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Title 40: Protection of Environment

Appendix C to Part 63—Determination of the Fraction Biodegraded (Fsio) 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 (Fuio) 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 Fneshall 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 f,.,can 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.

1. Definitions

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

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

Fuio= 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

Ill. Procedures for Determination of fy,

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 fyio. The
following procedures may be used to determine fyo:



(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 fyois 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 Il (line 6). Estimation of the Fe and fsi,must be done following the steps in Form Ill. Form
Il 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 I, Ill, and V must be completed for each organic compound in the
wastewater to determine Fe and fyo.

If Method 304B is used, perform the method and use the measurements to determine K1, which is the first-order
biodegradation rate constant. Form | 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 Il 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 | 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 fu.determination. 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 I
(line 6). Estimation of the Fe and fysmust be done following the steps in Form Ill. Form Il 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, 11, and Ill must be completed for each organic compound in the wastewater to determine Fe and fio.

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 fs,smust be made on a system as it would
exist under the rule. Using Form 1V, calculate KL and K1. After KL and K1 are determined, Form Il is used to
calculate Fe and fuo.for 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 f,,must 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 Il. 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 Il is used to calculate Fe and fi.for 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:

SofXo=initial substrate to biomass ratio on a COD basis

Si=initial substrate concentration in COD units (g CODI/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:

~n (CFCy) = (GK, IV)e  (Eqn dpp C-2)

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—In(C/C,) as a function of t will have a slope equal to GKey/V. The equilibrium assumption can be verified by
comparing the experimentally determined Kegfor the system to literature values of the Henry's Law constant
(including those listed in this appendix). If Kegdoes not match the Henry's law constant, Kegshall 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 ):

ds — GKE‘? s+ QMX

T | v K +s

g [Eqn App.C—Bj

Where:

s=test compound concentration, mg/liter

G=volumetric gas flow rate, liters/hr

Ke=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=GKegKst+ QmVX

B=GKeq

S.=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. Kqis 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 K, completing Form XI. The values of Kesmay differ because the theoretical
value of Kegmay not be applicable to the system of interest. If the comparison of the calculated Kesfrom the form and
the expected value of Henry's law is unsatisfactory, Form X can alternatively be used to validate K. 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 XIll. 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 Ke,determined on Form XI and entered on Form XII.

The concentration data on Form XlII 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, fyi. The number transferred to Form Il is obtained from Form XIlI, 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, Kegmay 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 K¢,for the specific compound in the test. It is not necessary to measure
Keqsfor 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—
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Where:

s=test compound concentration (mg/liters)

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

V,=the average gas volume in the reactor (liters)

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

s,=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 XlI. 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
XIll. 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
XIl.

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 XIlI.

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 O 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, fuo. The number transferred to Form Il is obtained from Form XII, line 9.

The number on Form Xl 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 Xl may be used to estimate the effective biorate constant
K1 for use in Form 111

If a reactor with headspace is used, analysis of the data using equation App. C-6 is valid only if Viand Vydo 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 V,and 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 fyofor units that are not
thoroughly mixed and thus have multiple zones of mixing. As with the other procedures, proper determination of
fiomust be made on a system as it would exist under the rule. For purposes of this calculation, the biological unit
must be divided® 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.

! 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 Il 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 XIll to calculate the f,,. A copy of Form XllIl is completed for each of
the compounds of concern treated in the biological unit.

IV. Calculation of Fbio

At this point, the individual fresdetermined by the previously explained procedures must be summed to obtain the
total Fuio. TO determine the Fyomultiply each compound specific fuioby 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)
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n=number of organic compounds in the wastewater

The Fyiois 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.

References

1. Rajagopalan, S. et al. “Comparison of Methods for Determining Biodegradation Kinetics of Volatile Organic
Compounds.” Proceedings of Water Environment Federation. 67th Annual Conference, October 15-19, 1994.

2. Ellis, T.G. et al. “Determination of Toxic Organic Chemical Biodegradation Kinetics Using Novel Respirometric
Technique”. Proceedings Water Environment Federation, 67th Annual Conference, October 15-19, 1994.

3. Pitter, P. and J. Chudoba. Biodegradability of Organic Substances in the Aquatic Environment. CRC Press, Boca
Raton, FL. 1990.

4. Grady, C.P.L., B. Smets, and D. Barbeau. Variability in kinetic parameter estimates: A review of possible causes
and a proposed terminology. Wat. Res. 30 (3), 742—-748, 1996.

5. Eaton, A.D., et al. eds., Standard Methods for the Examination of Water and Wastewater, 19th Edition, American
Public Health Association, Washington, DC, 1995.

6. Chudoba P., B. Capdeville, and J. Chudoba. Explanation of biological meaning of the So/Xo ratio in batch
cultivation. Wat. Sci. Tech. 26 (3/4), 743-751, 1992.

7. Technical Support Document for Evaluation of Thoroughly Mixed Biological Treatment Units. November 1998.

8. Technical Support Document for the Evaluation of Aerobic Biological Treatment Units with Multiple Mixing Zones.
July 1999.

Table |



H,@ 25 °C (atm/mole

H,@ 100 °C (atm/mole

Compound frac) 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 o0-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- 6.54e+01 5.06e+02
Dichloroethane)

54 Ethylene oxide 1.32e+01 9.09e+01
55 Ethylidene dichloride (1,1- 3.12e+02 2.92e+03
Dichloroethane)

57 Ethylene glycol dimethyl ether 1.95e+00 4.12e+01
60 Ethylene glycol monoethyl ether 9.86e—02 6.03e+00
acetate

62 Ethylene glycol monomethyl ether 1.22e-01 6.93e+00
acetate

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 2.75e-01 2.50e+01
acetate

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- 9.67e+02 5.73e+03




Trichloroethane)

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 9.83e+02 1.84e+04
(Perchloroethylene)

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- 1.44e+03 1.40e+04
Dichloroethylene)

