnd otherwise
impractical Instead, Spanish Fork uses a centralized filtering station to sufficiently clean the
water before it passé@sto the distribution system (Richards, 2008).

Conservation districtand utilitiesnationwide hope to findimilar succeswith their secondary
systemsThe results of this study widlid utilities in implemening an appropriatsecondary
metering.

! Smartmeter C700.
2 Two 1-in Actaris Flostar meters and onénlMetron-Farnier Spectrum.



EXECUTIVE SUMMARY

The State of Utah is looking for methods to promote water conservidtiora rat@® ®f indoor
to-outdoor water use is among the highest in the nation, with residents using about 70gpercent
their water consumptiooutdoors Secondary watemeters (meters for outdoor connections) are
expected to help in conservation measurasassociated rate structures

True secondary water meters, such as magnetic flow meters, are too expensive for use in most
utilities. Although residential meters (tees for culinary water connections) are much less
expensive, scondary wateenvironments often cause thesetersto clog or fail Two meter

types, the fluidic oscillator and the singlegaébw promise in avoiding these problems thanks to
their minimalnumber ofmovingparts.During this study,ltese two meter types were tested for
accuracy and durability in alignment, mineral deposits, freezing dirty water

It appears that both of these meters would be appropriate choices for secondary water
applications. Both of thesemeter types were found to accurately measure water within the flow
range of a secondary systentheir new condition, and faen these meters were evaluated in the
field, theygenerallyshowed no significant impact after two seasoinsse.



DESCRIPTION OF METERING TECHNOLOGIES

There are two technologies thatve 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 fosecondary water systems.

Fluidic Oscillator

The fluidic oscillator is an excellent possibility for secondary metesiimceit has no moving
parts. As water enters a fluidic oscillator, it is focused into a jet. Two diverging walls create a
force on bottsides 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 mechanicalSeeters.

Trent is curently the only manufacturer of residential fluidic oscillators. Their Gvi0@el

(Figurel) wasused for this studyThis particular model comes I%gpm,20gpm (5/8in), and

30gpm (3/4in) variations. The manufacturboastgheir meteretains accuracghroughout 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 20gpmC700

Single Jet

The single jet meter is an inferential meter that relies on the rotation speed of-blacigt

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 rotohi3 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 meddsas prime candidate for
secondary meteringnlike the fluidic oscillator,liere are several single jet meter manufacturers.
TheActaris Flostar (Figur@) waschosen to represent single jet technology in this stindyvas
selected based on two factaaswide range ofizes(from 5/8in to 6-in) and a viable cog$48



for 3/4-in and $80 for 1in). Other manufacturers were found to be expensive and had less
available sizes. Personal communications with Acaresn f i r med t hat thi s met
measure gray oferslle20nmdary water o (

o616,

g

i
16073107,

i
ity

Figure 2 Actaris 3/4-in Flostar meter



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 agenes to develop methods optimizing the use olvaterresources.

Meters were acquirefbr the projecin both new andisedstates. New meters were calibrated
and then tested in at least one of five conditidsterspulled from field installationsvere
tested only for accuracy before being returned to their respective system

Calibratiors were performed ahree flow rates as shown in Table 1. 3é&kow rates were based
on the AWWA publicatiorC71305: Cold Water Meters: Fluidi©scillator Typg(2005).This
standard was choseinceAWWA has not yet published a standard for single jet meters under 1
1/2-in. Additionally, themax flow ratein C71305is representative dhatexperienced in
secondary systemAs a point of referencehé¢ WBWCDexperiences maximum flow between

15 and 23gpm (McKnight, 2008nhdWaterpro, Inc. provided a minimum of 10gpm for their
system to maximize head for sprinkler systems (Cunninghamp008

In the event that a meter failadest(that is, registered below the acage defined accuracif)

was tested twice more. A meter was considered compliant if it registered between 98.5 and 101.5
percent of the mamum and midile test flows and between 95 and 101 percent of thémim

test flow, as described in C705. For thepurpose of this researchpreeter was considered

compliant if it passed two of the three testsall cases of multiple testing, an average of the
registries was reported for the meter accurdieya practical sense, these clean water accuracy
requiremats 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 testin

.| AWWA Min | AWWA Mid | AWWA Max
Meter Size
(gpm) (gpm) (gpm)
5/8inch 1/4 2 20
3/4-inch 1/2 3 30
1-inch 3/4 4 50




TEST DESCRIPTION

In-Service Meter Testing

Sixteen meterg;omprisingl2 fluidic oscillators from WBWCD and two fluidic oscillators and
two single jetdfrom Draper, Utah weracquired for accuracy testing. All of tA&BWCD

meters had been in service for two irrigation seasons at the time they were pulled an@iiested.
Draper meters had beenservicefor one full season.

