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Appendix A:  Reasonable Potential Analysis Procedures: 

 

 

To establish reasonable potential to exceed applicable water quality criteria, the following 

procedures may be used to perform a reasonable potential analysis for a pollutant of 

concern: 
 

1) Discharge Monitoring Report (DMR) data for the pollutants of concern must be obtained 

in electronic format from DMRs reported by the permittee.  Typically, five years of data 

is used, where available. 

 

2) Review current permit for revisions during the course of the permit cycle. 

 

3) Check data for representativeness and outliers (see Part IV of Guidance for WQRA). 

 

4) Check the method detect limit or minimum level for parameter at:  http://www.nemi.gov/. 

 

5) Assign approach for non-detection or values at the minimum level (see Part IV). 

 

a. Hardness data is a consideration for hardness-dependent metals and should be the 

lower 25
th
 percentile [10 CSR 20-7.031(1)(Y)]. 

 

6) Once outliers are determined, DMR data should be copied to a new or existing Microsoft 

Excel spreadsheet and the following calculations performed on the data: 

 

a. Number of samples in the data set – Count(A1:A35), 

b. Maximum data point – Max(A1:A35), 

c. Minimum data point – Min(A1:A35), 

d. Mean data point – Average(A1:A35), 

e. Standard Deviation of the data set – StDev(A1:A35), 

f. Coefficient of variation (CV) – Stdev/Mean. 

 

7) Characterize the highest measured effluent concentration based on the 99
th
 percentile 

confidence level.  The value of ρn is the percentile represented by the highest 

concentration in the dataset that has ‘n’ number of samples. 

 

8) Determine the relationship between the percentile represented by the highest 

concentration in the dataset and the 99
th
 percentile upper bound of the lognormal effluent 

distribution (C99/Cρn).  Where CV is the coefficient of variation determined from the data 

set and ‘z’ is the normal distribution value for the ρn percentile (Note:  If n<10, the 

coefficient of variation (CV) is estimated to equal 0.6, TSD on Page 50, Box 3-2): 
 

 

 

n
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Note:  Z99 = 2.326   

 

9) We calculate the z-score, which is the distance from the sample mean to the 

population mean in units of the standard error or use the table at:  

http://en.wikipedia.org/wiki/Standard_normal_table 
 

10) To obtain a maximum effluent concentration based on the distribution and variability of 

effluent data, the relationship determined in Step 8 is multiplied by the maximum value 

determined in Step 6. 

 

11) The maximum effluent concentration and appropriate available dilution are used to 

project a maximum receiving water concentration (RWC) using the mass balance 

approach (Appendix B). Mass balance dilution equation: 

 

RWC = (Qe Ce + (Qs*) Cs) / (Qe + (Qs*)) 

 

where: Qe = volume of effluent discharge 

Qs* = volume of receiving stream available for mixing 

Ce = concentration of a pollutant of concern in the effluent 

Cs = upstream concentration of pollutant of concern 

RWC = resultant instream concentration of POC after mixing 

and: 

* fraction of low flow based on the allowable mixing zone (MZ) and zone of 

initial dilution (ZID)--(see Part II of WQRA Guidance and 10 CSR 20-7.031(4)). 

 

12) Compare the projected maximum RWC with applicable criteria (acute (CMC), chronic 

(CCC), or reference ambient concentration (RAC)). RAC is the concentration of a 

chemical in water that will not cause adverse impacts to human health.  If the maximum 

RWC is greater than the applicable ambient criterion, there is reasonable potential to 

cause an exceedance of the criterion (More recent permits have a minimally-degrading 

effluent limit (MDEL) that maintains the assimilative capacity less than 10% for Tier 2 

pollutants.  For these POCs, the RWC is compared to the maximum daily limit for that 

POC’s MDEL). 

 

13) The results of the comparison between RWC and applicable criteria will 

require the reviewer to decide between removal or application of a limit, 

reduction to monitoring only, or depending on the results of the last RPA, 

discontinuing monitoring only (see Part IV of more discussion).   
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Appendix B.  Calculating Water Quality-Based Effluent Limits 
 

This appendix has steps to calculate water quality-based effluent limitations that protect aquatic life 

(AQL).  These procedures can be found in the Technical Support Document for Water Quality-Based 

Toxics Control (TSD) [EPA/505/2-90-00].  If the water body has designated uses to protect human health 

such as drinking water supply (DWS), human health fish consumption, groundwater protection, or 

irrigation, and in comparison to the aquatic life criteria for that pollutant of concern, the most stringent 

criteria is the human health criteria, water quality-based effluent limit must be based upon the more 

stringent criteria.  Steps for developing water quality-based effluent limitations for human health 

protection are also included. These procedures can be found in the Section 5.4.4 of the TSD. 

 

1) Determine the classification and designated beneficial uses of the receiving water from the Water 

Quality Standards (10 CSR 20-7.031, Tables G and H) or department GIS. 

 

2) Determine the critical receiving water low flow for water quality-based effluent limits (WQBEL) 

calculations: 

a. 1Q10 – Acute ammonia criteria wasteload allocation (WLA) calculations 

b. 7Q10 – All chronic toxics (metals, etc) WLA calculations except total ammonia nitrogen; 

also used for BOD5 WLA development 

c. 30Q10 – Chronic WLA calculations for total ammonia nitrogen 

d. 30Q5 – Human health non-carcinogens WLA calculation 

e. Harmonic Mean - Human health carcinogens 

 

3) Determine mixing zone and zone of initial dilution volumes of flow, if allowed by regulation. 

 

4) Estimate background levels of the pollutant from receiving water data or other regional 

waterbodies with similar water chemistry.  For metals criteria, water hardness must also be 

determined per 10 CSR 20-7.031(Y).  Use the 25
th
 percentile. 

 

5) Antidegradation Consideration:  Estimate pollutant loading from other sources such as upstream 

discharges.  If the combined effect of existing and expected future point and non-point sources is 

such that criteria would be exceeded, WLAs need to be distributed so that the entire assimilative 

capacity of the receiving water is not taken. 

 

6) Determine the most stringent criteria for chronic WLA calculations (AQL, one of the human 

health criteria). 

