	Appendix C to Part 63—Determination of the Fraction Biodegraded (Fbio) in a Biological Treatment Unit

I. Purpose
The purpose of this appendix is to define the procedures for an owner or operator to use to calculate the site specific fraction of organic compounds biodegraded (Fbio) in a biological treatment unit. If an acceptable level of organic compounds is destroyed rather than emitted to the air or remaining in the effluent, the biological treatment unit may be used to comply with the applicable treatment requirements without the unit being covered and vented through a closed vent system to an air pollution control device.

The determination of Fbioshall be made on a system as it would exist under the rule. The owner or operator should anticipate changes that would occur to the wastewater flow and concentration of organics, to be treated by the biological treatment unit, as a result of enclosing the collection and treatment system as required by the rule.

Unless otherwise specified, the procedures presented in this appendix are designed to be applied to thoroughly mixed treatment units. A thoroughly mixed treatment unit is a unit that is designed and operated to approach or achieve uniform biomass distribution and organic compound concentration throughout the aeration unit by quickly dispersing the recycled biomass and the wastewater entering the unit. Detailed discussion on how to determine if a biological treatment unit is thoroughly mixed can be found in reference 7. Systems that are not thoroughly mixed treatment units should be subdivided into a series of zones that have uniform characteristics within each zone. The number of zones required to characterize a biological treatment system will depend on the design and operation of the treatment system. Detailed discussion on how to determine the number of zones in a biological treatment unit and examples of determination of fbiocan be found in reference 8. Each zone should then be modeled as a separate unit. The amount of air emissions and biodegradation from the modeling of these separate zones can then be added to reflect the entire system.

II. Definitions
Biological treatment unit = wastewater treatment unit designed and operated to promote the growth of bacteria to destroy organic materials in wastewater.

fbio= The fraction of individual applicable organic compounds in the wastewater biodegraded in a biological treatment unit.

Fbio= The fraction of total applicable organic compounds in the wastewater biodegraded in a biological treatment unit.

Fe = The fraction of applicable organic compounds emitted from the wastewater to the atmosphere.

K1 = First order biodegradation rate constant, L/g MLVSS-hr

KL = liquid-phase mass transfer coefficient, m/s

M = compound specific mass flow weighted average of organic compounds in the wastewater, Mg/Yr

III. Procedures for Determination of fbio
The first step in the analysis to determine if a biological treatment unit may be used without being covered and vented through a closed-vent system to an air pollution control device is to determine the compound-specific fbio. The following procedures may be used to determine fbio:

(1) The EPA Test Method 304A or 304B (appendix A, part 63)—Method for the Determination of Biodegradation Rates of Organic Compounds,

(2) Performance data with and without biodegradation,

(3) Inlet and outlet concentration measurements,

(4) Batch tests,

(5) Multiple zone concentration measurements.

All procedures must be executed so that the resulting fbiois based on the collection system and waste management units being in compliance with the rule. If the collection system and waste management units meet the suppression requirements at the time of the test, any of the procedures may be chosen. If the collection system and waste management units are not in compliance at the time of the performance test, then only Method 304A, B, or the batch test shall be chosen. If Method 304A, B, or the batch test is used, any anticipated changes to the influent of the full-scale biological treatment unit that will occur after the facility has enclosed the collection system must be represented in the influent feed to the benchtop bioreactor unit, or test unit.

Select one or more appropriate procedures from the five listed above based on the availability of site specific data and the type of mixing that occurs in the unit (thoroughly mixed or multiple mixing zone). If the facility does not have site-specific data on the removal efficiency of its biological treatment unit, then Procedure 1 or Procedure 4 may be used. Procedure 1 allows the use of a benchtop bioreactor to determine the first-order biodegradation rate constant. An owner or operator may elect to assume the first order biodegradation rate constant is zero for any regulated compound(s) present in the wastewater. Procedure 4 explains two types of batch tests which may be used to estimate the first order biodegradation rate constant. An owner or operator may elect to assume the first order biodegradation rate constant is zero for any regulated compound(s) present in the wastewater. Procedure 3 would be used if the facility has, or measures to determine, data on the inlet and outlet individual organic compound concentration for the biological treatment unit. Procedure 3 may only be used on a thoroughly mixed treatment unit. Procedure 5 is the concentration measurement test that can be used for units with multiple mixing zones. Procedure 2 is used if a facility has or obtains performance data on a biotreatment unit prior to and after addition of the microbial mass. An example where Procedure 2 could be used is an activated sludge unit where measurements have been taken on inlet and exit concentration of organic compounds in the wastewater prior to seeding with the microbial mass and startup of the unit. The flow chart in figure 1 outlines the steps to use for each of the procedures.

A. Method 304A or 304B (Procedure 1)
If the first procedure is selected, follow the instructions in appendix A of part 63 Method 304A “Method for the Determination of Biodegradation Rates of Organic Compounds (Vented Option)” or Method 304B “Method for the Determination of Biodegradation Rates of Organic Compounds (Scrubber Option).” Method 304A or 304B provides instruction on setting up and operating a self-contained benchtop bioreactor system which is operated under conditions representative of the target full-scale system. Method 304A uses a benchtop bioreactor system with a vent, and uses modeling to estimate any air emissions. Method 304B uses a benchtop bioreactor system which is equipped with a scrubber and is not vented.

There are some restrictions on which method a source may use. If the facility is measuring the rate of biodegradation of compounds that may tend to react or hydrolyze in the scrubber of Method 304B, this method shall not be used and Method 304A is the required method. If a Henry's law value is not available to use with Form V, then Method 304A shall not be used and Method 304B is the required method. When using either method, the feed flow to the benchtop bioreactor shall be representative of the flow and concentration of the wastewater that will be treated by the full-scale biological treatment unit after the collection and treatment system has been enclosed as required under the applicable subpart.

The conditions under which the full-scale biological treatment unit is run establish the operating parameters of Method 304A or 304B. If the biological treatment unit is operated under abnormal operating conditions (conditions outside the range of critical parameters examined and confirmed in the laboratory), the EPA believes this will adversely affect the biodegradation rate and is an unacceptable treatment option. The facility would be making multiple runs of the test method to simulate the operating range for its biological treatment unit. For wide ranges of variation in operating parameters, the facility shall demonstrate the biological treatment unit is achieving an acceptable level of control, as required by the regulation, across the ranges and not only at the endpoints.

If Method 304A is used, complete Form V initially. Form V is used to calculate K1 from the Method 304A results. Form V uses the Henry's law constant to estimate the fraction lost from the benchtop reactor vent. The owner or operator shall use the Henry's law values in Table I. Form V also gives direction for calculating an equivalent KL. Note on Form V if the calculated number for line 11 is greater than the calculated value for line 13, this procedure shall not be used to demonstrate the compound is biodegradable. If line 11 is greater than line 13, this is an indication the fraction emitted from the vent is greater than the fraction biodegraded. The equivalent KL determined on Form V is used in Form II (line 6). Estimation of the Fe and fbiomust be done following the steps in Form III. Form III uses the previously calculated values of K1 and KL (equivalent KL), and site-specific parameters of the full-scale bioreactor as input to the calculations. Forms II, III, and V must be completed for each organic compound in the wastewater to determine Fe and fbio.

