Appendix C to Part 63—Determination of the Fraction Biodegraded (Fy;,) 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 (Fy;o) 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 Fp,shall 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.

I1. Definitions

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

foic= 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

I11. 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 fy;,. The following procedures may be used to determine
foio-

(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.
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All procedures must be executed so that the resulting f,i,is 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 304 A 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
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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 fy;;must be done following the steps in Form 111. Form 111 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 11, 111, and V must be completed
for each organic compound in the wastewater to determine Fe and fy,.

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 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 I1-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
fuiodetermination. 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 11 (line
6). Estimation of the Fe and fy;,must be done following the steps in Form I11. Form 111 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 I1l must be completed for each organic
compound in the wastewater to determine Fe and fi,.

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 fy;;must 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 |11 is used to calculate Fe
and fy;,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 fy;,;must be made on a system as it would exist under the rule. The first step
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in using this procedure is to calculate KL using Form I1. 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 111 is used to calculate Fe and f,,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:

R =

— =1 #n App -1
Ay 1.42}{'[&5r PP )
Where:

SofXo=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/Xcratio (on a COD basis) must be initially
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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:

—In (C1C,) = (GE,, V)t (Bgn App. 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)

Keg=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 GK,,/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, 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 GKEQ ox

e +| Em Apn =3
" = |° [K5+SS | B App )
Where:

s=test compound concentration, mg/liter

G=volumetric gas flow rate, liters/hr

Keg=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)
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Qmn=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:

]
Lo [ e ST [ AT E g app. 0
A 5y AL A+ Bg
Where:
A=GK. Ko+ QuVX
B=GKu,

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 (Qnand 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 Kqfor 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. Kis 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.q, completing Form XI.
The values of K¢may differ because the theoretical value of K.qmay not be applicable to the
system of interest. If the comparison of the calculated K¢,from 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 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 Ke,determined 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, fni,. 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
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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 Kqfor the specific compound in the test. It is not necessary to
measure Kfor 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:

ds - oLx
dt Vel T K +s
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)

Keg=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:

VK, 1]
:% (s-su)m;m[%ﬂ (Eqn Lpp. C-8)

This equation is used along with the substrate concentration versus time data to determine the
best fit parameters (Qnand K) 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 K.,. 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

] S] [Egn App. O - 5)

5
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concentrations are calculated from the headspace measurements using Ke,from 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 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, fni,. The number transferred to Form Il is obtained from
Form XIlI, 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 Il1.

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
Viand 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.
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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
fuiofor units that are not thoroughly mixed and thus have multiple zones of mixing. As with
the other procedures, proper determination of f,j,must 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 11 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 1I-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 f,;,. A copy of Form XIlI
is completed for each of the compounds of concern treated in the biological unit.

IV. Calculation of Fbio

At this point, the individual fy,sdetermined by the previously explained procedures must be
summed to obtain the total Fy;,. To determine the Fy,multiply each compound specific fyi,by
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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.
Iy
Z[f:mi X M)
R = o S [E.:;r?z App O —7)

]
2.,

i=l

M=compound specific average mass flow rate of the organic compounds in the wastewater
(Mg/YT)

n=number of organic compounds in the wastewater
The Fy;is 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 |
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 5.09¢—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
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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 9.12¢-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 5.09¢-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)
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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 1.19¢—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 2.89¢—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 1.64e+02 9.15e+02
(Dichloromethane)

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
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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
124 o-Xylene 2.71e+02 2.55e+03
125 p-Xylene 4.13e+02 3.20e+03
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Figure 2.
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From [ DATA FORM FOR THE

ESTIMATION OF THE EPA METHOD 304E FIRST ORDER BIORATE CONSTANT

COMPOLINT Moe site specific baorate detesnnatien

- MAME OF THE FACILITY for site specific biorple defermunabion

Example

METIEANOL

i

line ©1 by the number en line 14 and enter the results bere

| INLET COMNCEMTRATION wsed in EPA METHOD J0dR I 7% |
EXIT CONCENTRATION megsured by EPA METHOD 3045H 2 f :
| HIOMASS (/L Thes s the dred soluds that are obtained from the 3 075
mexed quE_'pr suspc[|d{'d salids m the bench scale bioreactor . i
TEMPERATURE OF BIOREACTOR (deg C} 4 33
| VOLUME of EPA METHOD 3048 bench seale biorcactor (1) 3 )
FLuWy AATE afwuste roated 1w Eench scale brorcactor (Lo [ | U L4n
CALCULATIONS FROM EPA METHOD 3048 DATA MEASUREMENTS
RESIDEMCE TIME rhr) Divide the number on line 5 by the number | 7 L0
on line & and enter the results hers
Concentration Decreaze ('m®). Subtract the number on line 2 from 4 T2.00
the mumber on line | and enter the sesults here ~
BIORATE {g/m"hr} Divide the number on ling 8 by the numberon | 75
line 7 and enter the results here
]
Froduct of concentratzon and blomass Muoltpl the number online 20010 4
| b the number on line 5 and enter the results here
BIORATE KL {L‘g bio-hr)  Divide the number on line 9 by the Il k4
number on ling 10 and enter the resulls here
Temperature adjustment. Subtract 23 deg. © from the numberon ine 112 i
|4 and eater the resulls here. | | )
lemperature adjustment Tactor, 1036 is the default temperature I3 RV I
ndjustment factor. Enter the temperature adjustrent factor here.
Biorate temperature ratio. Rawse the number on lne |3 1o the poser L& 567 :
of the numser on line 12 1
BIORATE Bl at 25 ceg. O (L/g MLVSS-hri Dvvade the number on | 15 | 24K

