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FOREWORD

The U,S. Environmental Protection Agency is charged by Congress with pro-
tecting the Nation's land, air, and water resources. Under a mandate of national
environmental laws, the Agency strives to forrulate and implement actions lead-
ing to a compatible balance between human activities and the ability of natural
systems to support and nurture life. To meet this mandate, EPA's research
program is providing data and technical support for seolving environmental pro-
blems today and bullding a science knowledge base hecessary to manage our eco-
logical resources wisely, understand how pollutants affect our health, and pre-
vent or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency's center for
investigation of technological and management approaches for reducing risks
from threzts to human health and the environment. The focus of the Laboratory's
research program is on methods for the prevention and control of pollution to air,
land, water, and subsurface resources; protection of water quality in public water
systems; remediation of contaminated sites and. groundwater; and prevention and
control of indoor air pollution. The goal of this research effort is to catalyze
development and implementation of innovative, cost-effective environmental
technologies; develop scientific and engineering information needed by EPA to
support regulatory and policy decisions; and provide technical support and infor-
mation transfer to ensure effective implementation of environmental regulations
and strategies.

This publication has been produced as part of the Laboratory's strategic long-
term research plan, It is published and made available by EPA's Office of Re~
search-and Development-to-assist the user-community and-to link researchers----
with their clients.

E. Timothy Oppelt, Director
National Risk Management Research Laboratery
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ABSTRACT

Greenhouse gases (GHG) are produced from the anaerobic decomposition of waste in landfills,
septic sewage systems, and wastewater treatment (WWT) facilities. Reasonably accurate global
balances are needed for methane (CH,) and other greenhouse gases for use with climatic models
to estimate long-term global temperature changes. The development of a global balance for any
compound requires identification of all major emission sources and estimation of their source
strength (i.e., emission rate).

Estimates are available for the amount of methane emitted from certain types of waste facilities,
but there is not adequate field measurement data to validate these estimates. Under the Base
Statement of Work Area for this contract, field testing was performed to develop more reliable
GHG emission estimates for WWT lagoons. Field tests of emissions were conducted for
wastewater treatment lagoons that use anaerobic processes io ircai iarge voluines of wasicwaier
with large BOD loadings. Air emission and wastewater measurements were made for anaerobic
lagoons at three meat processing plants and at two publicly-owned treatment works (POTWs).
The overall emission rates of methane, carbon dioxide, carbon monoxide, nitrous oxide,
ammonia, volatile organic compounds (VOC) and chlorofluorocarbons (CFCs) were measured
from each source using an open path monitoring approach. The emitted compounds were
identified and quantified by Fourier-Transform Infrared (FTIR) spectroscopy. Emission factors
were developed for methane and ammonia as a function of the plant production rate, wastewater
parameters (e.g., influent BOD and COD loachngs) and WWT system performance (e.g., BOD
and COD removal rates) _
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SECTION 1
INTRODUCTION

This section contains the rationale for
performing this study, a listing of the project
objectives, a description of the site selection
process, and an overview of the technical
approach employed in the test program.

1.1 Background

A greenhouse gas (GHG) generally can be
defined as any molecule which absorbs
infrared light in the spectral region of 5 to
20 micrometers («m). These molecules
include, but are not limited to, water vapor
(H,0), carbon dioxide (CQ,), carbon
monoxide (CO), methane (CH,), certain
volatile organic compounds (VOCs), and
nitrous oxide (N,0).

Reasonably accurate global balances of
GHGs are needed as input to climatic
models for estimating long-term global
temperature changes. The development of a
global balance for any compound requires
identification of all major emission sources,
estimation of their source strength (i.e.,
emission rate), identification of major
reaction mechanisms and sinks, and
calculation of the total mass of a given
compound in the atmosphere and its average
atmospheric residence time.

A large number of natural and anthropic
activities produce or release GHGs. The
emphasis of this program is on emissions
from waste management facilities.
Greenhouse gases are produced from the
decomposition of waste in landfills, septic
sewage systems, and wastewater treatment
(WWT) facilities; and from the open
burning of waste. The decomposition of
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organic waste may occur aerobically (i.e.,
with oxygen) or anaerobically (i.e.,
without oxygen). Aecrobic decomposition
of organic carbon results in the production
of CO,, while anaerobic decomposition
results in the production of CH,. Given a
sufficient amount of time, essentially every
atom of carbon in waste streams is
converted to either CO, or CH,. In terms
of their ability to retain heat in the
atmosphere, however, CO, and CH, are
not equivalent. A given mass of CH, is 58
times stronger a GHG than the same mass
of CO, (it is 21 times stronger on a
molecular basis).! Therefore, the relative
amount of anaercbic versus aerobic
decomposition is of interest.

Another issue is the relative contribution
of emissions from waste management
facilities as compared with all other
emission sources. The emissions of CH,
from waste management facilities are
considered to be much more significant
than the emissions of CO, from these same
facilities because the CO, emissions are
thought to be quite small compared with
emissions of CO, from the combustion of
fossil fuels and other sources.

National and global emission inventories
of CH, emissions from waste management .
facilities (e.g., landfills, WWT lagoons,
and livestock waste lagoons) have been
published.”® These estimates, however,

are based on mass balance calculations and
various assumptions. Therefore, field
measurement data are needed to validate
these estimates.




This report contains the results of a project
for measuring emissions of GHGs from
WWT and disposal facilities. The work was
sponsored by the Air Pollution Prevention
and Control Division (APPCD), National
Risk Management Research Laboratory,
Office of Research and Development (ORD)
of the U.S. Environmental Protection
Agency (EPA).

12 Objectives

The overall objective of the research under
the base statement of work area for this
contract is to develop more reliable
estimates of GHG emissions from industrial
and domestic WWT systems. Most previous
research for these sources has used a mass
balance approach to estimate potential CH,
emissions, but in this study emissions of
CH, and other GHGs were measured under
field conditions, which should improve the
reliability of the emission estimates.

The specific objectives of this study were to:

. Identify those industries and WWT
_processes that have the greatest

potential for measurable emissions of
CH,;

. Develop selection criteria for
identifying suitable field sites;

. Select the five most promising sites
for testing; '
. Perform ambient air measurements

using an open path monitoring
(OPM) approach with a Fourier
Transform Infrared (FTIR)
spectroscopy instrument,
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. Collect process data and
characterize the influent and
effluent wastewater quality at the
five field sites; and

. Use the field data to develop
emission factors for each GHG of
interest.

13 Site Selection

Industrial and domestic WWT systems

include both anaerobic and aerobic

processes, and a great variety of WWT
methods are used among industries and
among different countries. Because of-the
relative importance of GHG emissions
from anaerobic decomposition (as
discussed above), the subset of WWT
systems that employ anaerobic treatment
processes was selected for testing. Within
this subset, anaerobic lagoons were given
priority over anaerobic digesters, tanks,
and sludge disposal units because lagoons
offered the fewest logistical constraints to
testing.

Although anaerobic lagoons are not
extensively used to treat industrial and
domestic waste in the United States, other
countries use anaerobic lagoons to treat
wastewater. Because of difficulties
associated with identifying sites and the
expense of conducting field measurements .
in foreign countries, sites in the United
States that are representative of treatment
conditions in developing countries were
selected for testing.

Site selection focused on U.S. WWT
systems that employ open, anaerobic
processes to achieve high levels of
biological oxygen demand (BOD)




removal. First, industries that treat large
volumes of wastewater and remove large

amounts of BOD (or chemical oxygen
demand [COD]) were identified using
published information sources. Then,
additional information was collected from
EPA regulatory personnel, project files, and
reports and researches in the WWT field to
identify which industries were most likely to
treat wastewater to remove high levels of
BOD/COD in open, anaerobic lagoons, and
to identify the most promising sites for
sampling. The most promising candidates
were beef and poultry processing plants and
pulp and paper mills. Publicly owned
treatment works (POTWs) also were of
interest because they are used to treat a
significant fraction of wastewater both
nationally and globally and, also, they were
thought to be a potentially significant source
of N,O emissions.*

Information was collected from published
sources; EPA regulatory personnel, project
files, and reports; and researchers in the
WWT area to identify potential sites for
field testing. Beef and poultry processing
plants and POTWs were identified as good

- candidates for field testing. Pulp and paper
mills proved to be less suitable, because the
amount of BOD removal by anaerobic
processes in that industry in the U.S. appears
to be small.

Five sites were selected for testing. Pre-
sampling surveys were conducted at these
sites to confirm that they met the site-
selection criteria for sampling. The sites
selected included two beef processing
plants, one chicken processing plant, and
two POTWs. Two beef processing plants
and two POTW sites were selected to help
determine the variability in emissions within
a given industry.
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14 Approach

The field work involved being on site for
about five days at each facility. Ambient
air measurements were made immediately
downwind of the lagoons using an open-
path monitoring (OPM) approach with
detection by Fourier Transform Infrared
(FTIR) spectroscopy. The FTIR light
beam was directed along a path of several
hundred feet and the absorbance of gases
was measured. The target compounds of
interest included CH,, CO,, N0, as well
as CO, ammonia (NH,), and certain VOCs.
Emission rates were determined from
measurements of the downwind ambient
concentration and the atmospheric
dispersion characteristics at the time of
sampling.

- The sampling equipment consisted of a

van containing the FTIR equipment and a
3m (10 ft) tower for measuring
meteorological parameters. In addition, a
limited number of influent and effluent
wastewater and sludge samples were
collected.

Where available, historical facility records
were used as the most robust estimators of
BOD and COD loadings in the system
influent and effluent for correlation to
GHG emission rates. Wastewater samples
also were collected during the periods of
FTIR sampling to confirm the historical
data or to provide estimates of current
conditions if historical data were
unavailable or current conditions differed
from historical conditions.

Emission factors were developed in terms
of grams of GHG species emitted per gram
of precursor in the influent wastewater
(e.g., g CH,/g BOD). The emission factors




will be combined with activity factor data to
develop national and global emission
estimates.

Measurements of emissions from anaerobic
lagoons used in the meat processing industry
are expected to provide upper bound
estimates of CH, emissions for the entire
WWT source category because this industry
has among the highest influent BOD
concentrations of any industry.* The use of
emission factors developed for these sources
to estimate emissions for WWT lagoons
with lower BOD and COD removal rates
potentially could result in overestimating

14

are directly propertional to BOD and/or
COD removal rate, the emission factors
for CH, (expressed as kg CH,/kg BOD
and/or COD removed) should be fairly
constant regardless of BOD and/or COD
loading. This may not be true, however,
for N,O or other GHGs where the
emission factors for these pollutants are
based on a parameter(s) other than BOD or
COD. Given the current state of
knowledge, however, it was decided that
measuring emissions from sources with
high BOD and COD removal rates was the
best starting point for developing more

reliable emission estimates fof anaerobic
WWT gysteme,



SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

This report contains the results of a project
for measuring emissions of GHGs from
WWT lagoons. Five sites were selected for
testing. The selection intentionally included
sites from several different industries: two
beef processing plants, one chicken
processing plant, and two POTWs. Open
path monitoring using the FTIR/transect
method was used to determine emission
rates. A very large data set was generated,
and up to 300 separate valid, 5-minute
average emission rate determinations were
made at a given site.

The air measurement data were reviewed to
identify those compounds found in
significantly greater concentrations in the
downwind air versus the upwind air at each
site. Any such compounds were likely to
have been emitted from the lagoons being
tested. Many of the target analytes were
found at the same concentration levels
upwind and downwind of the lagoons; i.e.,
they had no quantifiable emission rate. Only
CH,, NH,, and the SF; tracer gas generally
were present in greater amounts in the
downwind air.