If Method 304B is used, perform the method and use the measurements to determine K1, which is the first-order biodegradation rate constant. Form I lists the sequence of steps in the procedure for calculating K1 from the Method 304B results. Once K1 is determined, KL must be calculated by use of mass transfer equations. Form II outlines the procedure to follow for use of mass transfer equations to determine KL. A computer program which incorporates these mass transfer equations may be used. Water7 is a program that incorporates these mass transfer equations and may be used to determine KL. Refer to Form II-A to determine KL, if Water7 or the most recent update to this model is used. In addition, the Bay Area Sewage Toxics Emission (BASTE) model version 3.0 or equivalent upgrade and the TOXCHEM (Environment Canada's Wastewater Technology Centre and Environmega, Ltd.) model version 1.10 or equivalent upgrade may also be used to determine KL for the biological treatment unit with several stipulations. The programs must be altered to output a KL value which is based on the site-specific parameters of the unit modeled, and the Henry's law values listed in Table I must be substituted for the existing Henry's law values in the programs. Input values used in the model and corresponding output values shall become documentation of the fbiodetermination. The owner or operator should be aware these programs do not allow modeling of certain units. To model these units, the owner or operator shall use one of the other appropriate procedures as outlined in this appendix. The owner or operator shall not use a default value for KL. The KL value determined by use of these models shall be based on the site-specific parameters of the specific unit. This KL value shall be inserted in Form II (line 6). Estimation of the Fe and fbiomust be done following the steps in Form III. Form III uses the previously calculated values of K1 and KL, and site-specific parameters of the full-scale bioreactor as input to the calculations. Forms I, II, and III must be completed for each organic compound in the wastewater to determine Fe and fbio.

B. Performance Data With and Without Biodegradation (Procedure 2)
Procedure 2 uses site-specific performance data that represents or characterizes operation of the unit both with and without biodegradation. As previously mentioned, proper determination of fbiomust be made on a system as it would exist under the rule. Using Form IV, calculate KL and K1. After KL and K1 are determined, Form III is used to calculate Fe and fbiofor each organic compound present in the wastewater.

C. Inlet and Outlet Concentration Measurements (Procedure 3)
Procedure 3 uses measured inlet and outlet organic compound concentrations for the unit. This procedure may only be used on a thoroughly mixed treatment unit. Again, proper determination of fbiomust be made on a system as it would exist under the rule. The first step in using this procedure is to calculate KL using Form II. A computer model may be used. If the Water7 model or the most recent update to this model is used, then use Form II-A to calculate KL. After KL is determined using field data, complete Form VI to calculate K1. The TOXCHEM or BASTE model may also be used to calculate KL for the biological treatment unit, with the stipulations listed in procedure 304B. After KL and K1 are determined, Form III is used to calculate Fe and fbiofor each organic compound.

D. Batch Tests (Procedure 4)
Two types of batch tests which may be used to determine kinetic parameters are: (1) The aerated reactor test and (2) the sealed reactor test. The aerated reactor test is also known as the BOX test (batch test with oxygen addition). The sealed reactor test is also known as the serum bottle test. These batch tests should be conducted only by persons familiar with procedures for determining biodegradation kinetics. Detailed discussions of batch procedures for determining biodegradation kinetic parameters can be found in references 1–4.

For both batch test approaches, a biomass sample from the activated sludge unit of interest is collected, aerated, and stored for no more than 4 hours prior to testing. To collect sufficient data when biodegradation is rapid, it may be necessary to dilute the biomass sample. If the sample is to be diluted, the biomass sample shall be diluted using treated effluent from the activated sludge unit of interest to a concentration such that the biodegradation test will last long enough to make at least six concentration measurements. It is recommended that the tests not be terminated until the compound concentration falls below the limit of quantitation (LOQ). Measurements that are below the LOQ should not be used in the data analysis. Biomass concentrations shall be determined using standard methods for measurement of mixed liquor volatile suspended solids (MLVSS) (reference 5).

The change in concentration of a test compound may be monitored by either measuring the concentration in the liquid or in the reactor headspace. The analytical technique chosen for the test should be as sensitive as possible. For the batch test procedures described in this section, equilibrium conditions must exist between the liquid and gas phases of the experiments because the data analysis procedures are based on this premise. To use the headspace sampling approach, the reactor headspace must be in equilibrium with the liquid so that the headspace concentrations can be correlated with the liquid concentrations. Before the biodegradation testing is conducted, the equilibrium assumption must be verified. A discussion of the equilibrium assumption verification is given below in sections D.1 and D.2 since different approaches are required for the two types of batch tests.

To determine biodegradation kinetic parameters in a batch test, it is important to choose an appropriate initial substrate (compound(s) of interest) concentration for the test. The outcome of the batch experiment may be influenced by the initial substrate (SO) to biomass (XO) ratio (see references 3, 4, and 6). This ratio is typically measured in chemical oxygen demand (COD) units. When the SO/XOratio is low, cell multiplication and growth in the batch test is negligible and the kinetics measured by the test are representative of the kinetics in the activated sludge unit of interest. The SO/XOratio for a batch test is determined with the following equation:
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Where:

SO/XO=initial substrate to biomass ratio on a COD basis

Si=initial substrate concentration in COD units (g COD/L)

X=biomass concentration in the batch test (g MLVSS/L)

1.42 = Conversion factor to convert to COD units

For the batch tests described in this section, the SO/XOratio (on a COD basis) must be initially less than 0.5.

1. Aerated Reactor Test. An aerated draft tube reactor may be used for the biokinetics testing (as an example see Figure 2 of appendix C). Other aerated reactor configurations may also be used. Air is bubbled through a porous frit at a rate sufficient to aerate and keep the reactor uniformly mixed. Aeration rates typically vary from 50 to 200 ml/min for a 1 liter system. A mass flow rate controller is used to carefully control the air flow rate because it is important to have an accurate measure of this rate. The dissolved oxygen (DO) concentration in the system must not fall below 2 mg/liter so that the biodegradation observed will not be DO-limited. Once the air flow rate is established, the test mixture (or compound) of interest is then injected into the reactor and the concentration of the compound(s) is monitored over time. Concentrations may be monitored in the liquid or in the headspace. A minimum of six samples shall be taken over the period of the test. However, it is necessary to collect samples until the compound concentration falls below the LOQ. If liquid samples are collected, they must be small enough such that the liquid volume in the batch reactor does not change by more than 10%.