123 m-Xylene 4.13e+02 3.25e+03




;| o
[en) (e}
5L
% S LINA LNIWLYIHL 121907018 ¥ NI (0194} a3av€93a0i8 aNnodod
~ w JINYOHO 40 NOILIVEL IHL ONININYI 130 204 SAOHLIW TYLNIWIHIAXT IAILYNLILTY L aunbiy
[ ejEa mo) SSEW BORIGAE WEANS [ WEBNS _
| reyey eyy Ag Buipiup pue Janposd eyl Bujwwns | | Jsyemaejsem ay} ul punodwos |
‘punodiios jey) jo) ajel Mo|) ssell abeiaae _, aiuebio pajeinbal ysea o)
_ap Aq olgy yoea m_____,___n_:..___.._._. fiq 0jgd aujuuayeg | olq) puUe &) Jo SajEwW|}sa 28109
4
NN _ I ~ .._.
S| 8 T_x wlo4 )eIdwoD "0jq) P 93 ORWNST | | ||| W04 B18IdWIOD TH PUE |3 JO SEIEWRSE WO 0|y PUE 8} BIEWIST
H .n__u _— i L
—| ™M
] I R
N I o4 Il w4 syejdwon m | Il uuo 4 ajedwon _
ae|dwos ‘Slapowl UCISSILUD JIe | _ ‘S|2pOLW UoISSILULD JIe |
| euoz yaee Joj | wioly Ty ajewns3 _ WOy T Sewns
.J_Iu_im.aﬂE_.nm ﬁ 'y
| sauoz ayjup | ) _ % L’
| SUCHEUBIUCD I Uio R N T [ Aumog |
[ m..:mum_______ aje|dwon ajapdwog _ _ apadwon ayadwon | | ajadwos
.[W ‘5188) ‘ejEp ‘elep pley I 23E|no|es | | 1Y senaesn
yajeq wouy P91y woay Wwod) LY pue |
sauoz 7 LM Em_...u_.mu rx aje|najes T sjEnajes | o - 1
. Apusp) L |* e lavoe Eﬁw_____ﬂ_
¥ Wd3 asn
JuBLIBINSEaL Sluawalnseall uonepeibapoig
UaEUSIUGD g]83) uoeguaduod INOUIIM PUE LM aroe poyla vd3 |
o| ol suozedyny g yajeg ‘v J2NC PUE J9JU| "E  ejep aouBWLIOURH T 1o ______Wcm PoyiaiN vd3 @50 L
=1 ] [ A F 1 |
= = g M0 PR | aunpasosd wouy as00yD
1 > ‘pepeiBepojq punodwoo syuebio pageinBas yoes Jo uopoely oy} sujwaelep o) aanpasoud Ayuep|
Sl At — - — — . 4| o i -
M % ssajeweled sy oeds-a))s euwlalag |
— | - L §

View or download PDF


http://www.access.gpo.gov/ecfr/graphics/pdfs/er22ja01.164.pdf

Water Trap

Iﬁ —+ Sample to GC

g Check Valve

7y
i | vent
|
|
|
Air
(< 15 psi)
Injection Point | |
i ‘i Mass
Sl Flow
~ |

o Controller
Sparger %

Figurs 2. Examole dersted Draft Tube Reactor

View or download PDF


http://www.access.gpo.gov/ecfr/graphics/pdfs/er17ja97.042.pdf

Water Trap

- B * Sample to GC
S |
Y
Recirculation
| Pump
| 7
E
I
!
|
Injection Point i
il
Ej:: |
9
Sparger

Figure 3. Example Sealed Draft Tube Reactor

View or download PDF



http://www.access.gpo.gov/ecfr/graphics/pdfs/er17ja97.043.pdf

Frrm | DATA FORM FOR THE
ESTIMATION OF THE EPA METHOD 3048 FIRST ORDER BIORATE CONSTANT

- NAME OF THE FACILITY for site speaific biorate determunabion .
COMPOUND Toe sile specific boorate determenation S I
| INLET COMCEMTRATION wsed in EFA METHOD J04[ I 78 '
EXRIT CONCENTRATICN measured by EPA METHOD 34B 2 fi
| BIOMASS f2/L} Thes s the draed soluds that ae abtained from the 3 l 75 :
muxed liquor suspended solids i the bench seale biorcactor ] 1
TEMPERATURE OF BIOREACTOR (dep C) 4 33
FOVOLLUME of CPA METHOD 3B benck seale bioreastor (1] 3 b
i ELUW RATE of wuste wraated w i bench scule brorsator 1L [ U 14

CALCULATIONS FROM EPA METHOD 3048 DATA MEASLUREMENTS

RESIDENCE TIME thr) Divide the number on line 5 by the number | 7 4 an
on line &> and enter the results here

Concentration Decrease (g'm®). Subtract the number on line 2 from ] 7200
the mumber on line | and enter the sesulis here

BIORATE {g/m’hr) Divide the number on ling § by the numberon | 9 175
lime 7 and enter the results ht[c_

1
Prowiuet of concentratzon and biomass Muoltply the number on line 20010 U ]
b the numbses on ling ¥ and enter the results hers

BIORATE KL {L/g bio<hr)  Divide the number on line @ by the Ll 1y
numbes on Lline 10 and enter the resulls here
Temperature adjustment. Subtract 23 deg. C from the numberon line 12 1o

|4 and eater the resulls here. | )
lemperature adjustment Tactor. 1035 is (ke defoult emperature 13 (AL |
adjustment factor. Enter the temperatune adjustment Gctor here,
Hiorawe temperature ratio, Rawse the number on lne 13 w the power L4 l.5a67
of the number on line 12 !
BIORATE Bl at 25 dep. C(L/g MLVSS-br} Divide the oumber on | 15 | Iak
line 11 oy the number on line 14 and enter the results here | i

Moz, With Momad kinetics, use Kmax=1000 o convert the Monad kinetics o Brst order. [f a differen
teartperatuse adjustment factor than the default 15 amterad on hne 13, make sure that the adjustment Getar usad
in the caleulations agrees with the value entered on line |3
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Freorn 11 FROCEDD RES FORM FOR TIHE
ESTIMATION OF THE KL FROM UNIT SPECIFICATIONS