The minimum quantifiable emission rate
varied from site to site and from one 5-
minute period to another. The detection
limit for a given compound, in terms of
g/sec, is dependent on the smallest
difference between downwind and upwind
concentrations that could be identified apart
from the measurement variability within
each of the upwind and downwind data sets.
Typical detection limits were about 0.1 g/sec
for most compounds, except for CO,, which
had a minimum detection limit of about 150

g/sec. The high detection limit for CO,
was due to the high background
concentrations (e.g., 500 ppmv) and the
measurement variability (e.g., %CV =
7.5%, or 37.5 ppmv).

For each increment of 0.5 ppmv (500 ppbv)
that a given compound was present in
greater concentrations downwind than
upwind, its emission rate was about 1 g/sec
(depending on the molecular weight of the
compound).

The upwind data at the five sites showed
average CH, concentrations ranging from
1.92 t0 2.83 ppmv and average CO,
concentrations ranging from 351 to 668
ppmv. The upper end of the range for both
compounds is higher than typical
background levels, indicating that other
emission sources were present in the
general area. '

At all three meat processing plants, large
amounts of CH, were detected downwind
of the WWT system. For the two beef
processing plants, the concentration of CH,
(and NH,) exhibited an exponential-type
relationship with wind speed. The
downwind CH, concentration at the
chicken processing plant did not show a
clear relationship between concentration” .
and wind speed. At the chicken processing
plant, however, the range of wind speeds
was much smaller than for the meat
processing plants and the number of valid
measurement periods also was much
smaller, making it more difficult to identify
trends and relationships.




Some total non-methane hydrocarbons
(TNMHC) were detected at certain sites, but
the FTIR method is not particularly well-
suited for measuring this analyte. Only an
approximate value can be determined based
on the stretch of the total number of C-H
bonds present. Hydrogen sulfide was not
conclusively detected at any of the sites.
However, the detection limit for H,S by
FTIR is about 1 ppm, so the method is not
well-suited for measuring this analyte.

Very low levels of chlorinated solvents were
detected in some of the upwind and
downwind air samples (e.g., 1-10 ppbv).
The reported values, while low, are
substantially higher than typical data
reported from canister/GC studies (e.g. <1
ppbv).

The emission rates measured at each site for
CH,, NH;, and other selected compounds are
given in Table 2-1. Surpnsingly, no
quantifiable emissions from the POTWs
were found. It was expected that either CH,

. or CO, would be emitted from the POTWs.
The DO level in the lagoons éxceéds 2 -
mg/L, indicating that BOD removal is taking
place under aerobic conditions. So itis
highly probable, that CO, is being generated,
but the levels were too small to detect given
the very high minimum emission rate of CO,
that could be quantified.

In general, anaerobic degradation can be
expected to produce a mixture of CH, and
CO, (in somewhere between a 50:50 and a
70:30 ratio). Therefore, emissions of CO,
would be expected wherever quanitifiable
emission rates of CH, were found. The lack
of quantifiable CQ, emission rates may be
due to the high detection limit for CO,
emission rates, as previously discussed. The
absence of CO, emissions also could be due

to the presence of cyanobacteria (blue-
green algae) in the anaerobic lagoons.

The wastewater data for all three meat
processing plants are very similar, with the
two beef processing plants showing very
good agreement. All three WWT systems
had high BOD removal rates (88-95%), as
well as high removal rates for COD, TOC,
and nitrates. All three WWT systems at
meat processing plants generated large
amounts of ammonia as a by-product of the
biodegradation of the wastewater. The

.only parameter that showed variable

behavior from system to system was TKN.

The two POTWs had similar influent
wastewater and exhibited similar
performance in terms of removal of BOD,
COD, TOC, TKN, and ammonia. Both
systems generated nitrates as a by-product
of biodegradation.

Activity factors were developed for each
site based on information provided by the
plant operators and from the wastewater
data. Emission factors were developed for

" each site by dividing the average emission

rates by the activity factors for each site.
The resulting emission factors are given in
Table 2-2. For CH,, the emission factor
based on COD should be the best predictor
of emissions from other facilittes. COD -
data, however, are not always available and
estimates based on other activity factors
may be necessary. Therefore, a variety of
emission factors are included in Table 2-2.

An estimate of the uncertainty was
developed through standard error
propagation methods. The derived
emission factors all appear to be reliable to
within a factor of two, based on random
error in the measurements, and assuming




Measured Emission Rates of

Table 2-1
Selected Compounds for Each Field Site

Beef Processing CH, 61.9 23 142 280
Plant in SW U.S. NH, 355 ppb 0 609 ppb 22
| Beef Processing CH, 58.1 2.83 200 230
Plant in Midwest
US. NH, 1.04 0.277 2.06 35
Chicken Processing CH, 9.80 1.92 299 180
Plant in SE U.S. NH, 26ppb | 28ppb | 44.1ppb 0.066
_ N,O 563 ppb 542 ppb 586 ppb 2.6
POTW for Small CH, 2.20 2.14 246 <0.15
ff;’“ in Southwest ™y, 0.2 ppb 0. 15.4 ppb <005 |
CO, 342 351 384 <150
POTW for Very CH, 2.11 2.16 2.81 <0.15 "
ggﬂz::%"s’ NH, 933ppb | 25.5ppb | 214ppb <005 |

* Methane, carbon dioxide, and ammonia values are shown for the POTWs for comparison
purposes. No quantifiable emissions of these compounds were detected at either POTW.




Table 2-2
Average Emission Factors

g CH,/head of cattle 4,200 3,500 - 4,800
Methane g CH,/chicken 120 n/a
g CH,/kg meat 37 15-74 |
g CHYL of wastewater 27 1.6-4.6 u
f g CH,/g influent BOD 1.5 0.40-3.2
g CH/g BOD removed 1.6 ' 043-34
g CH,/g COD removed 0.96 0.26-2.0
g NH,/head of cattle 46 37-54
Amimonia . g NH,/chicken 0.046 n/a
g NH,/kg meat 0.14 0.027 - 0.24 ﬁ
g NH,/L of wastewater 0.014 0.0017 - 0.028
g NH,/g influent BOD 0.40 0.0031-1.2
g NH,/g NH, in effluent 0.072 0.020-0.13 |
. ) - gN,Ofchicken 1.8 NA
Nitrous Oxide g N,O/kg meat L1 N/A
g N,O/L of wastewater 0.067 N/A o
“ " g N,O/g BOD removed 0.051 N/A “
g TKN removed 1.7 ' N/A

N/A = Not applicable
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that the sites and samples accurately
represent the population of interest.

The COD content of the influent wastewater
should be a better indicator of its CH,
emission potential than the BOD content.
The 5-day BOD test will not fully degrade
all of the biological material in wastewaters
containing proteins and fatty acids. The
suspended solids associated with the
wastewaters also are biodegradable and their
ultimate BOD would not be exerted in the 5
days it takes to run a standard BOD test.

It is possible that the lagoons are a sink for
suspended and colloidal material (i.e.,
insoluble BOD) and this material builds up
over time in the lagoon sediments. If so, the
degradation of the sediments may occur
during summer months or whenever the
sediment is resuspended, thereby increasing
the CH, (and CO,) emissions. However, no
seasonal trend is evident in the BOD effiuent
levels in the long-term wastewater data
provided by the plants and shown in
Appendix G.

A number of previously published studies
contain estimated or measured values for the
emission fluxes of CH, from liquid surfaces
or slurries. The key comparison is the -
emission flux (i.e., emission rate per area).
The average CH, emission flux for the three
meat processing plants ranged from 6,100 to
23,000 pg/sec-m?. Results for livestock
lagoons in previous studies were similar
(1,400 to 9,400), as were measurements at a
manure tank (1,300 to 3,800). The emission
flux from municipal WWT systems,
industrial WWT systems, and rice paddies
were substantially lower, as expected given
the much lower BOD and COD levels in
such waters.

2.1

There are very few published emission
factors which can be compared with the
emission factors developed in this study.
The most widely reported emission factor
for CH, is 0.22 g CH,/g BOD. The
reference for this factor does not provide
information about how it was developed.
It is very close to the theoretical value for
the anaerobic degradation of glucose. The
emission factors determined in this study
are substantially higher than those based
on glucose degradation. Glucoseisa
simple sugar and its biodegradation over
short periods of time cannot be directly
compared with the microbial degradation
of complex mixtures of amino and fatty
acids, such as are present in the
wastewaters at the meat processing plants.

Conclusions
Several conclusions can be drawn from

these data and the data presented
elsewhere in this document:

. The FTIR measurement approach
used in this study was successful
. for the simultaneous collection of
large amounts of ambient
concentration data for CH, and
NH;;

. The use of the OPM-TM approach
using FTIR for estimating emission
rates has insufficient sensitivity for
certain compounds, such as H,S
and TNMHC, due to limitations in
the FTIR analysis. The sensitivity
for CQ, is limited by the variability
in background concentrations and
the OPM approach;




¢  Anaerobic WWT lagoons are a
significant source of CH, and NH,
emissions; and

« Lagoons at POTWs are not a significant
source of any GHG, with the possible
exception of CO,.

2.2 Recommendations

Several recommendations merit
consideration for any similar studies
performed in the future. First, emission rate
measurements should be performed using 2
flux chamber placed directly on the source
to provide greater sensitivity for CO,,
TNMHC, and other compounds which
potentially are being emitted at low rates. It
also will serve as a independent check of the
OPM-TM results., A minimum of six
measurements per source is recommended in
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the EPA reference method to obtain a
representative average emission rate and
information about the spatial variability in
emissions.

Second, samples should be collected of the
sediments present in the lagoons and
analyses performed to determine the
contribution of the sediments to the overall
gas generation. This is primarily of
importance for sites where long-term data
are not available on the performance of the
WWT system.

Other topics of potential interest include
evaluation of the effect of seasonal
temperature fluctuations on biodegradation
and emission rates and measurement of
N,O emissions from identification basins
at POTWs.




SECTION 3

SITE DESCRIPTIONS

This section contains an overview of the site
selection process and a description of each
site selected for field testing.

3.1 Site Selection

As stated in Section 1, the site selection
focused on U.S. WWT systems that employ
open, anaerobic processes to achieve high
levels of BOD removal. Approximately one
dozen industries that treat large volumes of
wastewater and remove large amounts of
BOD/COD were identified using published
information sources. Researchers active in
the WWT area and regulatory personnel
were contacted to identify the industries
most likely to treat wastewater with high
levels of BOD/COD in open, anaerobic
lagoons. Initially, the most promising
candidates were beef and poultry processing
plants and pulp and paper mills, but pulp
and paper mills ultimately were removed
from consideration because of the small
amount of BOD removal by anaerobic
processes in that industry. Publicly owned
treatment works also were of interest
because they are used to treat a significant
fraction of wastewater both nationally and
globally and because they were thought to be
a potentially significant source of N,O
emissions.*

Information was collected from published
information sources; EPA regulatory
personnel, project files, and reports; and
researchers in the WWT area to identify
potential sites for field testing. The
following criteria were developed to
evaluate sites for sampling:

3-1

WWT system is likely to emit CH,
or other GHGs;

Facility type is among those
treating the largest annual mass of
BOD/COD in wastewater;

WWT source is representative of
practices within the industry or is
representative of WWT practices in
developing countries;

Influent BOD/COD loadings are
relatively high;

BOD/COD removal primarily
. occurs in anaerobic lagoons;

Site terrain is conducive to
Gaussian plume dispersion (i.e.,
reasonably level terrain, few wind
flow obstructions such as buildings
and trees, low berms around the
lagoons);

Site has no or few other significant:
emission sources in the area;

Access around the lagoon is
adequate for the set-up of the
sampling equipment;

Site has access for collecting
influent and effluent wastewater
samples; and

On-site WWT operators offer a
high degree of cooperation.