Mole, Witl Mosod kinetics, use Kmax=10300 10 convent the Monod kinetics to fiest order. [ a difTerent
tearperanise adjustment factor than the detault 15 entered on hne 13, moke sure that e adjustment Gctor usead

in the caleulations agrees with the value entered on line 13
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Foom 1D PROCEDD RES FORM FORTITE
) ESTIMATION OF THE KL FROM UNIT SPECIFICATIONS
SanE OF THE FACILITY tor site specific orale determunation

HAME OF UNIT for site specilic hiorate determinilion

| NAME OF COMPOUND

HENREY'S LAW constant for the compound (mole [raction in gas per male
Traction wn water 2t 15 degrees Celsiug)

IDENT]!:‘F THE TWEE OF LISIT (check one box below)
Chnescent impoundment | )
Surfnce agtated impoundment 2 i
Surihes apiiated Lpoundiient Wi sebinerged a | 3
Lt apitated by submerged acration gas . 4
EPA Method 3044, Covered wet, LUMOX svstem, or bench i
scale reactor

PROCEMUIRES RASED UPON THE TYPE OF UNIT

LIMIT PROCEDURE TO FOLLOW

| Lsge the quiescent impoundment model to determine KL Use K as KL as determined
from Form WIL

2 Lse the quigseent impoundment model to determing KL for the guiescent zone, Form VI
Usiz the serated impoundment model to determine KL o the agitated surface, Form VL

3 Use the quicscent impoundment mode] to determine ko for the quieseent zone, Form Y
Lge the acrated impoundment model 1o determine KL for the agitated surfoce, Form Y111
The tatal syatem KL 15 the sum of the 5L from Form VI and the equivalent KL (rem Furm
5. Use the submerged air rate as the vent rate i form Y

4 Lse the asrated impoundment moded 10 determing KLt the surfoce 15 agitated. Use the

quiesscent impoundment model i the surface is net apitated. KL includes the effect of
volatilization in the air discharge See section 36,0 i AIR EMISSI0NS MODELS FOR
WASTE AMD WASTEWATER (EPA453/E-O4080A0  The total systeim KL s the sum
of the KL fromm Form VI and the equivalent EL from Form % Lse the submerged

qir rate as the vent rate o Form W

L

EL for the susface i assumed 2o be equal zero. Determmne equeivalent kL based wpon ar
disclarge Use Form V tor EPA Method 3024 o af the concentration in the vent 15 not
measwred  Use Form V-A il the concentration wn the vent s measured

Estumats of KL chtamed from above procedures (inw's)

h

Page 18 of 35



Fom 114

PROCEDTRES FORM FOVR THE
ESTIMATION OF THE KL FROM WATER 7

NAME OF THE FACILITY for site speaific iorate determunation.

| NAME OF

LIWIT for site specific biorate determunation

NAME OF COMPOLIND

HENRY'S LAW COMPOLND 1
IDEMTIFY THE TY®RE OF LINIT {check one box below) |
T
Quiezscent impoundment | |
1
| Surfce agirated impoundment 2 J'
- 1
! ) Surface peitated impondment wath F::h:Er'__';.'d ar 3 !
| Ut agitated by submerged aeraton gas 4
|
| Coversd wl, UMDY system, bench scale reactor 5
FROCEDURES BASED UPON THE TYPE OF LNIT
uail procedure to follow
| Use the quiescent impoundment mode] 1o determnes kL.
2 LJse the serated impousdment model o determune 5L Tor the combined agitated surfaces and
quizstent surfices
3 Use the aerated impoundment model to determine KL for the combined agitated surfaces and
L gquieseent surfaces ]
4 Use the aerated impoundment mndel to determine KL if the serfaee is agiated. Use the
quizseen? impoundment model of the surfice 15 not agitated. KL includes the effeet of
volutilizaton in the air discharge. See scouon 56,1 m AR EMISSI0NS MODELS
FORWASTE ANDIVWASTEWATER (EPA-45LR-04.080A)
5 FL foar the surfoce is assumed o equal sero. Select the coversd unil option with the
- aerated unpoundment model
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[Fomm I BATA FORM FOR THE ESTIMATION OF
THE COMPOUND FRACTION RIODEGRADED AND AR EMISSIOMNS

aqual 1.0

L MAME OF THE FACILITY for aite specific biornie deternunalion cxample
[ !.‘-.-1E’[}I.,'.\_.'J fn_r slle speciiic iorate detemunation mehanal
ESTIMATE OF K from Form [line 11, Form ¥ bine 15, | 118G
Form V-a line 15, Form IV Loe Le, Form VI liee 13, or

| :“urm A e % 11 MLV S5 -hr)