NAME OF THE FACILITY tor sie spectfic buorale deterrmunabion

MAME OF UNIT for site specilic hiorate determinilion

| NAME OF COMPOUND

HENRY'S LAW constaat for the compound (mele racton i gas per mole
Traction w water af 13 degrees Celsius)

II:IE.'I\.I'J']!:‘rr THE TYEE OF LISIT (check one box below]
Chnescent impoundment |
Suridee agtated impoundment 2 i
muriies aptated wpounidiment Wi se b ged i | 5
Ltk agitated by submerged acration gas L 4
EPa Method 3044, Covered wint, LUNOX svstem, or bench il
scale reactor

PROCEMURES RASED UPON THE TYPE OF UNIT

UNIT PROCEDURE TO FOLLOW

| Use the quizscent impoundment model ta determine KL Ulse Kq as KL as determined
from Form WIL

Use the quigscent impoundment model to determine KL for the gquiesseent 2one, Form VI
Lge the serated impoundment model to determine KL lor the agitated surface, Form VL

[

3 Use ihe quigseent impoundment model to determing Ko for the quisscent zone, Form VI
Use the acrated impoundment model 1o determing KL for the agitated surface, Form VL
The total system KL s the sum of the KL from Form Vi and the equivalent KL from Form
Vo Use the submerged air rate as the vent rate in form V

4 Lse the asrated impoundrment model 1o determine KLt the surface 15 agitated. Use the
quiescent impoundment model it the surfice 15 not agitated. KL includes the effect of
volatilization in the air discharge Sce sectinn 36,1 m AR EMISSI0ONS MODELS FOR
WASTE AMD WASTEWATER (EPA-433/H-03-080A0  The total system KL s the sum
of the KL from Form VI and the equivalent EL from Form % Use the submergzd

air rake @s the vent rake i Form Y

[

EL for the surface i assumed w be equal zero. Determmine equivalent kL based upon ar
discharge Use Form V for EPA WMethod 3024 or of the concentration in the vent 15 nat
measeed  Use Form V-A if the concentration i the vent i measured

f

Estumats of KL ebtamned from above procedures (nv's)
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Fram 1124 PROCEDTRES FORM FOR THE
ESTIMATLION OF THE KL FROM WATER 7
!
NAME OF THE FACILITY for sue speafic biorate determunation. |
I
| MAME OF UNIT for gite specific biorate determunalion |
NAME OF COMPOLND
HENREY'S LAW f_'.(]MP[‘.'rl.l_.'*-D 1
IDEMTIFY THE TY#E OF UNIT {check one box below) |
T
Quiescent impoundment | |
1
| Surfce agitated impoundment 2 J'
- 1
: _ Surfie v ol imprundment with submerged ar 3 ]
| Ut agitated by submerged aeration gas 4
|
| Covezed umil, UMOX system, bench scale reactor 5
PROCEDURES BASED UPON THE TYPE OF LNIT
usl procedurs to follow i}
| 1ge the quiescent impoundmen: model o determns kL.
2 Lse the oerated impoundment model to determune 5L o the combined agitated surfzoes and
guizseent surfices
3 Use the aerated impoundment model to determine KL for the combined agitated surfaces and
L gquigstent surfaces ]
4 Use the aerated impoundment model to determinge KL if the surface i agirated. Use the
guizseen: impoundment model of the surface 1s not agitated. KL inchudes the effect of
volutilication in the air discharge. See szeion 56,1 in AIR EMISEIONS MODELS
FORWASTE ANDYVWASTEWATER (EPA-45LR-04.0804).
3 FL foar the swrfoce is assuwmed o equal zero. Select the coversd unit option with the
- aerated impoundment model
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DATA FORM FOR THE ESTIMATION OF
THE COMPOUND FRACTION BIODEGRADED AND ATR EMISSIONS

equal 1.0

C nANE OF THE FACILITY for site spec D biornie Setermumnalion evample
COMPCLIN D for site specific buorate detemminaton e ol
ESTIMATE OF K1 from Form [ line 11, Form WV hine L5, | NS
Formm V-A Loe |5, Form IV Lne 14, Form VI hne 13, 00

_ Form X0 line @ (1/g MLYSS-hr)

GIOMASS (271 This is the dred sehds that are obtained from z x4
thie mixed liguor suspended sohds in the fSull-scale bioreactar
YVOLUME of full-scale system (cubic meters) K] 2700
AREM of the hguid surface of the full-scale svstem (square 4 15040
il _
ESTIMATE OF kL from Form 1L A 1YW, V-4 5 (00003 E
ar ¥-B  (mis)
FLOW BATE of waste ireated in full-scale hioreactos [m™s) f 0. 1563
CALCULATIONS FROM ESTIMATES OF k1 AND EL

|
BIDEATE im's) Mulliply the numbers on lines 1, 2, and 3 7o TO0Z0000
together and divide the results by 3600 Enter the results here. | .
AR STRIPPING (m'fs). Multiply the numbers on lines 4 and 3 ] t 00054000
wopether. Enter the resulis here
EFFLUCNT DISCHARGE (m"s) Enter the number on line & D O 1363000
here
TOTAL of the three loss mechanizms. Add the numbers on ines 1 T L3900
T % and 9 Enter the results here.
Fraction hindegraded:  Divide the number on line 7 by the 11 09774006
numiber an line 14 and enter the resulls bere
Fraction air emisseons:  Davide the number en line & by the 12 (0.0007538
numiner on line 10 and enter the results bere _ 1
Fraction remawning in unil effluent. Divide the nomber on me @ | 13 (0215454
by the number on line 10 and eoter the results here
Totnl add the mumbers cn ines 11, 12, and 13 The sum should ld [RILBUSEY
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Form IV

ATA FORM FOR THE ESTIMATION OF K1 AND KL

Far i pemeral diseassion of thes cpproach. see A Bressions Models Tor Waste and Wastewater, EPA- :