Five sites were selected for testing. Pre-
sampling surveys were conducted at these
sites to confirm that they met the site-
selection criteria for sampling. The sites are
as follows:

. Beef processing plant in the
southwestern (SW) U.S.;

. Beef processing plant in the
midwestern U.S.;

. Chicken processing platt in the
southeastern (SE) U.S.;

. POTW for a small town in the SW
U.S.;and

« ' POTW for a very small town in the
SWUS.

Each of the three industrial plants is
considered to be a representative plant
within its industry, and the WWT units at

these plants are modern facilities. All three

WWT units are considered to be large-
capacity systems. Both of the POTWSs are
relatively small systems.

Table 3-1 summarizes the wastewater
characteristics of each plant. Additional
information about each plant is given below,
along with a schematic diagram of each
plant.

3.2  Beef Processing Plant - SW U.S.
The plant processes 5,000 head per day of
cattle and produces both beef and partially
tanned hides. The production rate is
1,140,000 kg beef (2.5 million lb beef) per
day. There are two WWT influents: 11
million liters per day (3 million gallons per

day [MGD)]) from the slaughter of cattle
and 4 million liters per day (1 MGD) from
tanning operations. The WWT system for
this plant is depicted in Figure 3-1.

The tannery water first is treated in a series
of tanks to remove solids, which are
applied at agronomic rates on land used
for agricultural purposes. Following
removal of solids, the tannery water is
combined with water from the meat
processing and split evenly among four
anaerobic lagoons that are each 91m by
69m and 4.9-5.2m deep (300 ft by 225 ft
and 16-17 ft deep). The lagoons are
cleaned out about every five years, and the
last time they were cleaned was about five
years ago. Since the last cleaning, the
treatment system has been modified to add

~ pretreatment of the tannery wastewater to
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remove solids. This pretreatment may

allow the lagoons to go longer between
cleanings. The outflow from the four

basins goes to a small aeration basin with

four large surface aerators. The water is :
discharged to playas (shallow, andrained -
basins) and ultimately is used for irrigation

of the land surrounding the plant. The
anaerobic lagoons reduce the BOD
concentration of the wastewater from -

about 2,800 to 200-300 mg/L.

The anaerobic lagoons had little or no ' !
grease cover at the time of the sampling, |
(August, 1995). The southernmost lagoon
occasionally receives a load of grease ' |
dumped into it by trucks. That lagoon had ' |
the most complete cover, but it appeared to
be only a few inches thick and was fluid.
The other lagoons had 50% or more of
their surface as open water. Vigorous
degassing was noted in several of the




Table 3-1
Wastewater Treatment System Characteristics

** Value for anaerobic lagoon(s) only, not for entire WWT system.

Beef Processing Plant - SW.U.S. 4 g 2,800 200-300**
<200
Beef Processing Plant - Midwest 3.0 15 ** 2,500 250
Us.
Chicken Processing Plant - SE 09 17 %¢ 1,700-2,900 104-150%*
U.s. 25 total
Small Town POTW - SW U.S. 0.290 85 250 15
Very Small Town POTW - SW 0.04 94 150 “ 40-100
U.S.
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anaerobic lagoons. At times, there was a
strong odor (probably caused by sulfur and
organo-nitrogen compounds)downwind of
the plant itself and downwind of both the
WWT tanks and the lagoons.

The berms around the lagoons are very low
and were accessible on all four sides. The
atmospheric dispersion characteristics at this
site are ideal; the area is very flat and there
are no trees or buildings anywhere close to
the lagoons. The predominan: winds are
southerly during most of the year and
northerly during the winter months; easterly
and westerly winds are uncommon. Winds

typically are quite strong (i.e., Sm/sec more).

The wastewater sampling locations are
shown in Figure 3-1 and the OPM-TM -
monitoring locations are shown in Figure 3-
2. Sampling was conducted from August
21-25, 1995. The winds were consistently
from the south throughout the sampling
effort. Upwind data were collected the first
day of sampling using the FTIR positioned
on the southernmost berm of the lagoon
system. The FTIR was subsequently .
repositioned to the northernmost berm of the
lagoon system for collection of downwind
data. ‘ '

Inlet wastewater samples were collected
within the plant at a lift station. Separate
samples were collected for each of the two
major waste streams. There were no access
points for collecting effluent water from the
total lagoon system or from individual
lagoons; effluent samples were collected
from the aeration basin by dipping water
from the area immediately above the pipe
where effluent is withdrawn.
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33  Beef Processing Plant - Midwest
U.S,

The plant processes 5,600 head per day with
a production rate of 1,270,000 kg beef (2.8
million Ib beef) per day. The plant generates
about 11.4 million liters per day (3.0 MGD)
of wastewater, which includes the water
from both beef processing and tannery
operations. Grease is removed from the
wastewater within the plant at dissolved air
flotation (DAF) units. The WWT plant is
about 8 km southwest of the main plant.

The WWT system is shown in Figure 3-3.
Wastewater from the processing and tannery
operations is combined and treated in
parallel in four large anaerobic lagoons that
are each about 61m by 107m by 6m deep
(200 ft by 350 ft by 20 ft deep). Each
lagoon holds about 40 million liters (10.5
million gallons), and the retention time of
the anaerobic section is about 15 days. After
the anaerobic treatment, the wastewater is
sent to several large storage basins and
ultimately is used as irrigation water on
surrounding agricultural lands. There are
also two impoundments with an aeration
system downstream of the anaerobic
lagoons, but this system is inactive and no
wastewater is sent to these impoundments.
The plant and the lagoons have been in
service since 1981. The lagoons have been
dredged several times to remove inorganics
and grit, most recently during the summer of
1994. The southwest anaerobic lagoon was
drained on September 1, 1995.

The influent wastewater contains about
2,500 mg/L of BOD and the system achieves
about 90% reduction in BOD. At the time

of the sampling, there was very little floating
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grease on the anaerobic lagoons and active
degassing was visible in the lagoons, but the
odors downwind of the system were
minimal. Each of the four lagoons had
about 1m (34 ft) of freeboard.

The area around the WWT system is pasture
and crop land. No feedlots or other large
emission sources were noted within several
miles of the lagoons. The land to the south
of the WWT system is flat for several miles,
and the land to the north is relatively flat and
open. Typical summertime winds are from
the south.

The wastewater sampling locations are
shown in Figure 3-3 and the OPM-TM
monitoring locations are shown in Figure 3-
4. Sampling was performed from August 28
to September 1, 1995. The winds were
southerly throughout the sampling effort.
Upwind data were collected the first day of
sampling using the FTIR positioned on the
southern most berm of the 2x2 matrix of
anaerobic lagoons. The FTIR was
subsequently repositioned to the northern
end of the lagoons for colléction of '
downwind data. The FTIR beam was aimed
along the road immediately north of the
lagoons within the fenceline. This position
was only about 12m (40 ft) from the
downwind edge of the nearest lagoon, but
the fence and the undulating terrain -
precluded monitoring further downwind.

-

The influent wastewater samples were
collected from the splitter box before the
wastewater was divided into the four
anaerobic lagoons. The samples were taken
by dipping a container into the center of the
compartment where the influent entered the
box. Separate effluent wastewater samples
were collected by the same method at the

inlet pipes to the east and west storage
basins.
34  Chicken Processing Plant - SE U.S,
The plant processes 3.2 million chickens per
month with a weight of 1.6 to 1.7 kg (3.5 to
3.8 Ib) per bird. The production rate of the
plant is 64,000 metric tons/year (70,000
tons/year). The plant generates 3.4 million
liters (900,000 gallons) of wastewater per
day (21L or 5.5 gallons per chicken that is
processed). The WWT system for this plant
is shown in Figure 3-5. The wastewater
goes to an 8-year-old, 57 million liter (15
million gallon) anaerobic lagoon that is 59m
by 133m and almost 5m deep (195 ft by 435
ft and 15-16 ft deep). The lagoon has not
been dredged since it was constructed in
1987. After the anaerobic treatment, the
wastewater is sent to an aeration tank and
clarifier. The sludge is sent to a lagoon
located directly east of the anaerobic lagoon.
Overflow from the clarifier is discharged to
surface water. '

The anaerobic lagoon is covered by a
floating grease layer that is thick and rigid.
Afier a rain, rainwater percolates down .
through the grease layer, indicating that it is
gas-permeable. There was no visible off-
gassing at the time of the sampling
(September 4-8, 1995). The wastewater has
a BOD concentration of 1,700 to 2,900
mg/L. BOD is monitored monthly at the
inlet and twice per week at the outlet of the
system.

The anaerobic lagoon is surrounded by
grass-covered berms, which were amenable
to open path monitoring. The open area to
the north of the lagoon is limited by a fence
and, just north of this fence, is a forest. The
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trees may affect wind speed and direction in
the immediate area. The area to the south of
the lagoon is much more open for at least
50m and was preferable for sampling.

The wastewater sampling locations are
shown in Figure 3-5 and the OPM-TM
monitoring locations are shown in Figure 3-
6. Inlet wastewater samples were collected
in the offal room from a pipe roughly 3.7m
(12 ft) in diameter that has a constant flow
into a floor drain. Effluent wastewater
samples were collected inside the pump
station building at the discharge from the
anaerobic lagoon into the aeration pond.
Other effluent samples were taken by dipper
from the pipe connecting the sludge lagoon
and the anaerobic lagoon.

3.5  Small Town POTW in SW U.S.

The POTW serves a town of about 5,000
people. It is located just outside of town
next to a golf course and treats about 1.1
million liters/day (290,000 gailons/day) of
wastewater. The WWT system is shown in
Figure 3-7. Wastewater goesto alit =~
station, followed by a facultative lagoon,
then on to two oxidation lagoons, and then
to a final storage lagoon. "(Facultative
lagoons are unaerated lagoons with the
surface water layer being aerated by wind
action and the lower water layers being

anaerobic.) The facultative lagoon is 216m -

by 63.4m and 2-3m deep (710 ft by 210 ft
by 8 ft). The first of the two oxidation
lagoons is 227m by 70m by about 1.2m deep
(745 ft by 230 ft by 4 ft), and the second is
122m by 152m and also about 1.2m deep
(400 £t by 500 ft by 4 ft). The wastewater
then goes to a large storage lagoon that is
122m by 244m (400 ft by 800 ft) and varies
in depth from 0-1.5m (0-5 ft).

‘The POTW was built in 1992 and had been

in operation for 2.5 years at the time of
sampling. The influent is predominantly
residential wastewater, plus wastewater from
a pecan shelling operation and from a 500-
bed prison. The discharge from the plant is
less than 380,000 liters/day (100,000
gallons/day) of water. Effluent is used to
irrigate the adjacent golf course, but up to
380,000 L/day may be discharged to a
nearby river.

The typical BOD loading of the influent
water is 250 mg/L, and the effluent typically
has less than 15 mg/L of BOD:

There are no known large emission sources
near the plant. The surrounding terrain is
reasonably flat and open. There is a large,

~ open field to the north of the lagoons. It was

not possible to measure the total air
emissions from the facility, but it was
possible to isolate emissions from the
facultative and the first oxidation lagoon.

