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RA=X,— X £ A,

Where:

RA = Relative accuracy.

X, = The mean value of all X,.

X, = The average concentration of analyte
measured by the active measurement
method.

A, = 95 percent confidence intarval.

A.14 POLLUTION PREVENTION

This method involves the use of ambient
concentrations of gaseous compounds that

[57 FR 61992, Dec. 29, 1992]
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Eg. A.6

post little or no pollution to the environ-
ment.

AlS WaASTE MANAGEMENT

Expired calibration solutions should be dis-
posed of as hazardous materials.

A.18 REFERENCES&

1. ISO TC 146/SC 02 N 861 Workplace
atmaspheres—Protocol for evaluating the
performance of diffusive sammlers,

EDITORIAL NOTE: For FEDERAL REGISTER citations affecting appendix A to part 63. see the
List of CFR Sections Affected. which appears in the Finding Aids section of the printed vol-

ume and al wew.fdsys.gue.

APPENDIX B T0O PART 63—SOURCES DE-
FINED FOR EARLY REDUCTION PROVI-
SIONS

Satirce

Location of gal-
nition

1. Organic Process Equipment in Volalle 56 FR 9315,
Hazardous Alr Poliutant Senvice at Chem-  March 6,
lcal Plants and Otner Designated Faolli- 1391, An-
lies. nouncement
of Negotiated
Rulemaking

&. All valves in gas or light iquid
sarvice within a process unit

b. All pumps In iight liquid service
within a procass unit

<. All connectors in gas of light ig-
uid service within a process unit

d. Each compressor

e. Each product accumuator ves-
sel

t. Each agitator

@. Each pressure relief device

h. Each open-endsed valve of line

i. Each sampling connection sys-
tem

j+ Each instrumentation system

k. Each pump, valve, or connector
in heavy liqukd service

|. Each closed vent system and
contral device

{67 FR 62002, Dec. 29, 1992]

APPENDIX C TO PART 63—DETERMINA-
TION OF THE FRACTION BIODEGRADED
{Fuis) IN A BIOLOGICAL TREATMENT
UNIT

1. Purpose

The purpose of this appendix is to define
the procedurer for an owner or aperator to
use to calculate the site specific fraction of
organic compounds biodegraded (Fy,) in a bi-
ological treatment unit. If an aceceptable
level of organic comppunds 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 de-
vice.

The determination of Fii, shall be made on
a system as it woukl 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 Ly the biological treatment unit, aa
a result of enclosing the collection and treat-
ment 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 ap-
proach or achieve uniform blomass distribu-
tion and organic compound concentration
throughout the aeration unit by guickly dis-
persing the recycled biomass and the waste-
water entering the unit. Detailed discussion
on how to determine if a biological treat-
ment unit is thoroughly mixed can be found
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in reference 7. Systems that are not thor-
oughly mixed treatment units should be sub-
divided iuto @ series of zones that huve ubi-
form characteristics within each zone. The
number of zones reyuired to characterize a
biological treatment system will depend on
the design and operation of the treatment
syztem. Detailed discussion on how to deter-
mine the number of zones in a biological
treatment unit and examples of determina-
tion of fui, can be found in reference 8. Each
zone should then be modeled as a separate
unit. The amount of air emissione and bio-
degradation from the modeling of these sepi-
rate zones can then be added to reflect the
entire system.

11. Definitions

Biological treatment unit = wastewater
treatment unit designed and operated to pro-
mote the growth of bacteria to destroy or-
ganic materials in wastewater.
fie = The fraction of individnal applicable or-
ganic compounds in the wastewater bio-
degraded in a biological treatment unit.

Fuo = The fraction of total applicable orgunic
compounds in the wastewater bio-
degraded in a biological treatment unit.

Fe = The fraction of applicable organic com-
pounds emitted from the wastewater to
the atmosphere.

K1 = First order biodegradalion rate con-
stant, g MLVSS-hr

KL = Hauid-phase mass transfer coefficient,
m's

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

{11. Procedures for Determination of fua

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 systein to an air poltution cou-
trol device is to determine the compound-
specific fui.. The following procedures may be
used to determine fy.,:

(1) The EPA Test Method 3044 or 304B (ap-
pendix A. part 63)—Method for the Deter-
mination of Bicdcgradation Rates of Organic
Compounds,

(2) Performance data with and without bio-
degradation,

(3) Inlet and ocutlet concentration measure-
ments,

(4) Batch tests,

i5) Maultiple zone concentration measure-
ments.

All procedures must be executed so that
the resulting fi. 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 reguirements at the time of
the test. any of the procedures may be cho-
sen. If the collection system and waste man-
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agement units are not in compliance at the
time of the performance test. then only
Method 304A. B. ur the batch test shall be
chosen. 1f Method 304A. B, or the batch test
is used, any anticipated changes to the influ-
ent of the full-scale biological treatment
unit that will occur after the facility has en-
closed the collection syatem must be rep-
résented in the influent feed to the benchtop
bioreactor unit, or test unit.

Select one or more appropriate procedures
from the five Yisted above based on the avail-
ability of site specific data and the type of
mixing that eccurs in the unit (thoroughly
mixed or multiple mixing zone). If the facjl-
ity does not have site-specific data on the re-
moval efficiency of its biological treatment
unit. then Procedure 1 or Procedure 4 may be
used, Procedure 1 allows the use of a
penchtop bioreactor to determine vhe first-
order biodegradation rate constant. An
owner or operator may elect to assume the
firgt order biodegradation rate constapt is
zera for any regulated compound(s) present
in the wastewater. Procedure 4 explains two
types of batch tests which may be used to es-
timate 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 com-
pound(s) present in the wastewater. Proce-
dure 8 would be used if the facility has, or
measures to determine, data on the inlet and
outlet individual organic compound con-
centration for the biological treatment unit.
Procedure 3 may only be used on a thor-
oughly mixed treatment unit. Procedure § 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 micro-
bial mass. An example where Procedure 2
conld be used is an activated sludge unit
where measurements have been taken on
inlet and exit concentration of organic com-
pounds in the wastewater prior to seeding
with the microbial mass and startup of the
unit. The flow chart in figure 1 outlines the
ateps to use for each of the procedures.

A. Method 3044 or 304B (Precedure 1)

If the first procedure is selected. follow the
inatructions in appendix A of part 63 Method
304A ““Method for the Determination of Bio-
degradation Rates of Ovganic Compounds
(Vented Option)” or Method 304B Method
for the Determination of Biodegradation
Rates of Organic Compounds iScrubber Op-
tiony.' Method 304A or 304B provides instrac-
tion on setting up and operating a self-con-
tained henchtop bioreactor system which is
operated under conditions representative of
the target full-scale system. Method 304A
uses a benchtop bioreagtor system with a
vent. and uses modeling to estimate any air
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emissions. Method 304B uses a benchtop bio-
reactor system which ia 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 com-
pounds that may tend to react or hydrolyze
in the scrubber of Method 304B. this method
shall not be used and Method 3044 is the re-
quired method. If 4 Henry's law value is not
available to use with Form V. then Method
304A shall not be used and Method 3048 is the
required method. When using either method,
the feed flow to the benchtop bioreactor
shall be representative of the flow and con-
centration of the wastewater that will be
treated by the full-scale biological treat-
ment unit after the collection and treatment
system has been enclosed as required under
the applicable subpart,

The conditions under which the full-acale
biological treatment unit is run establish
the operating parameters of Method 304A or
304B. If the biological treatment unit is oper-
ated under abnormal operating conditions
(conditions outside the range of critical pa-
rameters examined and confirmed in the lab-
oratory), the EPA believes this will ad-
versely affect the hiodegradation rate and is
an unacceptable treatment option. The facil-
ity 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 ehall demonstrate the biological
treatment unit is achieving an acceptable
level of control, as required by the regula-
tion, across the ranges and not only at the
endpoints.