The exterior of these meters was gently washed aporal. Afterlaboratorytesting, they were
returned to the utility anceinstalledat the same connection from which they were pullests
were performed oveseverflow rates(Table 2) including three flows under 1gpm. These tests
helped to determathe extent of wear on the meters.

Table 2 Flow rates for in-service meter testing

Meter Size|Low Flow| Low Flow |AWWA Min| AWWA Mid |Mid Flow| AWWA Max
2 1 (gpm) (gpm) 1 (gpm)
5/8inch 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 weracquiredfor the project These consisted tfirteen5/8-in and
fourteen3/4-in fluidic oscillators andourteeneach of3/4-in and %in single jet meters. Meters
werefirst tested to confirm that they mABWWA standardgcalibration) Each meter was then
tested at various alignments and finallybjected tane of three additional testBestconditions
wereoftenexaggerated to find the meter limitations.

Test #1: CalibrationAll meters were calibrateat the flow rategpresented in Table. This
provided a benchmarlof comparison with later tests.

Test #2: Alignmentlt was observed during the pulling process that meters can become
misaligned One example of how this can happen oceuren the adjoinig property is
landscapednd he meter box is moved by the landscaper (CunningB@gy,). After calibration,
meters wer¢ested at fivegadialanglesvaryingfrom 45 to 180 degredsom the verticain 45
degree increments.

Test #3: Mineral Depositénterior mineral buildup can quickly deterioradene t er 6 s
effectivenessBuildup usuallyoccurs 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
deposis behind within the meter body and chambBersimulate thisthree meters of each

% One each of thActaris Flostar andMetronFarnierSpectrumThe remainindg-lostar meter
was described as broken, bl extent and type of damage is as of yet unknown



type/size were soaked in a solution for 27 ddjsters were removed from the soaking solution
and air dried before testir{gigure 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 (TS%ple 3 provides the most recent reported values

of these qualities for the supply reservoirs of the participating utilitish( Division of Water

Quiality, 2008)

Table 3 Water qualities in supply reservoirs for participating utilities

Utility Weber Basin Draper

Water Source | Causey East |Pineview Rockport] Smith & |[Willard| Utah
Canyon Morehouse Lake

Hardnesgmg/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'tpei®ntile
concentration of major ions of over 2000 natural wateos.this test, the soaolution was

prepared using Logan City tap water and five times the quantities in Te8bd @as also added

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

TSS of the Weber Basin reservoirs was used.



Table 4 Synthetic water composition

Chemical Dose (mg/L)
CaCQ 100
Na,COs 94

NaCl 78
N&SiO;.9H,0 89
MgSOy 149

Test #4: FreezindNorthern Utah prowdes an obstacle to secondary metering in the form of
freezing temperaturel Grantsville, six fluidic oscillators faeddue to a pressure leak caused
by freezing inside the meter chamibera similar, localized higpressure ever{iaylor,2007).

Freezing can occur in two scenarid3ne possibility is that themeter boxcan flood (Figuret)

and freeze arountthe outside of the meteknother possibility is thatvater inside the meter body
can freezelue either to an early frost or incomplete drainifithe line during the ofseason.
Arguably, both situations can occur at the same,tbueit was determined thesting each
scenario individually would provide more specific data. Three meters of each type/size
combination were tested for each situatio

SV

I!:l‘ig'ure 4 Flooded-r"nletér box in Weber Basin

Each meter was installed in a bucket with pipe connections branching out eithessiden in
Figure 5 The bucket was filled with water until the meter bags about 75 perceatibmerged.
The bucket wafrozenand then istalled in the calibration testhe meter was tested over the
noted flow rates. The meter was tested again after the ice thawed and the bucket drained.



W .

and during téing (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 hen measured and noted as the meter capacity. Fill volumegwietly 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 velwere 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 | Capacity Percent of CapacitymL)

Size (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

Meter Type

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

Test #5: Dirty Water Accuracyrhree meters of each type were tested fortiesd accuracy in

dirty wateras shown in Figuré. A mixing tank was used to keep the soil particles suspended

and evenly distributedsiemens ragnetic flow metes*, accurate to within 0.25 percent of flow,
were installed upstream efch 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 occuing at each concentration presented in Table 6. Meters were tested at a flow
rate of approximately 20gpm, as measured by the magnetic flow meters.

