Calculating CBOD5 Limitations
NOTICE: This document is intended solely as guidance, and does not contain any mandatory requirements except where requirements found in statute or administrative rule are referenced. This guidance does not establish or affect legal rights or obligations, and is not finally determinative of any of the issues addressed. This guidance does not create any rights enforceable by any party in litigation with the State of Wisconsin or the Department of Natural Resources. Any regulatory decisions made by the Department of Natural Resources in any matter addressed by this guidance will be made by applying the governing statutes and administrative rules to the relevant facts. 
Occasionally, a discharger will request CBOD5 limitations in place of BOD5 limitations.  Usually, the 5-day CBOD limitation will be the same as for BOD because nitrification does not normally occur within the first five days following sample collection.  Differences may occur between CBOD5 and BOD5 if nitrification occurs during the 5-day BOD test, because the biological oxidation of nitrogenous materials would give the impression of errors in the standard 5-day BOD test.  A plant that is nitrifying during the 5-day test period may be generating high BOD5 concentrations that are, at least partially, due to NBOD in the effluent, so the plant's actual removal of BOD5 (treatment as evidenced by CBOD5) would be greater than shown by the data.  NBOD is not commonly removed by processes associated with BOD treatment, because it represents oxygen demand associated with the conversion of organic and ammonia nitrogen to nitrate nitrogen.  The result is an under-estimate of the plant's (C)BOD removal on a percentage basis, a potential concern because NR 210 requires 85% removal of BOD on a monthly average basis.

Table 1-C shows an example of a "long-term BOD curve" that demonstrates the effect of nitrification on a BOD sample over time.  This is typical of a BOD curve where nitrification does not take place during the first 5 days following sample collection, the time during which the "BOD5" concentration is measured for WPDES permit purposes.  In this case, CBOD5 equals BOD5 equals 21 mg/L (NBOD = 0 in the Table's example).  

If it is somehow demonstrated (method is explained below) that nitrification occurs within the first five days, the calculations will be much different.  If some of that NBOD is showing up in the first 5 days of the test, the CBOD5 will be less than the BOD5 concentration.  The allowable BOD5 discharge is calculated using the WLA model or the 26-Pound Method as before, but the NBOD concentration must be subtracted from that allowable BOD5 concentration in order to arrive at the CBOD5 limit.  

The information that is required of the discharger in order to demonstrate the appropriateness of a CBOD5 limit is summarized in s. NR 210.07 (4).  The discharger is required to provide the Department with the following:

If BOD5 is limited under ch NR 210 (secondary limitations or 30 mg/L monthly average and 45 mg/L weekly average): 
1 -
Paired (same-day) sample results for BOD5 and CBOD5 during the months of January and July at the same frequency as is required for BOD5 in the WPDES permit.

2 -
On a case-by-case basis, sampling of ammonia nitrogen (NH3-N) and nitrate nitrogen (NO3-N).  See NOTE below as a guide in suggesting when this additional monitoring should be recommended.

If BOD5 is water quality-limited (limits are less than 45 mg/L weekly average): 
1 -
Paired (same-day) sample results for BOD5, CBOD5, ammonia nitrogen (NH3-N) and nitrate nitrogen (NO3-N) during the months of January, February, July and August.  At the conclusion of the 5-day BOD test, an additional sample must be taken for NO3-N.  The frequency of this sampling is three times weekly for facilities with design discharge rates in excess of 0.5 MGD or for any municipal discharge to a stream classified as a coldwater community (trout stream).

2 -
Paired (same-day) sample results for BOD5, CBOD5, ammonia nitrogen (NH3-N) and nitrate nitrogen (NO3-N) during the months of January and July.  The frequency of this sampling is a maximum of three times weekly for facilities with design discharge rates less than 0.5 MGD that do not discharge to streams classified as coldwater communities (trout stream).

