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CITY OF ZANESVILLE 
STORMWATER UTILITY PROGRAM 

 
 

POLICY:  ERU DETERMINATION 
 
 
I. OVERVIEW 
 
The JHA/ERC Team has been retained by the City of Zanesville to provide assistance 
in revising and implementing a successful and legally defensible stormwater utility 
program and stormwater billing master file that will include a stormwater database and 
impervious area measurements.  As part of the overall process and approach, the 
JHA/ERC Team is developing a series of "Policy Papers" and "Billing Policy Papers" 
that will be used to document discussions and decisions made regarding various 
components of the stormwater utility program.    
This is the third billing policy paper in a series of billing policy papers that documents 
the identification of  properties within the City of Zanesville stormwater service area (city 
limits), assigning each parcel/property a land use code of either SFR (single-family 
residential) or NON (non-residential) or VAC (vacant and undeveloped), measuring the 
impervious area for all non-residential properties, calculating the number of Equivalent 
Residential Units (ERUs) for those non-residential properties, and determining the rate 
of charge per ERU per month for all properties in the City.  This “amount to bill” will then 
be transferred to the City of Zanesville who will be responsible for merging and 
integrating the JHA/ERC Team’s stormwater database created as part of the process 
into the existing water and sewer utility billing system for billing stormwater under the 
ERU rate structure method based approach. 
 
During later phases of this project, the JHA/ERC Team will measure the impervious 
area for all developed (properties that contain impervious area) non-residential 
properties, and calculate the number of ERUs and resulting stormwater user fee 
charge.  Properties with no impervious area will not be assigned a stormwater fee.  A 
statistically representative random sample of single-family residential properties has 
been measured in order to develop the square footage value of the equivalent 
residential unit (ERU).   The ERU determination is the topic of this billing policy 
paper. 
 
This process will enable the City to effectively incorporate the stormwater billing 
information into the current utility billing system database, and begin billing customers 
under a legally defensible stormwater utility program in the most cost effective manner 
possible based on the generally accepted ERU rate structure method that has been 
upheld in state supreme courts and deemed as legally defensible.    
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DISCUSSION: 
 
The primary steps involved in determining the Equivalent Residential Unit (ERU) for the 
City of Zanesville Stormwater Utility have been as follows: 
 

• Generate a random sample of residential properties from an existing    
parcels database file;  

• Identify the impervious area within each property; 
• Digitize (measure) the amount of impervious area within each property;  
• Estimate the population ERU from the sample ERU; 
• Perform a statistical analysis on the data to determine the 95% 

confidence level and 5% confidence interval.  This will determine the 
number of adequate samples to validate the estimate used for the 
population ERU. 

 
GENERATE RANDOM SAMPLE 
 
City staff and the JHA/ERC Team held meetings relating to two specific billing issue 
policies.  The consensus reached in defining residential properties included the 
following land use categories:  
 

 Single-family residential properties; and 
 Two-family or duplex properties.  

 
All properties from these land use categories were used to generate a random sample 
to determine the average impervious area. The JHA/ERC Team used the Muskingam 
County GIS parcel database containing 57,009 land parcels (properties).  The parcels 
located within the City of Zanesville were extracted from this file.  The extracted file 
contained 11,984 records. All properties with a land use class code of “510” (single-
family), “511” (single-family) and “520” (two family) were extracted from the second file.  
The file containing only single-family and two family parcels contained 8,644 records.  
Each of the 8,644 records were randomized and then assigned a random number using 
a Microsoft Excel™ data analysis add-in.  The minimum sample size was then 
determined to be 368, but the Project Team sampled 402 records to account for the 
maximum sample size needed if population is unknown.  Once this selection was 
completed, a sample record number was assigned to each parcel. 
 
A table has been provided in the Appendix, which shows various samples sizes for a 
variety of different population sizes. 
The chart below was also used to calculate the sample size.  This interactive chart can 
be found on the McCallum Layton Company website located at the following URL: 
https://www.mccallum-layton.co.uk/tools/statistic-calculators/sample-size-calculator/ 
 
 
 

https://www.mccallum-layton.co.uk/tools/statistic-calculators/sample-size-calculator/
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Confidence Level 

Confidence level tells how certain the project team is that the results are accurate.  It is 
expressed as a percentage (over 95% for this sample) and represents how often the 
true percentage of the population is represented in the sample and lies within the 
confidence level.  In this case, the project team requires a minimum of 95% certainty. 
 