Sarmnpling tock place from October 2-6,
1995. The wastewater sampling locations
are shown in Figure 3-7 and the OPM-TM
monitoring locations are shown in Figure 3-
8. Influent wastewater samples were
collected from the inlet pipe located across’
the road from the treatment facility.
Samples were collected by dipping a
container through a manhole via a pipe 0.6m
(2 ft) in diameter. Effluent samples were
collected in the same manner from the
transfer station where water flows from the
first oxidation pond into the second
oxidation pond. A final effluent sampie
was taken from the storage pond at the
discharge to the pump station.
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3.6  Very Small Town POTW jn SW

U.S.

The POTW serves a town of about 560
people. All the wastewater is household.
No business, industry, or commercial car
washes send water to the POTW. No
stormwater is sent to the POTW. There are,
at most, only two in-sink garbage disposals
in town, so relatively little kitchen waste is
sent to the POTW. The typical daily
influent flow rate is about 167,000 liters
(44,000 gallons).

The POTW is shown in Figure 3-9. The
plant is built on a gently sloping hill. The
POTW consists of one facultative and two
. aerobic lagoons with gravity flow. The
facultative lagoon is designed for a loading
of 251,100 L/day (66,340 gallons/day) with
50 kg (111 Ib) of BOD. The water level area
is 95m by 32m (310 by 105 ft), with 25% of
the lagoon 2.7m (9 ft) deep and the
remainder 1.8m (6 ft) deep. The side wall
slopes are 3:1. The lagoon is designed to
. achieve 50% removal of BOD. The two
- aerobic ponds are in series and are designed
to provide a further 90% reduction in BOD
levels. The water level area of each pond is
33m by 99m (110 by 325 ft). The side wall
slopes are 3:1, and the water depth of each
pond is 1.2m (4 ft).

At the time of sampling, there was 1.2m (4
ft) of freeboard for each lagoon. A slight

odor was noted downwind of the lagoons.
Final effluent discharge is into a creek with
very low flow.

The predominant summertime winds are
from the south or southeast, but a series of
storm fronts moved through the area during
the sampling period (July 31-August 4,
1995), and the day-to-day wind direction
was variable. Open-path monitoring was
performed just south of the lagoons within
the fenceline of the facility. Emissions from

. the facultative lagoon and first aerobic

lagoon were monitored; emissions from the
second aerobic lagoon were not captured.
Logistical constraints limited where upwind
monitoring could be performed, but with the
variable wind direction at the site, it was
possible to collect upwind data at the same

- location where downwind data were

collected. There are no other emission
sources in the general area, so this approach
is valid.

Influent wastewater samples were collected
by dipping water from the influent
watercourse about 50m upstream of the
facultative lagoon. Effluent wastewater
samples were collected from the transfer

stations where water flows from one lagoon’ -

to another and at the weir where water is
discharged to the creek. Effiuent sampies

" were collected from each of the three
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SECTION 4
TECHNICAL APPROACH

This section describes the sampling,
analysis, and sample handling procedures
followed during this program.

4.1  Sampling Procedures

Three air measurement approaches were
employed. In one approach, emission rates
from lagoons were measured using the
transect method. The actual air measure-
ments were made using an FTIR spectro-
meter employed as an Open Path Monitor;
this approach is referred to as OPM-TM. In
the second approach, ambient air
concentrations were measured using
evacuated, stainless-steel canisters. This
approach was used as a QC check of the
FTIR results. Lastly, meteorological
parameters were collected using standard
continuous monitoring methods.

Influent and effluent wastewater samples
were collected using grab sampling
techniques. The temperature, pH, and
dissolved oxygen content of the wastewater
were measured in situ.

All of these methods are described in detail
below.

41.1 OPM-TM

Emission measurements were made
approximately 50 meters downwind of the
source. At each site, the FTIR was
configured to intersect and horizontally
encompass the downwind emission plume.
In addition, a set of upwind measurements
was made to characterize the background
concentration of the target compounds. The

background concentrations were subtracted
from the concentrations measured
downwind of the site.

For any given site, the first day or two of
sampling was used to unpack and set up the
FTIR and the meteorological station. The
upwind measurements were made, and the
equipment was then repositioned for the
downwind measurements. The FTIR was
set up to run automatically during both
daylight hours and overnight. The next two
to three days generally were used to release
tracer gases and determine the emission rate
of the GHGs of interest. Data also were
collected on the plume capture percentage
and, at two sites, the vertical dispersion.

The theory of transect sampling and the
equipment used are described below.

OPM-TM Theory of Operation®

The transect technique is an indirect
emission measurement approach used to
map emission plumes. This sampling
method is illustrated in Figure 4-1. As
illustrated, the centerline of the source gas
plume (X) is transected by the sampling axis
(Y) at a measured distance downwind of the
emission source. The vertical profile can be
determined by several methods, for example, -
by using a tracer gas in conjunction with the
FTIR measurements.

If the total cross-sectional area of the plume
is covered during the sampling, the plane of
sampling is perpendicular to the prevailing
wind, and the species
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concentration is constant, then the species
concentration in the plume at the sampling
plane is equal to the amount being emitted.

The primary advantage of transect sampling
i1s that it is applicable to most emission
sources, regardless of size and spatial
homogeneity. The method has several
potential disadvantages. One disadvantage
is that sampling can only be conducted if the
meteorclogical data are within preset iimits.
Sampling during light and variable winds
may not yield acceptable data. A second
disadvantage is that it may be difficult to
isolate the contribution of the emission
source of interest from adjacent or upwind
sources. Another disadvantage is that this
approach is based on measurement of
ambient air downwind of a source, so the
measurement methods used must have a
high degree of sensitivity (i.e., low detection
limits). -

A variety of air sampling methods can be
used with the transect approach. -
Traditionally, a series of point samplers have
been used along the Y and Z axes to collect
a time-integrated sample. - This approach has
several potential disadvantages: 1) the time

. resolution is limited by the integration
period; 2) a series of point samples can
provide only an approximation of the
average plume concentration; and 3) the
number of point samples required to
adequately define the emission plume results
in relatively high analytical costs. In this
study, an FTIR measurement system was
used and the concerns listed above,
therefore, are not applicable.

The light beam from the FTIR interacts with
the molecules along the entire light path.
Thus, the measurement of a given parameter
by the FTIR is a path-integrated
concentration and has units of concentration

times the pathlength (e.g., ppm*meters).
The FTIR transmitter/receiver and the
retroreflector mark the ends of the path
through which the entire emission plume
must pass. This path length can be as long
as 350 meters (700 total). The exact path
length required to ensure that the plume is
captured is dependent upon the wind speed,
the distance from the source, and the
variability in the wind direction.

Emission rates for specific compounds are
developed from the ambient air
concentration data obtained during the
transect sampling. The approach used
typically 1s a basic Gaussian plume model
equation for a ground-levei, non-buoyant
point source. The derivation of this
approach has been published.® The cross-
sectional area of the plume is determined
from ¢, and g, and multiplied by the wind
speed to determine the mass of contaminants
moving through a given cross section of the
plume over time (i.e. the emission rate at the
source). The horizontal encompassing of the
plume using the FTIR allows the source
term to be calculated using the following
equation: '

Q(t):@*[j*oztx (Eq. 4-1)

emission rate (g/sec); 7
= mean wind speed (m/sec);
0, = vertical dispersion (m); and
ground-level path-integrated
concentration {g/m>).

The use of a tracer gas in this study allowed
for a simpler method of calculating the
source term. The ratio of the measured
concentrations of the tracer gas and the




compound of interest is multiplied by the
known emission rate of the tracer gas to
obtain the emission rate of the compound of
interest’:

Q(t)source - xSOU.I.'CC

(Eq. 4-2)
QOuacer  Xiracer
where:
Q(U)yacer = ermission rate of tracer (g/sec);
Xsouwe = Mmeasured gas path-weighted
conc. (ug/m?); and
Xuwawcer = Mmeasured tracer gas path-

weighted conc. (ug/m®).

Strictly speaking, this equation is valid only
when the emission source i1s a point source.
However, the approach is valid for line or
area sources if the tracer gas exhibits similar
behavior to the emission plume. This
approach is limited by the degree to which
the tracer release approximates the emission
source and, in some cases, by differences in
atmospheric transport between the tracer gas
and the compound(s)of interest.”

Ambient Air Monitoring (AAM) data
obtained from OPM systems are in path-
weighted units of ppm*meter or ug/m?,
rather than the more conventional units of
pg/m’ or ppm. The FTIR directly measures
X (in Equations 4-1 and 4-2), while U (in
Equation 4-1) is measured by the local
meteorological station. The OPM data can
be divided by the path length to yield a path-
averaged concentration (in ppm or pg/m’)
along the path that is monitored. This
average concentration is analogous to an
average obtained from a line of point
samplers. The OPM data, however, cannot
be used directly to determine if the mass of
emissions was equally distributed along the
bearn path or if there were localized "hot

spots” of relatively high air concentrations.
Such information can be obtained only if
multiple OPM configurations are used; for
example, different path lengths could be
used and the measured concentrations
compared to identify when contributions
from any hot spots are observed.

The vertical dispersion can be evaluated
using a vertical array of point samplers, or it
may be extrapolated from measurement of
the wind direction standard deviation (sigma
theta) by using Pasquill-Gifford stability
classes and the associated dispersion curves.
Recent studies have shown, however, that
even with the measurement of sigma theta,
o, values determined by stability class can
be in error and introduce as much as 20-40
percent error into a source term
measurement.?

Another method to address vertical
dispersion is to use a tracer gas on the site.
The tracer gas is released at a controlled rate
and the path-weighted concentration of the
tracer is measured at a downwind line. Field

" measurements of g, performed using the
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tracer gas are preferred to extrapolated or
estimated values. In this study, the FTIR
measurements were made at a single height
above ground. The vertical distribution of
the emission plume will not affect the
calculated emission rates as long as the
emission plume and the tracer gas plume
exhibit similar behavior. '

In this study, o, was measured with the aid
of a tracer gas. This can be expressed using
Equation 4-1 in slightly rearranged form:

P QU raer
g = —
P\ nr  x*U

(Eq. 4-3).




The determination of g, is considered valid if
the wind speed is greater than 4 mph. The
measured values can be compared to values
from the Tumer nomographs’ as a check of
the reasonableness of the tracer data.

The key acceptance criterion to determine if
transect data are valid is the percentage of the
sampling period that the horizontal
boundaries of the emission plume are within
the sampling array, or for OPM-TM, within
the light path. This was determined by
checking to see that the wind direction was
within 30° of placing the light path
perpendicular to the plume and that the
released tracer gas was detected by the FTIR
unit.

As long as the tracer gas release mimics the
release of gas from the source, the ratio
technique is valid even if the plume is not
Gaussian. Traditionally, however, transect
sampling has not been done using a tracer,
and the data’s validity therefore has depended
on the Gaussian nature of the plume and,

. consequently, on meteorological conditions.
For a given sampling period, the
meteorological criteria typically used to
determine if data are valid are:

"« ' The mean wind speed for the sampling
period must be greater than 4 mph;

. The maximum wind speed (gust) must
not be greater than three times the
mean wind speed; and

. The dispersion class of D, E, or F
(class C conditions may yield valid
data).

The characterization of the upwind air was a
key element of this study. The ambient
concentrations measured downwind of the
lagoons must be corrected for the upwind
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concentration (i.e., the upwind concentration
is subtracted out). One of the principle
criteria for selecting sites was that no other
emission sources be present near the facilities
10 be tested. This selection criterion helped
ensure that the upwind concentrations would
be relatively low and, most importantly,
reasonably constant over time. The upwind
air was sampled by FTIR for about 2 hours
at the start of the study. In addition, two
integrated upwind samples were collected in
evacuated canisters each day of monitoring.