GIOMASS (2/1) This is the dned solds that are obtained from 2 24
thie mied liguor suspended selids in the Sall-scale boreactar
YVOLUME of full -zcale system (cubig meters) i 2700
AREA of the liquid surface of the full-scale system (square 4 1500
Nilars ~
ESTIMATE OF KL from Form 1L 1A Y WV V-4, 5 (OO0 3G
ar ".-’-EI-_ I"Tl."-.:'
FLOW BATE of waste treated in full-seale bicreactor {m®/s) fi 0. 1565
CALCULATIONS FROM ESTIMATES OF k1 AND EL

|
BIDEATE (m*s) Mulliply the numhers on lines 1, 2, and 3 7o 70020000
together and divide the resulls by 36040 Enter the results here. | .
AR STRIPPING (m's). Multply the numbers on lines 4 and 3 ] t 00054000
wogether. Enter the results here
EFFLUCNT DISCHARGE (m"s) Enter the number ca line & 9 O, L 23000
here
TOTAL of the three loss mechanizms. Add the numbers on hines 1o T LaF0M0
T 8 wnd % Enter the reswlts here.
Fraction indegraded:  Dhvide the number on ling 7 by the 11 G AT TAONG
pumber an line 14 and enter the resulls here
Fraction air crusarons:  Dhivide the number on ling & by the 12 00007538
number on line 10 and enter the results here 1
Fraction remawning in unil efuent Divide the number on ine @ | 13 (02 15456
by the number on line 10 and enter the results here.
Tatal: add the numbers on hnes 11, 12 and 13 The sum should 14 [T
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[} |
Form [V AT A FORM FOR THE ESTIMATION OF K1 AND KL !
il disvussion of thes appronch. see A Emssions Medels Tor Waste and Waslewater, TP A- !
-IR0A Chaprer 5, Movember |95 |
T :
B ?\-'.-‘-.F.E!j.'_ﬂl- '['H!—Z F.—‘l{'liﬂ‘_r' :;?_r site .ap_-.--.._nl:l.: bicrate determrunation exiunple
COMPOUND for site specilic biorate determination merhano! |
BICWIASS (/L Thus s the dred solids that are obtamed Trom the L 24
muxgd hpsor suspended salids i the fll-seale bioreasion
VOLUME of full-scale svsban foubic maters) 2 700 |
| AREA of the liquid surlece of the full-scale system {square melers) 3 | 20k
{—_ . )
| INLET CONCENTRATION of compound ig/'m’ or ppmw) 4 133 3
i LT RS T RA TN of compuniid {0l wi ppie ) ]
EXIT COMCENTRATION (MO BIODEGRADATION of compound | 6 133
K afm’ or ppmw]
FLOW BATE ef waste treatad i the full-scale bioreactor {m'/s) 7 11565
ESTIMATES OF 81 AMD KL FROM FIELD DATA WITH AND WITHOUT BIODEGEADATION
EEMONAL WITH BIODEGRADATION (pi) Subtract the nurmber ] [9 258545
o lne 3 from the number on line 4 and maltply the results by the
number l:':]:_|£|.r.‘. 7 g_ggir_m;_ttﬁulls [1:1-:
REMOVAL WITHOUT BIODEGRADATION (gfs) Subtract the B OIS0
' number on ling & from the number on lize £ and multiply the results by ‘I
the nurnber on lne 7. Enler the resulis here, i
KL A ESTIMATE (m'st Divide the number on ling % by the 10 0 0058
puinber on line 6. Enler the resulls bere _
EIB Y + KL A ESTIMATE (m%s; | [ivide the number on ling 3 1 | B2 T0E
b the number on line 5 Enter the results_here.
FIE W ESTIMATE (m's) Subtract the number on hine 10 from 12 | RI9520
Uz mumber oo line 11, Enter the resulis here
Product of Band . Multiply the number on line | bv the nember on 13 ]
T 2 and enter the resulls here, L _J_
Kl ESTIMATE (L/eMLVSS-hey  Divide the number on line 12 by 14 Lolhsdad |
the verber oo lae L3 aod multiply by 2600 shr Enter the results
hare
(100004

kL ESTIMATE I_|‘.'_"'§:l v '.1'..‘: |1||r||';;-:_"q1|| |i|':_' 143 I_":L |_|1|_'
number on line 3. Enter the results here
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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 a peneral discussion ol this approach, see A Emussions Models for Waste and Wastewater, EPA-

4533 R-94-0804, Chapier 5, November 19494

mAME OF THE FACILITY for sate speedfic biorate detemmunation

cxample

COMPOLWI for sie speaific norate detemunation.

wethanod

BIORASRS (2L This s the dried solids that are obtzined from the i 1 nuvs
mized liguor suspended solids in the wnit i
WENT RATE ol total gas leaving the umt (G, m's) | 2 1
TEMPEREATURE of thi Lguid in the uan ideg, C) | 3 25
|