IDENTIFY IMPERVIOUS AREA 
 
The Muskingum County Geographic Information System database and base mapping 
system and aerial photography were used to identify and measure the properties 
through the use of County Tax parcel ID numbers included in the database.  The 
impervious areas were identified through use of aerial photography covering the City of 
Zanesville. 
 
ESTIMATE POPULATION ERU 
 
To estimate the population ERU the sample mean and standard deviation were 
calculated and the results shown below: 
 
Sample mean (x) =2,311.09 sq. ft. of impervious surface 
 
Standard deviation (σ) = 1,375.79 
 
Number of Samples =402 
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α = 0.05 (at 95% confidence) 
 
Confidence Interval 
 
The 95% confidence interval was found to be in a range between of +/- 29.0 of the 
mean, or between 2,232.09 sq. ft. and 2,340.09 sq. ft. of impervious area.  This 
translates into a 95% confidence that the true population mean is within the stated 
range.  Theoretically, the City of Zanesville Stormwater Utility can use any one number 
between the confidence intervals to represent the ERU.  The lower number (2,282 sq. 
ft.) would generate more Equivalent Residential Units (ERUs) due to the effect on non-
residential properties.  On the other hand, the higher number (2,340 sq. ft.) would 
generate a lower number of ERUs.  However, the Project Team believes the impact on 
revenues will be insignificant and the decision should center on ease of implementation. 
Application of 2,300 sq. ft. representing one ERU appears to be more practical since it 
is more representative of the actual sample mean of 2,311 sq. ft. 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RECOMMENDATION: 
 
The JHA/ERC Team recommends that the City of Zanesville Stormwater Utility utilize 
2,300 square feet of impervious area to represent one (1) Equivalent Residential Unit 
(ERU). 
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Sample Size Table 

TABLE FOR DETERMINING NEEDED SIZE S OF A RANDOMLY CHOSEN SAMPLE 
FROM A GIVEN FINITE POPULATION OF N CASES SUCH THAT THE SAMPLE 
PROPORTION p WILL BE WITHIN ± .05 OF THE POPULATION PROPORTION P 
WITH A 95 PERCENT LEVEL OF CONFIDENCE 

 

 

 