If Method 304A is used, complete Form V
initially. Form V is used to calculate Ki
from the Method 303A results. Form V uses
the Henrv'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 di-
rection for calculating an equivalent KIL..
Note on Form V if the calculated number for
line 11 I3 greater than the calculated value
for line 13, this procedure shall not be used
to demonstrate the compound is biodegrad-
able. If line 11 is greater than line 13, this is
an indieation the fraction emitted from the
vent in greater than the fraction bio-
degraded. The equivalent KI: determined on
Form V 18 used in Form 1I (line 6). XEsti-
mation of the Fe and f., must he done fol-
lowing the steps in Form III. Form III uses
the previously calculated values of K1 and
KL (equivalent KL). and site-specific param-
eters of the full-scale bioreactor as input to
the calculations. Forms II, III. and V must
be completed for each organic compound in
the wastewater to determine Fe and fi..

If Method 304B is used. perform the method
and use the measurements to determine Ki,
which is the first-order biodegradation rate

40 CFR Ch. | {7-1-17 Edition)

constant. Form I lists the sequence of steps
in the procedure for calculating K1 fram the
Method 3B results. Once K1 is determined.
KL must be calculated by use of mass trans-
fer equatione. Form I outlines the procedure
to follow for use of mass transfer equations
to determine KL. A computer program which
incorporates these mass transfer equationa
may be used. WaterT is a program that incor-
porates 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 thia model is used. In addi-
tion, the Bay Area Sewage Toxics Emission
(BASTE) model version 8.0 or equivalent up-
grade and the TOXCHEM (Envirgonment Can-
ada’s Wastewater Technology Centre and
Environmega, Ltd.) model version 1.10 or
equivalent upgrade may alsc be used to de-
termine KL for the biological treatment unit
with several stipulations. The programs
musgt 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 T must be substituted for the
existing Henry's law values in the programs.
Input values used in the model and cor-
responding output values shall become docu-
mentation of the fiy. determination. The
owaer or operator should be aware these pro-
grams do not allow modeling of certain
units. To model these units. the owner or op-
erator shall use one of the other appropriate
procedures as outlined in this appendiz. 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 fi,, must be
done following the steps in Form III. Form
T uacs the proviously calculated valucs of
K1 and KL. and site-speciflc parameters of
the full-scale bioreactor as input to the cal-
culations. Forms I, 11, and ITT must be com-
pleted for each organic compound in the
wastewater to determine Fe and fi,..

B. Performunce Date With and Without
Bivdegradation (Proceditre 2)

Procedure 2 uses site-specific performance
data thal represents or characterizes oper-
ation of the unit hoth with and without bio-
degradation. As previouely mentioned, prop-
er determination of fi, must be made on a
system as it would exist under the rule.
Using Form IV, calculate KL and K1. After
KL: and K1 are determined, Form 111 is used
to calculate Fe and fy, for each organic com-
pound present in the wastewater,

C. Inlet und Outlet Conceniration
Measurements (Procedure 3)
Procedure 3 uses measured inlet and outlet
organic compound concentrations for the
unit. This procedure may only be used on a
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thoroughly mixed treatment unit. Again,
proper determination of fi;, must be made on
w system as It would exist under the rule.
The first step in using this procedure is to
calculate Ki, using Form II. A computer
model may be used. If the Water? 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 calenlate
KL for the biclogical treatment unit, with
the stipulations listed in procedure 304B.
After KL and K1 are determined, Form II1 is
used to calculate Fe and fi, for each organic
compound.

D. Batceh 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 ig also
known as the BOX test (batch test with oxy-
gen addition), The sealed reactor test is also
known as the serum hottle test. These batch
tests should be conducted only by persons fa-
miliar with procedures for determining bio-
degradation kinetics. Detailed discussions of
batch procedures for determining bio-
degradation kinetic parameters can be found
in references 1-4.

For both batch test approaches, a biomass
sample from the activated sludge unit of in-
terest is collected. aerated. and stored for no
more than 4 hours prior to testing. To col-
lect sufficient data when biodegradation is
rapid, it may be necessary to dilute the bio-
mass 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 measure-
ments. Tt is recommended that the tests not
be terminated until the compound con-
centration falls below the limit of quantita-
tion (LOQ). Measuremonts that are below the
1,0Q should not be used in the data analysis.
Biomass concentrations shall be determined
using standard methods for measurement of
mixed liguor volatile suspended solids
(MLVSS) (reference 5).

The change in concentration of a test com-
pound may be monitored by either meas-
uring the concentration in the liguid or in
the reactor headspace. The analytical tech-
nigue chosen for the test should be as sen-
sitive as possible. For the batch test proce-
dures 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 ap-
proach. the reactor headspace must be in
equilibriam with the liguid so that the
headspace concentrations can be correlated

Pt. 63, App. C

with the liquid concentrations, Before the
biodegradation testing is conducted. the
pyuilibrinm assuinplion must be verified. A
discussion of the eaquilibrium assumption
verification is given below in sections D.1
and D.2 since different approaches are re-
quired for the two types of batch tests,

To determine biodegradation kinetic pa-
rameters in a batch tess, it is important to
choose an appropriate initial substrate (com-
pound(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/Xo ratio is low. cell multiplication
and growth in the batch test is negligible
and the kinetics measured by the test are
representative of the kinetice in the acti-
vated sludge unit of interest. The 8Xo ratio
for a batch test is determined with the fol-
lowing equation:

S, S,

S0 - _2i_(Eqn App.C-1
X, T X (an A )
Where:

SoXa = initial substrate to biomass ratio on
a COD basis

8, = initial substrate concentration in COD
units (g CODIN

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

1.42 = Conversion factur to converl to COD
anits

For the batch tests described in this sec-
tion. the S¢Xo ratio (on a COD basis) must
be initially less than 0.5.

1. Aerated Reaclor Test. An aerated draft
tube reactor may be used for the biokinetics
testing (as an example see Figure 2 of appen-
dix 0). Other acrated reactor configurations
may also be used. Air is bubbled through a
porous frit at a rate sufficient te aerate and
keep the reactor uniformly mixed. Aeration
rates typically vary from 50 to 200 mlnin for
a 1 liter system. A mass flow rate controller
ig used to carefully control the air flow rate
because it is important to have an accurate
measure of this rate. The dissolved oxygen
(DO) econcentration in the system must not
fall below 2 mgrliter so that the biodegrada-
tion observed will not be DO-limited. Once
the air flow rate ia established, the test mix-
ture (or compound) of interecst is them in-
jected into the reactor and the concentration
of the compound(s) is monitored over time.
Concentrations may be monitored in the lig-
nid or in the headspace. A minimum of s8ix
samples shall be taken over the period of the
test. However, it is necessary to collect sam-
ples until the compound concentration falls
helow the LOQ. If liguid samples are col-
lected, they must be small enongh such that
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the Hauid volume in the batch reactor does
not change by more than 10%,

Before conducting experiments with bio-
mass, it is necessary to verify the equi-
librium assumption. The equilibrium as-
sumption can be verified by conducting a
stripping experiment using the effluent (no
biomass) from the activated sludge unit of
interest. Efflucnt is filtered with a 0.456 um or

—In{C/Cy)=(CK,, / V)t

Where:

C = cencentration at time, t (min)

Cy = concentrationat t =0

G = volumetric gas flow rate (ml/min)

V = liquid volume in the batch reactor (ml)

K.y = Henry's law constant (mg/L-gas)(meg/L-
ligquid}

t = time (min)

A plot of—IniC/C,) as a funciion of t will
have a slope equal to GK./V. The equi-
librium assumption can be verified by com-
paring the experimentally determined K., for
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smaller filter and placed in the draft tube re-
actor. 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. I the system is at
equilibrium, the Henry's law conatant may
be estimated with the following equation:

(Eqn App.C-2)

the system to literature wvalues of the
Henry's Law constant {including those listed
in this appendix). If K. does not match the
Henry's law constant, K, shall be deter-
mined from analysis of the headspace and
liguid concentration in a batch system.