However, logistical constraints or adverse
meteorological conditions hampered the

collection of data at an upwind location at
some sites. In these cases, upwind data were
developed using the existing data set from -
time periods when the emission plume did not
cross the monitoring beam. The one analyte
in the upwind air that did vary over time was
water vapor. Therefore, relative humidity was
continuously monitored to account for
changes in water vapor concentration over
time.

Another key element of the study was the
meteorology encountered during the sampling
periods at each site. The site geography
dictated where the monitoring could occur at”.
some sites and the monitoring equipment .
could not be moved to catch short-term
fluctuations in the wind direction, so the
sampling was at the mercy of the wind
conditions. Valid data could not be collected
if the wind direction was highly variable, if
the wind direction was not within the
acceptance criteria, or if the wind speed was
too low. The best conditions for monitoring
frequently occurred during the nighttime
hours. The lack of solar heating during the
night results in more stable atmospheric
conditions and less variability in the wind
direction. The automated equipment used in
this study allowed data to be collected
continuously during both daytime and




nighttime hours. The five-minute averaging
periods of both the FTIR and the
meteorological sensors allowed valid data to
be coilected even if the periods of acceptable
meteorological conditions were relatively
brief.

Monitoring Equipment

The monitoring equipment for WWT lagoons
included an FTIR-OPM, a meteorological
station, and cylinders of tracer gases. The
meteorological station was located on site
within 30m of the FTIR unit and situated so
as to avoid the downwash from the vehicle
housing the FTIR. Data for both the FTIR
and meteorological station were collected
every five minutes and stored on a computer
disk.

The FTIR was configured so that the light

path was positioned based on the current and -

forecast wind direction. The equipment
would have been moved as necessary to
collect downwind ambient pollutant
concentrations, but wind shifts were minimal.

The light path was situated approximately
50m downwind of the emission source. The
farther the downwind distance, the better the
Gaussian plume characteristics, but the lower
the ambient concentrations to be measured.
The equipment was moved closer to the
lagoons where logistical constraints precluded
sampling at a 50m distance.

Data were collected and analyzed in five-
minute samples. A five-minute sample
consists of approximately 230 independent
measurements averaged to produce the sample
value. The infrared spectrum for each sample
file was time-stamped and saved to the
computer. The FTIR system is capable of
real-time quantitation of 25 compounds, and
additional compounds may be quantitated

during post-processing if needed. Once
quantified, the concentration data were time-
stamped and written to a data file. The
concentration data also appeared on the
computer monitor for on-site observation.

The meteorological station was used to collect
temperature, wind direction, wind speed, and
relative humidity data at a height of 3m (10 ft)
above ground surface. These data were
collected by the computer at five-minute
intervals and written to the concentration data
file described above. The following sensors
were used:

Temperature--The temperature probe was
enclosed in a naturally-aspirated radiation
shield. The sensing element is a thermistor
device specifically constructed to produce a .
linear resistance change; it is provided with a
temperature translator and an analog 0-1 volt
signal representing ambient temperature.
Rated accuracy of the probe is £0.25°C.

Wind Speed--Wind speed was measured
using a 3-cup anemometer. A frequency-

modulated output signal, proportional to wind —
speed, is received by the translator and

converted to a 0-1 volt output. Rated

accuracy is £1% or 0.067 m/sec (0.15 mph),
whichever is greater. '

Wind Direction--Wind direction was .
measured using a light-weight vane rotating
on a stainless-steel shaft. The wind direction
translator provides a reference voltage to a
low torque potentiometer. The wiper arm of
the potentiometer is driven by the wind vane
sensor, so voltage from the wiper is
proportional to wind direction. Rated
accuracy is +0.5% or £1.8 degrees.

Relative Humidity--A Met One relative

humidity sensor was used to continuously




monitor the water vapor content in the
ambient air on a continuous basis.

The tracer gas used was pure sulfur
hexafluoride (SF,). This gas is readily
detected in the infrared spectrum, is non-
reactive, is not present in the atmosphere as a
background gas, and does not have any known
health effects. The tracer gas was released at
water level at the upwind side of the lagoon
fromn gas cylinders through calibrated flow
controllers at rates on the order of grams per
second.

The tracer gas typically was released during
three, twelve-hour periods at each site (1
cylinder has about a 12-hour capacity). The
tracer gas was released from a 30-m line
located about 0.5 m above the ground surface
and 5-10 m upwind of the edge of the lagoon;
every 4-5 m along the release line was a
release point with a rotameter to set the flow
rate. The total gas release rate was
approximately 10 L/min. The tracer gas was
released close to the edge of the lagoon and
close to the ground surface to minimize any
differences in dispersion between the source
plume and the tracer plume. The tracer gas
was released parallel to the ground to avoid
any vertical momentum. When multiple
lagoons were tested simultaneously, the
release was at the midpoint.

4.1.2 Confirmatory Air Measurements

Several additional air concentration
measurements were made at each site to
confirm and augment the FTIR measurements.
Samples were collected in evacuated, Summa-
polished, stainless-steel canisters with
calibrated veriflow regulators for flow

control. First, two 2-hr integrated air samples
from the upwind location were collected each
day approximately 50m upwind of the nearest
lagoon (source). Second, two 20-minute
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integrated air samples were collected twice
each day that monitoring took place as a QC
check. The canister was hand-carried
alongside the FTIR light beam one meter
downwind of the FTIR beam and at the same
height above the ground as the FTIR beam
during the sampling duration. The sampling
interval coincided with four 5-minute -
averaging periods for the FTIR and
meteorological measurements. Both types of
samples were analyzed off-site for CH,, CO,,
and TNMHC content. The downwind sample
also was analyzed for the tracer gas. This
provided a QC check of the CH,, CO,, and
SF; values measured using FTIR. -

4.1.3 Collection of Operational Data

Process operational data were collected for
the waste lagoons to assist in the
interpretation of the data collected from the
monitoring and to develop emission factors.
The data collected were as follows:

. Volume;

. Surface area;
. pH;

. temperature;

. BOD loading;

. COD loading;

. Nitrogen loading; and
. Dissolved oxygen content.

These and additional data were used to help
estimate overall emissions, for comparison to
activity factors, and to explain any data
anomalies. Two influent and one effluent
wastewater samples were collected during
each day of air emissions testing. Samples
were collected at the same locations used by
plant personnel. Measurements were made on
site for temperature, pH, and dissolved
oxygen. BOD, COD, nitrate, and other
analyses were performed off-site.




All wastewater samples were collected as grab
samples by dipping or catching the influent or
effluent wastewater. Influent wastewater
samples were collected from the influent
stream after screening and prior to the
anaerobic or facultative lagoon. Effluent
wastewater samples were coilected at the
discharge from the final lagoon in series. In
some cases, the air emissions were measured
from some, but not all, of the lagoons present
at the site due to fogistical constraints. In
such cases, the effluent samples were
collected from the last lagoon in senes
addressed by the air monitoring, and one or
more additional samples were collected of the
final effluent from the system.

42  Analytical Procedures

The analytical procedures used in this
program are divided into three categories: air
samples by FTIR, air samples by gas
chromatography (GC), and wastewater
samples by a variety of analysis methods.

4.2.1 Fourier Transform Infrared
Spectroscopy

Founter transform infrared (FTIR)
spectroscopy was used to detect GHGs in real
time on a continuous basis. The following

discussion is based largely on work published -

by Griffith'®. FTIR relies on the use of an
infrared light beam, an interferometer, a
detector, reflecting optics, and analysis
software. Light from the infrared source is
passed through an interferometer, which
modulates the light intensity by moving a
mirror. The light beam then is sent through a
telescope toward a modified corner-cube
reflector. The reflector returns the beam
parallel to but displaced from the launched
beam. The returning beam is collected by a
second telescope and focused onto a detector.
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The equipment specifications are given in
Table 4-1.

Data Processing

The signal at the detector (i.e., the amount of
light that has been transmitted through the
atmosphere) is monitored and collected by the
computer and assembled into an
interferogram. The interferogram is the
modulation of the light source intensity as a
function of mirror displacement. The
interferogram then undergoes a mathematical
process called a Fourier transform and is
converted into a single beam spectrum.
Examples of an interferogram, a single beam
spectrum, and reference spectra are givenina
recent report for a similar study."

The single beam spectrum shows the intensity
of the light which has been transmitted
through the atmosphere plotted against
wavenumbers (reciprocal centimeters; i.e.,
em™'). A wavenumber is inversety
proportional to the wavelength of light, and
different wavenumbers or wavelengths may
be thought of as different colors of light. The
spectrum represents the change in transmitted
light intensity as the wavenumber
(wavelength or color) of the light varies.

For quantitation purposes, the spectrum must
be converted into an absorbance spectrum.
This is accomplished by the following
mathematical steps. The single beam
spectrum is normalized by an instrument
response function; i.e., one must account for
all of the light which is lost because of the
reflections within the instrument, reflections
off the retroreflector, light scattering, etc.
This normalization produces a transmittance
function, represented mathematically as:




Table 4-1
FTIR Equipment Specification

Measurement CH,, CO, CO,, N,0, H,0 and selected,
speciated VOCs

Principle Infrared spectroscopy

Detector Hg/Cd/Te

Noise equivalent absorbance on 300-m path 5X10°*

Number of analyses 12 or more per hour
Accuracy +10%

Precision +15%

Computer control Dell Dimension XPS90
Analysis software Nicolet OMNIC

Conﬁgration .
Hg/Cd/Te = Mercury/Cadmium/Tellurium

Dual scope with retroreflector
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A(v) =

I(v)

T = .44
L(v) (Eq. 4-4)
where:
I(v) = light intensity after the beam has
passed through the ambient air;
I(v) = instrument response function
- and is the light intensity in the
absence of any ambient air; and
T(v) = transmittance.

The transmittance is related to the
concentration through the following
- equation:

T(v) e (Eq. 4-5)
Io(v)
where:
k(v) = absorption coefficient is constant
. for each molecule at a given
pressure and temperature;
p = concentration (ppm); and
L = pathlength traversed by the light

beam in meters.

By convention, the cbmmon logarithm of the
transmission is defined as the absorbance
and is given by the following equation:

-logT = 0.4342+x(v)+p=*L (Eq.4-6)

where A(v) is the absorbance.
Equation 4-6 shows that the absorbance is

dependent upon both the concentration and
the path length. Furthermore, the longer the
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path length, the higher the absorbance.
Equations 4-5 and 4-6 are forms of the
Lambert-Beer Law, more commonly
referred to as Beer's Law.

Figure 4-2 shows an absorbance spectrum
that was collected over a 300-m path length.
All of the features visible at this scale in this
spectrum can be attributed 10 water and
carbon dioxide, the two primary GHGs.

This spectrum can also be used to illustrate
the theory of global warming. The regions
from approximately 800 to 1200 wave-
numbers and from 2100 to 3100
wavenumbers show substantiaily less
absorbance than the region in between or the
regions at either end. It is these two low-
absorbing or high-transmitting regions that
are commounly referred to as the atmospheric
windows. Infrared radiation (or heat) leaves
the earth through these windows. Increasing
the concentrations of GHGs in these
windows will increase the temperature of the
earth as the infrared light that normally
escapes is absorbed and re-emitted toward
the earth.

