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EXAMPLE COMPLIANCE ASSURANCE MONITORING:
PACKED BED SCRUBBER FOR VOC CONTROL – FACILITY Q

I. Background

A. Emissions Unit

Description: Batch mixers and tanks used in a chemical
process

Identification: Scrubber B-67-2

Facility: Facility Q
Anytown, USA

B. Applicable Regulation, Emissions Limit, and Monitoring Requirements

Regulation: Permit, State regulation

Emissions limit:
    VOC: 3.6 pounds per hour

Monitoring requirements: Inlet water flow, acetic acid concentration in
scrubber underflow

C. Control Technology Packed bed scrubber

II. Monitoring Approach

The key elements of the monitoring approach for VOC are presented in Table A.4b-1.  The
selected indicators of performance are the scrubber inlet water flow rate and the acetic acid
concentration in the scrubber water underflow.  The scrubber inlet water flow rate is measured
continuously and recorded twice daily.  The scrubber water underflow is sampled twice daily; 
the acetic acid concentration of each sample is determined by titration.  
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MONITORING APPROACH JUSTIFICATION

I. Background

The pollutant specific emissions unit (PSEU) consists of process equipment in the cellulose
esters division controlled by a packed bed scrubber.  The process consists of batch mixers that
are used to convert cellulose into cellulose ester.  Each mixer may be started at a different time
and may be used to make several batches per day.  While in the mixers, the intermediate product
is dissolved in acetic acid.  The ester solution is transferred to storage tanks before being pumped
into the next step in the process.  A vent system collects the vapors from the mixers and tanks
and a fan operated at constant speed pulls the vapors through the vent lines and into the scrubber. 
It is not possible for the gas to bypass the scrubber.  The VOC load to the scrubbers in this
division primarily consists of acetic acid (and other carboxylic acids).

The scrubber is 4 feet in diameter and has about 8 feet of 2-inch packing.  Fresh water is
sprayed at the top of the packing at 4 to 6 gpm; water from the underflow is recirculated to the
middle of the scrubber.  The normal exit gas flow rate is approximately 1800 acfm.

II. Rationale for Selection of Performance Indicators

A packed bed scrubber is used to reduce VOC emissions from part of a chemical
manufacturing process.  Both batch mixers and process tanks are vented to this scrubber.  The
processes in this area of the facility are mostly semi-batch operations, so the production rate at
any one time varies.  Therefore, it is difficult to relate the production rate to the VOC load
vented to this scrubber.

To comply with the applicable emission limit, a minimum water flow rate must be supplied
to the scrubber to absorb a given amount of VOC in the gas stream, given the size of the tower
and height of the packed bed.  The liquid to gas (L/G) ratio is a key operating parameter of the
scrubber.  If the L/G ratio decreases below the minimum, sufficient mass transfer of the pollutant
from the gas phase to the liquid phase will not occur.  The minimum liquid flow required to
maintain the proper L/G ratio at the maximum gas flow and vapor loading through the scrubber
can be determined.  Maintaining this minimum liquid flow, even during periods of reduced gas
flow, will help ensure that the required L/G ratio is achieved at all times.  The concentration of
acetic acid in the scrubber underflow can be related to the water flow rate and acetic acid
emissions, based on emissions test results and process modeling.

III. Rationale for Selection of Indicator Ranges

The indicator ranges were selected based on engineering calculations using ASPEN®

process modeling software, emissions test data, and historical data.  Computer modeling of the
scrubber system was performed for the maximum allowable VOC concentration in the scrubber
exhaust; the inlet water flow rate necessary for achieving adequate control was determined for
several concentrations of acetic acid in the underflow.  The scrubber efficiency was calculated
using data obtained from emissions testing.  The scrubber was modeled using an equilibrium-
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Figure A.4b-1.  Compliance curve.

based distillation method and ideal behavior of the gas phase was assumed; liquid phase activity
coefficients were estimated from a Wilson parameter fit of vapor-liquid equilibria data.  It was
assumed that the control device delivers three actual stages of counter-current mass transfer with
a recycle stream pumped from the effluent to the center of the column to ensure adequate
distribution of the liquid over the packing.  The engineering model was calibrated for accuracy
using the results of source testing conducted while at normal operating conditions.