The indicated months of sampling are required in order to demonstrate whether nitrification occurs on a seasonal basis.  The nitrogen sampling is advisable if the 5-day NBOD concentrations (BOD5 - CBOD5) consistently exceeds 5 mg/L.  The reason for that is the technology-based limits for CBOD5 in NR 210 are 5 mg/L less than the corresponding limits for BOD5 (CBOD5 = 25 mg/L monthly average and 40 mg/L weekly average in s. NR 210.05 (1)(d)).  Sampling of ammonia and nitrate nitrogen may be used to determine if the differences between BOD5 and CBOD5 are actually due to nitrification. 

To determine if nitrification is taking place during the 5-day BOD test period, calculate the effluent NBOD as 4.57 times the effluent NH3-N.  This value estimates the "ultimate NBOD" concentration, the 5-day NBOD value will be less than or equal this ultimate NBOD value depending on the amount of nitrification that takes place during the 5-day test period.  Add that calculated NBOD value to that day's CBOD5 value and compare the sum to that day's BOD5 concentration.  The results of that comparison should fall into one of the following categories, after which the recommended course of action is indicated.

1)  
If the sum of CBOD5 and the calculated NBODs are consistently equal or close to BOD5 values, complete nitrification is taking place in the 5-day test.  In this case, the CBOD5 limit may be set equal to the BOD5 limit calculated using the WLA model or the 26-Pound Method.

2)  
If the sum of CBOD5 and the calculated NBOD5 is consistently greater than the BOD5 value, partial nitrification is taking place during the 5-day test.  Some of the effluent ammonia is translating into NBOD5.  As in the first case, the CBOD5 limit may be set equal to the BOD5 limit calculated using the WLA model or the 26-Pound Method.

3)  
If CBOD5 is equal (or nearly equal) to BOD5, nitrification is not taking place, because there is little or no NBOD5 present. CBOD5 limitations are not appropriate for this discharger.  If nitrification is not occurring, no advantage would be gained by having a CBOD5 limit, so there is no point in requiring monitoring of that parameter.

4)  
If the sum of CBOD5 and the calculated NBODs are consistently less than the BOD5 values, it is possible that the CBOD test itself is causing some form of toxic reaction, something in addition to or even beyond the effects estimated as a result of nitrification.  Here, the difference between CBOD5 and BOD5 is greater than the amount normally associated with NBOD.  Instead of (or in addition to) nitrification, some other reaction is taking place, so the support for a CBOD5 limit is inconclusive.  If this is taking place, the discharger should be notified of what is taking place, and additional testing should be required once the questions over the test procedure are resolved.  It is possible that nitrification may be occurring even faster than expected.  If NBOD5 is low, it may be because the nitrogen has already been converted from ammonia into nitrates and/or nitrites.  In this situation, it is recommended that any additional testing be accompanied by testing of nitrate and nitrite nitrogen and possibly TKN as well (see NOTE below), especially where the BOD5 limit is more stringent than the technology-based limit (30/45 for municipalities, for instance).  If nitrate/nitrite levels are high and can be associated with the difference not explained by ammonia/NBOD5, then nitrification is occurring and the recommendations given above in 1) or 2) can be used here, namely setting the CBOD5 limit equal to the BOD5 limit.  

The resulting CBOD5 limit, if allowable using the above procedure(s), should be expressed using the same averaging period as the BOD5 limit from which it was derived.  Again, note that the CBOD5 limit cannot exceed the technology-based limit in NR 210 for municipalities.

It should also be noted that this procedure may be considered for industrial discharges as well as for municipalities.  The only difference is that the limitations in NR 210 are not applicable to industrial discharges.  The CBOD5 evaluation procedure itself should not be considered unique to municipal permittees; industries have the same opportunity to demonstrate its applicability on a case-by-case basis.

NOTE: NR 210 allows testing of nitrate and nitrite on a case-by-case basis for facilities having secondary limits and requires it for facilities with water quality-based BOD5 limits.  As a result, the issues surrounding case 4) above, namely when the NBOD5 is too low to account for the difference between CBOD and BOD, should suggest to the limit calculator that if a facility is interested in CBOD5 limits and historical ammonia levels have been relatively low, nitrate and nitrite monitoring should be automatically performed as part of the CBOD evaluation.

Table 1-C
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