 

7) Calculate the chronic effluent concentration, Ce (WLAc) using mass-balance: 

 

Where:  Ce = effluent concentration, Qe = effluent design flow, Qmz = mixing zone flow, Cs = 

background concentration, and C = applicable chronic criterion. 

e
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8) Calculate the acute effluent concentration, Ce (WLAa) using mass-balance: 

Where:  Ce = effluent concentration, Qe = effluent design flow, Qzid = zone of initial dilution flow, 

Cs = background concentration, and C = applicable acute criterion.  

 

9) Calculate the chronic long-term average (LTAc) concentration  

Where:  σ 24 = ln(CV
2
/4 + 1) and z = 2.326 at the 99th percentile for all chronic AQL criteria 

except total ammonia nitrogen.  For total ammonia nitrogen, the LTAc equation is expressed as 

follows where σ 230 = ln(CV
2
/30 + 1) and z = 2.326 at the 99th percentile: 

 

If sufficient quantity of effluent data are available, the coefficient of variation (CV) for the data 

can be calculated and a multiplier value from Table 5-1 of the TSD used.   If sufficient quantity of 

effluent data are not available (n < 10), the default coefficient of variation value of 0.6 [TSD, 

Section 5.5.2], the LTAc multiplier = 0.527 for all chronic AQL criteria except total ammonia 

nitrogen.  For total ammonia nitrogen, the LTAc multiplier = 0.780. 

 

10) Calculate the acute long-term average (LTAa) concentration:  

Where:  σ 2 = ln(CV2
 + 1) and z = 2.326 at the 99th percentile for all acute criteria.  If sufficient 

quantity of effluent data are available, the coefficient of variation (CV) for the data can be 

calculated and a multiplier value from Table 5-1 of the TSD used.  If sufficient quantity of 

effluent data are not available (n < 10), the default coefficient of variation value of 0.6 [TSD, 

Section 5.5.2], LTAa multiplier = 0.321.  For total ammonia nitrogen, use LTAa multiplier = 

0.321. 

 

11) A comparison of the LTAa and LTAc is performed and the lower, more limiting long-term 

average (LTAMIN) selected. 

 

12) The maximum daily limit (MDL) is calculated using the LTAMIN value and the following 

equation:  

e
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Where:  σ 2 = ln(CV2
 + 1), z = 2.326 for 99th percentile. If sufficient quantity of effluent data are 

available, the coefficient of variation (CV) for the data can be calculated and a multiplier value 

from Table 5-2 of the TSD used.  If sufficient quantity of effluent data are not available (n < 10), 

the default coefficient of variation value of 0.6 [TSD, Section 5.5.2], the MDL multiplier = 3.11. 

For total ammonia nitrogen, use MDL multiplier = 3.11. 

 

13) The average monthly limit (AML) is calculated using the LTAMIN value and the following 

equation:  

Where:  σ 24 = ln(CV
2
/4 + 1), z = 1.645 for 95th percentile. If sufficient quantity of effluent data 

are available, the coefficient of variation (CV) for the data can be calculated and a multiplier 

value from Table 5-2 of the TSD used.  If sufficient quantity of effluent data are not available (n 

< 10), the default coefficient of variation value of 0.6 [TSD, Section 5.5.2], the MDL multiplier = 

1.55. For total ammonia nitrogen, use MDL multiplier = 1.19. 

 

14) Record the effluent limitations in the appropriate outfall table.  Where WQBELs are required, 

both a maximum daily and average monthly limitation are required.  Examples of WQBEL 

calculations can be found in Appendix C. 

 

Human Health Protection (bioconcentratable pollutants): 

 

15) Set the AML equal to the WLA [per EPA/505/2-90-001 Section 5.4.4]. 

 

16) Multiply AML by the ratio between maximum daily and average monthly multipliers found on 

Table 5-3 [TSD, 5.4.4, Page 106] to obtain the maximum daily limit.  Note:  This is the ratio of 

the exponential equations found in Step 12 to Step 13 above. 

 

a. For new discharge with no monitoring date use default 2.01 multiplier [CV = 0.6, 95th 

Percentile]. 

 

Example:   

Nitrate/Nitrites--10 CSR 20-7 Table A lists the Groundwater Water Quality Standard as 10 mg/L. 

WLA = 10.0 mg/L 

Set the Average Monthly Limit equal to the WLA [per EPA/505/2-90-001 Section 5.4.4] 

AML = 10.0 mg/L 

MDL = AML * 2.01     [CV = 0.6, 95th Percentile] 

MDL = 10.0 * 2.01 = 20.1 mg/L 

 

MDL = 20.1 mg/L 

AML = 10.0 mg/L  
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Example #1: Mass-Balance with Ammonia Decay (Unclassified Stream). A Non-POTW discharges to 

Clay Fork (unclassified) with the classified Rocky Fork (WBID # 1014), approximately 4.7 miles from 

discharge point; design flow for the facility is 0.033 MGD (0.05 cfs).  Water quality parameters of 

temperature and pH that were used to develop the ammonia criteria below were from the Total Maximum 

Daily Load document for Kelley Branch and Rocky Fork, completed August 15, 2003.  Data were 

collected in Kelley Branch.  More recent pH samples that were collected by MDNR in Rocky Fork were 

approximately pH 7.6.  Because Kelley Branch and Clay Fork are both tributaries and the same stream 

order, temperature and pH are likely very similar. Daily stream flow data for the unclassified stream 

segment is not needed; however, time for effluent to travel (t) to first classified segment (in days) is 

needed. Similar to the TR-55 Methodology
1
, time of travel is determined by using stream gradient 

information and cross sectional areas within the Manning’s N equation to determine stream velocity --

Applicable mixing zone regulation:  Not Allowed [10 CSR 20-7.031(4)(A)4.B.(I)(a)]. And [10 CSR 20-

7.031(4)(A)4.B.(I)(b)]. 

 

Total Ammonia Nitrogen. Early Life Stages Present Total Ammonia Nitrogen criteria apply  

[10 CSR 20-7.031(4)(B)7.C. & Table B3].  Background total ammonia nitrogen = 0.01 mg/L.   
 