[MLET COMCENTRATION af campound (2/m” or ppmw) | 4 | iy

T COC TN TR ATION of semmoennd (0m’ o oy 2
ESTIMATE OF Henrv's law constant {H. aim’ in gas / g'm? in lguid) | 6 Q0002
Obtained fom Form 1% . | )
AREA OF REACTOR (') | 7 3400 |
YOLUME OF REACTOR (m') _ - | & LRI
FLOW BATE of waste treated i the vt (s 9 (1 144
CALCULATION OF THE ESTIMATE OF K
TOTAL REMOVAL |:_|_|,"5_] Suhtract the numbes on line 5 from the I 13 870000
number e line 4 and moduply the resuli by the number on line %
Enter the results hers o
[HG] ESTIMATE (m's)  Multiply the number on line 2 by the Il D000
number on lime & Enter the results here
(1B W + HGD (m's)  Divide the number on line 10 by the 12 2774000
number on line $ Foter the sesults here
[K1EB V] ESTIMATE (m%s Subtract the number on hne [l from | 13 17731070 |
the number on line 12 Enter the results_here.
IF the number on line 1115 greater than the number on hne 13, this procedure cannet be used to demonsirate |
tha? the compound 15 hiedegradable. Do not complets liness 14 and 15
Produet of B and V. Muluply the number on ling | by the oumber on 14 RO UOUGL
line # and enter the results here. L B —
Kl ESTIMATE (Lég MLVAS-hr1  [hvide the number on line 13 by I3 13 315008 |
the umber an Line 14 and muloply by 3600 shr Enter the resulis
here
EQUIWALENT 81 Dhvide the number on line 11 5By the number un L& &, 1 8e-119
line 7, Ender the results on line 16 N

This form may be used te estimate the Equivalent KL wath input duta for Tines 206, and 7
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Foom VoA DATA FORM FOR THE CALCULATHIN OF K1 FROM A COVERLED,
VENTED BIODEGREADATIN UNIT THE VENT CONUCENTRATION [E MEASTURED !

For a general discussion of tus approach, see A Brossions Models for Waste and Wastewater, EPA-
A53/R-94-0804, Chapler 3, November [W9d

| whimple
| S i

MAME OF THE FACILITY Tur sie speafic eorate detenmination

1
COMPOLND for site specifie boorale determenatinn | | methannl |

BIOMASS (/L) This s the dried soluds that are abtmned from the [ 075
mizxed lguor suspendad solids in e unit I

WENT RATE of total gas leaving the wmt (G, m's) Z

TEMPERATURE of the liquid in the unit {deg. Ch 3 3
INLET CORNCEMTRATION of compound (1, g/m’ or ppmwi 4 oy
EXIT CONCENTHATION of compound (Cep/m’ ar ppomw) L3 5 |

PWENTCORCENRA TIVEN ol LONT PO LU ) h Ll
AREA OF REACTOR SURTACE (') 7 g |
YOLUME OF BEACTOR {m'} ) & 10000

FLOW RATE of waste reated in the wnat im'si 9 0 L4
CALCULATION OF THE ESTIMATE OF KL

TOTAL REMOVAL (g5} Subtract the number on lne 3 rom the 10 N N
rrwmbier on ling 4 and muluaply te results by the oumber o lne 5. |
Enler the sesuits here

[ GCwiCe] ESTIMATE (m¥s)  Multiply the numbsr on line 2 by the | 1 ! OO0
riimsher on ling 6 and divide by the number on hne 30 Enter the results |
herg ;

[KIB % + (G Cwe] {mYsy  [Divide the number on line 10 by the 12 277
rowmiber o line 3 Enter the results here,

[ElR V] ESTIMATE (m%s) Subtract the number on line [ from | (3 237
the nurnber oo line 12 Eoter the results here,

If the numbser on line 11 is greater than the number on hne 13, this procedure cannot be usad to
demuonstrile that the compound 15 hiodegradeble. Do not complete lines 14 and 13

Product of B and V. Multiply the number on ling | by the oumber on 14 TAL i
Tine B and enter e results here,

-

Kl ESTIMATE {lig MLVES-hrl  Divide the number on line 13 by
the sber oo bine 14 and muluply e 2600 s'hr Enter the results I

here

EOUIVALESNT KL Drade the number an line Ll by the samiber on 12 § Se-lG
linc 7 Enter the results here.
[his form may be used to caleulate the Equivatemt KL with input data For lines 2. 3. 6. and 7
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Foom V-B DATA FORM FOR THE CALCULATION OF EQUIVALENT KL
FROM A VENTED BIODEORADATIN USLET WITHE AN AR SUPPORTED COVER
THE VENT LUNCEN TRATIUN (3 mllAsURED.

NAME OF THE FACILITY for sile specific buorate example
determination )

CORMPOUNT for sie specific hinrate detemunation . . methanod
Vent rate of 1atal gas enterng the cover (m''s) | | 120
Vent rate of total gas leaving the cover ransferred to o control device 2 H
im'sp |
TEMPERATURE of the liguid in the unit (deg €7 i | 23
Area of air supported cover (m°l 4 14034
Permeahility through the eover femtst | A i SE-f
VENT CONCENTRATION of coanpound (a/m*) L _ i*--l:l | Iz
EXIT COMUENTRATION of cc:npl_:fgp_d_[ 2/m’or ppmw 7 I a7
AREA OF REACTOR SURFACE {m') 4 P50
Parformianee of vent contral deviee (% control ) o | g Ga
CaLCULATION OF THE ESTIMATE OF EQUIVALENT KL