Population 
Size 

Sample 
Size 

Population 
Size 

Sample 
Size 

Population 
Size 

Sample 
Size 

10 10 220 140 1200 291 
15 14 230 144 1300 297 
20 19 240 148 1400 302 
25 24 250 152 1500 306 
30 28 260 155 1600 310 
35 32 270 159 1700 313 
40 36 280 162 1800 317 
45 40 290 165 1900 320 
50 44 300 169 2000 322 
55 48 320 175 2200 327 
60 52 340 181 2400 331 
65 56 360 186 2600 335 
70 59 380 191 2800 338 
75 63 400 196 3000 341 
80 66 420 201 3500 346 
85 70 440 205 4000 351 
90 73 460 210 4500 354 
95 76 480 214 5000 357 
100 80 500 217 6000 361 
110 86 550 226 7000 364 
120 92 600 234 8000 367 
130 97 650 242 9000 368 
140 103 700 248 10000 370 
150 108 750 254 15000 375 
160 113 800 260 20000 377 
170 118 850 265 30000 379 
180 123 900 269 40000 380 
190 127 950 274 50000 381 
200 132 1000 278 75000 382 
210 136 1100 285 100000 384 
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PARCEL ID  IMP AREA 
81-01-04-03-000 1310.44754 
81-02-02-01-000 2551.3291 
81-02-02-05-000 2000.11688 
81-02-03-03-000 4297.76502 
81-02-03-13-000 3165.50966 
81-02-04-02-000 1838.06891 
81-02-04-11-000 2719.19365 
81-03-02-16-000 1349.70926 
81-03-02-18-000 2288.16054 
81-03-02-19-000 3322.20272 
81-03-02-22-000 1678.05805 
81-03-02-24-000 1544.7016 
81-03-02-25-000 1290.98835 
81-04-01-01-000 3104.76477 
81-04-02-25-000 1225.90175 
81-04-02-30-000 1542.99344 
81-05-03-01-000 1617.49475 
81-05-03-20-000 1001.14214 
81-05-03-22-000 1252.96481 
81-05-03-25-000 1731.4325 
81-05-03-27-000 1937.1939 
81-05-03-28-000 747.318957 
81-05-03-29-000 1140.90825 
81-06-01-04-000 1904.98832 
81-06-02-01-000 910.063018 
81-06-02-02-000 1524.61704 
81-06-02-03-000 878.789377 
81-06-02-04-000 1346.20128 
81-06-02-18-000 1360.27745 
81-06-02-21-000 1662.52902 
81-06-02-24-000 1185.49027 
81-06-02-34-000 1130.79169 
81-07-01-29-000 2569.76451 
81-07-01-30-000 1056.96518 
81-07-02-04-000 1738.08251 
81-07-02-17-000 2941.78962 
81-07-02-25-000 2863.21391 
81-07-02-26-000 2384.10279 
81-07-02-27-000 1901.92539 
81-07-02-28-000 2925.42423 
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81-07-03-14-000 1951.75446 
81-08-01-19-000 1149.00492 
81-08-02-01-000 2889.0873 
81-08-02-04-000 2429.19348 
81-08-02-05-000 1242.01472 
81-08-02-19-000 2964.92511 
81-08-02-20-000 3932.84188 
81-08-03-02-000 1432.49928 
81-08-03-08-000 1813.35521 
81-08-03-12-000 2056.17163 
81-08-03-20-000 4378.5452 
81-08-04-04-000 1681.6633 
81-08-04-09-000 1243.6566 
81-08-04-15-000 1909.15468 
81-08-04-17-000 1782.57724 
81-08-05-14-000 1527.17757 
81-08-05-17-000 1281.01319 
81-08-06-02-000 979.742873 
81-08-06-08-000 2206.90855 
81-08-06-10-000 2642.93669 
81-08-06-11-000 1907.66318 
81-09-01-04-000 1401.63526 
81-09-04-19-000 1338.93284 
81-09-04-21-000 1533.33711 
81-09-05-01-000 1554.71382 
81-10-02-03-000 1400.99633 
81-13-01-13-000 1775.48194 
81-13-02-06-000 3366.35602 
81-13-02-13-000 1001.24393 
81-13-02-16-000 2442.68863 
81-13-03-01-000 2385.87313 
81-13-03-02-000 1820.6353 
81-14-02-02-000 1322.26946 
81-14-02-03-000 1069.6252 
81-14-02-04-000 1198.12055 
81-14-02-06-000 1817.68889 
81-16-01-03-000 1477.87141 
81-16-01-15-000 1141.77039 
81-16-01-16-000 2164.79103 