VA3 R--080A Chaprer 5, Mowvemher |95 '
CNAME OF THE FACILITY for site specific biorate determinaticos ! example

COMPOUMND for site spectic biorate determunation e 1 merfared

BICWIASS (/L) This s the dred sohds that are obtamed from the L 24

muxed ligueor suspended solids i the full-scale bioreacion

VOLUME of full-scale svsten feubne meters) 2 o0
| AREA of the liguid surlece of the full-scale system {square meters) 3 | 50K
f‘\..__ET{'{']*MFL'NTRA_T[O‘J of campound (g'm® or pprow) 4 133 5

ST CUNTEN A TION of compuis it v ppae )

EXIT COMNCENTRATION [(NO BIODEGRADATION] of compound | 6 132
_{@m’ or ppmw)

FLOW BATE of waste treatzd m the full-scale buoreactor (m'/s) 7 11505

ESTIMATES OF K| AMD KL FROM FIELD DATA WITH AND WITHOUT BICDEGEADATION

REMOVAL WITH BIODEGRADATION (g Subtract the number
o line 3 from the nwmber on Lne 4 and mueltiply the results by the

number on ine 7. Enter the resulls here
e et e e e .

&

[9 258545

REMOVAL WITHOUT BIODEGRADATION (g5) Subtract the
murzber e linge & from the number on lize 2 and muliply e resulis by
the nurnber an e 7. Enler the resulls here,

QOTHIE0

KL A ESTIMATE (m%sl  Divide the number on line 9 by the
nurnber on line &, Enter the resulls here

005 KS

KIB W + KL A ESTIMATE (m%sp . Divide the number on line %
by the number on lize 5 Enter the results_here.

| BZ0108

KIG % ESTIMATE (m%s) Subtract the number on line 10 from
the nwober on line 1. Enter the resulis here

| 319520

Productof Band V. Multiply the number on line | by the number on

T 2 amd enter the resulls bere,

GdBN

Ki ESTIMATE (L/eMLVSS-hry  Divide the number on line 12 by
the number on lne L3 and multiply by 3600 shr Enter the results
hire

IR BE R

kL ESTIMATE I_|‘.'_"';:l [Jivide '.]'..‘t |1||r||';;-;_"'q'-|| |i|':_' |03 I_":L |_|1|_'
mumber on line 3. Enter the results here

3

RIS
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Form V DATA FORM FOR THE ESTIMATION OF K FOR EPA METHOD 3044
OR FROM A COVERED, VENTED BIODEGRADATION UNIT

For 2 peneral discussion of this approach, see A Emissions Models for Waste and Wastewator, EPA-
453/R-04-080A, Chapter 5. November 1994

wARME OF THE FACILITY fon site specdic biorate determunation cxample
COMPOLND for site specific norate determunaton. e than!
BIOMAZRS 12/L) This is the dried solids that arz obtained from the 1 nnvs

mired liquor suspended solids in the wnit

YENT RATE of ol gas leaving the unie (G, m's) | 2 1
TEMPEEATURE of thie Lopaid in the unn ideg. C) | 3 25

|
[MLET COMCENTRATION of compound (z/m” ar ppmw] | 4 ik
ENIT OO O TN TR ATION ef seaeund £ Wl =
ESTIMATE OF Henry's low comstant (H. g/m " in gas / g/m® i liquid) . fi 00021
Olbtaised Tom Farm 1% L | )
AREM OF REACTOR i) ; 7 3400
VOLUME OF REACTOR (m') o | & L0
FLOW BATE of wiste tremied i the wnt m'isl 4 0 1446
CALCULATION OF THE ESTIMATE OF Kl
TOTAL BREMOVAL (g's) Subtraet the numises on line 5 from the 1 15 870000
number cn line 4 and moltiply the result by the number on line & |
Enter the results here o
[HG] ESTIMATE (m's)  Multiply the number on line 2 by the Il 0000071
number on lime & Enter the results here
EIB W + HGD (m's)  Divide the number on lme 10 by the 12 17740400
number on line $ Foter the results here
(K1E V] ESTIMATE (m%s) Subtractthe numberon hne [l from | 13 1773070 |

the number on line |2 Fnter the results here.

If the number on line 11 1= greater than the number on e L3, this procedwe cannet be vsed to demonstrate |
thas the compound 15 hiedepradable. Donol complete lines 14 and 15,

Product of B and V. Muluply the number on ling | by the owmbier on 14 ERSIREEITEY
Line # and enter the results here. . N —
Kl ESTIMATE (Lég MLV3S-hr)  [hvide the number on ling £3 b 15 13315099
the rumber an line 14 and muloply by 3600 shr Enter the resulls

here

EOUIVALENT B [hvide the number on line 11 By the number on L G, ] Re-0u

line 7. Ender the results on e 16

This farm may be used to estimate the Equrvalznt kKL with input duta for lioes 206, and 7
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— - =