Loss of feeced air in the cover dee to leakage, (m's) Subiract the T 20
number en ling 2 from the number on line | Enter the resulls here

Logs of compound in forced e (g's) Multiply the number on line LU | L1 0044

__|_‘|:. lhg]um'rx:rcm ne i Enter the results here. |
[.«_;{55 .;I’ -;;l_l.'rlp-c1||r||.| h_\- |||.'.|rr||::|.‘.i|.:u| I!:-uuu,:,ll L% EF f,.';.'ﬂ_l. Line 4 thimes . 12 0

| line 3 Lune 6, and divide by 100, Enter the resulls here, |

! Luss of compound by permeation theoogh vent (gfs] Line 2 umes ne | 13 ip22

6 Enter the results_here. |

| Treatrment of compeuwnd in control deviee {g/E). Line 13 tmes line 9, {14 0.209

_duvided by 100 Enter the resulls bere.

" Total removal from air phase {g/5) Sumaof 11 12 and 13 - | 15 0264
Fotal ireasment effectiveness (%) Line 14 divided by 15 times 100 | 16 79 166
[G Cv/Ce] ESTIMATE {m'/s) Davade ling |5 by line 7 17 gois
EQUIVALENT KL Divide the number on hine [T by line ¥ 1% _E’-"‘L&-ﬂﬁ |

The permeanilizy 15 the raio of the Thax (g/om? | 1o the gos concentration (g'sm’ ).
If the gas s generated by the umt, the gas entering the cover may ¢ cstimated from an estimane of te cover
leak vate aind the toal gas rassferred o the control device
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Form Y1 DATA FORM FOR THE ESTIMATION OF K1

FROM FULL SCALE LNIT DATA WITH BIODEGRADATION

MAME OF THE FACILITY fur sike specilic iorale detenmnation

COMPOUND for aite specific norate determunation

1 ]
melRan

B0 Ass (g/L] This s the dned salids that are obrined from e 0075
muxed liguor suspended solids in the full-scale hicreastes
VOLLME of full-scale svsiem (eubie meters) 2 L0
AREA of the bqud suriace of the lull-scale svslem (square meters) 3 LG
INLET CONCENTRATION of compound (g'm’ or ppmw] 4 104
EXIT CONCENTRATION of compound (i2'm® or ppmw) 5 3
ESTIMATE OF EL from Form 11 (mds) ] 0 0001 E
FLOW RATE ol waste weated i the full-scale biorsacior tm'/s) | | e
CALCULATION OF THE ERTIMATE OF X1 FROM FIELD DATA

1
REMOVAL WITH BIODEGRADATION 1g/s5) Subtract the LI 1387
number on line § rom the nember on line 4 and muoliply the resulis
b the surmber on line 7 Enter the resulls here.
[KL A] ESTIMATE ¢m'fs) Multiply the number on line 2 by the | 9 01
number on ling 6 Enter the results here. 1
[KIR Y + KLA] (m') Dwide the number on line 8§ by the Lo 2774
number on line 3 Enter the results here, 1
k1B W] ESTIMATE im%s) Subtract the number on line & 11 2674
frize the nuiriber on e L0 Enter the results here. AL
Product of B and V. Multzply the number on lne | by the number |X TA0n0
on fine 2 and enter the reswlts here. I .
K1 ESTIMATE (Lég MLVSS-hr)  Dhavide the number on hine 1] 13 125352
b the number on ling 12 and muliply by 3600 sTe. Enter the
results herg, )
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FORM VI
DATA FORM FOR CALCULATING THE
R COEFFICIEMT FOR A QUIESCENT SURFACE [MPOUNDMENT

RIAKK TRANMY

Faciliy Name

Waste Strewn Compound:

Enter the fallowing,
P - Impoundment ferch {m)
D - Impoundment depth im]
Lf,. - Windspeed 10 m above hqud surface (my's)
I, = Daffusivly of compound o water iom=/s}
0, - Daffusivity of ether i water (em~'s}
H; = Viscosioy of air. (pfomes)
P - Density of awr, {giem’}
D - Dilfssvsy ef compownd inoar fonis)
A= Ared ol impoundment, (m-j
H - Henrv's law constant, {atm-m*/g mol}
B« Umversal gas constant, (etm-m''e mel “K)
py, - Wiscosiy of waler, (g/ome-s)
= Density of liguid, (giem™
T - lmpoundment temperature. | C)

Caleulate the follpwi ng
Caleulate F/TY -
A Calculate the ligued plase mass transfer coeDeient. k,, using one of the fellowing procedures, fm/s)

1 Where F/D < 14 and U = 3 25 sz, use the following procedure from MacKay and Yeun

Calculate the Schmidl numiber on the hqwd side, Se; . 25 follows
H':I. - u‘..'l.nn.n-r

Cabeulate the frictaoa veloeiy, U7 as follows, mds)
U= 001 x U, 061+ 063 1, 5

Where L 15 = 0.3, caleulate ko as follows:
by = (00w L0+ 34 ] w0 L0AL o B

Where U is < 0.3, caleulate b, as tollows
b= 00 JO o (14 5 107U e

: Fur all other values of F/DYand L, caleulmie K using the [ellowing procedure from Springer:!