Before conducting experiments with biomass, it is necessary to verify the equilibrium assumption. The equilibrium assumption can be verified by conducting a stripping experiment using the effluent (no biomass) from the activated sludge unit of interest. Effluent is filtered with a 0.45 um or smaller filter and placed in the draft tube reactor. Air is sparged into the system and the compound concentration in the liquid or headspace is monitored over time. This test with no biomass may provide an estimate of the Henry's law constant. If the system is at equilibrium, the Henry's law constant may be estimated with the following equation:
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Where:

C=cencentration at time, t (min)

CO=concentration at t=0

G=volumetric gas flow rate (ml/min)

V=liquid volume in the batch reactor (ml)

Keq=Henry's law constant (mg/L-gas)/(mg/L-liquid)

t=time (min)

A plot of—ln(C/Co) as a function of t will have a slope equal to GKeq/V. The equilibrium assumption can be verified by comparing the experimentally determined Keqfor the system to literature values of the Henry's Law constant (including those listed in this appendix). If Keqdoes not match the Henry's law constant, Keqshall be determined from analysis of the headspace and liquid concentration in a batch system.

The concentration of a compound decreases in the bioreactor due to both biodegradation and stripping. Biodegradation processes are typically described with a Monod model. This model and a stripping expression are combined to give a mass balance for the aerated draft tube reactor ):
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Where:

s=test compound concentration, mg/liter

G=volumetric gas flow rate, liters/hr

Keq=Henry's Law constant measured in the system, (mg/liter gas)/(mg/liter liquid)

V=volume of liquid in the reactor, liters

X=biomass concentration (g MLVSS/liter)

Qm=maximum rate of substrate removal, mg/g MLVSS/hr

KS=Monod biorate constant at half the maximum rate, mg/liter

Equation App. C–3 can be integrated to obtain the following equation:
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Where:

A=GKeqKs+ QmVX

B=GKeq
So=test compound concentration at t=0

This equation is used along with the substrate concentration versus time data to determine the best fit parameters (Qmand KS) to describe the biodegradation process in the aerated reactor. If the aerated reactor test is used, the following procedure is used to analyze the data. Evaluate Keqfor the compound of interest with Form XI. The concentration in the vented headspace or liquid is measured as a function of time and the data is entered on Form XI. A plot is made from the data and attached to the Form XI. Keqis calculated on Form XI and the results are contrasted with the expected value of Henry's law obtained from Form IX. If the comparison is satisfactory, the stripping constant is calculated from Keq, completing Form XI. The values of Keqmay differ because the theoretical value of Keqmay not be applicable to the system of interest. If the comparison of the calculated Keqfrom the form and the expected value of Henry's law is unsatisfactory, Form X can alternatively be used to validate Keq. If the aerated reactor is demonstrated to not be at equilibrium, either modify the reactor design and/or operation, or use another type of batch test.

The compound-specific biorate constants are then measured using Form XII. The stripping constant that was determined from Form XI and a headspace correction factor of 1 are entered on Form XII. The aerated reactor biotest may then be run, measuring concentrations of each compound of interest as a function of time. If headspace concentrations are measured instead of liquid concentrations, then the corresponding liquid concentrations are calculated from the headspace measurements using the Keqdetermined on Form XI and entered on Form XII.

The concentration data on Form XII may contain scatter that can adversely influence the data interpretation. It is possible to curve fit the concentration data and enter the concentrations on the fitted curve instead of the actual data. If curve fitting is used, the curve-fitting procedure must be based upon the Equation App. C–4. When curve fitting is used, it is necessary to attach a plot of the actual data and the fitted curve to Form XII.

If the stripping rate constant is relatively large when compared to the biorate at low concentrations, it may be difficult to obtain accurate evaluations of the first-order biorate constant. In these cases, either reducing the stripping rate constant by lowering the aeration rate, or increasing the biomass concentrations should be considered.

The final result of the batch testing is the measurement of a biorate that can be used to estimate the fraction biodegraded, fbio. The number transferred to Form III is obtained from Form XII, line 9.

2. Sealed Reactor Test. This test uses a closed system to prevent losses of the test compound by volatilization. This test may be conducted using a serum bottle or a sealed draft tube reactor (for an example see Figure 3 of appendix C). Since no air is supplied, it is necessary to ensure that sufficient oxygen is present in the system. The DO concentration in the system must not fall below 2 mg/liter so that the biodegradation observed will not be DO-limited. As an alternative, oxygen may be supplied by electrolysis as needed to maintain the DO concentration above 2 mg/liter. The reactor contents must be uniformly mixed, by stirring or agitation using a shaker or similar apparatus. The test mixture (or compound) of interest is injected into the reactor and the concentration is monitored over time. A minimum of six samples shall be taken over the period of the test. However, it is necessary to monitor the concentration until it falls below the LOQ.

The equilibrium assumption must be verified for the batch reactor system. In this case, Keqmay be determined by simultaneously measuring gas and liquid phase concentrations at different times within a given experiment. A constant ratio of gas/liquid concentrations indicates that equilibrium conditions are present and Keqis not a function of concentration. This ratio is then taken as the Keqfor the specific compound in the test. It is not necessary to measure Keqfor each experiment. If the ratio is not constant, the equilibrium assumption is not valid and it is necessary to (1) increase mixing energy for the system and retest for the equilibrium assumption, or (2) use a different type of test (for example, a collapsible volume reactor).

The concentration of a compound decreases in the bioreactor due to biodegradation according to Equation App. C–5:
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Where:

s=test compound concentration (mg/liters)

Vl=the average liquid volume in the reactor (liters)

Vg=the average gas volume in the reactor (liters)

Qm=maximum rate of substrate removal (mg/g ML VSS/hr)

Keq=Henry's Law constant determined for the test, (mg/liter gas)/(mg/liter liquid)

Ks=Monod biorate constant at one-half the maximum rate (mg/liter)

t=time (hours)

X=biomass concentration (g ML VSS/liter )

so=test compound concentration at time t=0

Equation App. C–5 can be solved analytically to give:
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This equation is used along with the substrate concentration versus time data to determine the best fit parameters (Qmand Ks) to describe the biodegradation process in the sealed reactor.

If the sealed reactor test is used, Form X is used to determine the headspace correction factor. The disappearance of a compound in the sealed reactor test is slowed because a fraction of the compound is not available for biodegradation because it is present in the headspace. If the compound is almost entirely in the liquid phase, the headspace correction factor is approximately one. If the headspace correction factor is substantially less than one, improved mass transfer or reduced headspace may improve the accuracy of the sealed reactor test. A preliminary sealed reactor test must be conducted to test the equilibrium assumption. As the compound of interest is degraded, simultaneous headspace and liquid samples should be collected and Form X should be used to evaluate Keq. The ratio of headspace to liquid concentrations must be constant in order to confirm that equilibrium conditions exist. If equilibrium conditions are not present, additional mixing or an alternate reactor configuration may be required.