Season Temp (
o
C) pH (SU) 

Total Ammonia Nitrogen  

CCC (mg/L) 

Total Ammonia Nitrogen  

CMC (mg/L) 

Summer 20 7.6 2.7 17.0 

Winter 6 7.6 3.9 17.0 

 Summer: Apr 1 – Sept 30. Winter: Oct 1 – Mar 31. 

 

Note:  Acute criteria cannot be exceeded in Clay Fork and chronic and acute criteria cannot be exceeded 

in Rocky Fork. 

 

This model is concerned with estimating the percent of the initial concentration of a pollutant that remains 

after a period of time (or distance traveled).  Presented is a modified feed forward reaction decay formula 

to allow degradation for ammonia prior to reaching the first classified water body: 

 

[NH3N]t = [NH3N]t=0 * e
-kt
 

 

Where: 

[NH3N]t = ammonia concentration at confluence with classified segment           

[NH3N]t=0 = ammonia concentration at pipe = Ce 
 

 

 

                                                 
1
 TR-55 method (Natural Resource Conservation Service (NRCS), Urban Hydrology for Small 

Watersheds, Technical Release No. 55, June 1986) 
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k = NH3 oxidation per day = (k1,20)Θ 1
(Temp-20)

 

k1,20 = 0.3(day
-1
); Reference for rate coefficient:  USEPA, June 1985.  Rates, 

Constants, and Kinetics Formulations in Surface Water Quality Modeling 

(second edition). 

                                    Θ 1  = temperature correction factor = 1.083 

t = time in days = 1.2 days; determined by the Missouri Department of Natural Resources 

 

Summer Temp. = 20ºC 

Given k = (0.3)(1.083)
(20 – 20)

 = 0.3 and t = 1.2 days; e
-kt
 = e

-(0.3)(1.2) 
= 0.70. 

 

Which means 70% of the ammonia concentration remains after leaving the facility and reaching the 

first classified stream segment. 

 

Because chronic criteria must be met at the end of the pipe and stream has no mixing zone, Ce= CCC 

in the above table.  Recall that [NH3N]t = [NH3N]t=0 * e
-kt 
, the equation must be solved for 

[NH3N]t=0 therefore, we divide by e
-kt 
. 

 

WLA= Ce = (2.7 mg/L) / 0.70 = 3.9 mg/L 

 

LTAc = 3.9 mg/L (0.780) = 3.0 mg/L [CV = 0.6, 99
th
 Percentile, 30 day avg.] 

 

MDL = 3.0 mg/L (3.11) = 9.3 mg/L  [CV = 0.6, 99
th
 Percentile] 

AML = 3.0 mg/L (1.19) = 3.6 mg/L  [CV = 0.6, 95
th
 Percentile, n = 30] 

 

Winter Temp. = 6ºC 

Given k = (0.3)(1.083)
(6 – 20)

 = 0.0982 and t = 1.2 days; e
-kt
 = e

-(0.0982)(1.2) 
= 0.89 

 
Which means 89% of the ammonia concentration remains after leaving the facility and reaching the 

first classified stream segment. 

 

      WLA= Ce  = (3.9 mg/L) / 0.89 = 4.4 mg/L 

 

LTAc = 4.4 mg/L (0.780) = 3.4 mg/L [CV = 0.6, 99
th
 Percentile, 30 day avg.] 

 

MDL = 3.4 mg/L (3.11) = 10.6 mg/L [CV = 0.6, 99
th
 Percentile] 

AML = 3.4 mg/L (1.19) =   4.1 mg/L [CV = 0.6, 95
th
 Percentile, n = 30] 

 

 

Season Maximum Daily Limit (mg/l) Average Monthly Limit (mg/l) 

Summer 9.3 3.6 

Winter 10.6 4.1 

 

 



Instructional Guidance for Water Quality and Antidegradation Review Assistance    February 2010 

 

Missouri Department of Natural Resources 

Water Protection Program 

Water Pollution Control Branch 

 

Appendix C:  Ammonia WQBEL Examples 

Page 3 

 

Example #2: Mass-Balance for Total Ammonia Nitrogen with Site-Specific Values (Class P Stream).  A 

POTW discharges to North Fork White River (WBID: 2498), a Class P, cold-water fishery in Ozark 

county; design flow for the facility is 1.5 MGD (2.33 cfs).  Site-specific water quality data for pH (8.0 

SU) and temperature (Summer – 18.2 
o
C, Winter – 10.6 

o
C) will be used; background ammonia nitrogen 

= 0.025 mg/L.  Daily streamflow data for the North Fork White River near Tecumseh (USGS-07057500) 

were used to generate 7Q10, 1Q10, and 30Q10 low-flow values. 

 

 Flow (cfs) MZ (cfs) ZID (cfs) 

7Q10 234.5 58.6 5.9 

1Q10 230.4 57.6 5.8 

30Q10 243.0 60.8 N/A 

    Applicable mixing zone regulation: 10 CSR 20-7.031(4)(A)4.B.(III) 

 

• Total Ammonia Nitrogen.  Early Life Stages Present Total Ammonia Nitrogen criteria apply  

[10 CSR 20-7.031(4)(B)7.C. & Table B3].   

 

Season Temp (
o
C) pH (SU) 

Total Ammonia Nitrogen  

CCC (mg N/L) 

Total Ammonia Nitrogen  

CMC (mg N/L) 

Summer 18.2 8.0 1.9 5.6 

Winter 10.6 8.0 2.4 5.6 

 Summer: Apr 1 – Sept 30. Winter: Oct 1 – Mar 31. 