“Epanger, ©L P D Luarey, and KT Valsaiag Emission of Hazardows Chemicals from Surface
and Mear Surface Impoandments 1o A LS. Eavironmental Prateetion Agency, Solid and Hasardous Waste
Reszarch Division. Cocinnate, OH. Project Sumber 808 1461-02 December 1984
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Where U s = 3 23 ms, calenlate k, as fallaws
k. =278 x 10%D,/D,,_ "

and [4 < | =512, Caleulate ka3 Follows:
B ST el VR I i 0 T

Where LD, 15 -
ky =2.605 «

Where L, = 325 més and F/TD > 51 2, caleulate by, as fllows
k= (2601 % L0 (o,
B Calealte the gas phase mass transfer coetbicient & wsing the following procedurs from Mackay and
Mazasugu. (m's)°

Caleulare the Schmudt number on the gas side. Sc, 08 fallows Sc, =p/p,D,

Caleulate the effective didameter of the impoundment, d_. as follows, (m)
d = (dAmtt
|

Caleulate k. as Talloss, fim'ad L = 4 82« [0 [] #™ g+ g1

o Calealane the parttion coefficient, Keq. as fallows Beg = HRT=273))

[ Caleulate the overall mass transfer coefficient, B as follows, (mis)
LR, = Uk + iKeq-k,
Where the weal impoundment surfaee 15 quicscent
kL~ K,

Where a gorton of the impoundment surface 15 ferbulent, contines with Form VI

“Hwang, 5 T Toxic Emissions from Land Dispesal Faeilings, Envirommental Progress | 46.57
Febroary 1952
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FOYRM VIILT
MATA FORM FOR CALCULATING THE
VARE TRANSFER COEFFICTENT FOE AN AFRATFNSLRFACE INMPOLNTMENT

Faclity Wame:
Woaste Siream Cosnpiand
Enter the tollowing:

I e Omygen transler rating of surface aerater, (b Gu'hr-hp)
PR - Total power o aeraters, (hph
= Warer temperaturs O
(3, - Usovgen fransfor corresticn Bzl
MW, - Malecular weight of liguad
Ay, - Turbolent surface area of impoundment, (£7)

(I unknewn, use values from Tabls 1)
W Totad sl e o impean w0
P - Drensity of lguad, (1580407
[, = DifTuzivily of constiteent n water, (om-s}

" A B

D - Diffusiviky of oovgen inowater, fom’s)
Bl -

d - Impeller diameter, (o)

wo- Hetatienal speed of mpeller, (radfs)

o, - Density of aer, (gmicm™

W - Mumber of acrators

&, - Gravitation constan, (b -fiis™1h

4" - [mpeller diumeter, (i)

T3, - Diffusivite of constiluent u air, (em=/s)
MW« Meleoular weight of ar

2 - Dversal fas consiant, I:i|;|'.:-.'r|-'-'s_-_' il Cl
H = Henrv's low comstant, {am-m'/g mal )

Caleulate the following:

A Calealate the hguid phise mass transfer coefficient. k. wsing the following Equation from
Thibndeaux:™?

ko= (822 x 107 TPOWRNLOZ4™ 0, 10" MW Va0 O 0" (mds)

'GCA Corporation. Ermussions Data and Model Review for Wastewaler Treatment Operations
Draft Technical Nose. Prepared for U & Environmental Protection Agency, Contract Mo, 68-01-687 ],
Assignment 49 August [98% p 4.2

Hwang, 5. T Towe Emissions from Land Disposal Facilities. Environmental Progress |46-37
Fehrary 1982
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B Caleulate the gas phase mass wransfer cozlMcient. k. using the following procedure from Rembardy ¥

Calewlate the wiseosite of wir, w08 lollows, (gloms]
TR 1ot 0 N M S e

Calculate the Revnold's number as follows
B, = dPwp, i,

Caleulate power W mpeller, ¥, as follows, [Tt 1h,/s)
Pp=1083 (POWRY S50

Calculate the power number, p. as follows:
p=Fedod™ wh

Caloulnze the Schoidt number, Sc. as Tollows:
Sz, = ep0,

Calenlare the Fronde number. F | as follows

Fo=ilwsg

- —

Calculate k; as follows
Bom LES s L0 RV S, FOT DOMOW AL (s

£ Calculate the partiton coefficient, Ko, as follows
Keg = HR(T+275))
12 Caleulate the overall turbulent mass transter coefficient, K, as follows, (mis).