Concentration Determination

To determine the concentration of ‘
atmospheric species present, the absorbance .
spectrum is analyzed using a classical least
squares (CLS) fit program and calibrated
reference spectra. The CLS program is
contained on the FTIR controlling computer
and was developed by Nicolet Instruments,
Inc. The calibrated reference spectra were
collected by Dr. William Herget while at -
Nicolet. The reference spectra were
generated from calibrated gas standards
accurate to +2%.

Each reference spectrum exhibits a distinct
pattern of lines, which varies predictably in
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relative intensity, line width, and line
position. Furthermore, every molecule
exhibits a unique spectral pattern, which is
dependent upon the manner in which its.
atoms are connected, i.e., its structure. These
spectral patterns are the basis of the
sensitivity and specificity of the FTIR; the
entire spectral pattern or a significant
portion of it can be used for identification
and quantitation of a compound. FTIR
differs from chromatographic methods,
which use a non-speciating detector and rely
on a single parameter for identification (i.e.,
. the elution time).

The identification of CH, and N,O in the
sample absorbance spectrum shown in
Figure 4-2 can be made visually. Figure

4-3 shows the sample absorbance spectrum
expanded in the region of 2900 to 2960

* cm’. The lower trace in this region is the
CH, reference spectrum. This lower trace
corresponds to 2.1 ppm of CH,. Figure

4-4 shows the expansion of the 2190 to 2220
cm’! region. Here, the lower trace is the
reference spectrum of N,O, which corre-

" sponds to a concentration of .37 ppm. Both
of these concentrations are typical of
background ambient air.

Quantitation of the species present is made
by scaling the calibrated spectra to best fit
the sample spectrum. This technique is done
by the CLS routine described as follows.

First, the absorbance spectrum is divided
into regions around which the compounds of
interest exhibit absorption feature(s). For
example, the CH, region is generaily 2910 to
2950 cm™; for N,O the region is 2190 to
2220 cm’™.

Second, the reference spectrum of the
compound of interest and any other com-
pound that has features in this region are

collected in a matrix (See Table 4-2). For
CH,, the matrix would include water. For
N,O, the matrix would include water, carbon
dioxide, and carbon monoxide.

Third, each region is quantitated using the
CLS routine with the reference spectra
identified in the matrix. This calculation is
made using the following equation:

N
A (V) = a+bv+) . n.xA(v)+0 (Eq. 4-7)
i=1

where:

A v) = Absorbance of the sample at v;

Av) = Absorbance of the reference
spectra at v;

n, =  scale factor by which each
reference spectra was multiplied
to yield the best fit;

a+bv= baseline correction term; and

© = residual or an error term.
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The actual concentration is then determined
by:

- TIiCrLr

CS Ls (Eq- 4‘8)

~where:

Cs = concentration of compound in the
sample;

n, = scale factor determined in the CLS
fit;

C, = concentration of the reference
spectra,
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Table 4-2

Analysis Matrix for FTIR
756 - 975 I S S
1020-1071 | S I - - I - - I I I .
2092 - 2174 I I - - - - S - . - .
2190 - 2224 I I - - - 1S - - . - .
2500-2830 | I - - S - I - - S - I
2950-3000 | I - - I - L | - I Il - s__|

S = indicates bands used for quantitation.
I = indicates an interferant that must be accounted for, but not quantitated. -
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L, = path length over which the sample
was collected; and
L. = path length over which the reference

was collected.

Fourth, the exactness of the fit is reported in
terms of 95% confidence intervals on the
reported concentration. The analysis method
is shown in Table 4-2.

Some species, however, show an apparent
deviation from Beer's Law due to the finite
spectral resolution of the spectrometer.
Fortunately, the non-linear response can be

easily corrected by use of a correction
Ilfh;f‘h

functicn, typically is a polynomial
function. The correction function is
generated by measurement of a series of
spectra over a range of path-weighted
concentrations in the laboratory. The actual
versus measured path-weighted
concentrations are plotted and fit with the
appropriate correction function (e.g.,
poiynomial). This function is then used in
the field to correct the raw data for
non-linear response. In this sudy,
non-linear corrections were applied to the
CH, and SF, data.

LY LN

'4.2.2 Analysis of Canister Samples

Fixed gas analyses were performed for CH,, '

CO,, SF;, and TNMHC . The canister
analyses were subcontracted to Air Toxics,
Ltd., in Folsom, CA. Air Toxics used the
following methods:

ASTM D-3416/CH, and CO,

An aliquot of the sample was introduced via
a sample loop and analyzed by gas
chromatography/flame ionization detector
(GC/FID). CH, is analyzed directly by FID.
The CO, is backflushed, goes through a
reduction step where it is reduced to CH,,

and then analyzed by FID. The QC checks
included a single point daily calibration,
10% duplicates, a daily lab blank, and a
daily end check.

Method 18/SF,

An aliquot of the sample is introduced by
direct injection and analyzed by GC/ECD.
The QC checks included an initial 5 point
calibration, a daily calibration check, 10%
duplicates, a daily blank, and a daily end
check.

Method TO-12/Total Non-methane

Hydrocarbons

An aliquot of the sample is cryogenically
concentrated, flashed desorbed and analyzed
by GC/FID. The QC checks included an
initial 5 point calibration, a daiiy calibration
check, 10% duplicates, and a daily blank.

4.2.3 Wastewater Analyses

A number of analyses were performed on the
wastewater samples from each site.

SM 2550 Temperature

Temperature measurements were made

using a Coming M90 field analyzer, which

also provided data on pH. The instrument |
provided data in increments of 0.1 °C. |
Temperature is not a critical parameter, and
the readings were taken to provide a general
value for the temperature of the wastewater
streams.

SM 4500 - H* pH

The determination of pH was performed by -
SM 4500 using a Coming M90 field
analyzer. The intensity of the acidic or basic
nature of water is indicated by pH or



hydrogen ion activity at a given temperature.
The basic principle behind pH measurement
is determined by the activity of the hydrogen
ions. This value was measured by
potentiometric means using a standard
hydrogen electrode and a reference
electrode. The pH was not a critical
parameter; the readings were taken only to
determine if the wastewater pH was within
the range generally considered suitable for
biological activity.

Dissolved Oxygen

Dissolved oxygen levels in wastewater were
determined by the electrometric method
using membrane electrodes. An Orion
Model 820 analyzer was used to make in-
situ measurements. The method is based on
the rate of diffusion of molecular oxygen
across a membrane. Interferences in the

" wastewater are minimized because the
sensor is protected by an oxygen-permeable
membrane, which serves as a diffusion
barrier against impurities, making the
membrane electrode an excellent method for
polluted, highly colored waters and strong
waste effluents.

Biological Oxygen Demand (BOD)

BOD is an empirical test used to determine
the relative oxygen requirements of
wastewaters, effluents, and polluted waters.
The test gives an indication of the amount of
oxygen needed to stabilize or biologically
oxidize organic compounds in waters or
wastewaters. BOD measures the oxygen
utilized during a specified incubation period
(usually 5 days) at 20°C to biologically
degrade organic material at a pH of 6.5 to
7.5. Oxygen utilized to oxidize inorganic
material, such as sulfides and ferrous iron, is
included in this measurement. No inhibitor
was added to the dilution water, so the
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oxygen used to oxidize reduced forms of
nitrogen also was measured.

Chemical Oxygen Demand (COD)

COD is a test used to determine the oxygen
equivalent of the organic and inorganic
matter in a sample that is susceptible to
strong chemical oxidation. COD may be
related empirically to other measures of
organic content for a source, such as BOD
and total organic carbon. The sample is
refluxed in strong acid solution with a
known excess of oxidant, potassium
dichromate. The amount of dichromate
reduced is determined by titration. The
oxidizable matter is calculated in terms of
oxygen equivalent.

SM 5310 Total Organic Carbon (TOC.)

The quantification of TOC is determined
from the breakdown of organic molecules to
single carbon units. The conversion of these
units to a single molecular form can be
measured quantitatively. The methods and
instruments used in measuring TOC analyze
fractions of total carbon (TC) and measure
TOC by two or more determinations. The
fractions of total carbon are defined as:

. Inorganic carbon (IC) = carbonate,
bicarbonate, and dissolved CO,;

. Total organic carbon (TOC) = all
carbon atoms covalently bonded in
organic molecules;

. Dissolved organic carbon (DOC) =
the fraction of TOC that passes
through a 0.45 pm pore diameter
filter; -




. Nondissolved organic carbon
(NDOC), which is also referred to as
particulate organic carbon, = the
fraction of TOC retained by a 0.45
pm filter; '

. Purgeable organic carbon (POC),
which is also referred to as volatile
organic carbon, = fraction of TOC
removed from an aqueous solution
by gas stripping under specified
conditions; and

. Nonpurgeable organic carbon
(NPOC) = the fraction of TOC that is

not ramoved by gas stripning,

TOC was determined using an instrumental
method in which organic carbon is oxidized
to CO, by persulfate in the presence of
ultraviolet light. The CO, is then measured
directly by a nondispersive infrared analyzer.

The instrurnent utilizes an ultraviolet lamp
submerged in a continuously gas-purged
reactor that is filled with a constant-feed
persulfate solution. The samples are
injected manually and the CQ, produced is
sparged continuously from the solution. The
- CO, is carried in the gas stream to an
infrared analyzer that is specifically tuned to
the absorptive wavelength of CO,. The
instrument’s microprocessor calculates the
area of the peaks produced by the analyzer,
compares them to the peak area of the
calibration standard stored in its memory,
and prints out a calibrated organic carbon
value in milligrams per liter. Because of the
large amounts of organic matter in these
samples, all samples were filtered through a
0.45 um filter. Instead of TOC, the analysis
measured dissolved organic carbon (DOC).

SM 2540 Total Suspended Solids

The Total Suspended Solids (TSS) test
involves drying samples at a fixed
temperature range. The sample is
homogenized and filtered using a weighed,
standard glass-fiber filter. The residue
remaining on the filter is dried to a constant
weight at temperatures of 103 -105 °C. The
increase in weight of the filter represents the
TSS measurement.

SW 846 8260 (Halogenated Volatiles by
GC/MS) Dissolved Targeted VOCs

Five VOCs were selected as target
compounds: dichloroflucromethane,
trichlorofluoromethane, carbon
tetrachloride, methylene chloride, and
chloroform. One influent and one effluent
sample per site were analyzed for these
compounds by SW 846 8260. Method 8260
1S a gas chromatography/mass spectrometry
(GC/MS) determination of most volatile
organic compounds. The samples can be
analyzed by direct injection or purge-and-
trap methods. A temperature program is
used to separate the organic compounds
which are then detected with a mass .
spectrometer (MS) interfaced to the gas .
chromograph.

Quantitative identification of the VOCs is
confirmed by analyzing standards under the
same conditions used for the samples and
comparing mass spectra and GC retention
times. The concentrations of the identified
VOCs can be measured by relating the
response produced for the compound to the
response produced by a compound that is
used as an internal standard. '




The purge-and-trap method was used to
determine VOC concentrations. The success
of this method depends on the level of
interferences in the sample; results may vary
due to the large variability and complexity of
matrices of samples. The sample is
introduced into the purging chamber and an
inert gas is then bubbled through the
solution at ambient temperature to transfer
the volatile component to the vapor phase.
The vapor is swept through a sorbent
column, where volatile components are
trapped. After purging is completed, the
sorbent is heated and backflushed with inert
gas to desorb the components onto the gas
chromatographic column. The column is
heated to elute the componeats, which are
detected with a mass spectrometer.

Nitrogen

Several forms of nitrogen were determined
in the wastewater: total nitrogen, ammonia,
and nitrates.