Summer  

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

 Chronic WLA: Ce = (2.33 + 60.8)1.9 – (60.8 * 0.025)/2.33  

    Ce = 50.8 mg/L 

 Acute WLA: Ce = (2.33 + 5.8)5.6 – (5.8 * 0.025)/2.33  

    Ce = 19.5 mg/L 

     

 LTAc = 50.8 mg/L (0.780) = 39.6 mg/L    [CV = 0.6, 99th Percentile, n = 30] 

 LTAa = 19.5 mg/L (0.321) = 6.3 mg/L    [CV = 0.6, 99th Percentile] 

 

Use most protective number of LTAc and LTAa (LTAMIN) 

 

 MDL = 6.3 mg/L (3.11) = 19.6 mg/L    [CV = 0.6, 99th Percentile] 

 AML = 6.3 mg/L (1.19) = 7.5 mg/L    [CV = 0.6, 95th Percentile, n = 30] 

 

Winter  

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 Chronic WLA: Ce = (2.33 + 60.8)2.4 – (60.8 * 0.025)/2.33  

    Ce = 64.4 mg/L 
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 Acute WLA: Ce = (2.33 + 5.8)5.6 – (5.8 * 0.025)/2.33  

    Ce = 19.5 mg/L 

     

 LTAc = 64.4 mg/L (0.780) = 50.2 mg/L    [CV = 0.6, 99th Percentile, n = 30] 

 LTAa = 19.5 mg/L (0.321) = 6.3 mg/L    [CV = 0.6, 99th Percentile] 

 

Use most protective number of LTAc and LTAa (LTAMIN) 

 

 MDL = 6.3 mg/L (3.11) = 19.6 mg/L    [CV = 0.6, 99th Percentile] 

 AML = 6.3 mg/L (1.19) = 7.5 mg/L    [CV = 0.6, 95th Percentile, n = 30] 

 

Season 
Maximum Daily 

Limit (mg/L) 

Average Monthly 

Limit (mg/L) 

Summer 19.6 7.5 

Winter 19.6 7.5 

 

Example #3: Mass-Balance for Total Ammonia Nitrogen with Default Values (Class C Stream). A 

private, domestic facility discharges to the Class C segment of East Fork of Tebo Creek (WBID: 01282) 

in Henry County; design flow for the facility is 500,000 gpd (0.775 cfs).  Default pH (7.8 SU) and 

temperature (Summer – 26 
o
C, Winter – 6 

o
C) values apply, background ammonia = 0.01 mg/L. No 

mixing is allowed, thus stream flow = 0.0 cfs.  Note: Example is the same for an unclassified stream. 

 

• Total Ammonia Nitrogen.  Early Life Stages Present Total Ammonia Nitrogen criteria apply  

[10 CSR 20-7.031(4)(B)7.C. & Table B3].  Background total ammonia nitrogen = 0.01 mg/L 

 

Season Temp (
o
C) pH (SU) 

Total Ammonia Nitrogen  

CCC (mg N/L) 

Total Ammonia Nitrogen  

CMC (mg N/L) 

Summer 26 7.8 1.5 12.1 

Winter 6 7.8 3.1 12.1 

 Summer: Apr 1 – Sept 30. Winter: Oct 1 – Mar 31 

 

Summer 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

Chronic WLA: Ce = ((0.775 + 0.0)1.5 – (0.0 * 0.01))/0.775 

  Ce = 1.5 mg/L 

 

Acute WLA: Ce = ((0.775 + 0.0)12.1 – (0.0 * 0.01))/ 0.775 

  Ce = 12.1 mg/L 

 

LTAc = 1.5 mg/L (0.780) = 1.2 mg/L  [CV = 0.6, 99
th
 Percentile, 30 day avg.] 

LTAa = 12.1 mg/L (0.321) = 3.88 mg/L  [CV = 0.6, 99
th
 Percentile] 
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MDL = 1.2 mg/L (3.11) = 3.7 mg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 1.2 mg/L (1.19) = 1.4 mg/L   [CV = 0.6, 95
th
 Percentile, n = 30] 

 
Winter 

      Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

Chronic WLA: Ce = ((0.775 + 0.0)3.1 – (0.0 * 0.01))/ 0.775 

  Ce = 3.1 mg/L 

 

Acute WLA: Ce = ((0.775 + 0.0)12.1 – (0.0025 * 0.01))/ 0.775 

  Ce = 12.1 mg/L 

 

LTAc = 3.1 mg/L (0.780) = 2.4 mg/L  [CV = 0.6, 99
th
 Percentile, 30 day avg.] 

LTAa = 12.1 mg/L (0.321) = 3.9 mg/L  [CV = 0.6, 99
th
 Percentile] 

MDL = 2.4 mg/L (3.11) = 7.5 mg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 2.4 mg/L (1.19) = 2.9 mg/L   [CV = 0.6, 95
th
 Percentile, n = 30] 

 

 

Season Maximum Daily Limit (mg/l) Average Monthly Limit (mg/l) 

Summer 3.7 1.4 

Winter 7.5 2.9 

 

Example #4: Mass-Balance for Total Ammonia Nitrogen with Default Values (Class L2 Lake). A 

domestic facility discharges to a cove of a Class L2 Lake in Laclede County; design flow for the facility 

is 20,000 gpd (0.03 cfs).  Default pH (7.8 SU) and temperature (Summer – 26 
o
C, Winter – 6 

o
C) values 

apply, background ammonia = 0.01 mg/L. 
 

• Total Ammonia Nitrogen.  Early life Stages Present Total Ammonia Nitrogen criteria apply  

[10 CSR 20-7.031(4)(B)7.C. & Table B3].   

 

Season Temp (
o
C) pH (SU) 

Total Ammonia Nitrogen  

CCC (mg N/L) 

Total Ammonia Nitrogen  

CMC (mg N/L) 

Summer 26 7.8 1.5 12.1 

Winter 6 7.8 3.1 12.1 

 Summer: Apr 1 – Sept 30. Winter: Oct 1 – Mar 31. 

 

In most cases, the LTA acute will be the driver when using mixing zone flow volume to calculate the 

chronic waste load allocation.  The acute ammonia criteria cannot be exceeded and chronic ammonia 

criteria can be exceeded up to one hundred feet from the discharge.  

Summer/Winter 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 
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Acute WLA: Ce = 12.1 mg/L:  acute criteria cannot be exceeded, thus WLA is set to CMC from 

table above.  With no mixing, acute WLA will equal 12.1 mg/L. 

 

Use the most protective LTA--in this case, it is only LTAa. 

 

LTAa = 12.1 mg/L (0.321) = 3.8 mg/L  [CV = 0.6, 99
th
 Percentile] 

 

MDL = 3.8 mg/L (3.11) = 11.8 mg/L  [CV = 0.6, 99
th
 Percentile] 

AML = 3.8 mg/L (1.19) = 4.5 mg/L   [CV = 0.6, 95
th
 Percentile, n = 30] 
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Example #1: Mass-Balance for Hardness-Dependent Metals (Unclassified Stream) with Site-specific 

Hardness. A POTW discharges to an unclassified tributary to the classified Flat River Creek (WBID # 

2168); design flow (Qe) for the facility is 8.6 MGD (13.4 cfs).  General warm-water fishery criteria apply 

and water hardness (effluent monitoring)  = 200 mg/L.  Background concentration (Cs) assumed to be 0.0 

µg/L for cadmium and zinc. 