VR = Uk = IReg ke

E. Caleulate the quieseent mass ransfer coefficent, K. for the impoundment using Form V11
F. Calculate the overall mass transfor coelMicient, KL, for the impoundment as follows,
E A=A 1 + KA
P -
S —

KT =

Falra

GUA Corporation. Emusaions Data and Maodel Review for Wastewater Treamment Operations
Drraft Techmeal Mote Prepared for US. Enviconmental Protection Ageney. Contract Mo 68-01-6871,
Assigmment 4% Aypgust 1985 p. 4.3,

Remnharde, I B Gas-Side Muss-Transter Coetticient and [nterfacial Phenomsena of Flat-Bladad
Surfaee Agitators. Ph 3 dissertation. Universily of Arkansos, Favetteville, Ar 1977 p 4%
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Takle 1, Turbulent Areas and ¥olumes for Surface Agitators®
. _______________________________________________________________ _______________________ |

A, Turbulent area,

@, Motor
horsepower, — . —  Effective V. Agitated Ay Area per
hp fir* m depth, ft virlurme, ft* volurme fF/M°
177 I 4-_ o II'; T -"1._'-'!1'-" 0140
T4 2] 187 11 2000 0 14
10 237 21 R 2,583 10952
13 2Rd 264 11 ERAL HRILHR
2 R Ti 321 11.5 3083 OORTH
15 413 SRG 12 4984 00833
£l (| k5.7 2 5 H8 00833
40 Ol nl.4 I3 B.3RT 0.0769
il His T9.5 14 11,4870 COT4
Hilk 1.075 100 15 16,130 (1 HA4
5 1452 135 L6 23240 123
1an 220 205 L8 G TI0 L0555

*Data for a legh speed (12000 rpm) aerator with 60 em propeller diameter id}
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Form X 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 biorate determination example
COMPOUND for site specific biorate determinatson methanol
LISTED HEWRY'S LAW VALUE AT 25 degrees Celsius. 1R85
{Tahlz |, ratio of mol fraction in gas to mole fraction in water)

TEMPERATURE of the liguid in the unit (deg C) 25
CALCULATION OF K

Temperature adjusted Henry's law value {equals the value on line | if 2885
the tempersture on line 2 is 23)

Diiscuss basis of temperanere adjustment

Temperature in degrees Kelvin, Add 273,16 o the number on line 2, 298 1600
Enter the results here

Temperature ratio.  Divide 273,16 by the number on line 4. Enter the 091482
results here.

Henry's Law adjustment Tactor. Multiply the number on line 5 by 0.7366
(), 80 and enter the results here.

Henry's Law value (g/m3 gas per g/m3 liquid) Multiply the number (L0213
on line 3 by the number on line & and divide the results by 10040,

Enter the results here and on Form Y ling &,

Henry's Law value (atm m3 per mol ) Divide the number on line 3 0 0005

by 55555 and enter the results here
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Form X DATA FORM FOR THE CALCULATION OF
THE HENRY'S LAW CONSTANT FOR A COMPOUND [N A SEALED BATCH TEST

WAME OF THE FACILITY for site specific hiorate determination example
COMPOUND for site specilic biorate determination methanol
REACTOR HEADSPACE VOLUME, (L} 1 1
REACTOR LIQUID VOLUME (L) 2 10
TEMPERATURE of the hiquid m the unit {deg C} 3 15
Wastewaler compaunds are biodegraded by biomass in 8 sealed bateh test. For the compound listed above, 2 datn
st of liquid and gas concentrations 15 mensured ot fiur dilferent tmes during te sealed batch st The daa are
entered below, and the ratio of the concentrations for esch data set is entered in column E.
A B L (8] E
Drata Time Liquid Cone. Gas Cone, K, 002108

sgl ihr) (mgL] (mg/L) e

1

2

kK

i | | l
Temperature in degrezs Kelvin. Add 273,16 to the number on line 3. 4 29816
Enter the resulis here
Maolar ratio. Multiply the number on line 4 by 4.555. Enter the resultson | 3 358,12
line 5.
Henrv's law value (mg/L gas per mg/L liguid). Enter the average valuein | 6 0000211
column E above on line 6.
Henry's law value (mole fraction gas per mole fraction liquid) Multiply 7 1 286563
the number on ling & by the number on lne 5. Enter the results on line 7.
Expected Henry's law value. Enter the number from Form [X line 3. ] [ 2R8500

Freciswmn: Discuss any vanahility of the numbers in column E.

Accuracy: Dhscuss any difference between the numbers on line 7 and line 8 Identify 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 Lise 9.

K, value (mg/L gas per mg/L liquid) 9 0000211
HEADSPACE CORRECTIONM FACTOR. Divide the number on line 2 10 095545749
by the sum of the number on line 2 and the product of the numbers on line
9 and line 1. Enter the result on line 110

The headspace correctym factor should equal spproximately | if the beadspace is relatively small Reducing the
headspace volume may improve the teat data guality 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

NAME OF THE FACILITY For site specilic biorate determination | cxample
COMPOUND for site specific biorate determmation methano!
Concentration basis (liqud or gas) kg
TEMPERATURE of the liquid in the unit {deg C) 1 25
GAS FLOW RATE (L'hry 2 I
LIQUID VOLUME (L) 3 10
Co concentration measurement at time=0 | 1 4

A B C D E

data point teme (hr} Concentration, C (mg/L} C/Co -In(C/Ca)

I

2

3

s F

CALCULATIONS. Use additional lines as needed in an expansion of the

ahove table, Plot the values in

column E (v axig) ve the data in column B (x axis). Reject outliers. Curve it with a straight ling,
Calculate the sbope and enter the slope on ling 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 RATIO. Muluply the number on line & by 4.555. Enter the f 1.358.12
resulls on line &,

Slope of the plot of -In{C/Ca) vs time (per hour) 7 2.10e-03
Caleulated K, value {mg/L gas per mg/L liquid). Divide the number S 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 §.