81-16-01-21-000 2177.23385 
81-16-02-05-000 1361.71873 
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81-17-03-17-000 1502.83784 
81-19-04-08-000 2229.57312 
81-20-03-01-000 1491.44178 
81-20-03-02-000 1496.73488 
81-28-02-01-000 6329.18493 
81-28-02-02-002 4711.28096 
81-30-01-01-000 5853.02273 
81-31-01-02-000 16848.1698 
81-34-01-03-000 11454.1616 
81-35-01-09-000 3686.72067 
81-37-01-06-000 5070.22956 
81-37-01-13-000 6674.45142 
81-38-01-01-000 4773.87688 
81-42-01-09-001 1616.92126 
81-42-01-13-000 1697.94742 
81-43-01-01-000 1432.75508 
81-43-01-04-000 2646.21065 
81-43-01-09-000 3153.95844 
81-43-02-01-000 2585.15264 
81-43-02-05-000 1113.03547 
81-43-02-06-000 2182.41232 
81-43-03-06-000 2165.15994 
81-43-03-13-000 1713.15092 
81-44-01-04-000 3446.44627 
81-44-03-01-000 4328.01863 
81-44-04-09-000 2206.79271 
81-44-05-07-000 2560.08263 
81-45-01-04-000 2937.34199 
81-45-01-04-001 2589.32003 
81-45-01-04-002 2370.94953 
81-45-01-07-000 5366.38005 
81-45-01-08-000 4719.52539 
81-45-01-11-000 3315.09756 
81-45-01-13-000 3443.92323 
81-45-01-17-000 4187.92989 
81-45-01-18-000 3093.92649 
81-45-01-24-000 1644.36397 
81-46-01-07-000 1719.66194 
81-46-01-09-000 1919.81036 
81-46-01-14-000 1851.13979 
81-46-01-15-000 1905.70249 
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81-46-01-16-000 3370.11627 
81-46-01-19-000 2975.82517 
81-46-01-22-000 2006.81868 
81-46-01-23-000 2115.03844 
81-46-03-04-000 3914.30467 
81-46-03-06-000 2838.91459 
81-46-03-07-000 3073.55715 
81-46-03-10-000 8657.45782 
81-46-03-11-001 7308.20408 
81-46-03-18-000 1888.01709 
81-46-03-20-000 1057.53229 
81-46-03-22-000 1552.0411 
81-46-03-23-000 1655.05419 
81-46-03-24-000 1847.39908 
81-47-01-07-000 2830.16593 
81-47-02-01-000 1854.68972 
81-47-02-06-000 1886.84765 
81-47-03-08-000 5320.91735 
81-47-05-21-000 4244.88095 
81-48-02-03-000 1188.10803 
81-48-02-05-000 864.643917 
81-51-03-02-000 2260.51066 
81-51-03-16-000 889.832038 
81-51-03-21-000 1737.93198 
81-51-04-05-000 1094.53491 
81-52-04-07-000 1486.58071 
81-52-04-16-000 1070.66693 
81-53-01-01-000 2304.6758 
81-53-01-22-000 2026.37045 
81-53-03-01-000 2045.96199 
81-53-03-02-000 1530.37251 
81-53-03-04-000 5359.39464 
81-54-01-01-000 2347.20897 
81-54-01-10-000 2267.7513 
81-54-01-16-001 1531.04071 
81-54-01-20-000 1903.59878 
81-54-01-25-000 1515.74482 
81-54-02-06-000 2199.62281 
81-54-02-08-000 2139.30506 
81-55-01-10-000 1652.01534 
81-55-01-12-000 3443.07679 
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81-55-01-13-000 2002.15543 
81-55-01-18-000 3031.06095 
81-55-01-33-000 1443.81546 
81-56-01-02-000 2238.09563 
81-56-03-07-000 1044.1929 
81-57-03-34-000 1220.34847 
81-57-03-63-000 1059.43194 
81-58-02-27-000 1181.88387 
81-59-01-12-000 1412.09854 
81-59-01-14-000 1424.78103 
81-59-02-08-000 1975.14656 
81-59-02-10-000 2996.15143 
81-59-03-02-000 1395.81694 
81-59-03-03-000 1261.06098 
81-59-03-06-000 1390.28049 
81-59-03-08-000 1233.16722 
81-60-01-09-000 2284.65736 
81-60-02-05-000 2908.43112 
81-60-02-06-000 2465.46842 
81-60-02-28-000 1738.88506 
81-60-02-29-000 1431.53182 
81-60-02-36-000 1093.78701 
81-60-03-22-000 3157.23795 