 

Applicable mixing zone regulation:  

Mixing Zone (MZ): Not Allowed [10 CSR 20-7.031(4)(A)4.B.(I)(a)] and  

Zone of Initial Dilution (ZID): Not Allowed[10 CSR 20-7.031(4)(A)4.B.(I)(b)].  

 

Effluent limitations for total recoverable metals were developed using methods and procedures outlined in 

TSD [EPA/505/2-90-001] and The Metals Translator: Guidance for Calculating a Total Recoverable 

Permit Limit from a Dissolved Criterion [EPA 823-B-96-007].   

METAL 
CONVERSION FACTORS 

ACUTE CHRONIC 

Cadmium 0.915 0.880 

Zinc 0.978 0.986 

Freshwater criteria conversion factors for dissolved metals were used as the metals translator as 

recommended in guidance (Section 1.3, 1.5.3, and Table 1, EPA 823-B-96-007).   

Conversion factor for Cadmium is hardness dependent.  Values calculated using equation found in 

Section 1.3 of EPA 823-B-96-007 and hardness = 200 mg/L. 

 

Cadmium, Total Recoverable -- Protection of Aquatic Life Chronic Criteria (dissolved) = 0.45 µg/L, 

Acute Criteria = 9.3 µg/L. 

 

C(Chronic)  = (CCC/CF) = 0.45/0.880 = 0.51 µg/L  

C(Acute)  = (CMC/CF) = 9.3/0.915 = 10.2 µg/L 

 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

Chronic 

  Ce = ((13.4 + 0.0)0.51 – (0.0 * 0.0))/13.4 

       Ce = 0.51 µg/L 

       WLAc =  0.51 µg/L 

Acute 

   Ce = ((13.4 + 0.0)10.2 – (0.0 * 0.0))/13.4 

    Ce = 10.2 µg/L 

           WLAa = 10.2 µg/L 

 

LTAc = 0.51(0.527) = 0.27 µµµµg/L    [CV = 0.6, 99
th
 Percentile] 

LTAa = 10.2(0.321) = 3.37 µg/L    [CV = 0.6, 99
th
 Percentile] 
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Use most protective number of LTAc or LTAa.   

 

MDL = 0.27(3.11) = 0.84 µg/L    [CV = 0.6, 99
th
 Percentile] 

AML = 0.27(1.55) = 0.42 µg/L    [CV = 0.6, 95
th
 Percentile, n = 4] 

 

Zinc, Total Recoverable--  Protection of Aquatic Life Chronic (dissolved) Criteria = 211 µg/L, Acute 

Criteria = 211 µg/L. 

 

C (Chronic) = (CCC/CF) = 211.0 / 0.98 = 215.3 µg/L 

C (Acute)  = (CMC/CF) = 211.0/0.98 = 215.3 µg/L 

 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

Chronic 

  Ce = ((13.4 + 0.0)215.3 – (0.0 * 0.0))/13.4 

       Ce = 215.3 µg/L 

      WLAc = 215.3 µg/L 

Acute 

   Ce = ((13.4 + 0.0)215.3 – (0.0 * 0.0))/13.4 

    Ce = 215.3 µg/L 

           WLAa = 215.3 µg/L 

 

LTAc = 215.3 (0.527) = 113.5 µg/L   [CV = 0.6, 99
th
 Percentile] 

LTAa = 215.3 (0.321) = 69.1  µµµµg/L   [CV = 0.6, 99
th
 Percentile] 

 

Use most protective number of LTAc or LTAa.   

 

MDL = 69.1 (3.11) = 214.9 µg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 69.1 (1.55) = 107.1 µg/L   [CV = 0.6, 95
th
 Percentile, n = 4] 

 

Example #1a:  Mass-Balance (Unclassified Stream). A POTW discharges to an unclassified tributary to 

the classified Flat River Creek (WBID # 2168); design flow for the facility is 8.6 MGD (13.4 cfs).   

Warm-water Protection of Aquatic Life chronic = 10 µg/L, acute = 19 µg/L [10 CSR 20-7.031, Table A]; 

Background Total Residual Chlorine (TRC) = 0.0 µg/L.   

 

Applicable mixing zone regulation:  

Mixing Zone (MZ): Not Allowed [10 CSR 20-7.031(4)(A)4.B.(I)(a)] and  

Zone of Initial Dilution (ZID): Not Allowed [10 CSR 20-7.031(4)(A)4.B.(I)(b)].  

 

Total Residual Chlorine (TRC) — Warm-water Protection of Aquatic Life chronic = 10 µg/L, acute = 

19 µg/L [10 CSR 20-7.031, Table A] 
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Chronic WLA: Ce =  ((13.4 + 0.0)10 – (0.0 * 0.0))/13.4 

  Ce = 10 µg/L 

 

Acute WLA: Ce = ((13.4 + 0.0)19 – (0.0 * 0.0))/13.4 

  Ce = 19 µg/L 

 

LTAc = 10 µg /L (0.527) = 5.3 µµµµg/L   [CV = 0.6, 99
th
 Percentile] 

LTAa = 19 µg/L (0.321) = 6.1 µg/L   [CV = 0.6, 99
th
 Percentile] 

 

MDL = 5.3 µg/L * 3.11 = 16.5 µg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 5.3 µg/L * 1.55 = 8.2 µg/L   [CV = 0.6, 95
th
 Percentile, n = 4] 

 

Total Residual Chlorine effluent limits of 0.017 mg/L daily maximum, 0.008 mg/L monthly average are 

recommended if chlorine is used as a disinfectant.  Standard compliance language for TRC, including the 

minimum level (ML), should be included in the permit. 

 

Example #2: Mass-Balance for Hardness-Dependent Metals with Site-Specific Values (Class P Stream).  