Foom VeA DATA FORM FOR THE CALCULATION OF K1 FROM A COVERED,
VEMTED BIODEGRADATIN UNIT THE VENT COMUENTRATION (S MEASTTRED |
For o general discussion of tus approach, see A Emossions Madels foc Waste and Wastes ater, EFA- :
A%3R-94-0804, Chapler 3, MNovernber 4994 e
MAME OF THE FACILITY fur site speafic tnorate detenmination . L ewumple
1
COMPOLIND or site speeific beorate determonataon l | il
|
BIOWASS (@/L) This s the dried sehds that are ohtuned from the (. (075
mizsed lgquor suspendad solids in the unit |
S !
VENT RATE of totzl gas lexving the unit (G, m''s) z |
TEMPERATURE of the liquid n the unie (dee. O} i | 25
NLET COWNCENMTRATION of compound (O, g/m’ or ppmw) 4 o
EXIT CONCENTRATION of compound [T, pim’ ar ppmw) I 5 !
| VESTCUNUENTRA TN ol SO POu LU g i Ll i
|
AREA OF REACTOR SURFACE ') 7 =D
YOLUME OF REACTOR (m') _ & 10000
FLOW RATE of waste reated in the wnt (m'fs] i o 014
CALCULATION OF THE ESTIMATE (F kL
TOTAL REMOVAL (gfs) Subtract the number on line 3 (rom (he 10 , 1R ET
mumber on ling 4 and muluply te results by the number o loe 5. |
Eatler the sesuits here ~ i
[ GCwiCe] ESTIMATE (m%s)  Multiply the numbser on line 2 by the [ D] ! O 000020
rimsher on ling 6 and dovide by the number on hne 30 Enter the results |
hire | |
(KIB W + G CwCe] (mYsy  Divide the number on line 10 by the 12 277 |
rwmber i line 5 Enter the resuits here.
[EIR V] ESTIMATE (m%%) Subtractthe number on line [l fom | 13 237
the number on lioe 12 Enoter the results here,
1f the numbser an line 11 is greater than the numher on kne 13, this procedure cannet be uzed o
demunstrale that the eom pound 15 hiodegradeble. Do not complete lines 14 and 13
Prodect of B and V. Multiply the number on line | by the number on 14 EEHRLH
Tine B ued enter thwe results here. _
K1 EETIMATE {lig MLVES-hrl  Divide the number on line 13 by 13 1330
the nueber oo bne 14 and muluply w2600 s'hr Enter the results i
hare ]
EOUIVALENT KL Divide the numiper an line |1 by the mumber on 16 5 sl
lne 7 Enter the resolts here.

T'his form may be used to caleulate fe Equivatemt KL wath input data for loes 2056, and 7
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Foem %-H DATA FORM FOR THE CALCULATION OF EQUINALENT KL
FROM A VENTED BIGDESGRADATIN UNIT WITH AN AR SUPPORTED COVER
THE VEST CUNCEN CRATIUN 3 MEASURED.

SaME OF THE FACILITY for sile specific borate example
determination

COMPOLND for site specific hioraie determenztion e methign!
Vent rate of total gas entering the cover im's) 1 | 120
Vent rare of watal gas leaving the cover transferred to o contrel device 2 100
(mig) |
TEMPERATURE of the liquid in the wnit (deg ) K | )
Area of air supporiad cover (me) 4 140300
Permeahiliny throwgh the eover fomfst | & | SE-h
WVEMT CONCENTRATION of compound § gim o L__L'- | ogz2
EXIT COMUEMTRATION of cgﬂqu_d_r 2/m’ or ppmw 7 L a7
AREA OF REACTOR SURFACE {m') % 1500
Perfornmmee of vent contral deviee (% contrel ) o |9 b

CALCULATION OF THE ESTIMATE OF EQUIVALENT KL

Loss of fosced air in the cover dee to leakage, (m'/s) Subtract the L 20
number on line 2 from the number on line | Enter the results here

Logs of compound in foreed 2or (g/5) Multiphy the number on lne 10 | L1 042
by the numiBer ondine & Enter the results here, |

Lioss of compound by permeatica thoough cover {gs) Line 4 bmes boL2 0
linz 5. lunz &, and divade by 100, Enter the resulls here, |

Luss of compound by permeation theough vent (g/s] Liae 2 umes line : L3 22
6 Enter the results here. |
| Treatment of compownd in control deviee (251, Line 13 tmes line %, L4 0209
_duvided by 100 Enter the resulls bere.
| Total removal from air phase {z/5) Sumof 11 12 and |3 ._.I, L5 264
1 7% | 6hi
[C Cv/Ce| ESTIMATE (m'/s) Divide line 15 by line 7 17 HuiE
EQUIVALENT KL Divide the number oo line 17 by line 8 k3 e l.67e-05 |

The permeanilizy 15 the ravo of the Tlux (giom? | 1o the gos concentration (gem’ ).
If the gas is generated by the unit, the gas entering the cover may be cstimated from an estirate of the cover
leak vate and the tosal gas ransfered o the control devicee
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Form %1 DATA FORM FOR THE ESTIMATION OF K1
FROM FULL SCALE UNIT DATA WITH BIODEGRADATION

MAME OF THE FACILITY for sie speaific brorale detenmination

B

COMPOLUND For site speadic norale determenataon

1 ]
SREITRO)

BIOMANS (/L) Thes s the dred salids thas are obiained Gom the 0075

mixed liguor suspended solids in the full-seale hiorenetor

VOLLIME of full-scale svsiem (cubic meters) 2 L0

AREA of the bgud surfice of the Tuil-scaly svstem (squire meters) 3 LOO0G

INLET CONCEMTRATION of compound {p/m’ or ppmw) 4 1K)

EXIT CONCENTRATION of compound (ip'm® or ppmw) 5 3

ESTIMATE OF KL from Form [T (mds)y ] 000001 :r

FLOW BATE of waste weated i the full-seale biorescior imYs) T | | U4 -
| CALCULATION OF THE ESTIMATE OF 1 FROM FIFLD DATA i

]

REMOWVALWITH BIODEGREADATION (g5} Subtract the L 1387

number on line § [rom the nember on line 4 and multply the resulis

B the surmber on line 7 Enter the resulls here.