The compound-specific biorate constants are then calculated using Form XII. For the sealed reactor test, a stripping rate constant of zero and the headspace correction factor that was determined from Form X are entered on Form XII. The sealed reactor test may then be run, measuring the concentrations of each compound of interest as a function of time. If headspace concentrations are measured instead of liquid concentrations, then the corresponding liquid concentrations are calculated from the headspace measurements using Keqfrom Form X and entered on Form XII.

The concentration data on Form XII may contain scatter that can adversely influence the data interpretation. It is possible to curve fit the concentration data and enter the concentrations on the fitted curve instead of the actual data. If curve fitting is used, the curve-fitting procedure must be based upon Equation App. C–6. When curve fitting is used, it is necessary to attach a plot of the actual data and the fitted curve to Form XII.

If a sealed collapsible reactor is used that has no headspace, the headspace correction factor will equal 1, but the stripping rate constant may not equal 0 due to diffusion losses through the reactor wall. The ratio of the rate of loss of compound to the concentration of the compound in the reactor (units of per hour) must be evaluated. This loss ratio has the same units as the stripping rate constant and may be entered as the stripping rate constant on line 1 of Form XII.

If the loss due to diffusion through the walls of the collapsible reactor is relatively large when compared to the biorate at low concentrations, it may be difficult to obtain accurate evaluations of the first-order biorate constant. In these cases, either replacing the materials used to construct the reactor with materials of low permeability or increasing the biomass concentration should be considered.

The final result of the batch testing is the measurement of a biorate that can be used to estimate the fraction biodegraded, fbio. The number transferred to Form III is obtained from Form XII, line 9.

The number on Form XII line 9 will equal the Monod first-order biorate constant if the full-scale system is operated in the first-order range. If the full-scale system is operated at concentrations above that of the Monod first-order range, the value of the number on line 9 will be somewhat lower than the Monod first-order biorate constant. With supporting biorate data, the Monod model used in Form XII may be used to estimate the effective biorate constant K1 for use in Form III.

If a reactor with headspace is used, analysis of the data using equation App. C–6 is valid only if Vland Vgdo not change more than 10% (i.e., they can be approximated as constant for the duration of the test). Since biodegradation is occurring only in the liquid, as the liquid concentration decreases it is necessary for mass to transfer from the gas to the liquid phase. This may require vigorous mixing and/or reducing the volume in the headspace of the reactor.

If there is no headspace (e.g., a collapsible reactor), equation App. C–6 is independent of V1and there are no restrictions on the liquid volume. If a membrane or bag is used as the collapsible-volume reactor, it may be important to monitor for diffusion losses in the system. To determine if there are losses, the bag should be used without biomass and spiked with the compound(s) of interest. The concentration of the compound(s) in the reactor should be monitored over time. The data are analyzed as described above for the sealed reactor test.

3. Quality Control/Quality Assurance (QA/QC). A QA/QC plan outlining the procedures used to determine the biodegradation rate constants shall be prepared and a copy maintained at the source. The plan should include, but may not be limited to:

1. A description of the apparatus used (e.g., size, volume, method of supplying air or oxygen, mixing, and sampling procedures) including a simplified schematic drawing.

2. A description of how biomass was sampled from the activated sludge unit.

3. A description of how biomass was held prior to testing (age, etc.).

4. A description of what conditions (DO, gas-liquid equilibrium, temperature, etc.) are important, what the target values are, how the factors were controlled, and how well they were controlled.

5. A description of how the experiment was conducted, including preparation of solutions, dilution procedures, sampling procedures, monitoring of conditions, etc.

6. A description of the analytical instrumentation used, how the instruments were calibrated, and a summary of the precision for that equipment.

7. A description of the analytical procedures used. If appropriate, reference to an ASTM, EPA or other procedure may be used. Otherwise, describe how the procedure is done, what is done to measure precision, accuracy, recovery, etc., as appropriate.

8. A description of how data are captured, recorded, and stored.

9. A description of the equations used and their solutions, including a reference to any software used for calculations and/or curve-fitting.

E. Multiple Zone Concentration Measurements (Procedure 5)
Procedure 5 is the concentration measurement method that can be used to determine the fbiofor units that are not thoroughly mixed and thus have multiple zones of mixing. As with the other procedures, proper determination of fbiomust be made on a system as it would exist under the rule. For purposes of this calculation, the biological unit must be divided1 into zones with uniform characteristics within each zone. The number of zones that is used depends on the complexity of the unit. Reference 8, “Technical Support Document for the Evaluation of Aerobic Biological Treatment Units with Multiple Mixing Zones,” is a source for further information concerning how to determine the number of zones that should be used for evaluating your unit. The following information on the biological unit must be available to use this procedure: basic unit variables such as inlet and recycle wastewater flow rates, type of agitation, and operating conditions; measured representative organic compound concentrations in each zone and the inlet and outlet; and estimated mass transfer coefficients for each zone.

1 This is a mathematical division of the actual unit; not addition of physical barriers.

Reference 8 “Technical Support Document for the Evaluation of Aerobic Biological Treatment Units with Multiple Mixing Zones,” is a source for further information concerning how to interpolate the biorates for multiple zones. In units with well-characterized concentration measurements obtained in an initial evaluation of the unit, it may be possible to demonstrate that there is a good correlation of the component concentrations with the locations in the multiple-zone unit. With this good correlation, it may be possible to accurately predict the concentrations in selected zones without actually testing each selected zone. This correlation method may be used for units that have many zones (greater than 5) or where one of the interior zones is not readily accessible for sampling. To use this correlation method of estimating zone concentrations, it is necessary to measure the concentrations in the inlet unit, the exit unit, and sufficient interior units to obtain a correlation of component concentrations with the locations. You cannot use this correlation method of estimating selected zone concentrations if monitoring of each zone is required, or if the accuracy and precision of the correlation is inferior to actual individual sampling error. The accuracy and precision of the correlation may be improved by increasing the number of locations tested. Because the correlation is based on many samples, it should provide an accurate representation of a stable operating system.

The estimated mass transfer coefficient for each compound in each zone is obtained from Form II using the characteristics of each zone. A computer model may be used. If the Water7 model or the most recent update to this model is used, then use Form II-A to calculate KL. The TOXCHEM or BASTE model may also be used to calculate KL for the biological treatment unit, with the stipulations listed in Procedure 304B. Compound concentration measurements for each zone are used in Form XIII to calculate the fbio. A copy of Form XIII is completed for each of the compounds of concern treated in the biological unit.