The concentration of a compound de-
c¢reages in the bioreactor due to both bio-
degradation and stripping. Biodegradation
processes are typically described with a
Monod model. This model and & atripping ex-
pression are combined to give a mass balance
for the aerated draft tube reactor):

ds GKE‘I me
——=—s+| =L— {5 nApp.C-3
dt ( \Y K, +s (Eqn App )
Where: Q. = maximum rate of substrate removal.

s = teul compound concentration, mgiliter

G = volumetric gas flow rate, liters’hr

K.y = Henry's Law constant measured in the
system. (mg/liter gas¥(megiliter liguid)

V = volune of liguid in the reactor, liters

X = biomass concentration (g MLVSSaiter)

/ K, (s v?
-1= Lm L + QnX In
A $o
Where:
A = GK K, + Q.VX
B = GK,,

5, = test compound concentration at t =0
This equation is used along with the sub-
strate concentration versus time data to de-
termine the best it parameters (Q,, and Kg)
to describe the biodegradation process in the
aerated reactor, If the aerated reactor tost is
used, the following procedure ig used to ana-
lvze the data. Bvaluate K., for the compound

A+Bs,

mygig MLVSShy
Ks = Monod biorate constant at half the
maximum rate, mgliter

Equation App. C-3 can be integrated to ob-
tain the following equation:

gk (Eqn App. C-4)

of intevest with Form XI. The concentration
in the vented headspace or liguid is meas-
ured as a function of time and the data is en-
tered on Form XI. A plot is made from the
data and attached to the Form XI. K. 18 cal-
culated on Form XI and the results are con-
tragted with the expected value of Henrys
law obtained from Form IX. If the compari-
son is satisfactory. the stripping constant is
caleulated from K., completing Form XI.
The values of K, may differ because the the-
oretical value of K., may uot he applicable to
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the system of interest. If the comparison of
the caleulated K., from the form and the ex-
pected value of Henry’'s law is unsatislfac-
tory, Form X can alternatively be used to
validate K., If the aerated reactor is dem-
onstrated to not be at equilibrium, either
modify the reacror design and/or operation,
or use another type of batch test.

The compound-specific biorate constants
are then measured using Form XIil. The
stripping constant that was determined from
Form XI and a headspace correction factor of
1 are entered on Form XII. The aerated reac-
tor biotest may then Le run, measuring con-
centrations of each compound of interest as
a function of time. If headspace concentra-
tions are measured instead of liquid con-
centrations. then the corresponding liquid
concentrations are calculated from the
headspace measurements using the K deter-
mined on Form XI and entered on Form XIIL

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 in-
stead of the actual data. If curve fitting is
used, the curve-fitting procedure must he
based upon the Equation App. C-4. When
curve fitting is used, it is necessary to at-
tach a plot of the actual data and the fitted
curve to Form XII.

If the stripping rate constant ia 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 re-
ducing the stripping rate constant by Jow-
ering the aeration rate. or increasing the
biomass concentrations should be consid-
ered. )

The final result of the batch testing is the
measurenient of a biorate that can be used to
estimate the fraction biodegraded, fi.,.. The
numbker transferred tu Form I is vbtained
from Form XII, line 9.

g _|_ -V
ar | VK4V,

Where:

s = test compound concentration (mg‘liters)

V, = the average liguid volume in the reactor
{liters)

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

Q. = maximnm rate of snhstrate remaoval
(mg/g ML VS8hr)

K,, = Henry's Law constant determined tor
the test, (mg/liter gas)i{mgliter liquidy

QuX
K, +s

PL. 63, App. C

2. Sealed Reactor Test. This test uses a
closed eystem to prevent Josses 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 sup-
plied. it is necemsary to ensure that suffi-
cient oxygen is present in the system. The
DO concentration in the system must not
fall below 2 mgiliter so that the biodegrada-
tion observed will not be DO-limited. As an
alternative. oxygen may be supplied by elec-
trolysis as needed to maintain the DO con-
centration above 2 mgditer. The reactor con-
tents must be uniformly mixed. by stirring
or agitation using a shaker or similar appa-
ratus. The test mixture tor compound) of in-
terest is injected into the reactor and the
concensration iz monitored over time. A
minimum of six samples shall be taken over
the period of the test. However, it is nec-
essary to monitor the concentration until it
falls below the L.OQ.

The equilibrium assumption mast be
verified for the batch reactor system. In this
case, K, may be determined by simulta-
neously measuring gas and liguid phase con-
centrations at different times within a given
experiment. A constant ratio of gasiliquid
concentrations indicates that equilibrium
conditions are present. and K4 is not a func-

-tion of concentration. This ratio is then

taken as the K, for the specific compound in
the test. It is not necessary to measure K,
for each experiment. If the ratio is not con-
stant. the equilibrium sassumption is not
valid and it 18 necessary to (1) increase mix-
ing energy for the system and retest for the
equilibrinm assumption. or (2) use a different
type of test (for example, a collapsible vol-
ume reactor).

The concentration of a& compound de-
creases in the bioreactor due to biodegrada-
tion according to Equation App. C-5:

$ (Eqn App.C-3)

K. = Monod biorate constant at one-half the
maximum rate (mgfliter)

t = time (hours)

X = biomass concentration (g ML VSSliter)

3, = test compound concentration at time t =
0

Equation App. C-5 can be solved analyt-
ically to give:
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- ~(ViKeg +V))
ViQnX

This equation is used along with the sub-
strate concentration versus time data to de-
termine the best fit parameters {Q., and K.)
to describe the biodegradation process in the
sealed reactor,

If the sealed reactor test ia used, Form X
is used to determine the headspace correc-
tion factor. The disappearance of a com-
pound in the sealed reactor test ia slowed he-
cause 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 lignid phase. the
headspace correction factor is approximately
one. If the headspace correction factor is
rithstantially less than one, improved mass
tranafer or reduced headspace may improve
the accuracy of the sealed reactor test. A
preliminary sealed reactor test must be con-
ducted to test the equilibrium assumption.
As the compound of interest is degraded, si-
multaneous headspace and liguid samples
should be collected and Form X should be
used to evaluate K., The ratio of headspace
to liguid concentrations must be conatant in
order to confirm that equilibrium conditions
exist, If equilibrium conditions are not
present. addisional mixing or an alternate
reactor configuration may be required.

The compound-specific biorate constants
are then calculated using Form XH. For the
sealed reactor test, a stripping rate constant
of zero and the headspace correction factor
that wag determined from Form X are en-
tered on Form XII. The sealed reactor iest
may then be run, measuring the concentra-
tions of each compound of intcrest as a func-
tion of time, If headspace concentrations are
measured instead of liguid concentrations,
then the corresponding liquid concentrations
are calculated from the headspace measure-
ments using K from Form X and entered on
Form XII.

The concentration data on Form XII may
contain scatter that can adversely influence
the data interpretation. Tt js possible to
curve fit the concentration data and enter
the concentrations on the fitted curve in-
stend of the actnal data, If curve fitting is
ueed, the curve-fitting procedure must be
baged 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 egqual 0 due to diffusion
losser through the reactor wall. The ratio of

(s—s0)+K, In| =
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: (Egqn App. C-6)
S0

the rate of loss of compound to the con-
centration 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
XI1,

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 re-
placing the materials used to construct the
reantor with materials of low permeability
or increasing the biomass concentration
should be considered.

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

The number on Form XII line 9 will equal
the Monod firet-order biorate constant if the
full-scale system is operated in the first-
order range. If the full-scale system is oper-
ated at concentrations above that of the
Monoed first-order rapge, the value of the
pumber on line 9 will be somewhat lower
than the Monod first-order biorate constant.
With supporting biorate data. the Monod
model ased in Form X1I may be used to esti-
mate the effective biorate constant Kl for
use in Porm 111,

If a reactor with headspace is used, anal-
ysis of the data using equation App. C-8 is
valid only if V, and V, do not change more
than 10% (i.e.. they can be approximated as
constant for the duration of the test). Since
biodegradation ia occurring only in the lig-
uid. as the liquid concentration decreases {t
ia necessary for mass to tranafer from the
gas to the liguid phase. This may reaguire
vigorous mixing andior 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 an the lignid
volume, If & membrane or hag is used as the
collapsible-voluime reactor. it may be impor-
tant to maonitor 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 re-
actor should be monitored over time. The
data are analyzed as described ahove for the
nealed reactor test.
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3. Quality ConlroliQualily Assurance (QAs
QC). A QA/QC plan outlining the procedures
used to determine the biodegradation rate
constants shall be prepared and a copy main-
tained at the source. The plan should in-
clude. but. may not be limited to:

1. A description of the apparatus used (e.g..
size, volume, method of supplying air or oxy-
gen, mnixing, and sampling procedurcs) in
cluding a simplified schematic drawing.