[KL A] ESTIMATE (m's)  Multiply the number on line ? by the | 9 T

aumber on line 6 Eoter the results here, 1

[KIR Y + KLA] (m%) Dwide the number on line 8 by the Lk 2774

number on ling 3 Enter the results here. 1

K1 B W] ESTIMATE (m%s) Subtract the number on line 9 11 2674

froan the nusmber on line L0 Enter the results here. 1

Froduct of B and V. Multzply the number on lne | by the number 12 TA00

an line 2 and enter the results here. N |

K1 ESTIMATE (L& MLVSS-hr)  Divide the number on line L] 13 1.28352

by the number on ling 12 and muliply by 3600 she. Enter the

resulis here, )
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FORM %11
DATA FORM FOR CALCULATING THE
MASS TRANSFER COEFFICIENT FOR A QUIESCENT SURFACE [MPOUNDMENT

Faciliy Mame
Waste Stream Compound:
Lnter the fallowing,

F - Impoundment fotch (m)

O - Impoundmenlt depth imi

LF,. - Windspeed 10 m above liqud surface inv's)
I3, « Diffusivity of compewnd tnowater fem=/sp
0, - Dhiffusivite of ether iowater (om='s)

W - Viseos iy of ur (fomes)

0 - Density of ar, (g/em’)

D - Dfustone of compoend inonr fom™iss
M- Ared ol impoundment, (m-j

H - Henrv's law constant, {atm-m''g mol)

B« Umversal gas constant, (etm-m'e mel K}
o, - Wiscosiy of waler, (gfom-s)

- Density of liguid, (eiem”)

T« lmpoundment temperature, {7 C)

oY

Caleulate the following
Caleulae F/TY -
Ao Caleulate the ligued pliase mass transfer coellicient. k. using one of the following procedures, {ny's)

1 Where F/D < 14 and U = 3 25 sz use the following procedure from Mackay and ¥eun

Caleulate the Schmidl number on the hawd side, Se; . oz follows
se = pip D,

Cabeulate the frictoa velociy, U as follows, (mis):
=000 x L, 6 1= 063l 5°

Where U 15 = 0.3 caleulate ko as fallows:
by =000 L0+ (34 ] L0907 ¢ e

Where U is = 0.3, caleulate k. as follows
b= (RO 10+ (148w 10T s S

z For all other values of F/D and U calealate k| wsing the [ollowing procedere from Springes!

“Epanger, ©L P D0 Luaney, and KT Valsaag Emission of Hazardows Chemicals from Surface
and Mear Surface Impoandments 1o Awr. LS. Environmental Protection Ageney, Solid and Hazardous Waste
Reszarch Division. Cocinnate, OH. Project SMumber 808 151-02, December 1983
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Where U s < 3 235 me's, calentlate k, as fallaws
k=278 10T D,

and [4 = B0 502 Caleulme by a5 Follows:
D 1277 107 U D,

Where L1, 15 = |
k, =[2.605 < IOHF

Where L, = 325 mis and A3 = 512, caleulte k, as ollows
[ R U S N T A | ) !

B Calealme the gas phase mass transfer coefticient. k. wsing the following procedurs from MacKaw and
Matzasugu. (ms)°

Caleulare the Schmudt number on the gas side. Sc, a8 fallows: Sc, =p/p,D,

Caleulate the effective diameter of the impoundment, d_ as follaws, (m).
d = (dAmtt

Calculate k. as fallosws, fin'sh L, = 4 82~ [V [S 278G 487 4 0
C o Caleulate the purtition coefficient, Keq. as follows: e = HRIT-273))
[ Caleulate the overall mass transfer coefficient, B as follows. (mis)
K, = 1+ IKeq-k,

Where the wtal impoundment surface 18 quicseent
kLK

a

Where a portion of the impoundment surface 12 terbulent, continue with Form V11

“Hwang 5 T Toxie Emissions from Land Dispesal Faelies, Environmental Progress | 46.572
Fobruery 1982
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FORM VI
DATA FORM FOR CALCULATING THE
MALRS TRANSFLR COEFFICIENT FOR AN AFRATER SLIRFACE IMPOUNTMMENT

Facility Narne: ) _ o
W aste Stream Cosnpoand

Enter the following:

- Oooygen ransler rating of surface aerater. (b Oyhr-hp) o
POPR - Total power o aeraters, (hph
I - Warer fermperaiure, i 'f_'l
0, = Uhovgen transfor correstion fzoion -
WV, - Malecular werght of higuad o
M, - Turbulent surface area of impoundment, (£17]
(I unknown, uss values from Table 1)
- Tetd serliee area oD impoundinene N5
o - Drensity of houd, (b0 B
3, - DifTusivity of constiteent n water, fomris] o

O - Deftusivity of ooveen inowater, (on’s)

d - Impeller diametes. (e

w - Retatienal speed of unpeller, trals)
o, - Densitv of air, {gm'en’)

™ - Mumber of serators

i - Giravitation consiant, r_Ih__l-r'L.'s".'Ih,:.

4" - Impeller diameter, (1)

T2, - Diffusivity of constituent in air. (cm™/'s)
MW - Melesulas weight of aur

R - Umversal gas constant, Gt e mol -
H = Henrv's low constant, {atm-m"/g mal| o

Caleulate the following:

A Calenfate the liguid phase mass transter coefficient. k. wsing the following Equation from
Thibodeaux:® !

k= [B22 x 107 F{POWRY 10205 0, 108 MW (Vap ) (D O ™ imds)

'GCA Corporation. Emissions Data and Model Review for Wastewaler Treatment Operations
Drait Technical Note, Prepared for U5, Environmental Protection Agency. Contract Mo, 68-01.6871,
Assignment 49 August 1985 p o 4-2

Hwang, 5. T, Torae Emissions from Land Disposal Facilities. Environmental Progress | 46-57
Febhmuare 1982
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B Calealae the gas phase mass ransfer cozlioent. k. using the following procedure from Rembardt *

Caleulate the visensity of i, o, a3 lellows, (zlem =]
=k 308 K LU T+ TR0 [

Caleulate the Revnold's number as follows
= diwp, e,

Caleulave power w impeller, 2, as follows, (T 1hys)
A= 085 (POWR) 350/

Calculate the power number, p. as follows:
p=Pedpd” W)

Caleulate the Schmidt meamber, e as Tollows:
Se, = ep0,

Calenlare the Fronde number. F | as follows

[ A

- ——

Caleulate k; oz follows
B m LAS® L0 RS pt S T FTT MW . (mes)

€. Calculate the partinon coefticient, Keg, a5 follows
Keg - HARST+273))
17 Calewlan: the overall turbulent mass transter coctficient, K, oz follows, (ms).