IV. Calculation of Fbio
At this point, the individual fbiosdetermined by the previously explained procedures must be summed to obtain the total Fbio. To determine the Fbiomultiply each compound specific fbioby the compound-specific average mass flow rate of the organic compound in the wastewater stream (see regulation for instruction on calculation of average mass flow rate). Sum these products and divide by the total wastewater stream average mass flow rate of organic compounds.
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M=compound specific average mass flow rate of the organic compounds in the wastewater (Mg/Yr)

n=number of organic compounds in the wastewater

The Fbiois then used in the applicable compliance equations in the regulation to determine if biodegradation may be used to comply with the treatment standard without covering and venting to an air pollution control device.
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Table I

Compound

HL@ 25 °C (atm/mole frac)

HL@ 100 °C (atm/mole frac)

1  Acetaldehyde

4.87e+00

5.64e+01

3  Acetonitrile

1.11e+00

1.78e+01

4  Acetophenone

5.09e−01

2.25e+01

5  Acrolein

4.57e+00

6.61e+01

8  Acrylonitrile

5.45e+00

6.67e+01

9  Allyl chloride

5.15e+02

2.26e+03

10  Aniline

9.78e−02

1.42e+00

12  Benzene

3.08e+02

1.93e+03

14  Benzyl chloride

1.77e+01

2.88e+02

15  Biphenyl

2.27e+01

1.27e+03

17  Bromoform

2.96e+01

3.98e+02

18  1,3-Butadiene

3.96e+03

1.56e+04

20  Carbon disulfide

1.06e+03

3.60e+03

21  Carbon tetrachloride

1.68e+03

1.69e+04

23  2-Chloroacetophenone

4.84e−02

1.43e+01

24  Chlorobenzene

2.09e+02

3.12e+03

25  Chloroform

2.21e+02

1.34e+03

26  Chloroprene

5.16e+01

1.74e+02

29  o-Cresol

9.12e−02

2.44e+01

31  Cumene

7.28e+02

7.15e+03

32  1,4-Dichlorobenzene(p)

1.76e+02

1.95e+03

33  Dichloroethyl ether

1.14e+00

3.57e+01

34  1,3-Dichloropropene

1.97e+02

1.44e+03

36  N,N-Dimethylaniline

7.70e−01

5.67e+02

37  Diethyl sulfate

3.41e−01

4.22e+01

38  3,3′-Dimethylbenzidine
7.51e−05

5.09e−01

40  1,1-Dimethylhydrazine

9.11e−02

1.57e+01

42  Dimethyl sulfate

2.23e−01

1.43e+01

43  2,4-Dinitrophenol

2.84e−01

1.50e+02

44  2,4-Dinitrotoluene

4.00e−01

9.62e+00

45  1,4-Dioxane

3.08e−01

9.53e+00

47  Epichlorohydrin

1.86e+00

4.34e+01

48  Ethyl acrylate

1.41e+01

3.01e+02

49  Ethylbenzene

4.38e+02

4.27e+03

50  Ethyl chloride (chloroethane)

6.72e+02

3.10e+03

51  Ethylene dibromide

3.61e+01

5.15e+02

52  Ethylene dichloride (1,2-Dichloroethane)

6.54e+01

5.06e+02

54  Ethylene oxide

1.32e+01

9.09e+01

55  Ethylidene dichloride (1,1-Dichloroethane)

3.12e+02

2.92e+03

57  Ethylene glycol dimethyl ether

1.95e+00

4.12e+01

60  Ethylene glycol monoethyl ether acetate

9.86e−02

6.03e+00

62  Ethylene glycol monomethyl ether acetate

1.22e−01

6.93e+00

64  Diethylene glycol dimethyl ether

8.38e−02

4.69e+00

69  Diethylene glycol diethyl ether

1.19e−01

7.71e+00

72  Ethylene glycol monobutyl ether acetate

2.75e−01

2.50e+01

73  Hexachlorobenzene

9.45e+01

2.57e+04

74  Hexachlorobutadiene

5.72e+02

6.92e+03

75  Hexachloroethane

4.64e+02

7.49e+04

76  Hexane

4.27e+04

9.44e+04

78  Isophorone

3.68e−01

1.68e+01

80  Methanol

2.89e−01

7.73e+00

81  Methyl bromide (Bromomethane)

3.81e+02

2.12e+03

82  Methyl chloride (Chloromethane)

4.90e+02

2.84e+03

83  Methyl chloroform (1,1,1-Trichloroethane)

9.67e+02

5.73e+03

84  Methyl ethyl ketone (2-Butanone)

7.22e+00

5.92e+01

86  Methyl isobutyl ketone (Hexone)

2.17e+01

3.72e+02

88  Methyl methacrylate

7.83e+00

9.15e+01

89  Methyl tert-butyl ether

3.08e+01

2.67e+02

90  Methylene chloride (Dichloromethane)

1.64e+02

9.15e+02

93  Naphthalene

2.68e+01

7.10e+02

94  Nitrobenzene

1.33e+00

2.80e+01

96  2-Nitropropane

6.61e+00

8.76e+01

99  Phosgene

7.80e+02

3.51e+03

102  Propionaldehyde

3.32e+00

1.42e+02

103  Propylene dichloride

1.59e+02

1.27e+03

104  Propylene oxide

1.98e+01

1.84e+02

106  Styrene

1.45e+02

1.72e+03

107  1,1,2,2-Tetrachloroethane

1.39e+01

1.99e+02

108  Tetrachloroethylene (Perchloroethylene)

9.83e+02

1.84e+04

109  Toluene

3.57e+02

2.10e+03

112  o-Toluidine

1.34e−01

1.15e+01

113  1,2,4-Trichlorobenzene

1.07e+02

1.04e+03

114  1,1,2-Trichloroethane

4.58e+01

5.86e+02

115  Trichloroethylene

5.67e+02

7.66e+03

116  2,4,5-Trichlorophenol

4.84e−01

6.27e+01

117  Triethylamine

6.94e+00

2.57e+02

118  2,2,4-Trimethylpentane

1.85e+05

9.74e+05

119  Vinyl acetate

2.82e+01

2.80e+02

120  Vinyl chloride

1.47e+03

6.45e+03

121  Vinylidene chloride (1,1-Dichloroethylene)

1.44e+03

1.40e+04

123  m-Xylene

4.13e+02

3.25e+03

124  o-Xylene

2.71e+02

2.55e+03

125  p-Xylene

4.13e+02

3.20e+03
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CALCULATIONS FROM EPA METHOD 3145 DATA MEASUREMENTS
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[image: image14.png]Form DATA FORM FOR THE ESTIMATION OF
THE COMPOUND FRACTION BIODEGRADED AND AIR EMISSIONS

NAME OF THE FACILITY for s

—

COMPOUND for st spcife borst decamnaton. meshan

TIMATE OF K1 rom Form s 11, Form V e 15, ' 389
Form V- e 15, Form 1V ine L4, Form Viline 13.0¢
| Fom 01 (LJg MLYSS 1)
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b i liguor suspended ol i e el borcactor

VOLUME of fll st system (cublc meters) :