2. A description of how biomass was sam-
pled from the activated sludge unit.

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

4, A description of what conditions (DO,
gag-liguid 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 solu-
tions, dilution procedures, sampling proce-
dures, monitoring of conditions. etc.

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

7. A description of the analytical proce-
dures used. If appropriate, réference to an
ASTM. ETA or other procedure may be used.
Otherwise, describe how the procedure is
done. what is done to measure precision. ac-
curacy, recovery. ete., as appropriate.

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

9. A description of the eguations 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 measure-
ment method that can be nsed to determine
the fu. for units that are not thoroughly
mixed and thus have multiple zones of mix-
ing. As with the other procedures, proper de-
termination of f... 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 charac-
teristics 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 Bio-
logical Treatment Units with Multiple Mix-
ing Zones,” is a source for further informa-
tion concerning how to determine the num-
her of zones that should be used for evalu-
ating your unit. The following information
on the biological unit must he available to
use this procedure: hasic unit variables such
as inlet and recycle wastewater flow rates.

I'Thia is & mathematical division of the ac-
tual unit: not addition of physical barriers.

Pt. 63, App. C

type of agitation, and operating conditions:
measured representative organic compound
cuncenttations in eawch zone and Lhe iulet
and outlet: and estimated mass transfer coef-
ficients for each zone,

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 interpclate vhe biorates
for multiple zones. In units with well-charac-
terized concentration measurements ob-
tained in an initial evaluation of the unit, it
may be possible to demonstrate that there is
a good correlation of the component con-
centrations with the locations in the mul-
tiple-zone unit. With this good correlation, it
may be possible to accurately predict the
concentrations in selected zones without ac-
tually testing each selected zone. This cor-
relation method may be used for units that
have many zones {greater than 5} or where
one of the interior zones is not readily acces-
sible 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 vbtain a correlation of com-
ponent 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 correla-
tion may be improved by increasing the
number of locations tested. Because the cor-
relation is based on many samples. it should
provide an accurate representation of a sta-
ble operating system.

The estimated mass transfer coefficient for
each compound in each zone is obtained from
Form II using the characteristics of each
zone. A computer model may be used. If the
Water? model or the most recent update to
this model is used. then use Form II-A to
calculate KL, The TOXCHEM or BASTR
model may also be used to calculate KL for
the biological treatment unit, with the stip-
ulations listed in Procedure 304B. Compound
concentration measurements for each zone
arc uged in Form XIII to calculate the fon. A
copy of Form XIII is completed for each of
the compounds of concern treated in the bio-
logical unit.

IV. Calculation of Fu,,

At this point. the individual fu.. deter-
mined by the previously explained proce-
dures must be summed to obtain the total
Fuu. To determine the Fy. multiply each
compound specific fn, by the compound-spe-
cific average mass flow rate of the organic
compound in the wastewater stream (see reg-
ulation for instruction on calculation of av-
erage mass flow rate). Som these products

903



PL. 63, App. C

and divide by the total wastewater stream
average mass flow rate of organic com-
pounds.

N

Z(fbiaiXMi)
Foio = = n

M,

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

number of organic compounds in the
wastewaler

The Few ia then used in the applicable com-
pliance equations in the regulation to deter-
mine if biodegradation may be used to com-
ply with the treatment standard without
covering and venting to an air pollution con-
trol device.

n=
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TasLe |
. H, @ 100 °C
Compound He ?n“?f ,'rgc()am"' I('a!m'mcne
frac)
1 Acelaldehyde 4.87¢ + 00 5.64e + {1
3 Acelonltrile 1.11e + 00 1.78e + 01
4 Acslophencne 5.00e - 01 2256 + 01
5 Acrolsi 4.57e + 00 6.6te + 01
8 Acrylonltrite 5.45e +» 00 6.670 + 01
9 Ayl chioride 5.15e + 02 2.28¢ + 03
10 Aniiine 9.78e - 02 1.42e + 00
12 Benzene 3.08e 4+ 02 1.93e + 03
14 Benzyl chkorl 1.77e + 01 2.880 + 02
15 Biphenyl 2.27e + 0% 1278+ 03
17 Br 2.96e + 01 3.98e + 02
8 1,38 . | 3.96e + 03 1.56e + 04
20 Carbion Uisulhide ... . .oee..e.. 1.06e + 03 3.60e + 03
21 Camen 1.68e + 03 1.698 + 04
23 2-Chioroacetophenone 4.840-02 1.43e + 01
24 Chlorobenzene .. 2.09a + 02 3.12e + 03
25 Chioroform 221e + 02 1.34e « 03
26 Chloroprene 5.16e + 01 1.74e 4+ 02
29 o-Cresol 9.12e-Q2 2442401
BT CUITIBIIN ooy tis v cmoecares ecaccmsiasnne s s tasessttsm s eebeasteesnsssambescesseremseamensets seuotans 7.28u + 02 715e 4+ 03
32 1.4-Dichiorobenzene(p) 1.76e + 02 1.95¢ + 03
33 Diehic y r 1.14e + 00 3.57e + 0t
34 1,3-Dichloropropene 1.97e + 02 1.44e 2+ 03
36 N.N-Dimethylanline [ 7.700 - 01 5.678 + 02
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TABLE —Continued

| H. © 100 °C
Hi, @ 25 °C (atm/ e
Compound mole frac) (al;r'ﬂar;;ole
- — — — = 1
37 Diethyl sulfale 341e-01 4.22¢ + 01
38 33-D ylbenzidine 7.51e-05 5.080 -0t
40 1,1-Dimethyihydrazine 9.11e-02 1576 + 01
42 Dimethyl sutfate ... et e e e e e e | 2230201 143 + 01
43 24-Dinitrophenol 2.84e-01 1.50¢ + 02
44 2,4-D ene 4.00e-01 9.62e + 00
45 1,4-Di 3.08¢ O 5.538 + 00
47 Ep ydril 1.86¢ + 00 4.34e + 01
48 Ethyl acrylate 1.41e + 01 3.01e + 02
49 Ethylbenzene 4.38e + 02 4.270 + 03
50 Ethyl chioride (chioroethane) 6.72¢ + 02 3.108 + 03
51 Ethylena dibromide 3.610 + 01 5.18e + 02
52 Ethylene dichloride (1,2-Dic e) 6.54e + 01 5.08e + 02
54  Ethyl oxide 1.32e + 01 9.09e + 01
55 Ethylidene dichiaride {1,1-Dichlorosthane) 3.12e + 02 2.92e + 03
57 Elhytsne glycol dimethyl ether 1.95e + 00 4.12e 4+ 01
60 Ethylene glycol monoethyl other acetate 9.86¢ - 02 6.03¢ + 00
62 Ethylena glycol monomethyl ether acetat 1.22e-01 6.93e + 00
64 Diethylene glycol di yl ether 8.38e - 02 4.69 + 00
69 Diethyiene glycol diethyl athar 1.19e 01 7.716 4 00
72 Ethylsne glycol moncbutyl ether acelat 2.75¢—01% 2.50e + 01
73 Hexachlorobenzene 9.45¢ + Ot 2.57e + 04
74 Hexachiorobuladi 5.72e + 02 6.92¢ + 03
75 Hexachlorcethene 4.64e + 02 7.490 + 04
76 Hexane 4.27e + 04 9.44e + 04
78 Isophorone 3.68e-01 1.680 + 01
80 Methanol 2.89e - 01 7.738 + 00
81 Methyl ide (f S 3.81e + 02 2.12e + 03
Methyl chiaride (C thane} 4.90e + 02 2.84¢ + 03
83 Methyl chioroferm (1,1,1-T ane) 9.67e + 02 5.73¢ + 03
84 Methyl athyl ketone (2-Bt j 7.220 + 00 5.92¢ + 01
86 Methyl isobutyl ketone (Haxone) 247e 4+ 01 3.72¢ + 02
88 Methyl yiate 7.83e + 00 9.15e + 01
89  Methyl 1ert-butyi ather . 3.086 + 01 2.67¢ + 02
90 Methylene ide {Di e) 1.64e + 02 9.15¢ + 02
93 Napt 2.68e + 01 7.10e + 02
94  Nitrob 1.33e + 00 2.80e + 01
96 2-Nilropropane 8.610 + 00 8.768 + 01
99 Phosgene 7.80e + 02 3.51e + 03
102 Propionaidehyde 3.32e + 00 1.42e + 02
103 Propylene dichlodde 1.59¢ 4+ 02 1.27¢ 4+ 03
104 Propylene oxide 1.98e + 01 1.84e + 02
106 Styrene ...... 1.45e + 02 1.72¢ + 03
107 1,1,2,2-Tetrachioroethana 1.39¢ + 01 1.99¢ + Q2
108 |etrachicroethylene (Perct ylene) 9.83e + 02 1.84e + (4
109 Toluene 3.57e + 02 210e + 03
112 o-Toluidine 1.34e - 01 1.18¢ + 01
113 1,2 4-Trichlorobenzene 1.07e + 02 1.04e + 03
114 1,1,2-Trich H 4.58e + 01 5.86¢ + 02
115 Trichioroethylene 567e + 02 7.66¢ + 03
116 2,4 5-Trichlorophenof .. 3.84e~-01 8.27e + 01
117 [relhy 6.94e + 00 25/ + 02
118 2,2,4-Trimethyipentane 1.85e + 05 9.74e + 05
119 Vinyl acetat 2.82e + 01 2.800 + 02
120 Vinyl | 1.47e + 03 6.45e + 03
121 Vinyligense chioride (1.1-Dichioroethylena) 1.44e + 03 1.408 + 04
123 m-Xytene .. 4,13e + 02 3.25e + 03
124 o-Nylene 27e + 02 2.55¢ + 03
124 p-Xylene a1 » 02 3.208 + U3
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Water Trap
n — Sample to GC