A POTW discharges to Class P river; design flow for the facility is 1.5 MGD (2.33 cfs).  Site-specific 

hardness data collected after the mixing zone = 200 mg/L; background concentration for Cu = 2.5 µg/L 

and Zn = 2.5 µg/L.  Daily stream-flow data for the river were used to generate 7Q10 low-flow value = 1.2 

cfs. 

 

Mixing Zone (MZ): One-quarter (1/4) of the stream volume of flow; length one-quarter (1/4) mile.  [10 

CSR 20-7.031(4)(A)4.B.(II)(a)].  

Zone of Initial Dilution (ZID): One-tenth (0.1) of the mixing zone volume of flow, not to exceed 10 

times the effluent design flow.   [10 CSR 20-7.031(4)(A)4.B.(II)(b)].   

 

 Flow (cfs) MZ (cfs) ZID (cfs) 

7Q10 1.2 0.3 0.03 

 

Effluent limitations for total recoverable metals were developed using methods and procedures outlined in 

TSD [EPA/505/2-90-001] and The Metals Translator: Guidance for Calculating a Total Recoverable 

Permit Limit from a Dissolved Criterion [EPA 823-B-96-007].   

 METAL 
CONVERSION FACTORS 

ACUTE CHRONIC 

Copper 0.960 0.960 

Zinc 0.978 0.986 
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Freshwater criteria conversion factors for dissolved metals were used as the metals translator as 

recommended in guidance (Section 1.3, 1.5.3, and Table 1, EPA 823-B-96-007).  Values calculated using 

equation found in Section 1.3 of EPA 823-B-96-007 and hardness = 200 mg/L. 

 

Copper, Total Recoverable-- Protection of Aquatic Life (dissolved) Chronic = 16.2 µg/L, Acute = 25.8 

µg/L [10 CSR 20-7.031, Table A]  

 

C (Chronic) = CCC/CF = 16.2/0.960 = 16.9 µg/L 

C (Acute) = CMC/CF = 25.8/0.960 = 26.9 µg/L 

 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

Chronic WLA: Ce = ((2.33 + 0.3)16.9– (0.3 * 2.5))/2.33 

  Ce = 18.7 µg/L 

Acute WLA: Ce = ((2.33 + 0.03)26.9– (0.03 * 2.5))/2.33 

  Ce = 27.2 µg/L 

 

LTAc = 18.7 µg/L (0.527) = 9.85 µg/L   [CV = 0.6, 99
th
 Percentile] 

LTAa = 27.2 µg/L (0.321) = 8.74 µµµµg/L   [CV = 0.6, 99
th
 Percentile] 

 

MDL = 8.74 µg/L * 3.11 = 27.2 µg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 8.74 µg/L * 1.55 = 13.5 µg/L   [CV = 0.6, 95
th
 Percentile, n = 4] 

 

Zinc, Total Recoverable-- Protection of Aquatic Life Criteria--Chronic = 211 µg/L, Acute = 211 µg/L. 

 

C (Chronic) = (CCC/CF) = 211.0 / 0.98 = 215.3 µg/L 

C (Acute)    = (CMC/CF) = 211.0/0.98 = 215.3 µg/L 

 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 

 

Chronic WLA: Ce = ((2.33 + 0.3)215.3– (0.3 * 2.5))/2.33 

  Ce = 242.7 µg/L 

Acute WLA: Ce = ((2.33 + 0.03)215.3– (0.03 * 2.5))/2.33 

  Ce = 218.0 µg/L 

 

LTAc = 242.7 µg/L (0.527) = 127.9 µg/L  [CV = 0.6, 99
th
 Percentile] 

LTAa = 218.0 µg/L (0.321) = 70.0 µµµµg/L   [CV = 0.6, 99
th
 Percentile] 

 

MDL = 70.0 µg/L * 3.11 = 217.7 µg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 70.0 µg/L * 1.55 = 108.5 µg/L   [CV = 0.6, 95
th
 Percentile, n = 4] 
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Example #2a: Mass-Balance for a Toxic Chemical with Site-Specific Values (Class P Stream).  A POTW 

discharges to Class P river; design flow for the facility is 1.5 MGD (2.33 cfs).  Background Phenol 

concentration of 0.0 µg/L.  Daily stream-flow data for the river were used to generate 7Q10 low-flow 

value = 1.2 cfs.  Mixing zone and zone of initial dilution values are the same as Example #2. 

 

Phenol-- Protection of Aquatic Life Chronic = 100 µg/L [10 CSR 20-7.031, Table A]; background 

Phenol (Cs) = 0.0 µg/L.   

 

Chronic WLA: Ce = ((2.33 + 0.3)100– (0.3 * 0.0))/2.33 

  Ce = 112.9 µg/L 

 

LTAc = 112.9 µg /L (0.527) = 59.5 µµµµg/L   [CV = 0.6, 99
th
 Percentile] 

MDL = 59.5 µg/L*3.11 = 185 µg/L   [CV = 0.6, 99
th
 Percentile] 

AML = 59.5 µg/L*1.55 =  92.2 µg/L   [CV = 0.6, 95
th
 Percentile, n = 4] 

 

Example #2b: Bioaccumulative Pollutant (Class P Stream).  A POTW discharges to Class P river; design 

flow for the facility is 1.5 MGD (2.33 cfs).  Background Pentachlorophenol concentration of 0.0 µg/L.  

Daily stream-flow data for the river were used to generate 7Q10 low-flow value = 1.2 cfs. Mixing zone 

and zone of initial dilution values are the same as Example #2. 

 

Pentachlorophenol--Human Health Protection-Fish Consumption CCC = 8 µg/L; Background = 0.0 

µg/L.  Procedures for calculating WQBELs for this parameter can be obtained from Section 5.4.4. of the 

EPA/505/2-90-001 and Appendix B of the WQAR Instructional Guidance.  

 

WLA:    Ce = (((2.33 + 0.3)8 – (0.3 * 0.0))/2.33 

 Ce = 9.0 µµµµg/L 

 

AML = WLA = 9.0 µg/L 

MDL = AML * 2.01    Default [CV = 0.6, 95th Percentile] 

MDL = 9.0 * 2.01 = 18.1 mg/L   
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Example #1: Minimally-degrading effluent limitation (MDEL) for Ammonia (P-stream). A new facility 

will discharge to the classified River Creek.  Design flow for the facility is 0.021 MGD (0.033 cfs).  