* Siemens 4n MagFlo Mag 5100 W with MagFlo Mag 5000 Transmitter
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Figure 6 Dirty water accuracy test bench

Table 6 Soi mixture

Baseline | 50xBaseline| 150x Baseline
Soil Concentration (mg/L) 150 7500 22500
Weight Soail (Ib) 0.08 4.07 12.21
Water (Ib) 542.21 542.21 542.21
Percent Soll 0.015% 0.75% 2.25%

As a means of comparison, td&GStook a random spring sampling TSS concentrationsa

the Upper Mississippi River Systdmtween 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 timestles&igh concentration.

1C



TEST RESULTS

Test results are provided in a graphical format in the following sectitumserical data are
available in the Appendix

In-Service Meters

It should be noted that both groups of meters had been in service fanewiytwo 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 havaifar installation procedures and monitoring protocol
and the utilities differ in their water sourc®¢BWCD receives its water from seven local
reservoirs. Each of these reservoirs has a chemical make up similar to that of household hard
water.WaterPro plls most of its secondary water frddtah Lake whichcontainsnearlytwice

the hardnesand more thafive times the total suspended solids of bighesto f WB WCDOG s
reservoirgTable 3)

Test resultgFigure?7), show thatvater quality carcreate a vaance in meter wear and accuracy.
Theinconsistencieg meter accuracy between utilities, however, occurred only at flow rates
below 1gpmit should be noted that secondary water flows usllallybe greater than 1gpm,
barring the presence of leakl¥atepro attributes the lower efficiency sbme ofits meters to its
water source (Cunningham, 2008a).

Pulled Meter Accuracy

140%

120%

100% *

80%

60%

Percent Registry

% 3/8-in Fluidic Oscillator (WBWCL)
40% = 5/8-in Fluidic Oscillator (Draper) B
% 1-n Single Jet (Metron-Farnier) (Draper) i

+ 1-in Single Jet (Actaris) (Draper)

DE,D s I 11 I I I I 11 1
1116 1/'8 1438 34 2 4 1520 4030
3/16

Flow Rate (gpm)

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

abowe. Nine of the 14luidic oscillatorsfrom the WBWCDprovided® 2 percent accurate
measurementdown to 1/8gpm. One of the remaining five meters registered within 0.1 percent at
1/4gpm, while three registered within 3 percent at 2gpime final metedid not measure the

flow within AWWA standards at any tested flow rate. WBteo 6 s f Il ui di ¢ osci |l | at
registered 97.4 percent of flow at 2gpm, but dropped to 74 percent and 5 percent at 1/4gpm.

The two single jet meters providetd2 percentaccurate flow measuremerft®m 50gpm to
3/16gpm with the exception of the tests at 3/8gpm. At this flow rate, one of the meters
consistently overegistered by more than 25 percent. The other meter fluctbateceen 95
percem and 111.5 percent over three tegtsnore thorough presentation of registry percentages
can be found in Table A.1 in the Appendix.

As mentioned previously t he decline in | ow f | ohas beemcur ac:
attributed to the quality of itwater sourcelt isalsop os si bl e t fuadic ostimtore r pr o 0
registered low to begin with, as indicated by theiB/dew meter calibrations.

New Meters

Test #1: CalibrationTest #1calibratiors confirmed that most new meters conformed to the
C713 AWWA standardFigure8, Table A.2) There were two exceptionswd 3/4-in single jet
meters consistently registered between 103 percent and 105 percent aABgpfar some
reasordll fourteen3/4-in fluidic oscillators registered between 69 pera@ant 94 percent their
new condition with an average registry of 86.3 percent/2gpm.This became a running
problem with the 3/M4n fluidic oscillators as thesB2gpm baselineesults were repeated on
subsequeness.

12



Calibration
100% 7 — x i—* g
30 =
£
I 60%
g
z .
3 4%
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% 3/4-in Single Jet
0% - 3/4-in Fluidic Oscillator | |
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1’4 12 34 2 3 4 20 30 50
Flow Rate (gpm)

Figure 8 New meter calibration accuracy

Test #2: AlignmentBoth types of meters were able to accurately register flows at all tested
angleg(Figures9 through 2, Tables A.3 and A.4)There was negignificant change inegistry
between the calibration €6t #1) and the alignment tests. This includes the low registry points
found at 1/2gpm with the 3/ fluidic oscillators. Some meters did show problems at and
beyond the 9@egree alignmengingle jet meters would sometimes cease to register at the high
flow. One fluidic oscillator showed signs of difficulty; at and beyondidgrees, the digital

register would become unreadalileese problems account for the low accuracies shown in
Figures9 through 2. When returned to a horizontal orientation, thgister would again become
clear.