Check Valve

Vent

| Air
{< 15 psi)

|
Injection Point ‘

Mass
Flow
Controller

Sparger

Figure 2. Example Aerated Draft Tube Reactor
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Water Trap
> H * Sample to GC
If\
Recirculation
Pump
Injection Point
Sparger %

Figure 3. Example Sealed Draft Tube Reactor
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Form | DATA FORM FOR THE

ESTIMATION OF THE EPA METHOD 304B FIRST ORDER BIORATE CONSTANT
NAME OF THE FACILITY for site specific biorate delermination Example
COMPOUND for site specific biorate determination METHANOL
INLET CONCENTRATION used in EPA METHOD 304B 1 78
EXIT CONCENTRATION measured by EPA METHOD 304B 2 6
BIOMASS (g/L) This is the dried solids that are obtained from the 3 0.075
mixed liquor suspended solids in the bench scale bioreactor.
TEMPERATURE OF BIOREACTOR (deg. C) 4 35
VOLUME of EPA METHOD 304B bench scale bioreactor (L) 5 6
FLUW RATE of waste reated in wie benceh scale biorcactor (L/lir) |6 | | 0140
CALCULATIONS FROM EPA METHOD 304B DATA MEASUREMENTS
RESIDENCE TIME (hr) Divide the number on line 5 by the number | 7 4110
on line 6 and enter the results here.
Concentration Decrease (g/m®). Subtract the number on line 2 from 8 72.00

| _the number on line 1 and enter the results here.

BIORATE (g/m’-hr). Dividc thc number on linc 8 by the numberon | 9 1.75
line 7 and enter the results here.
Product of concentration and biomass. Multiply the number on line2 |10 0.45
by the number on line 3 and enter the results here.
BIORATE K1 (L/g bio-hr) Divide the number on line 9 by the i 389
number on line 10 and enter the results hese.
Temperature adjustment. Subtract 25 deg. C from the number on line |12 10
4 and enter the results here.
Temperature adjustment factor. 1.046 is the default temperature 13 1.046
adiustment factor. Enter the temperature adjustment factor here.
Biorate temperature ratio. Raise the number on ling 13 to the power 14 1.567
of the number on line 12.
BIORATE K| at 25 deg. C (L/g MLVSS-hr) Divide the numberon |15 248
line 11 by the number on line 14 and enter the results here.

Note: With Monod kinetics. use Kmax=1000 to convert the Monod kinetics to first order. If a different
temperature adjustment factor than the default is entered on line 13, make sure that the adjustment factor used
in the calculations agrees with the valuc entered on line 13,
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Form 11 PROCEDURES FORM FOR THE
ESTIMATION OF THE KL FROM UNIT SPECIFICATIONS

NAME OF THE FACILITY for site specific biorate determination

NAME OF UNIT for site specific biorate determination

NAME OF COMPOUND

HENRY'S LAW constant for the compound (mole fraction in gas per mole
fraction in water at 25 degrees Celsius)

IDENTIFY THE TYPE OF UNIT (check one box below)
Quiescent impoundment 1
Surface apitated impoundment 2

W

Surface agitated impoundment wih subierged air

Unit agitated by submerged aeration gas

EPA Method 304A, Covered unit, UNOX system, or bench
scale reactor

LV E N

PROCEDURES BASED UPON THE TYPE OF UNIT

UNIT PROCEDURE TO FOLLOW
1 Use the quiescent impoundment mode! to determine KL. Use Kq as KL as determined
from Form VII.

2 Use the quiescent impoundment model to determine KL for the quiescent zone, Form VII.
Use the aerated impoundment model to determine KL for the agitated surface, Form VIII,

3 Use the quiescent impoundment mode] to determine Kq for the quiescent zone, Form VI
Use the serated impoundment model to determine KL for the agitated surface, Form VIII.
The total system KL is the sum of the KL from Form VIII and the equivatent KL from Form
V. Use the submerped air rate as the vent rate in form V.

4 Use the acrated impoundnzent model to determine KL if the surface is agitated. Use the
quiescent impoundment model if the surface is not agitated. KL includes the effect of
volatilization in the air discharge. Scc scction 5.6.1 in AIR EMISSIONS MODELS FOR
WASTE AND WASTEWATER (EPA-453/R-94-080A).  The total system KL is the sum
of the KL from Form VIII and the equivalent KL from Form V. Use the submerged

air rate as the vent rate in Form V.

5 KL for the surface is assumed to be equal zero. Determine equivalent KL based upon air
discharge. Use Form V for EPA Method 304A or if the concentration in the vent is not
measured. Use Form V-A if the concentration in the vent is measured.

Estimate of KL obtained from above procedures {m/s) | 6 |
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Form U-A PROCEDURES FORM FOR THE
ESTIMATION OF THE KL FROM WATER 7

NAME OF THE FACILITY for site specific biorate determination

NAME OF UNIT for site specific biorate determination

NAME OF COMPOUND

HENRY'S LAW COMPOUND

IDENTIFY THE TYPE OF UNIT (check one box below)
Quiescent impoundment |
Surface agitated impoundment

Surface agitated impoundment with submerged air

Unit agitated by submerged aeration gas
Covered unit, UNOX system, bench scale reactor

LT T - P | ]

PROCEDURES BASED UPON THE TYPE OF UNIT

unit procedure to follow

1 Use the quiescent impoundment model to determine KL.

2 Use the aerated impoundment mode] to determine KL for the combined agitated surfaces and
quiescent surfaces.

3 Use the aerated impoundment model to determine KL for the combined agitated surfaces and
quiescent surfaces.

4 Use the acrated impoundment model to determine KL if the surface is agitated. Use the
quiescent impoundment model if the surface is not agitated. KL includes the effect of
volatilization in the air discharge. See scction 5.6.1 in AIR EMISSIONS MODELS
FOR WASTE AND WASTEWATER (EPA-453/R-94-080A).