SM 4500-N,, Total Nitrogen by
Kjeldahl Method

The determination of nitrogen by the total
Kjeldahl method in water and waste samples
utilizes a procedure for converting nitrogen
components of biological origin such as
amino acids, proteins and peptides to
ammonia. This method may not convert the
nitrogenous compounds of some industrial
wastes such as amines, nitro compounds,
hydrazones, oximes, semicarbazones, and
some refractory tertiary amines.

The three procedures for determining the
presence of ammonia after distillation
include: the titrimetric method, which is
applicable to concentrations above 1 mg
N/liter; the Nesslerization (colorimetric)
method, which is applicable to

concentrations below | mg N/liter; and the
potentiometric method, which is applicable
to the range 0.05 to 1400 mg/liter.

The sample is heated in the presence of
concentrated sulfuric acid (H,SO,),
potassium sulifate (K,SO,), and mercuric
sulfate (HgSO,). This process converts
amino nitrogen from organic materials to
ammonium sulfate [(NH,),SO,]. The
formation of a mercury ammonium complex
occurs during sample digestion, which is
then decomposed by sodium thiosulfate
(Na,S,0;). The ammonia is distilled and
absorbed in boric or sulfuric acid and then
determined colorimetrically, or by titration
or potentiometry.

SM 4500-NH; Nitrogen (Ammonia)

The method for the determination of
ammonia is dependent upon the nature of the
sample. The selection of the method relies
on concentration and interferences. In
instances where interferences are present
and greater precision is necessary, a
preliminary distillation step (SM 4500-NH,
B.) is required. For high ammonia
concentrations a distillation and titration
(SM 4500 NH, E.) technique is preferred.

SM 4500-NH, Preliminary Distillation
Step

The sample is treated with a borate buffer to
a pH of 9.5. This buffer decreases the
hydrolysis of cyanates and organic nitrogen
compounds. The sample is distilled into a
solution of boric acid when titration is to be
used. The ammonia in the distillate is
determined either colorimetrically, or by the
phenate method, or titrimetricaily with
standard H,SO, and a mixed indicator or a
pH meter.




SM 4500-NH, Titrimetric Method

The titrimetric method can only be used on
samples that have been prepared through the
preliminary distillation.

SM 4500-NQ, Determination of Nitrate
Anion by Ion Chromatography

The determination of anions by ion
chromatography (IC) is desirable to
characterize water and to assess specific
water treatments. Ion chromatography is a
rapid method for separating and analyzing
complex solutions of ionic species. The
common anions such as nitrate, can be
determined quickly by a single instrumental
.technique. The use of hazardous reagents is
eliminated with IC and effectively
distinguishes oxides such as nitrate (NO,)
and nitrite (NO,); combined or singly. For
this project, the samples were oxidized and
tota] nitrates were measured. This technique
employs a carbonate/bicarbonate eluent and
1on exchange resins to separate individual
ions, and a suppressor column to remove the

. eluent ions. The detection and quanntanon
of the anions is performed
conductimetrically.

The determination of nitrate (an oxide) is
difficult due to procedural complexities,
various concentration ranges, and
interferences by other constituents. The IC
method provides the best procedure for
assessing nitrate in water contaminated with
high levels of organic matter. Nitrate
determinations should begin promptly after
sample collection. If storage of the sample
is necessary, the sample can be preserved at
4°C for up to 24 hours. Longer storage must
include preservation with 2 mL concentrated
sulfuric acid (H,SO,) at a temperature of
4°C. ltis important to note that when the
sample is preserved with acid, nitrate and
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nitrite cannot be determined as individual
species.

43  Sample Handling and Chain-of-

Custody Procedures

Sample chain-of-custody (COC) procedures
for this program were based on
EPA-recommended protocols. The field
crew kept accurate written records of their
daily activities tn a bound log book. The
entries were made in black ink, and contain
accurate documentation of the field
activities.

For the FTIR, all of the sample spectra were
stored on a computer disk for future use and -
retrieval. These spectra are all time-stamped
and dated for identification. The data files
containing the concentrations and meteoro-
logical parameters were also dated and each
measurement was time-stamped in the field
immediately after collection. A backup file
was created at the field site and hand-carried
to the project files. '

Storing the absorbance spectra provides an
excellent method for validation of data. The
absorbance spectra contain all of the
information necessary to determine the ‘
concentration of the compounds. Therefore,
the sampling results can be reproduced by
reanalyzing the spectra.

The canister samples were each tagged with
an identification number that was recorded
on the COC form. These COC forms
originated in the laboratory where the
canisters were cleaned and certified. They
went with the canisters to the site, where the
relevant pressure information was recorded.
The forms were returned with the canisters -
after sample collection.




In addition to the COC forms for each of the
samples and the computer storage of the
FTIR spectra, a field notebook was kept to
document the on-site activities. This
notebook contains a description of the day-
to-day activities, the times that samples were
collected, and the time FTIR acquisition was
initiated and halted.

Copies of raw data, field notes, laboratory
notes, strip chart recordings, and calibration
data will be maintained in a central file for
future inspection. Copies of laboratory
instrument logs and maintenance records
also will be available for review.
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SECTION 5
RESULTS OF MEASUREMENT PROGRAM

This section contains tabulated results for
the measurement program organized by
site. The tabulated values have not been
adjusted or corrected based on field,
method, or system blank values, or percent
recovery of control samples. The results
are further reduced and discussed in
Section 6 and the results of QC checks are
summarized in Section 7.

Additional information pertinent to the
interpretation of the results is contained in
the Appendices to this report. A master
log of all sample collection and
measurement efforts is contained in
Appendix A to this report. The FTIR
monitoring generated an extremely large
data set of measured concentrations

. averaged every five minutes. Only a subset
of the data was collected during periods of
acceptable meteorological conditions and,
therefore, only this subset of data is
considered to be valid. These valid data
were used to develop emission factors.
Only the subset of the FTIR and
meteorological data that were used to
develop emission factors are given in this
section. The complete FTIR measurement
results are presented in Appendix B,
organized chronologically. The 95%
confidence interval is given for each data
point. A limited number of canister
samples were coliected to augment the
FTIR results. The results of all canister
analyses are presented in Appendix C.

Meteorological data were collected
throughout the FTIR measurement periods.
The complete meteorological measurement
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results are presented in Appendix D. The
average wind direction for a given 5-minute
time period was the key parameter for
determining whether the air monitoring
data were valid for that time period. For
each site, data from all valid time periods
were used to calculate emission rates based
on the ratio of the concentration of the
species of interest to the measured
concentration of the tracer gas (SFy), and
the release rate of the tracer gas (see
Equation 4-2). The tracer gas was released
through seven rotometers and the total flow
was 7.03 L/min which corresponds to
0.700 g/sec. All individual emission rate
determinations for valid sampling periods
are given in Appendix E. '

Wastewater samples were collected at each
site. The complete results of the analysis
of these samples are presented in Appendix
F. Additional wastewater data were
provided by the site operators; these data
are summarized in Appendix G.

Several pieces of important information _
about the monitoring conducted at each site
are summarized in Table 5-1 (all tables are
located after the text at the end of the

_sect:ion).
51  Results of Sampling at Southwest -

The FTIR spectra were analyzed for 15
compounds. The typical upwind and
downwind concentrations for each
compound are shown in Table 5-2. The
emission rates for each compound are given




in Table 5-3. The data are presented by
S-minute time periods sorted by the wind
direction during the sampling period.
Meteorological data for these same time
periods are given in Table 5-4. The
analytical results for the wastewater
samples collected during the field testing
are summarized in Table 5-5. One of each
type of influent sample and one effluent
sample was analyzed for the presence of
various chlorinated solvents: carbon
tetrachloride, chloroform,
dichlorodifluoromethane, methylene
chloride, and trichiofluoromethane.
Chloroform was detected at 3.74 ug/L in
the influent from the slaughterhouse;
nothing was detected in the influent sample
from the tannery or in the effluent sample.
5.2  Results of Sampling at Midvwest
Beef Processing Plant

The FTIR spectra were analyzed for the
target list of 15 compounds. The typical
upwind and downwind concentrations for
each compound are shown in Table 5-6.
The data for valid time periods were used
to calculate emission rates. The emission
rates for each compound are given in Table
5-7. The data are given by S-minute time
periods sorted by the wind direction during
the sampling period. Meteorological data
for these same time periods are given in
Table 5-8.

The analytical resuits for the wastewater
samples collected during the field testing
are summarized in Table 5-9. The only
chlorinated solvent detected in the
wastewater samples was 1.01 ug/L of
chloroform in the influent sample; nothing
was detected in the effluent sample.

5.3  Resnits of Sampling at Southeast

Chicken P ing P!

The FTIR spectra were analyzed for the
target list of 15 compounds. The typical
upwind and downwind concentrations for
each compound are shown in Table 5-10.
The data for valid time periods were used
to calculate emission rates. The emission
rates for each compound are given in Table
5-11 The data are given by 5-minute time
periods sorted by the wind direction during
the sampling period. Meteorological data
for these same time penods are given in
Table 5-12.

The analytical results for the wastewater
samples collected during the field testing
are summarized in Table 5-13. The only
chlorinated solvent detected in the
wastewater samples was 1.54 pg/L of-
chloroform in the influent sample; nothing
was detected in the effluent or sludge

samples.

Results of Sampling at POTW for

54

The FTIR spectra were analyzed for the
target list of 15 compounds. The typical
upwind and downwind concentrations for
each compound are shown in Table 5-14.
The data for valid time periods were used
to calculate emjssion rates. The emission
rates for each compound are given in Table
5-15. The data are given by 5-minute time
periods sorted by the wind direction during
the sampling period. Meteorological data
for these same time periods are given in
Table 5-16.

The analytical results for the wastewater
samples collected during the field testing
are summarized in Table 5-17. No




chlorinated solvents were detected in the rates for each compound are given in Table

influent or effluent wastewater samples. 5-19. The data are given by 5-minute time
periods sorted by the wind direction during
5.5 Results of Sampling at POTW for the sampling period. Meteorological data
Yery Small Town in Southwest for these same time periods are given in
us. Table 5-20.
The FTIR spectra were analyzed for the The analytical results for the wastewater
target list of 15 compounds. The typical samples collected during the field testing
upwind and downwind concentrations for are summarized in Table 5-21. No analysis
each compound are shown in Table 5-18. was performed for chlorinated solvents in
The data for valid time periods were used the wastewater sainples. '

to calculate emission rates. The emission
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Table 5-1
Acceptable Wind Directions and Tracer Gas Release Rate for Each Site

Southwest Beef August 21- 25 176 161 - 191 0.70
Processing Plant
(upwind =
132 - 180)
Midwest Beef Processing August 28 - 164 134 - 194 0.70
Plant September 1
Southeast Chicken September 4 - 8 92 62 - 122 0.70
Processing Plant '
(upwind =
il 43 -117)
POTW for Small Town in October 2-6 343 0.70
Southwest U.S. 313-013
POTW for Very Small July 31 - 180 150 - 210 0.70
Town in Southwest U.S. August 4

a The ideal wind direction was perpendicular to the FTIR beam when in the downwind monitoring lecation.

b Values shown are for collection of both downwind and upwind data, unless otherwise noted. ‘At the Very Smalt
Town POTW, the FTIR was in the same location for both upwind and downwind sampling; data were identified
as upwind, downwind, or invalid based on the wind direction. '




Table 5-2
Summary of Measured Air Concentrations for
Beef Processing Plant in Southwest U.S.