13



45-deg Alignment Accuracy

100% ¥ — —
o
!
0%
E -
3 60%
= || + 1-in Single Jet
-
...E 0% 1 * 3/4in Single Jet
- = 3/44n Fluidic Oscillator
% 3/8-in Fluidic Oscillator
20%
D"!”-:- | | 1 | | | N | |
1/4 12 34 2 3 4 20 30 30
Flow Rate (gpm)
Figure 9 45-deg alignment accuracy
90-deg Alignment Accuracy
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Figure 1090-deg alignment accuracy
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135-deg Alignment Accuracy
100% % u—M— - "
" | %
0%
c -
3 60%
E | | + 1-n Single Tet
8 + 3/4-in Single Jet .
& 40% 1 . . .
= = 3/4-in Fluidic Oscillator 4
— k3
# 5/8-n Fluidic Oscillator :
200
Dq_.-n | | | i A | | L | |
4 12 34 2 3 4 20 30 350
Flow Rate (gpm)
Figure 11 135deg alignment accuracy
180-deg Alignment Accuracy
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Figure 12 180-deg alignment accuracy

Test #3: Mineral depositdeters will most likely not show serious affects from precipitates until
aftermultiple seasonef service. One pulled metatilized during this studghoweda significant
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accumulation otlepo#s (Figure B). Conversely, none dhe new meters had visible deposits
after the 27day soaking period.

Figure 13 Mineral deposits

All test#3results were within acceptable limits as previously defined with the exceptiba of
3/4-inchfluidic oscillators (Figure 4, Table A.5).Again, these unitshowed consistent resutts
thenew meteralibration datawhich shows that they were not adversely affected by the
precipitate. It appears that some reduction in accuracy neagdpectedvhen meters that are in
service (as seen in Figure 13) accumulate deposits (refer to Figure 7).

Mineral Deposit Accuracy
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Figure 14 Mineral deposit (postprecipitate) accuracy
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Test #4: FreezindOver the course of thexteriorfreeze testghe 3/4in fluidic oscillators

continued to register in the samaga as theew meterxcalibratiors. Five additional meters

failed at least one flow test on the exterior freeze. Of the®eof the 3/4in single jes registered
excessively high (150 pent and 110 percent of flow) at 3gpm when the meter was still frozen.
The third 3/4in 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 froze
condition(Figure15, TableA.6).

The meters were subjected to testing a second time onegtér®rice had melted in order to
determine if there were any lasting affects on the meters. The Biddic oscillators again
registered at the same I¢as thenew metercalibratiors. Most of the remaining meters fell
within acceptable limits. One of the 3 single jet meters registered slightly high (102.47
percent), but the other six failégists were within one percent of pasgifgure 16, Tablé\.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 ocapsther end of the meter had been torn from

the force of the ice pushing outwatzit without damaging the metehléine tests failed to meet
C71305 standards, with six of those attributed to thei@Muidic oscillators Again, those six

interior freeze tests were consistent with the ¥2gpm new meter calibrations, indicating that the
freeze tests had little effect on the meters from their new baseline con@it®remaining three

tests were within 0.5 percent of passfhgures 17 through22, TablesA.8 and A9).

Exterior Freezing Accuracy (Frozen)
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Figure 15 Exterior freeze accuracy results frozen
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Exterior Freezing Accaracy (Thawed)
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Figure 16 Exterior freeze accuracy results thawed
Interior Freeze 10% of Capacity
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Figure 17 Interior freeze accuracy 10 percent of cpacity
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® + *
80% -
£
3 60%
:
2 40%
- % 5/8-in Fluidic Oscillator
= 3/4-in Fluidic Oscillator
(0
20% « 3/4-in Single Jet
+ 1-in Single Jet ]
Dq,ﬂ | 1 1 | | | | | |
1'4 12 34 203 4 20 30 30
Flow Rate (gpm)
Figure 18 Interior freeze accuracy 25 percent of capacity
Interior Freeze 40% of Capacity
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Figure 19 Interior freeze accuracy 40 percent of capacity
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Figure 20 Interior freeze accuracy 50 percent otapacity

Figure 21 Interior freeze accuracy 70 percent of capacity
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