5 KL for the surface is assumed to equal zero. Select the covered unit option with the
acrated impoundment model.
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Form [T} DATA FORM FOR THE ESTIMATION OF
THE COMPOUND FRACTION BIODEGRADED AND AIR EMISSIONS

NAME OF THE FACILITY for site specific biorate determination example
COMPOUND for site specific biorate determination methanol
ESTIMATE OF K! from Form I line | ], Form V line 15, 1 189
Form V-A line 15, Form IV line 14, Form VI line 13, or
Form X1 line 9. (L/g MLVSS-hr)
BIOMASS (/L) This is the dried solids that are obtained from 2 24
the mixed liquor suspended solids in the full-scale bioreactor.
VOLUME of full-scale system (cubic meters) 3 2700
AREA of the liquid surface of the full-scale system (square 4 1500

| maters;
ESTIMATE OF KL from Form 11, lI-A, IV, V, V-A, 5 0.0000036
or V-B (m/s)
FLOW RATE of waste treated in full-scale bioreactor (m’/s) [ 0.1565
CALCULATIONS FROM ESTIMATES OF K1 AND KL
BIORATE (m’/s) ‘Multiply the numbers on lines 1, 2, and 3 7 7.0020000
together and divide the results by 3600, Enter the results here.
AIR STRIPPING (m*/s). Multiply the nurnbers on lines 4 and 5 8 0.0054000
together. Enter the results bere.
EFFLUENT DISCHARGE (m’s). Enter the number on line 6 9 0.1565000
here.
TOTAL of the three loss mechanisms. Add the numbers onlines |10 7.1639000
7,8, and 9. Enter the results here.
Fraction biodegraded: Divide the number on line 7 by the 11 0.9774006
number on line 10 and enter the results here.
Fraction air cmissions: Divide the number on linc 8 by the 12 0.0007538
number on line 10 and enter the results here.
Fraction remaining in unit effluent: Divide the numberonline® |13 0.0218456
by the number on line 10 and enter the results here.
Total: add the numbers on lines 11, 12, and 13. The sum should 14 1.0000000
equal 1.0
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Form IV DATA FORM FOR THE ESTIMATION OF K1 AND KL
FROM FULL SCALE UNIT DATA WITH AND WITHOUT BIODEGRADATION

For a general discussion of this approach. sce Air Emissions Models for Waste and Wastewater, EPA-
453/R-94-080A, Chapter 5, November 1994.

NAME OF THE FACILITY for sitc specific biorate determination example
COMPOUND for site specific biorate determination methanol
BIOMASS (g/1.) This is the dricd solids that are obtained from the 1 24
mixed liquor suspended solids in the full-scale bioreactor.

VOLUME of full-scale svstem (cubic meters) 2 2700
AREA of the liquid surface of the full-scale system (square meters) 3 1500
INLET CONCENTRATION of compound (g/m’ or ppmw) 4 133.5
EXNIT CONCENTRATION of compouiid {witil or pptis i 3 i.37 ‘
EXIT CONCENTRATION (NO BIODEGRADATION) of compound | 6 133
(/m’ or ppmw)

FLOW RATE of waste treated in the full-scale bioreagtor (m*s) 7 0.1565

ESTIMATES OF Ki AND KL FROM FIELD DATA WITH AND WITHOUT BIODEGRADATION

REMOVAL WITH BIODEGRADATION (g/s) Subtract the number | 8 19238545
on line 5 from the number on line 4 and multiply the results by the
number on line 7. Enter the results here.

REMOVAL WITHOUT BIODEGRADATION (g/s) Subtract the 9 0.078250
number on line 6 from the number on.linc 4 and multiply the results by
the number on line 7. _Enter the results here.

KL A ESTIMATE (m’s) Divide the number on line 9 by the 10 0.000588
number on line 6. Enter the results here.

KIB V + KLLA ESTIMATE (m%s) Divide the number on line 8 |} 1.820108
by the number on line 5. Enter the results here.

K1B V ESTIMATE (m%s) Subtractthe number on line 10 from | 12 1.819520
the number on line 11. Enter the results here.

Product of B and V. Multiply the number on line | by the numberon | 13 6480
line 2 and enter the results here.

K1 ESTIMATE (L/gMLVSS-hr) Divide the number on line 12 by 14 1.010844
the number on line 13 and multiply by 3600 s/hr, Enter the results

here.

KL ESTIMATE (m/s) Divide the number on line [0 by the 15 0.0000004

number on line 3. Enter the results here,
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Form V DATA FORM FOR THE ESTIMATION OF K1 FOR EPA METHOD 304A
OR FROM A COVERED, VENTED BIODEGRADATION UNIT.

For a general discussion of this approach. see Air Emissions Models for Waste and Wastewater, EPA-
453/R-94-080A, Chapter 5, November 1994

NAME OF THE FACILITY for site specific biorate determination example

COMPOUND for site specific biorate determination thano!

BIOMASS (g/L) This is the dried solids that are obtained from the 1 0.075

mixed liquor suspended solids in the unit.

VENT RATE of total gas leaving the unit (G, m’/s) 2 |

TEMPERATURE of the liguid in the unit (deg. C) 3 25

INLET CONCENTRATION of compound (¢/m* or ppmw) 4 100

FMIT CONCENTRATION of comnsund fofm’ o7 nema) 3 s

ESTIMATE OF Henry's law constant (H, g/m? in gas / g/m’ in liquid). | 6 0.00021

Obtained from Form X

AREA OF REACTOR (m?) 7 3400

VOLUME OF REACTOR (m’) 8 10000

FLOW RATE of waste treated in the unit (m’/s) 9 0.146

CALCULATION OF THE ESTIMATE OF K1

TOTAL REMOVAL (g/s) Subtract the number on line 5 from the 10 13.870000

number on line 4 and multiply the result by the number on line 9.

Enter the results here.

[H G] ESTIMATE (m%s) Multiply the number on line 2 by the 11 0.000021
' number on line 6. Enter the results here,

[KIB V + HG} (m%s) Divide the number on line 10 by the 2 2.774000

number on line 5. Enter the results here.

[KI B V] ESTIMATE (m%s) Subtract the number on line 11 from | 13 2.773979

the number on line 12. Enter the results here.

If the number on line 11 is greater than the number on line 13, this procedure cannot be used to demonstrate

that the compound is biodegradable. Do not complete lines 14 and 15.

Product of B and V. Multiply the nwmber on line ! by the number on 14 750.000000

line 8 and enter the results here.

K1 ESTIMATE (L/g MLVSS-hr) Divide the number on line 13 by 15 13.3150%9

the number on line 14 and multiply by 3600 s/hr. Enter the results

here.

EQUIVALENT KL. Divide the number on line 11 by the number on 16 6.18e-09

line 7. Enter the results on line 16,

This form may be used to estimate the Equivalent KL with input data for lines 2, 6, and 7.
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Form V-A  DATA FORM FOR THE CALCULATION OF K| FROM A COVERED.
VENTED BIODEGRADATIN UNIT. THE VENT CONCENTRATION 1S MEASURED.

For a gencral discussion of this approach, see Air Emissions Models for Waste and Wastewater, EPA-
453/R-94-080A, Chapter 5, November 1994.

NAME OF THE FACILITY for site specific bivrate determination example
COMPOUND for site specific biorate determination methano!
BIOMASS (g/L) This is the dried solids that are obtained from the 1 0.075
mixed liquor suspended solids in the unit.

VENT RATE of total gas leaving the unit (G, m¥s) 2 .1
TEMPERATURE of the liquid in the unit (deg. C) 3 25
INLET CONCENTRATION of compound (Ci, /m’ or ppmw) 4 100
EXIT CONCENTRATION of compound (Ce. ¢/m* or ppmw) 5 5
VENT CONCENTRATION of compound (Cv, ') 6 4.001
AREA OF REACTOR SURFACE (m?) 7 3400
VOLUME OF REACTOR (m®) 8 10000
FLOW RATE of waste treated in the unit_(m*/s) 9 0.146
CALCULATION OF THE ESTIMATE OF K|

TOTAL REMOVAL {g/s) Subtract the number on ling 5 from the 10 13.87
number on line 4 and multiply the results by the number on line 9.

Enter the results here.

[ G Cv/Ce] ESTIMATE (m’/s) Multiply the numbes on ling 2 by the | 11 0.000020
number on line 6 and divide by the number on line 5. Enter the results

here.

(K1 B V + GCviCe] (m%s) Divide the number on line 10 by the 12 2.77
number on line 5. Enter the results here.

[K1B V] ESTIMATE (m%s) Subtractthe number on line 11 from | 13 177
the number on line 12. Enter the results here.

If the number on line 11 is greater than the number on line 13, this procedure cannot be used to
demonstrate that the compound is biodegradable. Do not completc lins 14 and 15.

Product of B and V. Multiply the number on line | by the number on 14 750,00
line § and enter the results here.

K] ESTIMATE (L/g MLVSS-hr) Divide the number on linc 13 by 15 13.30
the number on line 14 and muhiply by 3600 s/hr. Enter the results

here.