Upstream existing water quality concentration = 0.01 mg/L.  Applicant obtained site-specific pH and 

temperature as presented below. 

 

Season Temp (°C) pH (SU) 
Total Ammonia as N 

CCC  (mg N/L) 

Total Ammonia as N 

CMC (mg N/L) 

Summer 22.6 7.5 2.5 19.9 

Winter 8.8 7.5 4.3 19.9 
 Summer: May1-October 31; Winter: November 1-April 30 

 

Applicable mixing zone regulation:  

Mixing Zone (MZ): One-quarter (1/4) of the stream volume of flow; length one-quarter (1/4) 

mile.  [10 CSR 20-7.031(4)(A)4.B.(III)(a)].  

Zone of Initial Dilution (ZID): One-tenth (0.1) of the mixing zone volume of flow, not to 

exceed 10 times the effluent design flow.   [10 CSR 20-7.031(4)(A)4.B.(III)(b)].   

 

 Flow (cfs) MZ (cfs) ZID (cfs) 

1Q10 27.6 6.9 0.33 

30Q10 36.1 9.0 0.33 

 

This process starts with the calculation of the assimilative capacity for the pollutant of concern using the 

equation below for new facilities: 

 

 

Where: Cc   = downstream concentration, the Water Quality Standard (WQS) 

Qs   = Stream 30Q10 flow (ft
3
/s)---for chronic ammonia 

Qd  = Proposed effluent design flow (ft
3
/s) 

EWQ  = upstream concentration (mg/L) 

Cd  = effluent concentration of the proposed facility 

FACratio = facility assimilative capacity ratio (calculated as DL/FAC) 

 

FAC must be less than 10% of the assimilative capacity.   Refer to the AIP examples for more details on 

this process.  

 

 

 

 

 

 

 

 

CFQEWQQQCFACratio sdsc *)]*())(*[( −+=

CFCQDL dd **=



Instructional Guidance for Water Quality and Antidegradation Review Assistance    Febraury 2010 

 

Missouri Department of Natural Resources 

Water Protection Program 

Water Pollution Control Branch 

 

Appendix E: Minimally-degrading, Preferred Alternative, No degradation-Based Effluent Limitation Examples 

Page 2 

 

Example Table of Facility Assimilative Capacity Calculation, where Cd = 25 mg/L 

Pollutant of 

Concern 

(mg/L) 

Water Quality 

Standards Water Quality Facility Assimilative Capacity 

Acute 

Criteria 

Aquatic 

Life 

Chronic  

Criteria 

Aquatic 

Life 

EWQ 

Proposed 

Effluent 

Concen-

tration (Cd) 

Discharge 

load (DL) 

(lbs/day) 

FAC 

(lbs/day) 
FACratio  (DL/FAC) 

Ammonia-

Summer 19.9 2.5 0.01 25 4.4 486 0.009 = 0.9% 

Ammonia-

Winter 19.9 4.3 0.01 25 4.4 837 0.005 = 0.5% 

The process for limit derivation for POCs that are minimally degrading is as follows: 

 

1) Determine for all applicable POCs the minimally-degrading wasteload allocation and effluent limits 

(MDEL) that retains the remaining assimilative capacity and does not exceed 10% of the FAC.  

 

The following equation determines the assimilative capacity or minimal degradation-based waste load 

allocation using existing water quality (EWQ), water quality criteria, and the facility assimilative 

capacity ratio: 

 

 

 

 

Where:  See variable definitions above under FACratio. 

 

Chronic wasteload allocations (WLAc) are determined using applicable chronic water quality criteria 

(CCC: criteria continuous concentration) and upstream stream flow without mixing considerations.  

Acute wasteload allocations are only determined in the absence of applicable chronic criteria.   

 

2) Determine the need for permit limits of various POCs using reasonable potential analysis (see 

Appendix A for process).  Because the facility in this example is new, no RPA is calculated.  This 

process is normally completed before working limitations and the receiving water concentration from 

the RPA is compared to the water quality standards; however, we will not have a value of comparison 

that is protective of assimilative capacity until we complete the calculation of the MDEL. While this 

RPA process is applied to all applicable POCs, this process is particularly important for POCs having 

monitoring only requirements for an existing discharge.  No POC will exceed the MDEL 

concentration value.  Discharge concentrations that exceed the MDEL as a concentration may have 

MDEL applied.  This MDEL value is first a concentration that is converted to a mass-based limitation 

and applied as a maximum daily limit.  At the reviewer discretion, some POCs may have the limit 

applied under certain circumstances. 

 

d

sdscratio
d

Q
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C
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Example Table of Minimally-Degrading Effluent Limits 

 

Water Quality 

Standards 

Water 

Quality 
Facility Assimilative Capacity Wasteload Allocation 

Acute 

Criteria 

Aquatic 

Life 

Chronic  

Criteria 

Aquatic 

Life 

Existing 

Water 

Quality 

Discharge 

load (DL) 

(lbs/day) 

FAC 

(lbs/day) 

Chronic 

FACratio
1 WLAc WLAa 

MDL 

Value 

 

MDL 

lbs/day 

Ammonia-

Summer 

(mg/L) 

19.9 2.5 0.01 48.10 486 0.099 273 0.00 273 47.8 

Ammonia-

Winter 

(mg/L) 

19.9 4.3 0.01 82.29 837 0.099 468 0.00 468 82.0 

WLA=MDL  

Footnote 1: FACratio cannot exceed to maintain Minimal Degradation 

 

3) The next step is to develop water quality-based effluent limits that are protective of water quality 
standards**.  The water quality-based maximum daily and average monthly limit will be compared to 

the MDEL maximum daily limit as a concentration value.   
 

**See the pH and Temperature table above for ammonia’s WQS values 

 

 

 

Summer: 
Chronic: 

 

 

 

Acute: 

 

 

 

 

LTAc= 691*0.780 = 539.0 mg/L  [CV=0.6, 99
th
 Percentile, 30 day avg.] 