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

Dizscuss any differences between the numbers on line & and line 9. Identify which value will be used for
the evaluation of the siripping constant (line 10). Problems con 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)

10

00002 10

STRIPPING CONSTANTIper howr), Divide the number on line 10 by
number on line 3 and multiply by the neumber on line 2. Enter the final
result om line 11

(000021

The headspace correction factor equals one for an asrated batch test,

Page 33 of 35




Fewm X1 DATA FORM FOR THE CALCULATION OF BATCH RATES
AND THE DETERMINATION OF THE MONOD CONSTANTS

Complete this table with measured liquid consentratrons from the batch test (7 beadspace concentrations were
menasured and ecuilibrium has besn verifed, convert them to lquid concentrations by wsing K [F the data are
saileresl, phot e concoubabivn va. leee Jate, il G0 the duta wit o surve hased oo Equuation Appendix C=3 for the
Aerated Batch test or Equation Appendix Co6 for the Sealed Batch test. Complete this form with concentrations
obiained from that fited curve. [f the curve fitling npproach is used, atfach a plot of the data and dve associated
fitted curve to thas form, Mote: 1f the indtial results appear to be anomalows, do not wse the initial results

COMPOUND for site specific biorate determination Methanol
Stripping rate constant (tr) Form X1 line 11 | 2.1e-3
Enter the batch 1est Biomass concentration (/L) on lime 2. 2 258
Headspace comrection Tactor, For a Sealed Batch test use Form X line | 3 0999979
10 ar 1.00 for an Aerated Batch test,
A B C D E F )
concentration time Rate for Log Mean 5 | Ratinof | Adjusted | Reciprocal
b interval fior interval rate to 5 rate of adj. rate
img/L) {hr} (mg/L-hr) {mg/L) ihr) (M) {hr)

[ERE fa=a,_, ¥

(b, -b) Infafa, ) (Cm (E-line 1) LI
ke 8 L

o o [~ [ [ [& [= [~ [~

Continue table on attached sheet as needed. Plod values in column G on v axis, values in column Don x
axiz. Extrapolate the wrend of dota points to the v intercept (S=0). Attach the plot to the form.

Slope of ling near intercept {hr-Limg) 4 ABd5

Y intercept from plot () 5 1.938
First order rate constant K| {or Om/Es, Lig-hr). The oumber 1.00 ;] 2000026
divided by the products of the values on line 5. ling 2. and line 3.

Zero arder rate constant {Qm, /hr). The number 100 divided by the 7 30000104
products of the values on line 4, line 2, and ling 3.

Concentration applicable to full-scalz unit. Enter on line ¥, ) 3
Effective biorate K1 ESTIMATE (L/g MLVSS-hr}* 9 0.9606

*Match the concentration on line 8 ta the values in Column D and look up the equivalent rate in Column F. Divide
the result with both the biomass concentration (line 2) and the headspace cormection factor (lme 3). Enter this value
oy line 9. Do not use this method to estimate K1 for line 9 if the data quality is poor n Cobwmn F. The nember on
line ¥ is multiplied by the bxomass and the system concentration to estimate the full scale biceate. Allernatively. the

Pefomid medel parameters may b s

Page 34 of 35



FORM XIII. DATA FORM FOR THE ESTIMATION OF MULTIPLE ZONE
BIODEGRADATION FROM UNIT CONCENTRATIONS
NAME OF THE FACILITY for site specific biorate determination
COMPOUMND for site specific biorale determination
Mumber of zones in the biological treatment unit
YOLUME of full-scale system {cubic meters)

Average DEPTH of the full-scale system (meters)

FLOW RATE of wastewater treated in the unit (m3/5)
Reovele flow of wastewater added to the unit, if any {m3/s)
Concentration in the wastewaler treafed in the unit fmgL)
Concentration in the recycle flow, ifany (mz1.)
Concentration m the effluent {mg/L).

| =g n| o) B L3 k2] =+

TOTAL INLET FLOW {m3/5) line 4 plus the number on line 5 E

TOTAL RESIDENCE TIME (=) line 2 divided by line 9, 1

TOTAL AREA OF IMPOUNDMENT {(m2) line 2 divided by line 3 11
Estimate of KL in

Zone  Concentration for Area of the the zone (m/s) AIR STRIPPING
number  zone, Ci (mz/L) zone, A (m2)  from Form KLACI {w/5s)
1
2
5
I1. e TR S
L
]
, -
ol
]
10
TOTALS surm for each 2o, 12| I
Removal by air stripping {(g/s). Line 13, T
Loading in efMuent (g/s). Line 8 times line 9. 15
Total loading (pfs). (Line 5 * line 7) + (linc 4* line 6). 16
Femoval by biodegradation (g/z) Ling 16 minus (line 14 + line 15). 17
{Fractiom biodegraded: Divide line 17 by line 16.. 18
Fraction air emissions: Divide line 14 by line 16, 19
Fraction remaining in unit effluent:  Divide line 15 by line 16, 20

[62 FR 2801, Jan. 17, 1997, as amended at 63 FR 67794, Dec. 9, 1998; 66 FR 6935, Jan. 22,
2001]
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