EQUIVALENT KL. Divide the number on line 11 by the number on 16 5.9e-09
line 7. Enter the results here.

This form may be used Lo calculate the Equivalent KL with input data for lines 2, 5, 6,and 7.
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Form V-B DATA FORM FOR THE CALCULATION OF EQUIVALENT KL

FROM A VENTED BIODEGRADATIN UNIT WITH AN AIR SUPPORTED COVER.

THE VENT CONCENTRATION IS MEASURED.

NAME OF THE FACILITY for site specific biorate example
determination

COMPOUND for site specific biorate determination methanol
Vent rate of total gas entering the cover (m’/s) 1 120
Vent rate'of total gas leaving the cover transferred to a control device 2 100
(m"/s)

TEMPERATURE of the liquid in the unit deg. C) 3 25
Area of air supported cover (m°) 4 1950
Permeability throuch the cover (em/s) 5 SE-6
VENT CONCENTRATION of compound ( g/m’) 6 0.0022
EXIT CONCENTRATION of compound ( g/m’ or ppmw) 7 10.57
AREA OF REACTOR SURFACE (m%) 8 1500
Performance of vent control device (% control) 9 95
CALCULATION OF THE ESTIMATE OF EQUIVALENT KL

Loss of forced air in the cover due to leakage. (m%s) Subtract the 10 20
number on line 2 from the number on line 1. Enter the resuits here.

Loss of compound in forced air  (g/s) Multiply the number on line 10 | 11 0.044
by the mumber on line 6. Enter the results here.

Loss of compound by permeation through cover (g/s). Line 4 times 12 0
line 5, line 6, and divide by 100. Enter the results here.

Loss of compound by permeation through vent (g/s). Line 2 times line | 13 0.22
6. Enter the results here.

Treatment of compound in control device (g/s). Line 13 times line 9, 14 0.209
divided by 100, Enter the results here.

Total removal from air phase (g/s). Sumof 11, 12, and 13. 15 0.264
Total treatment effectiveness (%) Line 14 divided by 15 times 100. 16 79.1666
[G Cv/Ce| ESTIMATE (m®/s) Divide line 15 by line 7. 17 0,025
EQUIVALENT KL. Divide the aumber on line 17 bv line 8, 18 1.67¢-05

The permeability is the ratio of the flux (g/em? ) to the gas concentration (g/em?®).
If the gas is generated by the unit, the gas entering the cover may be estimated from an estimate of the cover
leak rate and the total gas transferred to the control device.
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Form VI DATA FORM FOR THE ESTIMATION OF KiI

FROM FULL SCALE UNIT DATA WITH BIODEGRADATION
NAME OF THE FACILITY for site specific bioraie determination example
COMPOUND for site specific biorate detcrmination methano!
BIOMASS (g/L) This is the dried solids that are obtained from the 1 0.075
mixed liquor suspended solids in the full-scale bioreactor.
VOLUME of full-scale svstem (cubic meters) 2 100000
AREA of the liquid surface of the full-scale svstem (square meters) 3 10000
INLET CONCENTRATION of compound (g/m* of ppmw) 4 100
EXIT CONCENTRATION of compound (g/m’ or ppmw) 5 5
ESTIMATE OF KL from Form Il {m/s) 6 0.00001
FLOW RATE of waste treated in the full-scale bi tor (m*/s) 7 0.146
CALCULATION OF THE ESTIMATE OF K1 FROM FIELD DATA
REMOVAL WITH BIODEGRADATION (g/s) Subtract the 8 13.87
number on line 5 from the number on line 4 and multiply the results
by the number on line 7. Enter the results here.
(KL A] ESTIMATE (m¥s) Multiply the number on linc 3 by the | 9 0.10
number on line 6. Enter the results here.
{KIB V + KLA) (m¥s) Divide the number on linc 8 by the 10 2774
number on line 5. Enter the results here.
[K1 B V] ESTIMATE (m%s) Subtractthc number on line 9 Il 2.674
from the number on line 10. Enter the results here.
Product of B and V. Multiply the number on line 1 by the number 12 7500
on line 2 and enter the results here.
K1 ESTIMATE (L/g MLVSS-hr) Divide the number on line 11 13 1.28352
by the number on line 12.and multiply by 3600 s/hr. Enter the
results here.
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FORM VII
DATA FORM FOR CALCULATING THE
MASS TRANSFER COEFFICIENT FOR A QUIESCENT SURFACE IMPOUNDMENT

FaciliyName:

Waste Stream Compound:

Enter the following:

F - Impoundment fetch (m) C—
D - Impoundment depth (m)

U,y - Windspeed 10 m above liquid susface(msy

D, - Diffusivity of compound in water (cmé/s)

D, - Diffusivity of ether in water (cm?/s)

g - Viscosity of air, {g/em-s)

Pg - Density of air, (g/cm®) i
D, - Diffusivity of compound in air. fems} —
A - Area of impoundmeat, {m-°)

H - Henry's law constant, (atm-m®/g mol)

R - Universal gas constant, (atm-m*g mol. °K)

. - Viscosity of waler, (g/cm-3) o
p.. - Density of liquid, (g/cm’) —
T - Impoundment temperature, (“C)

Calgulate the following:

Calculate F/D:

A, Calculate the liquid phase mass transfer coefficient, ky, using one of the following procedures, (m/s)
1. Where F/D < 14 and U, > 3.25 m/s, use the following procedure from MacKay and Yeun:

Calculate the Schmidt number on the liquid side, Sc,, as follows:
Se,=n/p.D.

Calculate the friction velocity, U, as follows, (m/s):
U =0.01 x Uj,{6.1 +0.63 U,o)**

Where U” is > 0.3, caloulate k;_as follows:
k,=(1.0x 10% +(34.1 x 109U x S °* —

Where U’ is < 0.3, caleulate k, as follows:
ky =(1.0x 10+ (144 x 10} U2 x S, 3

2. For all other values of F/D and Uy, caleulate ky, using the following procedure from Springer:'

'Springer, C., P. D. Lunncy. and K. T. Valsaraj. Emission of [lazardous Chemicals from Surface
and Near Surface Impoundments to Air. U.S, Envircamental Protection Agency, Solid and Hazardous Waste
Research Division. Cincinnati. OH. Project Number 808161-02. December 1984,
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Where U, is <3 25 m/s, calculate k, as follows:
k, = 2.78 x 10%D,/D,, )" o

Where U, is > 3.25 and 14 < F/D <51 2, Caleulate k,_0s follows;
k, = [2.605 x 10°(F/D) + 1.277 x 10°) U,, (D/D.,..)"" o

Where U, > 3.25 m/s and F/D > 51.2, calculate k,_ as follows:
k, = (2611 x 107U, ;2 (DJD,,..)"

B. Calculate the gas phase mass transfer coefficient. k. using the following procedure from MacKay and
Matsasugu, (n/s):*
Calculate the Schmidt number on the gas side, Scy, as follows: Seg =po/pD,

Calculate the effective diameter of the impoundment, d,, as follows, (m):
d, = (4A/n)** -

Caleulate k,, as follows, (mfs); k, = 4,82 x 107 U, 2™ ¢, ¢,V
C. Calculate the partition cocfficicnt, Keq, as follows: Keg = H/[R(T+273)]
D. Calculate the overall mass transfer cocfficicnt, Kq, as follows, (mv's):
/K, = Uk, + /Keg-k,

Where the total impoundment surface is quiescent:
KL =K,

Where a portion of the impoundment surface is turbulent, continue with Form VIH.