LTAa= 221*0.321 = 70.9 mg/L  [CV=0.6, 99
th
 Percentile] 

 

MDL= 70.9*3.11 = 220.5 mg/L  [CV=0.6, 99
th
 Percentile] 

AML= 70.9*1.19 = 84.4 mg/L  [CV=0.6, 99
th
 Percentile, n=30] 

 

Winter: 

Chronic: 

 

 

e

ssse

e
Q

CQCQQ
C

))*()*)((( −+
=
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))01.0*0.9()5.2*)0.9033.0(((
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Acute: 

 

 

 

 

LTAc= 1190*0.780 = 928.2 mg/L  [CV=0.6, 99
th
 Percentile, 30 day avg.] 

LTAa= 221*0.321 = 70.9 mg/L  [CV=0.6, 99
th
 Percentile] 

 

MDL= 70.9*3.11 = 220.5 mg/L  [CV=0.6, 99
th
 Percentile] 

AML= 70.9*1.19 = 84.4 mg/L  [CV=0.6, 99
th
 Percentile, n=30] 

 

 

Season 
Maximum Daily 

Limit 

Average Monthly 

Limit 

Ammonia (mg N/L) 

Summer 
220.5 84.4 

Ammonia (mg N/L) 

Winter 
220.5 84.4 

 

4) The final step in the limit determination process is the comparison of the water quality-based effluent 

limit (WQBEL) and the minimally-degrading effluent limit.  The table below provides a comparison 

of the WQBEL to the MDEL, which demonstrates that the WQBEL are more stringent than the 

MDEL. If the MDEL concentration value is greater than the water quality-based maximum and 

average monthly limits, only the water quality limits will apply.  If the MDEL concentration value is 

less than the water quality-based maximum and average monthly limits, the water quality-based limits 

and the MDEL maximum daily as a mass limit will apply. In this case, only the WQBEL would apply 

as the permit limits.  The WQBEL will be more stringent than the MDEL on occasions where mixing 

zone flow volume provides less dilution for the effluent concentration.  The mixing zone flow is not 

used for the MDEL calculation. 

 

Upon renewal, a reasonable potential analysis will be conducted to determine the need for the 

ammonia limits.  The RPA should be conducted such that the maximum daily limit will not be 

exceeded.   

Example Table to Compare Effluent Limits for Ammonia 

Ammonia  

(mg N/L) 

Summer Winter 

MDL AML MDL AML 

WQBEL 220.5 84.4 220.5 84.4 

MDEL 273 NA 468 NA 

NA= not applicable 
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Example #2: Preferred Alternative effluent limitation (PEL) for Ammonia. A new facility will discharge 

to the classified River Creek.  Design flow for the facility is 0.021 MGD (0.033 cfs).  Upstream existing 

water quality concentration = 0.01 mg/L. 

 

If the above new facility had undergone an alternative analysis, we would develop limitations based upon 

the preferred alternative’s treatment capacity.   

 

1) For toxics and non-conventional pollutants such as ammonia, we apply the WLA of the TBEL 

provided in the alternative analysis as average monthly limit (AML). We then back-calculate using 

the long-term average (LTA) multiplier for AML at the 95
th
 percentile to obtain the LTA for the 

maximum daily limit (MDL) calculation (as defined in the US EPA’s Technical Support Document 

For Water Quality-based Toxics Control (EPA/505/2-90-001)).  We apply the TBEL WLA as AML; 

but if the regulatory limit (such as a total phosphorus limit) is lower than TBEL, then the regulatory 

limit is used as AML.  Example calculation for ammonia is below: 

 

AML = 3.0 mg/L 

LTA  = 3.0 / 1.19  [CV = 0.6, 95
th
 Percentile, n = 30] 

LTA  = 2.5 mg/L 

MDL = 2.5 (3.11) [CV = 0.6, 99
th
 Percentile] 

MDL = 7.8 mg/L 

 

2) The WQBEL is then developed to compare to PEL.  The lower of the WQBEL or PEL is applied as 

an effluent limitation.  The comparison below favors the PEL. 

Example Table to Compare Effluent Limits for Ammonia 

Ammonia  

(mg N/L) 

Summer Winter 

MDL AML MDL AML 

WQBEL 220.5 84.4 220.5 84.4 

PEL 3.0 7.8 3.0 7.8 

 

 

Example #3: No Degradation Effluent Limitation (NDEL) for Ammonia. An existing facility discharges to 

the classified River Creek.  Design flow for the facility is 0.405 MGD (0.033 cfs) and expanded design 

flow is 0.53 MGD.  Upstream existing water quality concentration = 0.00 mg/L.  Ammonia is Tier 1.  

 

Current Load (lbs/day) = Mass conversion (CF) * Cd1* Qd1  

Expanded Load (lbs/day) = Mass conversion (CF) * Cd2* Qd2  

 

 Example:  8.34 (lbs/MG)/(mg/L) * 220.5 mg/L * 0.405MGD = 744.8 lbs/day 

 

   New Load = current load 

   Qd2*Cd2*CF = Qd1*Cd1*CF 

   0.53*Cd2*8.34 = 0.405*84.4*8.34 
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Example Table of New and Current Loadings Based Current and Expanded Design Flow    

Parameter Limit 

WLA(Cd1) 

(mg/L) 

CF 

(lbs/MG) 

/(mg/L) 

Current 

Qd1 

MGD 

Load 

(lbs/ 

day) 

Expanded 

Qd2 MGD 

Expansion 

Limit, Cd2 

(mg/L) 

Ammonia AML 84.4 8.34 0.405 285.1 0.53 64.5 

Summer MDL 220.5 8.34 0.405 744.8 0.53 168.5 

Ammonia AML 84.4 8.34 0.405 511.4 0.53 64.5 

Winter MDL 220.5 8.34 0.405 744.8 0.53 168.5 

 
Example Table of Net Change in Loadings Based upon Current and Proposed Permit Limits.  

Pollutants of 

Concern 

Maximum Daily 

Limit (mg/L) 

Proposed 

Maximum Daily 

Limit (mg/L) 

Current 

Loading 

(lbs/day) 

Proposed 

Loading 

(lbs/day) 

Net 

Change 

(lbs/day) 

Ammonia 

(Summer and 

winter) 

220.5 168.5 744.8 744.8 0.0 
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