81-60-03-32-000 3368.22252 
81-60-03-33-000 2434.66851 
81-62-05-06-000 2061.13912 
81-63-01-18-000 2006.17202 
81-71-01-02-000 2614.00466 
81-71-01-08-000 1075.43856 
81-71-01-14-000 1862.61137 
81-71-01-15-000 2220.9477 
81-71-03-09-000 2745.9168 
82-01-01-07-000 2582.62105 
82-01-02-22-000 3077.82114 
82-01-02-23-000 3110.26221 
82-01-02-24-000 2048.32619 
82-01-02-27-000 3032.05405 
82-02-01-25-000 1215.85021 
82-02-01-37-000 5418.28868 
82-02-01-45-000 1675.58604 
82-02-01-48-000 1299.71484 
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82-02-02-13-000 1859.79298 
82-02-02-14-000 2545.18404 
82-02-02-22-000 1873.0678 
82-02-02-23-000 1470.71323 
82-02-02-25-000 3257.95484 
82-02-02-34-000 1185.11237 
82-02-02-35-000 7519.33876 
82-02-02-37-000 2496.28918 
82-03-01-09-000 2926.81597 
82-03-01-24-000 1232.20616 
82-03-01-33-000 1895.55338 
82-03-02-05-000 2541.41972 
82-03-02-08-000 1812.30649 
82-03-02-09-000 1775.96865 
82-03-02-20-000 2342.88758 
82-03-02-23-000 2009.06315 
82-04-03-10-000 2497.24641 
82-04-03-12-000 1980.70877 
82-04-03-17-000 1825.7567 
82-04-04-03-000 1563.19917 
82-04-04-04-000 2587.05444 
82-04-04-32-000 2602.77718 
82-04-04-33-000 2150.56821 
82-05-01-12-000 3580.55104 
82-05-02-20-000 3347.74601 
82-05-02-26-000 3345.26168 
82-05-03-01-000 2430.02783 
82-05-03-06-000 1736.71113 
82-05-03-46-000 3862.19039 
82-07-02-06-000 2095.77434 
82-07-02-08-000 1210.43813 
82-08-01-05-000 3037.65722 
82-08-01-13-000 1729.98581 
82-09-01-12-000 2748.93152 
82-09-01-20-000 2125.03136 
82-09-01-22-000 2608.06915 
82-09-01-32-000 2654.8164 
82-09-02-01-000 3231.29564 
82-10-01-27-000 2453.10844 
82-10-01-34-000 1828.60537 
82-10-02-01-000 3702.63515 
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82-10-03-21-000 3078.01598 
82-11-01-02-000 2184.62387 
82-11-01-15-000 1828.47434 
82-11-01-33-000 1678.06215 
82-11-01-37-000 2625.77707 
82-11-01-39-000 2233.10371 
82-11-02-01-000 2254.86217 
82-11-02-02-000 2553.50472 
82-12-01-06-000 2292.71698 
82-12-01-07-000 3701.647 
82-12-01-20-000 2136.15884 
82-12-01-31-000 1185.12385 
82-12-02-01-000 2499.22063 
82-12-02-19-000 2186.64464 
82-12-02-25-000 2537.43216 
82-12-02-27-000 2497.42635 
82-12-02-28-000 1907.55998 
82-12-03-06-000 1687.86183 
82-12-03-07-000 2179.15568 
82-12-03-10-000 1957.7757 
82-12-03-11-000 2655.03486 
82-12-03-12-000 3634.87146 
82-12-03-13-000 2341.45187 
82-13-01-01-000 2128.76018 
82-13-01-03-000 2123.8619 
82-13-01-05-000 2113.4719 
82-13-01-06-000 1522.74286 
82-13-01-15-000 3792.74874 
82-13-01-17-000 2098.75259 
82-13-01-20-000 2405.53287 
82-13-01-21-000 1363.10685 
82-13-01-23-000 2704.17806 
82-13-01-26-000 3947.12045 
82-13-01-29-000 1639.67728 
82-13-01-35-000 2331.99048 
82-13-01-36-000 1777.9966 
82-13-02-03-000 3057.28924 
82-13-02-12-000 1829.05351 
82-13-02-15-000 2198.11173 
82-13-03-01-000 2062.31431 
82-13-03-04-000 2601.89253 
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82-13-03-07-000 2196.33386 
82-13-03-08-000 1144.48034 
82-13-03-12-000 1895.34009 
82-13-03-14-000 2697.46576 
82-13-03-15-000 2426.73427 
82-13-03-18-000 1526.52179 
82-13-03-19-000 2098.62569 
82-13-03-24-000 1595.71415 
