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Objective: Compare the accuracy and repeatability of test results for meter manufacturers, 
California DMS and participating county laboratories with the ultimate goal to improve 
agreement among all participants. 
 
Participants: Five water meter manufacturers, California DMS, and California counties that 
choose to participate. DMS will provide the project coordinator who will facilitate adherence to 
the test and shipping schedule among the county laboratories. Henry Oppermann of Weights and 
Measures Consulting will witness testing at some laboratories and analyze the test results. 
 
Approach: Each meter manufacturer will provide 10 PD meters; five with gallon registers and 
five with cubic feet registers. Additionally, one meter manufacturer will provide five multi-jet 
meters with cubic feet registers. Each manufacturer will test its own meters and send the meters 
to DMS, which will test all of the meters. DMS will be the reference laboratory for all test results. 
 
After DMS testing, the PD meters will be divided into groups of five, with one PD meter from 
each manufacturer. The groups of five meters will be sent to the participating county laboratories 
based upon the type of reference standards in their laboratories, i.e., standards calibrated in 
gallons or cubic feet. County laboratories may participate in a round robin exercise or choose to 
run separate tests on one group of five PD meters. As an option in addition to testing the PD 
meters, county laboratories may choose to test the five multi-jet meters that indicate in cubic feet. 
 
Henry Oppermann will witness some of the testing of water meters at DMS and for one day at 
each of up to 12 county laboratories to evaluate the standards, test setup and to see if there are 
any apparent differences in the test procedures. More than 12 county laboratories may participate 
in the project, but a DMS representative may witness tests at the laboratories in excess of 12. 
Any corrective actions will be up to DMS and the county laboratories. 
 
Analysis: The project will focus on the accuracy and repeatability results for each laboratory. 
Weights and Measures Consulting will analyze the data for possible biases in test results and 
differences in the standard deviations from laboratory to laboratory for the different flow rates 
and the different sizes of test drafts. Additionally, round robin results will be evaluated with the 
Youden graphical analysis to further explore possible biases in test results. 
 
Test Report: All data from the manufacturers and the participating county laboratories will be 
coded so that the test results by laboratory will be anonymous. Only Weights and Measures 
Consulting will have all of the codes for laboratories, manufacturers and meter test results. A 
final report will be issued and copies provided to all participants. Each participant will be 
provided the codes for its own test results so each laboratory can see how its results compare to 
the other laboratories. 
  



 

Badger 
Elster‐
AMCO Master Neptune Sensus 

Each manufacturer provides: 
• Five PD meters in gallons 
• Five PD meters indica ng in cubic feet 
Each manufacturer tests its own meters: 
• Three flow rates; 
• One test dra  size at normal flow rate; 
• Three tests dra  sizes at intermediate and 

minimum flow rates; and 
• Three tests at each flow rate and dra  size. 
Test results to WMC 

Five mul ‐jet meters indica ng in cubic 
feet 
Master Meter will test the meters:  
• One test dra  size at normal flow rate; 
• Three tests dra  sizes at intermediate 

and minimum flow rates; and 
• Three tests at each flow rate and dra  

size. 
Test results to WMC 

DMS is the reference lab for all test results 
DMS tests all 55 meters 
• Three flow rates; 
• One test dra  size at normal flow rate; 
• Two tests dra  sizes at intermediate and 

minimum flow rates; and 
• Three tests at each flow rate and dra  size. 
Test results to WMC 
• Interim report to each manufacturer on their 

test results compared to DMS 
 

Meters divided into 10 groups of 5 PD meters each group: 
• Five sets of five meters indica ng in gallons; 
• Five sets of five meters indica ng in cubic feet; 
• One meter from each manufacturer in each group. 

Five mul ‐jet meters 
indica ng in cubic feet 

County Tes ng: 
• One test dra  size at normal and 

intermediate flow rates; 
• Gallon Meters: Two tests dra  sizes at 

minimum flow rate;  
• Cubic Feet Meters: one test dra  at 

minimum flow rate; 
• Three tests at each flow rate and dra  size. 
Test results to WMC 



 



 
Draft of Data Sheet for County Laboratories:  

Round Robin Exercise 
 
 

 