AREA O

i surce of the Fllsalesysem (quare B

ESTIMATE OF KL from Form 1114, IV, ¥, V-A, s
VB (s

FLOW RATE of wase rested n full sl berescos ms) | 0| 01565

CALCULATIONS FROM ESTIVIATES OF K1 AND KL

BIORATE (%) Mullply the nusherson incs 12,03 |7 70020000
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AIR STRIPPING ). Mulply the umbers on ines 4 25| 8 | oo0sana
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EFFLUINT DISCHARGE () Enterthe mumber cnne 6| 9 01565000
TOTAL afthe thee loss mechanisms. Add te numbers o s |10 Tis39000

T o5 Eacer he sl ere

Fraction biodegraded:  Divide the uber on i 7by e u 09774006
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sumsron line 10 snd ener e esuls hese |
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oy the umber on e 10 and e e resulis ecs

Total: s the pumbers cn ines 1. 12,304 13 The sum should Lovacono

sl 10





[image: image15.png]Form 1V DATA FORM FOR THE ESTIMATION OF K ANDKL.
FROM FULL SCALE UNIT DATA WITH AND WITHOUT BIODEGRADATION

For s gencraldiscussion f s sppronch.sce A Fnssions Mol for Waste and Wastewsc

15RO E080A, Chapre 5, Novemben 1991

s

AN OF THE FACILITY fo st petis bt decmmes g
COMPOUND o st spctic bt dssrmision |
BIOMASS (1) Ths s the e s st otind ot | |
i i Sospndd s n e s st .
VOLUME offullscale system (eubic meters) 2 | om0
| AREA ofthe i st of the sl syt e metess | 3 10
T CONCENTRATION of compound s’ ox prm) f
EXIT CONCENTRATION (NO BIODEGRADATION of compound | 6 | W |
| e orpp !
FLOW RATE of vase rsted i e sl b | 7 v ises
ESTIMATES OF K1 AND KL EROV FELD DATA WITH AND WITHOUT BIODEGRADATION

nuber oo i

ot the ety here

REMOVAL WITH BIODEGRADATION (&) Subtscthe muber | 8 1o23wses
on e from th nuber on ne4 and muluply the sl by the
numberon e 7 Coter theress e
REMOVAL WITHOLT BIODEGRADATION (gs) Subisactthe | 9 omese
| namber o fine & rom the numbes on e £ snd maliply e esals by

7 Eoter the resuls here
KLA BSTIMATE (m'is Divid the mumber on ine 9 by the o oocosss
puberon ing . Ener the resels Bere
KIB V + KLA BSTIMATE (%)  Divide the mamberon ne § 152010
by thesumber on i §_Enter th resuls here
KIB VBSTIMATE () Subtract e sumbs on s 10 fom | 12 1819520
the mapber o lne 11 Ester e esuls here
Productof B and V. Muliply themasber cn Line by the mberon. | 13 sann
ine 2 o entr th resuls here i} -
KIESTIMATE (LigMLVSS-tr) Divde he usmbercn e 12by | 14 s
R e o e 13 s malply b 3600 s e the resuts
hore
KL ESTIMATE (ns) Dividethe mmberonine 10 by the woononos





[image: image16.png]Foru¥ DATA FORM FOR THE ESTIMATION OF Ki FOR EPA METHOD 304
OR FROM A COVERED, VENTED BIODEGRADATION UNIT.
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CALCULATION OF THE ESTIMATE OF K1

13570000
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the rumber on ine 12 Fntr the resuls_here

b sumbeeon line 111 reser than the e o ine 13, s procadure cammot be used 1o demsonszte |

hatthe compound i bogradable. Dot orplet ines 13 15 .
Produetof B and V. Muliply th musber o in | by the mamber o | 14 750w |
une s et resulis e

KU ESTIVATE (Lig MLVSS-he)  Dividethe sumber on line 136y | 15

he rumber an ne 1430 malply by 3600 s Erte the eslts

here

EQUIVALENT KL Dividethe umberon line 1oy thenusberon | 16 6159
e T Entr the esuls an e 16 -

This form may be used (o cstimate the Equivalent KL with npul data for lines 2. 6. and 7
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FoanV-A__DATA FORM FOR THE CALCULATION OF K1 FROM A COV
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[image: image19.png]Form v. DATA FORM FOR THE ESTIVATION OF KI
FROM FULL SCALE UNIT DATA WITH BIODEGRADATION
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COMPOUND o e spsfic s detcsmmaion meshane! |
BIOMASS (/L) This s the dned solds that e braned o e | | s |
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TIVATE OF KL fo Form 1 (s . oot
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v

CALCULATION OF THE ESTIMATE OF K1 FROM FIELD DA

REMOVAL WITH BIODEGRADATION (/) Subtracthe I By
sumbe on e froms the smber o e and multpy the resuls
b the number online 7 Eater the esuls here

KL A ESTIMATE () Muliply thesumbercn e 3 by the | 9 o
vumberon line 6_Enter th resuls here

[KIB V1 KLA] (ws) Diside themumbercn bne S bythe | 10 24
number o i 5 Enter th resuls bere, ; 1
KIB V] ESTIMATE (m's) Subuscthe mumberonline9 | 11 2604

o the mumbes on e 10 Entr the resuls here,

Product of B and V. Muliplythe mamber onlne 1 by the massber | 12 7500
on e 2 and e e resuls e

KI ESTIMATE (Lig MUVSS-hr)_ Divide the mumber onlne 11| 13 128
by the numiber on i 12 and gl Ly 3600 st
sl here | |

52
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DATA FORM FOR CALCULATING IHE
MASS TRANSFER CORFFICIENT FOR A QUIESCENT SURFACE [MPOUNDMENT
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Emerhe o ing
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Calulste the Semidt mumber o the hiuid sid, S, 35 olows.
S, w00, —
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U= 001861063 U T _
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K =(10x 10 ¥ (3141 090 e, _

Where Uis < 0.3, clest k. follows
R (L8 1077 (12 10U Seg

2 Forallother vl of /D and U, eseulate b, wsin the Follwing procedsre rom Springer

Springer. € P D Lusney,and & T Valsorsy Emission of Hasardous Chermicals fom Surfce
and Near Surface Impoundmens 1o e U Eavironmenial Protestion Ageney, Soid and Haardos Waste
Rescarch Divison. Cuncimnts, OH. Projct Number $U3161-02. December 1984





[image: image21.png]Where U is <3 25 mis, calealate k, a5 follows.

K2R 10D, -
Where s 125 and 12 S12 Catelae . s Follows:
K= 12605 L0FD) + 12773 10°] U, (DD, _

Where U, > 3.28 s and FID = 312, calelate b, a Follows

k=2l LU (0.,

B Caleutate the gas phase mass trasster
Masasuge. m's)

e, sing (e Follwing preceduss

(Cleulatethe Schmd number o e 22 side. S 35 olows. S, /D,

Calewte
&=

fetive diamete of the impoundrient, 4, 25 follows, ().