DR = Uk = TReg ke

E Caleulate the quicseent mass transfer coeflicient, K, far the inpoundiment using Form VI
F.  Calculate the overall mass transfor coelMicient, KL, for the impoundment as follows,
F iA-A L + KA
F 3
e —

Er o=

GUA Corporation. Emissions Data and Maodel Review for Wastewater Treamment Operations
Draft Technical Mote  Prepared for U5, Environmental Protection Ageney. Contract Ne 68-01-6871,
Assigmment A% Aypust 1985 p 4-3,

Rewharde, I R Gas-Side Muss-Transter Coetficient and Interfacial Phenomena of Flat-Bladed
Surface Agitators. Phold dissertation. University of Arkansas, Favetteville, Ar 1977 p 48
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Tabkle 1, Turbulent Areas and Yaoloumes for Surface -\g_itﬂtﬂt’s'
s

.-\.., Turbulent area,

w, Motor

horsepower, — e Effective V. Agitated Ay Area per
hp fi* m’ depth, fi volume, ft* volume fE/
177 - |I"| -l-_ o II'; o -'I_'-'h'-' 0 140

T.5 ) |57 (R R 0 p
10 227 21 10, 2383 1 n9a2
15 284 24 i 1119 1) 0519
20 S KR 11.% 1083 NORTH
25 413 R4 12 4 9%k (0833
kL] (B 45 7 i1 5 RsD 0033
40 Hel nld K B3RT 0.0769
30 K3s 9.5 L4 11,970 CO714
Hilk 1075 (HILH 15 16,130 (} ha4
75 l.452 135 L6 23.240 0623
10 2,204 205 [§.1 AT 555

“I3ata for a hugh speed (12000 rpm) aerator with 60 em propeller diameter (d}
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Form IX DATA FORM FOR THE ESTIMATION OF THE HENRY'S LAW
CONSTANT FOR A COMPOUND IN THE BIOLOGICAL TREATMENT UNIT

MAME OF THE FACILITY for site specific broraie determination exaimple

COMPOUND for site specific biorate determnation mettanol

LISTED HEMRY'S LAW VALUE AT 25 degrees Celsius. | I8R5
{Tahle 1, ratio of mel fraction in gas to mole fracbion in water)

TEMPERATURE of the liguid in the unit (deg C) 2 15

CALCULATION OF K

r 2885

s

Temperature adjusted Henry's law value {equals the value on line | if
the tempesature oa line 2 is 25)

Discuss basis of temperpmere adjustment

Temperature in degrees Kelvin, Add 273,16 to the number on line 2. | 4 2981600
Enter the results here

Temperature ratio.  Divide 273,16 by the number on line 4, Enter the | 5 09162
results here.

Henry's Lew adjustment factor. Multiply the number on line 5 by & 0. 7366
0,804 and cnter the results here.

Henry's Law value (g/m3 gas per g/m3 liquid) Multiply the number | 7 00213
on line 3 by the number on line & and divide the results by 1000,
Enter the results here and on Form Y lne &,

Henry's Law value (atm m3 per mol ) Divide the number on [ine 3 8 (00005
b 55555 and enter the resules here
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Form X DATA FORM FOR THE CALCULATION OF
THE HENRY'S LAW CONSTANT FOR A COMPOUND IN A SEALED BATCH TEST

WAME OF THE FACILITY fior sate specific bigrate determination example
COMPOUND for site specilic biorate determination methanol
REACTOR HEADSPACE VOLUME, (L) 1 1
REACTOR LIQUID VOLUME (L) 2 L
TEMPERATURE of the liquid m the unit {deg C} 3 25
Wastewaler eompounds are biodegraded by biomass in & sealed bateh test. For the compound listed above, 2 datn
set of lLiquid and gas concsnirations 15 mensured ot four difTerent tmes dunng te sealed batch st The dats are
entered below, and the ratio of the concentrations for esch data set is entered in column E.
A B 8 [} E
[rata Timec Liquid Cane. s Cone, K., 0002108

set thr) (gLl imgL) e

1

2

k]

f [ |
Temperature in degrees Kelvin, Add 273,16 to the number on line 3. 4 198.16
Enler the results herg
Molar ratio. Multiply the number on line 4 by 4.355. Enter the resulison | 3 1,358,012
line 5.
Henrv's law value (mg/L. gas per mg/L Lguid). Enter the average valugin | & 0000211
column E above on line 6.
Henrv's law value {mode fraction gos per mole fraction liquad) Multiphy 7 0 286563
the number on line & by the number on line 5. Enter the resulls on line 7.
Expected Henry's law value. Enter the number from Form X line 3. ] 288500

Freciswn: Discuss any varahility of the numbers in eolumn E.

Accuracy: Dhscuss any dufference between the numbers on ling 7 and line 8. 1dentify which value will be used for
evalunting the biodegradation rate data. Divide the Henry's law value by the number on line 5 and enter the resulls
o line 9.

K, value (mg/'L. gas per mg/L liquid) 9 0000211

HEADSPACE CORRECTION FACTOR. Divide the nummber on ling 2 10 0999979
by the sum of the number on line 2 and the product of the numbers on line
% and line |. Enler the result on line 10,

The headspace correctyom factor should equal spproximately | if the eadspace ia relatively small Reducing the
headapace volume may improve the test data quality if the hea correciion factor 15 substantinlly bess than one,
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Form X1 DATA FORM FOR THE CALCULATION OF
THE HENRY'S LAW CONSTANT AND THE STRIPPING CONSTANT FOR A COMPOUND
IN AN AERATED BATCH TEST

MAME OF THE FACILITY for site specific biorate determination | example
COMPOUND for site specific biorate determmation methanol
Concentration basis (liqud or gas) s
TEMPERATURE of the liquid in the unit {deg.C) 1 25
GAS FLOW RATE (L'hr) 2 1
LIQUID VOLUME (L) 3 10
Co concentration measurement at time=0 | ) 4

A B C D E

data point time Chr} Cencentration, C {mg/L) CiCo -ln(C/Coj

i

2

3

E |

CALCULATIONS. Use additional lines as needed in an expansion of the above table, Plot the values in
column E (¥ axis) vs the data in column B (x axis). Reject outliers. Curve fit with a straight ling,
Calculate the slope and enter the slope on line 7. Attach the plot and table to this form.