82-13-03-26-000 1328.52786 
82-13-03-31-000 1542.38537 
82-13-03-35-000 1994.09352 
82-13-03-36-000 1543.10347 
82-13-03-38-000 1672.23711 
82-13-03-42-000 1355.05631 
82-13-04-06-000 2398.53906 
82-13-04-10-000 1699.163 
82-13-04-12-000 1715.7645 
82-13-04-13-000 1497.67837 
82-13-04-18-000 1895.78768 
82-13-04-24-000 1318.13013 
82-13-04-40-000 1674.63214 
82-14-01-06-000 3077.67266 
82-14-01-07-000 1027.04997 
82-14-01-16-000 1840.52881 
82-14-01-17-000 1395.09489 
82-14-01-23-000 1433.65779 
82-14-02-05-000 1768.57212 
82-14-03-04-000 1136.47102 
82-14-03-05-000 844.888245 
82-14-03-06-000 2527.67263 
82-14-03-12-000 1664.33474 
82-14-03-13-000 2887.0012 
82-15-01-04-000 1442.14997 
82-15-02-03-000 1511.0658 
82-15-02-04-000 2256.16164 
82-15-02-09-000 1292.69825 
82-15-03-01-000 1173.98225 
82-15-03-11-000 2181.76406 
82-15-04-12-000 1767.64719 
82-15-05-01-000 2946.01625 
82-15-05-05-000 1312.01702 
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82-15-05-09-000 3566.69622 
82-15-05-11-000 2230.84376 
82-15-05-13-000 2504.69181 
82-15-05-17-000 1898.92424 
82-15-05-24-000 3987.93798 
82-15-05-25-000 2160.25269 
82-15-05-45-000 1015.05458 
82-15-05-47-000 1593.84142 
82-15-05-48-000 2214.44985 
82-16-01-01-001 1274.23729 
82-16-01-03-000 3177.00295 
82-16-01-07-000 2865.35309 
82-16-01-14-000 2159.96845 
82-16-02-07-000 3007.37253 
82-16-02-29-000 1695.49242 
82-16-03-09-000 1971.65227 
82-16-03-16-000 2936.04544 
82-16-03-21-000 2108.24256 
82-17-01-06-000 4693.62588 
82-17-01-17-000 2269.24599 
82-17-02-17-000 2679.01009 
82-17-02-24-000 2168.90014 
82-21-02-28-000 2739.74361 
82-21-02-38-000 2279.18484 
82-21-03-05-000 2544.36809 
82-21-03-10-000 1851.11693 
82-21-03-18-000 3936.07235 
82-21-03-36-000 2080.48209 
82-21-04-13-000 2296.09044 
82-26-02-09-000 2146.37621 
82-26-02-11-000 1841.55459 
82-26-03-26-000 2151.10332 
82-28-01-22-000 3465.51921 
82-28-02-15-000 2957.6351 
82-29-01-01-000 2100.24026 
82-29-01-03-000 3728.44826 
82-29-01-13-000 1529.91017 
82-29-01-27-000 1503.40678 
82-29-01-29-000 3344.12313 
82-29-02-05-000 2953.44509 
82-29-02-08-000 3253.46196 
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82-29-02-17-000 2612.59996 
82-30-01-17-000 1413.9842 
82-30-01-27-000 6485.78673 
82-30-02-05-000 2963.29767 
82-30-02-17-000 2216.35679 
82-30-02-21-000 1103.00804 
82-30-03-12-000 1413.09299 
82-30-03-18-000 1315.4165 
82-30-03-25-000 2209.22654 
82-30-03-29-000 1936.01228 
82-30-03-30-000 1948.33258 
82-33-01-18-000 743.803635 
82-33-01-20-000 1698.02844 
82-33-02-07-000 1707.0355 
82-33-02-26-000 1605.47484 
82-34-02-10-000 1389.90696 
82-34-03-13-000 1920.77425 
82-34-03-14-000 2235.95268 
82-34-04-08-000 1875.54594 
82-34-04-15-000 1907.34761 
82-34-04-18-000 1604.10929 
82-34-05-01-000 2123.27392 
82-34-05-13-000 2781.4205 
82-34-06-25-000 1457.357 
82-35-01-16-000 1432.69992 
82-35-03-09-000 3775.68954 
82-35-03-10-000 3081.42392 
82-35-04-20-000 1437.5312 
82-35-05-14-000 3729.30377 
82-36-06-18-000 891.663995 
82-36-06-20-000 1928.94313 
82-37-01-05-000 2049.80675 
82-37-01-07-000 1346.1772 
82-37-02-02-000 1289.19251 
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