Caleulate k. as Tallows. 61 1, < 482 1070177 5.+ g0

€ Calelate the prttion cosficien, Keq a5 olows Keq = FAR(T-273)]

D Caleulae the verall mass ansfe coeffcent, K., s follows. ()
K- U+ 1Keqk

Whre the total mposndmen: safac i quisseent
KL-X

Where & pariion of e mpoundiment srfse s trbulent,contnue it Form VIl

Hang S T Tosie Ensions from Land Disposal Focilies, Envirenmeatal Progrss | 46.52
February 1982,
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DATA FORN FOR CALCLLATING THE
\ASS TRANSFER CORFFICHNT FOR AN A7R ATED SURFACE IMPOUNDMENT

Facilty Name.
Waste Secam Compoind
[

7 Onyen cansfr rating of surfc

POWR - Totl power 0 seraters. ()

T - Water tmpature. C)

0, Oxygen wranste carrction fcion

RW, - Molscular weight of i

A~ Turoulent scface ara f mpaundmet, ()
I unknovn, e saues rom Tabie 1

- Demsity of i, (0

5. Diffsivity of onstsent n waer, s

o 1 O,y

D - Diflusiity of oxygen i wter, (s}

- mpeler damete. ()

- Rotational speed of mpellr, (s

o, Dersiy ofa, (gmicn)

N Number of scators

- Gesvitation constan, (1, 05710

& mpelerdiamece, (1)

D, Diffsivity o constituent n i cov’s)

AW, - Molecslr weight of s

- Conversal gas comsn, e ol C)
i —————"r

Gl

i he folowing

A Caleat thelquid phise mass ansfr ocfficien, k. g the fllowing Equation fom
jr——

K 822 % 107 (POWRY1 0241° 0, 10° WV p] D D )" )

(GCA Corporaton. Bmissions Dyt and Model Res i for Wastowater Trestment Opertions.
Draft Tchncal Not. Prepased for LS. Environmentl Protetion Agsny. Contrct No_ 65-01-687).
Assignment 10 August 1985 p 43

wans, S T Tove Emissons fom Land Disposal Facilies Environsental Progress 1146-52
Eebruary 1982
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s phase mass transfor coeflicient. k.. using the following procedure from Rernhardt

Caleulte t vscosi, of ar
B4 SGEN I T 7205 o

Caleulate the Reynolé's number 25 olows
R o,

Caleulat pwer t mpeller, , s follons, (115
P= 085 (POWR) S50

Caleulate the powes nuir.
PR W)

b3 fllows:

Caleulzethe §

it number,Sc.. follows:

Sey -0, [
Caeulare the Fonde nusnvee. | s ol

Caleulse k, s follows

Rom L3810 R S, F, 4 DMW A s .

€ Calelate the pariion ceeflicient, e, s o,
Keq - HIR(T /2731 -

D Caleulate the overll usbulet mass ranstes cosficisar, K., s ollows, (ms)
L~ TKeqh, -

£ Calelate he quicscent s ransercosfTiient, K, o the

poundent wsing Form VI

P Caleulae theoverall mass tansfr coefTiien, KL, for the impoundseat s lows.
K iaA) 1 K2
I

(GCA Cosparaton. Emissions Dt and Model Revie for Waste
Drat Technicat Note Prepared for U'S. B ronmencl Protection Agency. Cortrat No. 68-01-6871.
Assgmment 19 August 1985 p 43,

eeament Opersions

rsfer Coetlicent and Inefacil Phencmes of FlaBlacsd

cvlle, 8¢ 1977 45

Reinardt 1 R Gas.Side Mass-T
Suface Agiators. Ph D disertation, Uniersity o Arkanss.





[image: image24.png]Table 1. Turhulent Areas and Volumes for Surface Agitators*

 Mator A, Torbulent arcs,
horsepower, T Efeive  VoAgiated  agAreaper
[ w dephf velme® valume
T 0 167 010
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20 " 2 s 190 00870
FER 2 1986 o083
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“Data for a igh speed (1.2
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[image: image25.png]Fom (X DATA FORM FOR THE ESTIMATION OF THE HENRY'S L
'CONSTANT FOR A COMPOUND IN THE BIOLOGICAL TREATMENT UNIT

w

NAME OF THE FACILITY for st spcifc bioate detrmination

example

(COMPOUND for it speciic borse deermination

methanal

LISTED HENRY'S LAW VALUE AT 25 dgrees Celsis.
(Table 1. ato of mol fracton in s 0 mole fraction in woter)

2885

TEMPERATURE of the liguid i the unit (deg

2

CALCULATION OF K.

—

Temperature adjusted Heary's la vale (equls th vale on e 116
the emperatur onlne 21 25)

02885

Discuss basis of temperature adjustment

Temperatur in degrees Kelvin_ Add 273,16 0 the numberon i 2
Enter the rsuls bere

2981600

Temperatur atio. Divide 273.16 by the number on lne 4. Ente the
resuls here

09162

Henry's Law adjustmeat fcto. Multply the number o lne § by
804 and ot the results here.

07366

Honry's Law value (g3 gasper /o liuid) Muliply the oumbes
online 3 by the mumber on fine & and divide the sl by 1000
Ener th resuls hete nd on Fom V line 6

0000213

Henry' Law value (atm m3 per mol ) Divide the nusmber o0 i 3
by 55555 and ete the results hre

0000005





[image: image26.png]Fom X DATA FORM FOR THE CALCULATION OF

“THE HENRY'S LAW CONSTANT FOR A COMPOUND IN A SEALED BATCH TEST.

[TEMPERATURE of he liguid inthe unit (4o ©)

[NAME OF THE FACILITY for e speifc biorate determinaion cxample
[COMPOUND for st spcifc bioatedeerminstion methanol
[REACTOR HEADSPACE VOLUME, (L) I '
[REACTOR LIQUID VOLUME (&) > 10

3 25

Wastcwatercompounds s bidegsaded by bomss ¢ s el est._Forhe compond ed bove, .
o had s s oncepcation € messred t e il s e sled b . Toe s e
enterd below,und the i ofthe conecntrstons T cch dt st s cred ol

o B c b E
Daa Time Liquid Conc. Gas Cone [ 002108
se. ) (mgll) mg/L) it
!
2
4
Temperatur n degress Kelvin Add 273,16 o the mumberon e 3. | 4 g
[Ener e resuls here
[Molar ratio. Mulily the mamberon ine 4 by 4.553. Ente he reslts.on | 5 35812
line 5
[Heory's v vl (gL gas per mg/L iuid). Eterthe average value i | 6 000211
column E sbove on inc 6.
[Heorys v vl (mole fraction gas per ol faction iquid) Maltiply_ | 7 0286563
i number on e by the mumber on ine 5 _Entes thereults o line 7.
[Expected Hemry's law valve.Enter the mumber fom Form [X e 3 s 028850

[Freisn: Disussuny vanaty f e mumbers i coumn .
[ Acirscy: Discss sn dllnce btwoen th nmbers o e 7 snd e 8. e

on i

vy whic vl will e usd o

Cvaning the biodepsction e dts. Divade e ey o v by te sumber cn e o e h sl

Ko valoe (mg/L_gas per m/L iquid)