“Hwang, S. T Toxic Emissions from Land Disposal Facilities. Environmental Progress. 1:46-52.
February 1982.
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FORM viII
DATA FORM FOR CALCULATING THE
MASS TRANSFER COEFFICIENT FOR AN AERATED SURFACE IMPOUNDMENT

Facility Name:
Waste Stream Compound: .
Enter the (ollowing;

J - Oxygen transfer rating of surface aerator, (I Ovhs-hp)

POWR - Total power to acrators, (hp)

T - Water temperature. (°C)

O, - Oxygen transfer correction factor - o
MW, - Molecular weight of liquid

A, - Turbulent surface area of impoundment, (f?) e
(If unknown. use values from Table 1)
A - Total surface area of impaundment, (07 e e

P - Density of liquid, {1b/1t*) B
D, - Diffusivity of constituent in water, (cm™/s) -

Doz.w - Diffusivity of oxygen in water, (cm¥s)
d - Impelier diameter, (cm)

w - Rotational speed of impeller, (rad/s)

p, - Density of air, (gm/cm’)

N - Number of aerators

& - Gravitation constant, (Ib,-ft/s?b;) o
d’ - Impeller diameter, (ft)

D, - Diffusivity of constituent in air, (cm¥s)

MW, - Molecular weight of air o

R - Universal gas constant, (atm-m'/g mol. °C)

H = Henry's law constant, (atm-m*/g mol) L

Caleulate the following:
A.  Caleulate the liquid phase mass transfer coefficient, ky, using the following Equation from
Thibodeaux:*,*
k, = [8.22 x 10® J (POWR)(1.024)"° O, 10° MW AVap)] (D D, . )5 (mis)
»

GCA Corporation. Emissions Data and Mode! Review for Wastewater Treatment Operations.
Draft Technical Note. Prepared for U.S. Environmental Protection Agency. Contract No. 68-01-6871,
Assignment 49. August 1985, p. 4.2,

*Hwang, S. T. Toxic Emissions from Land Disposal Facilities. Environmental Progress. 1:46-52.
February 1982,
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from Reinhardt:*."

Calcutate the viscosity of air. p,. as follows. (g/cm.s):
p, = 4.568 x 10" T+ 11,7209 x 10~

Calculate the Reynold's number as follows:
R, = dwp/p,

Calculate power to impeller, Py, as follows, (fIbys):
P,=0.85 (POWR) 550/N

Calculate the power number, p. as follows:
p =P, gl(p 4" w')

Calculate ihe Schmidt number, Scg, as follows:
Scq=u/p.D.

Calculate the Fronde number. F. as follows
F,=d'w/g,

Calculate k, as follows:

ko= 1.35 x 107 R*42p0* Sc,0* F,°* D,MW /d, (m/s)

Calculate the paniition cocfficicnt, Keq. as follows:
Keq = H/[R(T+273)]

Calculate the overall aurbulent mass transfer coefficient, K, as follows, (m/s):

VK, = Lk, + 1Keqk,

Calculate the quiescent mass transfer cocfficient, K, for the impoundment using Form VII.

Calculate the overall mass transfer coefficient, KL, for the impoundment as follows:

K (A-A) + KA
A

GCA Corporation. Emissions Data and Model Revicw for Wastewater Treatment Operations.

Draft Technical Note. Prepared for U.S. Environmental Protection Agency. Contract No. 68-01-6871,
Assignment 49. August 1985, p. 4-3.

SReinhardt, J. R. Gas-Side Mass-Transfer Coefficient and Interfacial Phenomena of Flat-Bladed

Surface Agitators. Ph.D. dissertation, University of Arkansas, Fayetteville, Ar. 1977. p. 48.
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Table 1. Turbulent Areas and Volumes for Surface Agitators®

«, Motor A,, Turbulent area,
horsepower, Effective V, Agitated ay, Area per
hp e m? depth, ft volume, ft* volume ft*/f
5 177 16.4 10 1,767 0.100
7.5 201 18.7 10 2,010 0.100
10 227 21 16.5 2,383 0.0952
15 284 26.4 11 3,119 0.0909
20 346 32.1 1.5 3983 0.0870
25 415 38.6 12 4,986 0.0833
30 491 45.7 i2 5,890 0.0833
40 661 6l.4 13 8,587 0.0769
50 855 79.5 14 11,970 0.0714
60 1,075 100 15 16,130 0.0666
75 1452 135 16 23,240 0.0625
100 2,206 208 18 39,710 0.0555
e s = e —

*Data for a high speed (1,200) rpm) asrator with 60 cm propeller diameter (d).
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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

NAME OF THE FACILITY for site specific biorate determination example
COMPOUND for site specific biorate determination ) — methanol
LISTED HENRY'S LAW VALUE AT 25 degrees Celsius. 1 .2885

(Table 1, ratio of mol fraction in gas to mole fraction in waler)

TEMPERATURE of the liquid in the unit (deg.C) 2 25
CALCULATION OF K

Temperature adjusted Henry's law value (equals the value on line 1 if |3 0.2885
the temperature on line 2 is 25)

Discuss basis of temperature adjustment

Temperature in degrees Kelvin. Add 273.16 to the number on line 2. 4 298.1600
Enter the results here.

Temperature ratio. Divide 273.16 by the number on line 4. Enter the 5 0.9162
results here.

Henry's Law adjustment factor. Multiply the number on line 5 by 6 0.7366
0.804 and enter the results here.

Henry's Law value (g/m3 gas per g/m3 liquid) Multiply the number 7 0.000213

on line 3 by the number on line 6 and divide the results by 1000.
Enter the results here and on Form V line 6,

Henry's Law value (atm m3 per mol ) Divide the number on line 3 8 0.000005
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 IN A SEALED BATCH TEST
NAME OF THE FACILITY for site specific biorate determination example
COMPOUND for site specific biorate determination methanol
REACTOR HEADSPACE VOLUME, (L} 1 l
REACTOR LIQUID VOLUME (L) 2 10
TEMPERATURE of the liquid in the unit (deg.C) 3 25
Wastewater compounds are biodegraded by biomass in a sealed batch test. For the compound listed above, a data
set of liquid and gas concentralions is measured at four different times during the sealed batch test. The data are
entered below, and the ratio of the o ions for each data set is d in column E.
A B c D E
Data Time Liquid Conc. Gas Conc. K, .0002108

set (hr) (mg/L) (mg/L) D/C

1

2

3 !

4 I ! I
Temperature in degrees Kelvin. Add 273.16 to the number on line 3, 4 298.16
Enter the results here
Molar ratio. Multiply the number on line 4 by 4.555. Enter the resultson | § 1,358.12
line 5.

Henry's law value (mg/L gas per mg/L liquid). Enter the averape valuein | 6 0.000211
column E above on line 6.

Henry's law value (mole fraction gas per mole fraction liquid) Multiply 7 0.286563
the number on line 6 by the number on line 5.  Enter the results on line 7.

Expected Henry's law value, Enter the number from Form IX fine 3. 8 0.288500

Precision: Discuss any variahility of the numbers in column E.

Accuracy: Discuss any difference between the numbers on line 7 and line 8. Identify which value will be used for
evalualing the biodegradation rate data. Divide the Henry's law value by the number on line 5 and enter the results
on line 9.

K, value (mg/L gas per mg/L liquid) 9 0.000211
HEADSPACE CORRECTION FACTOR. Divide the numberenline2 |10 0.999979
by the sum of the number on line 2 and the product of the numbers on ling
9 and line 1. Enter the result on line 10.

The headspace correction factor should equal approximately | if the headspace is relatively small. Reducing the
headspace volume may improve the test data quality if the headspace comrection factor is substantially less than one.
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Form XI 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 specific biorate determination example
COMPOUND for site specific biorate determination meihanol
Concentration basis (liquid or gas) gas
TEMPERATURE of the liguid in the unit (dee.C) 1 25
GAS FLOW RATE (L/hr) 2 |
LIQUID VOLUME (L} 3 10
Co concentration measurement at time=0 (mg/L) 4
A B C D E
data point time (hr) Concentration, C (mg/L) C/Co -In(C/Co)

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

e (w oo |—

Temperature in degrees Kelvin. Add 273.16 to the number on line 1. 5 298.16
Enter the results here

MOLAR RATIO. Muliply the number on line 5 by 4,555, Enter the |6 1,358.12
results on line 6.

Slope of the plot of -In(C/Co) vs time (per hour) 7 2.10e-05
Calculated K, value (mg/L gas per mg/L liquid). Divide the number 8 0.000210

on finc 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 IX fine 3 by the 9 0.000212
number on line 6 and enter the resuits on line 9.
Discuss any differences between the numbers on line 8 and line 9. Identify which valuc 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) 10 0.000210

STRIPPING CONSTANT(per hour). Divide the number on line 10 by 0.000021
number on line 3 and multiply by the number on line 2. Enter the final
result on line 11.

—

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