Temperature in degress Kelvin. Add 273,16 to the number on line 1. 5 29816
Enter the resulis here

MOLAR EATIO. Multiply the number on line % by 4 555, Enter the fi 135812
results on line 6,

Slope of the plot of -In{C/Ca) vs time (per hour) 7 2 10e-05
Caleulated K,, value (mg/L gas per mg/L liquid). Divide the number | 8 0.000210

on line 7 by the number on line 2 and multiply the results by the
number on line 3. Enter the results on line 8.

Expected K, value. Divide the number from Form [X line 3 by the G 0000212
number on line 6 and enter the results on line 9.

Discuss any differences between the numbers on line 8 and line 9. Identify which value will be used for
the evaluation of the stripping constant (line 10). Problems can sometimes be resolved by system
redesign, changing the bubble size, or confirming the experimental value of K, by using Form X.

K, value (mg/L gas per mg/L liquid) 1 0.0002 10

STRIFPIMG CONSTANTiper hour), Divide the number on line 10by | 11 0.00002 1
number on ling 3 and multiply by the nember on line 2. Enter the final
result on line 11,

The headspace cormection factor equals one for an aerated batch tese.
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Form XII DATA FORM FOR THE CALCULATION OF BATCH RATES
AND THE DETERMINATION OF THE MONOD CONSTANTS

Complete this tble with measured liquid concentrations [rom the batch test (1 beadspace concentrations were
measired and equilibrium has besn verified, convert them to liguid concentrations by wsing K (7 the data are
seutlered, plod fe coicool ulive va. L Jata, i Ot the Juts with a curve based vin Equatian Appendix C-3 Gt
Aerated Batch test or Equation Appendis Co6 for the Sealed Bateh test. Complete this form with concentratons
obtained from that fitted curve. [F the curve fitling approach is used, attach a plot of the data and te associated
fitted curve to this form, Mote: If the indtial results appear to be anomalows, do not wse the initial results

COMPOUND for site specific biorate determination Methanol
Stripping rate constant (‘hr) Form X1, line 11 L 2 le-5
Emnter the batch 125t Biomass concentration (/L) on line 2. 2 258
Headspace correction factor, For a Sealed Batch test use Form X line | 3 0999979
10 or 1.00 for an Aerated Batch test.
A B C D E F K}
concentration time Rate for LogMean5 | Ratinof | Adjusted | Recprocal
b interval for interval rafe to 5 rate of adj_ rate
img/L) (hr) {(mg/L-hr) {mg/L) {/hr) {hr)
{a=a., ¥ {a=a.,V
(b, -b) Infafa, ) (cn (E-line 1)
G e

sleEl=]== ==~

Continue table on attached sheet as nesded. Plot values in column G on y axis, values in column D on x
axiz. Extrapolote the trend of data points (o the v intercapt (3=0).  Amach the plot to the form.

Slope of line neas intercept (hr-Limg) 4 A845

¥ intercept from plot (hr) 5 1.938
First order rate constent K | {or Om/Ks, Lig-hr). The oumber 104 & 2000026
divided by the products of the volues on line 5, line 2. and line 3.

Zero order rate constant (Qm, /hr). The number 1.00 divided by the 7 8000104
products of the values on line 4, line 2, and ling 3,

Concentration applicable to full-scale unit. Enter on ling 8, ) 3
Effective biorate K1 ESTIMATE (L/g MLVSS-hr}* 9 {09606

*hdatch the concentration on line 8 1o the values in Column [ and look up the equivalent rate in Column F. Divide
the result with bolh the biomass concentratiom (line 23 and the headspace cormection factor (lime 3). Enter thos value
ot line 9. Do nwot use this method to estimate K1 for line 9 if the data quality is peor m Column F. The number on
line % is multiplied by the biomass and the system concentration o estimate the full scale biceate. Alternativedy, the

hemod mexdel prrameters may be used
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FORM XI1IL. DATA FORM FOR THE ESTIMATION OF MULTIPLE ZONE
BIODEGRADATION FROM UNIT CONCENTRATIONS

MAME OF THE FACILITY for site specific biorate determination
COMPOUND for site specilic biorate determination
Mumber of zones in the biological treatment unit 1
YVOLUME of full-scale system {cubic meters) ]
Average DEPTH of the full-scale system (meters) 3
FLOW RATE of wastewater treated in the unit (m3/s) 4
Recyele flow of wastewater added to the unit, if any (m3/5) 5
Concentration in the wastewater trested in the unit (mg/L) ]
Concentration in the recycle flow, if any (mgT.) 7
Concentration in the effiuent (mg/1.). #
TOTAL INLET FLOW {m3/s) line 4 plus the number on line 3 i
TOTAL RESIDEMCE TIME (=) line 2 divided by line 9, 0
TOTAL AREA OF IMPOUNDMENT {m2) line 2 divided by line 3 1
Estimate of KL in
Zone  Concentration for Area of the the zone (m/'s) AIR STRIPPING
mumber #ong, Ci (mg'L) zone, A (m2)  from Form [ ELAC (25

1 |

2

5

I1. - T AL S

L

]

, -

gl

]

10

TOTALS surm far gach Zone, 12 13
Removal by air stripping (g/s5). Line 13, w|
Loading in effluent (g's). Line 8 times line 9. 15
Total loading (gfs), (Line 5 * line 7) + (linc 4* line &), 16
Removal by biodegradation (g/s) Line 16 minus (line 14 + line 15). 17
{Fraction biodegraded:  Divide line 17 by line 16.. 18
Fraction air emissions:  Divide hine 14 by line 16, 19
Fraction remaining inunit effluent:  Divide line 15 by line 16, 20
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