[

[HEADSPACE CORRECTION FACTOR. Divide the number on lne 2
by the sum of the numbe on line 2 and the productofth sumbers on lne:
9'andlne 1. Ester the resulton line 10,

o

0599975

headspce vl ey improve the st iy i e e

[T hendpace corecton o ok e sprovimrly | e Fendspcs il spal Redoaing e
carevion o s sty e i e





[image: image27.png]Fom X1 DATA FORM FOR THE CALCULATION OF
THE HENRY

IN AN AERATED BATCH TEST

LAW CONSTANT AND THE STRIPPING CONSTANT FOR A COMPOUND

[NAME OF THE FACILITY fo ste specifc biorte determunation

T ot

[COMPOUND for s speitc bioate determmion methanal
Concetration basis lgud o gas) s
TEMPERATURE ofthe iquid in the unt (de¢ C I 5
[GAS FLOW RATE (L) 2 !
LIQUID VOLUME (L) 3 10
[Co concentaton messurement ot tme=0 ¢ n

A ) c ) E

daa ot e ) Concentration. C (mg/L CCo | moico

|

2

3

T T

5

|CALCULATIONS. Use addiional lincs s neded i an expansion of e above (b, Plot the vales i
column E y axs)vs the dat in columa B (x axis) Reject outliers. Curve it wih asraght
Calulae the siope and etes the slope online 7._Attach the pot and bl o his form

Joumberon e 6 and e the esuls cn e 9.

[Temperature in degrees Kelvin. Ad4 27316 1 the numberonine L. |5 g
[Enerthe resuls here

[MOLAR RATIO Maliply the armber on i S by 4 355, Enmerthe | 6 [ESIE)
reslis onlne 6.

Slope of theplot o 1(C/Co) v time (pr howr) 210005
[Calcuated K., value (gL gas per my/L i) Divid o mumber | 8 0000210
o line 7 by e number on fine 2 and muliply the esuls by the

Iumber on line 3. Ente the results on ine 5

[Expected K., value. Divde the mumber rom Form X lne 3 by the |9 0000212

redesign,changing the bubbl sze, o confrming he experimentl value f K.,

Discuss any differences becween the mubers on e 8 o i 9. 1denfy which valoe will e wsed for
the evaluationofthe stippng constan (ine 10). Problems can sometimesbe esoled by system
by using Form X.

Ko valoe (ma/L._gas por L isd) 0

[

[STRIPPING CONSTANT (per hour). Divide the rumberon e 10y | 11
umber on e 3 and muliply by the number on lne . Ente the fioal
result on line 11

oo0o021

[T headspace corectionfactor cquals one for an serated botch et





[image: image28.png][FormXIl__DATA FORM FOR THE CALCULATION OF BATCH RATES
AND THE DETERMINATION OF THE MONOD CONSTANTS

[Compet i bl with s s concersion o he bt et besdpace oncenrations were
e s cqa b b e i, coner s 0 i cacensatons by v K. [1he bt e
et o o ol . oo e Tt ety i o crve i o st AppEnds -
crred B s o Estion Appendo C- o th SclodBech st Complets his e with concenrsons.
oianed rom ht it curve. b urv g aprosc s, stach  plot o e s snd e sociid
it crv s form Nt 1 e il esls 3pps o be momalous o ot e et sl

|COMPOUND for st speific birst determination Methanol
[Stripping rate constant () Form X1 line 11 L 21es
[Enter the boch es Biomass concenration (1) o e 2 2 258
[Headspacecoreeion fator. For a Saled Batc testuse Form X e | 3 0999970
10.0r 100 for sn Acrted Bath tst.
A B < ) 3 3 G
comcenration | tme | Ratefor | LogMeanS | Ratioof | Adusicd | Rociprocal
s imerval | forimenal | racwS | e | ofad e
o) | o | @l |l | o )
©b) e | o) | @inen | am)
L e SRl z B
B
A
n
3
A
B
s
B
[Continue table on attached sheet s needed. Plot values n column G ony axs, values in column D on x
visExrapolae the trend o data points o they intercept (5-0)._Attah the pot 1o the orm,
Stope of lne near interept (he-Lims) 4 s
¥ inercep rom plot () 5 193
Fist ordr rae constant K1 (or QuiKs, Ligoh) The oumber 100 | 6 2000026
ivided by the producs of he valus on e . line 2, and line 3.
2610 onde rateconstat (Qm, ) The mumber 100 divided by the | 7 so00104
of the values onlne 4, lin 2, and line 3.
|Concentation spplcabl o fullscal unt_Eneron e’ ) s
Iymm biorate K1 ESTIMATE (Lig MLVSS-hr)* 9 09606

Mt he concenation o s 81 e vahes in Coumn D 1 ook o e eivalent e i Colum . Divice
e st wth b e biomassconcnraion e 2)and h hedspacecrpecdon fto 1ne3). Enier s vl
o lne 0. Do ot e i et 10 st K1 o e e o qualiy s poor i Coumn . The mber o

e i uliphed by th homas s e sy concenration o st e Fll e e, Amaiey e

[onod e prsmeters iy b vt





[image: image29.png]FORM XIII. DATA FORM FOR THE ESTIMATION OF MULTIPLE ZONE

BIODEGRADATION FROM UNIT CONCENTRATIONS

T OF THE TACTLITY Tor s specific bioraie determination

COMPOUND for ste specific biorat determination

Number of zones in the biological treatment unit

'VOLUME of full-scale system (cubic meters)

Aversge DEPTH of the ful-seal system (meters)

FLOW RATE of wastewater trated in the unit_(m3Js)

Recyele flow of wastevater added to the unit if any (mJs)

Concentration in the wastewater freated in the unit (my/L)

Concentration i the rcycle flow, if any (mg/L)

Concentation i the effucn (ma/L).

TOTAL INLET FLOW (m3s) line 4 plus the number on fine 5
TOTAL RESIDENCE TIME (5 line 2 divided by line 9.

TOTAL AREA OF IMPOUNDMENT (m2) line 2 divided by line 3 (1] ]

Estimate of KL
Zone Concentraionfor  Atcaofthe  the zone (mis) AIR STRIPPING
sumber zone, i (mg/L)  zone, A (m2) _from Form Il KLACG (g5)

B
o
b
—
o

o]

Torus sumioream o (7] I3

Removal by ar sripping (&/s). Line 13. [

Loading in effluent (g/) Line 8 times fine . 15
Totalloading (¢/). (Line $ * line 7) + (lne 4° line 6). T

Removal by biodegradation (g/s) Line 16 minus (lne 14 + line 15). [ 17
Fraction biodegraded:_DIvile i 17 by Tine 16, @ —]

Fracton ai emissions: DIvide e 14 by Time 16 0

Fraction remaining in unit effluent: Divide line 15 by line 16. )
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