Figure A.4b-1 is a plot of the modeled
operating conditions (inlet water flow and
scrubber underflow acetic acid concentration)
necessary to maintain compliance.  The line
represents the operating conditions at maximum
allowable emissions (3.6 lb VOC/hr); the
scrubber’s VOC emissions are below the limit
when the scrubber is operated at conditions that
fall below this line.  For example, operating at a
scrubber water flow rate of 4 gpm with an acetic
acid concentration in the scrubber underflow of
12 percent provides a margin of compliance with
the permitted VOC emission rate.  The selected
indicator ranges for inlet water flow and
underflow acetic acid concentration were chosen
based on the compliance curve and normal
operating conditions.  The indicator range
(acceptable operating range) is defined as any
operating condition where the scrubber inlet
water flow is greater than 4 gpm and the scrubber underflow acetic acid concentration is less
than 10 percent.

The 4 gpm level was chosen because it is the lower end of the preferred operating range. 
The 10 percent value was chosen because it is less than any point on the compliance curve (see
Figure A.4b-1), and the 1997 historical data show that all measured concentration data were less
than 8.4 percent (typical values were between 2 and 6 percent).  When an excursion occurs
(scrubber inlet water flow of less than 4 gpm and/or scrubber underflow acetic acid
concentration of greater than 10 percent), corrective action will be initiated, beginning with an
evaluation of the occurrence to determine the action required to correct the situation.  All
excursions will be documented and reported.

The scrubber typically operates at a water flow rate of 4 to 6 gpm.  Figure A.4b-2 shows
scrubber water flow data collected in 1997.  The range for the 1997 data is 3 to 9.5 gpm; the
mean scrubber water flow rate was 5.3 gpm.  There are four values less than 4 gpm, indicating
four excursions.  The bulk of the data falls between 5 and 6 gpm.  Corrective action typically is
taken (the flow is increased) when the scrubber water flow begins to fall below 5 gpm in order to
avoid an excursion.
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Figure A.4b-2.  1997 scrubber water flow rate data.
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Figure A.4b-3.  1997 underflow acetic acid 
concentration data.

Historical data from 1997 show the acetic acid concentration in the underflow is typically
less than 6 percent.  Figure A.4b-3 shows scrubber underflow acetic acid concentration data for
1997.  The maximum concentration was 8.4 percent, which is within the CAM indicator range. 
The mean concentration was 3.9 percent.  The values decrease toward the end of the year
because production was decreased due to
temporary changes in the market for a key
product.  This further verifies the
correlation between the acid concentra-
tion in the underflow and the VOC load to
the scrubber.  Because historical data
show that the scrubber routinely operates
within the indicator range, there is not
much variability in the data during typical
production periods, and the post-control
emissions from this scrubber are below
the major source threshold, the water flow
rate and acid concentration are recorded
only twice daily.

An emissions test was conducted on
this scrubber in December 1994.  An
acetic acid sampling train validated using
EPA Method 301 was used to measure
acetic acid emissions and EPA Methods 1
through 4 were used to determine vent gas
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Figure A.4b-4.  1997 underflow acetic acid concentration vs. scrubber water flow.
(2 measurements per day)

volumetric flow rates.  The permitted emission limit is 3.6 lb VOC/hr.  The average emissions
during testing were 0.2 lb/hr, well below the emissions allowed for this scrubber.  The inlet
water flow rate was 5 gpm and the average scrubber underflow acetic acid concentration was
5 percent.  The test parameters and measured emissions and underflow concentration were used
in the ASPEN® computer model to calculate the efficiency of the scrubber.  The model was then
used with that same efficiency to generate the compliance curve in Figure A.4b-1.

Figure A.4b-4 shows the underflow acetic acid concentration versus the scrubber water
flow rate for 1997.  There were four excursions in 1997; the flow rate was less than 4 gpm
during those excursions, but the underflow acid concentration was always less than 10 percent.