Methane Upwind 102 23. 1.6 22-24
(CHY) Downwind 238 61.9 44.3 12.8 - 142
Ethylene Upwind 102 0.0 0.0 0.0
(GHY Downwind 238 | 00293 | NA 0-0.824
Ammonia Upwind 102 0.0 800 0.0 - 0.037
(NH) Downwind 238 | 0.355 242 | 0.110-0.609
Carbon Dioxide Upwind 102 479 2.5 453 - 510
(€0 Downwind . | 238 409 6.9 372 - 489
Carbon Monoxide Upwind 102 | 0.197 215 | 0.152-0.564
(€0) Downwind 238 | 0.185 19.4 | 0.150-0.327
Hydrogen Sulfide Upwind 102 ND . NA ND
®5) Downwind 238 ND NA ND
Nitrous Oxide Upwind 102 | 0.533 1.2 0.520 - 0.551
™0 Downwind 238 | o0.511 1.7 0.490 - 0.524
Sulfur Hexafluoride Upwind 102 | 0.54 ppb 14.1 0.33 - 0.67 ppb
(SF9 Downwind 238 | 25.3 ppb 66.1 0.99 - 73.3 ppb
Water Vapor Upwind 102 | 18,500 6.5 | 16,500- 20,200
€:0) Downwind 238 | 16,100 | 17.4 | 12,500-22,800
Total Hydrocarbons Upwind 102 ND NA ND
(as Hexane) Downwind 238 | 100ppb | 166 | 0.0-565ppb
Carbon Upwind 102 | 7.0ppb | 141 | 4.1-92ppb “
Tetrachloride
ccL) Downwind | 238 | 0.02ppb | 1,540 | 0.0-4.4ppb |
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Table 5-2

(Continued)
Chloroform Upwind 102 | 94 ppb 93 6.6 - 10.6 ppb
(CHCL) Downwind 238 |} 0.20 ppb 496 0.0 - 10.0 ppb
Dichloro- Upwind 102 { 4.3 ppb 21.6 0.0-6.2 ppb
difluoromethane
(CCLF) Downwind 238 7.3 ppb 23.6 2.8-10.4 ppb
Methylene Chloride Upwind 102 | 49.7 ppb 15.6 31.1-64.5 ppb
H n
(CHCL) Downwind 238 | 1.0ppb | 394 | 0.0-27.1ppb
Trichloro- Upwind 102 ND NA ND
fluoromethane
(CCLF) 0.0-6.5 ppb

NA = Not Applicable.
ND = Not Detected.
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Table 5-3
Summary of Measured Emission Rates for
Beef Processing Plant in Southwest U.S.

Methae 238 280 146 88.0 10 5,620
Ethylene 238 NA® NA* NA®
Ammonia 238 2.17 150 0.441 t0 43.4
| Carbon Dioxide 238 -1,250 232 | 40,000 to 563
Carbon Monoxide 238 -0.138 505 81210324 |
pr Hydrogen Sulfide 238 NA NA NA |
| Nimous Oxide 238 0542 200 | -129t0-0039 |
| Sulfur Hexafiuoride 238 NA NA NA
| water Vapor 238 9,87 | 507 |-491,0000 176,000
| Total Hydrocarbons 238 1.44 325 0.0 t0 67.0
(as Hexane) ‘ . |
Carbon Tetrachloride 238 0.472 185 0-11.5 to 0.71
Chloroform - 238 0474 - 191 -11.9 t0 0.106
Dichlorodifluoromethane | 238 0.197 218 -0.025 10 5.69
Methylene Chloride 238 -7.32 185 -179 to -1.10
1 Trichlorofluoromethane 238 0.197 265 0.0t0 7.25

* Ethylene was released by an EPA auditor as a QC check.

b Negative emission rates occur when the upwind concentration exceeds the downwind
concentration.

NA = Not Applicable.




Table 54

Summary of Meteorological Data for Valid Sampling Periods for
Beef Processing Plant in Southwest U.S.

[ si35

06:50:00

me |

161 -15
8/23/95 14:50:00 161 -15 9.2 5.9
8/23/95 16:00:00 161 -15 8.6 6.8
|| 8/25/95 03:50:00 161 -15 6.1 13.6
b s23/05 22:55:00 161 -15 9.1 59
8/24/95 01:45:00 161 -15 5.7 4.9 j\
8/24/95 07:25:00 161 -15 5 6.6 J
u 8/24/95 23:30:00 161 -15 8.6 6.9
8/25/95 01:00:00 161 -15 6.2 4.6
8/25/95 |- 01:05:00 161 -15 6 6.3
|| _ 8/25/95 01:10:00 161 -15 5.6 4.4
|78!25/95 03:45:00 161 -15 5.8 4.6
8/23/95 23:20:00 162 -15 8.3 4.7
" 8/24/95 01:00:00 162 -14 52 4.3
“ 8/24/95 01:20:00 162 -14 6 4.8
8/24/95 02:00:00 162 -14 6.1 3.6
8/24/95 03:20:00 162 -14 5.6 10.1
8/25/95 02:55:00 162 -14 6.3 3.6
8/25/95 04:25:00 162 -14 53 5
8/23/95 04:40:00 163 -14 5.6 4.2
8/24/95 02:10:00 163 -13 6.4 5
8/24/95 03:15:00 163 -13 5.9 4.2
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Table 54

(Continued)

8/24/95 | 07:35:00 163 13 4.8 5
8/24/95 | 07:45:00 163 .13 4.7 43
8/25/95 | 01:50:00 163 -13 5.8 4.4
8/23/95 | 23:10:00 163 13 9.1 43 |
8/24/95 01:15:00 163 -13 6 47 |
8/24/95 | 03:10:00 163 13 6.3 42

' 8/24/95 | 04:15:00 163 13 6.2 42
8/25/95 | 00:15:00 | = 163 .13 8.6 3.6
8/25/95 | 02:40:00 163 -13 6.2 6.1

I snsios | 03:25:00 163 .13 6.7 44 |
8/25/95 | 04:15:00 163 -13 5.3 44 "
8/23/95 | 04:20:00 164 13 7.4 5.4
8/23/95 | 13:05:00 164 12 11.8 6.9
8/23/95 | 13:30:00 164 12 1.5 10.6
8/24/95 | 07:50:00 164 12 4.8 71 |
8/24/95 23:35:00 164 12 | 9.7 5.4
8/24/95 | 23:50:00 164 12 9.5 4.3
8/25/05 | 04:20:00 164 12 53 4.1

| 82495 | 01:50:00 164 12 6 4.4
8/24/95 | 03:35:00 164 12 5.7 6
8/24/95 06:35:00 164 -12 54 5.5
8/24/95 | 23:45:00 164 12 10.2 4.6
8/25/95 | 02:35:00 164 12 6.4 47




Table 5-4
(Continued)

8/25/95 03:35:00 164 -12 6.2 3.8 ||

|| 8/25/95 04:00:00 164 -12 5.2 8.2

|| 8/25/95 04:30:00 164 -12 5.5 4.2

|| 8/23/95 03:20:00 165 -12 5.2 5

| snams | o03s:00 165 11 5.3 5.4 |

ﬂ 8/24/95 01:05:00 165 - -11 5.7 49 |

“' 8/24/95 | 02:50:00 165 -11 5.8 5.8
8/25/95 00:50:00 - 165 -11 5.6 49
8/25/95 03:10:00 165 -11 7.4 9.3
8/25/95 03:15:00 165 -11 7 8.2
8/25/95 04:05:00° 165 -11 4.7 55

I 812395 02:55:00 165 - -11 6.2 5.2

H 8/23/95 05:30:00 165 -11 7.7 8.1
8/23/95 06:55:00 165 -1 7.6 7.2

E 8/24/95 00:55:00 165 -11 5.3 6.5
8/24/95 | 19:55:00 165 -11 6.9 7.4

H 8/24/95 23:40:00 165 -1 9.9 6.8
8/25/95 00:00:00 165 -11 9.3 5.5
8/25/95 00:05:00 165 -11 8.5 5.8
8/25/95 00:30:00 165 -11 7.7 6.5
8/25/95 00:55:00 165 -11 6.1 6 “
8/25/95 02:05:00 165 -11 6.2 6.8 “
8/25/95 03:30:00 165 -11 6.3 6.8
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Table 5-4

(Continued)

8/24/95

8/24/95 01:35:00 166 -10 5.8 6.3 ||
8/24/95 01:40:00 166 -10 5.8 6.3 ||
8/24/95 01:55:00 166 -10 - 6.1 5.4 ||
8/24/95 23:55:00 166 -10 9.4 5.7 u
8/25/95 00:20:00 166 -10 8.9 4.3 ﬂ
8/25/95 00:45:00 166 -10 - 55 5.2
8/25/95 03:20:00 166 -10 6.8 6.6 ﬂ
8/23/95 04:15:00 166 -10 6.6 5.5
8/23/95 04:25:00 166 -10 6.1 5
8/23/95 04:55:00 166 -10 72 5.8
8/23/95 05:55:00 166 -10 8 6.9
8/23/95 | 06:00:00 166 -10 1.6 7.5
8/24/95 | 01:30:00 166 -10 6.2 11.9
8/24/95 02:15:00 166 -10 6.3 6.8
8/24/95 02:55:00 166 -10 55 8.8
8/24/95 03:05:00 166 -10 5.9 5.2
8/24/95 03:30:00 166 -10 6.2 9.2
8/24/95 | 03:40:00 166 10 5.2 6.4
8/24/95 07:30:00 166 -10 5.1 4.7
8/25/95 01:25:00 166 -10 5.8 3.9
8/24/95 00:40:00 167 -10 5 7.9
8/24/95 01:10:00 167 9 6.2 4.2 ||
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Table 54
(Continued)

g g iphy
8/24/95 03:45:00 167 -9 5.6 3.7
 8/25/95 00:40:00 167 -9 6.2 5.7
“ 8/25/95 01:45:00 167 9 5.4 4.1
8/23/95 04:50:00 167 9 6.9 5.2
8/23/95 06:10:00 167 -9 7.2 5.7
8/24/95 00:10:00 167 9 5.4 5.7
8/24/95 06:40:00 167 -9 5.2 5.7
8/25/95 00:10:00 167 -9 9 5.8
8/25/95 00:35:00 167 9 7.4 6
|| 8/25/95 03:55:00 167 9 5.6 8.3
8/23/95 | 05:25:00 168 9 7.9 8.8
~ 8123195 | 13:25:00 |- 168 -8 12.6 6-
8/23/95 | 23:40:00 168 8 7.9 5.9
8/24/95 | 04:20:00 168 -8 5.8 7
8/24/95 19:50:00 168 8 6.1 7.2
8/25/95 00:25:00 168 -8 8.9 6.4
8/24/95 00:25:00 168 -8 6.4 7.9
8/25/95 02:25:00 168 -8 6.9 7.2
k 8/25/95 04:40:00 168 -8 6.8 7.5
8/23/95 06:05:00 169 -8 85 938
8/23/95 23:35:00 169 -7 7.2 7.7
8/24/95 06:30:00 169 7 4.9 7.4
8/25/95 04:35:00 169 -7 6.8 6.9
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Table 5-4
(Continued)

: ate o A3 GCg): = i Oe 4k nph’ e
| 82305 | o4:10:00 169 7 6.3 87 |
|| 8/23/95 13:20:00 169 -7 7.7 7.5
| s2ses | 23:25:00 169 7 7.7 7
8/24/95 | 00:15:00 169 7 5.8 6.8
| 8rams | 03:50:00 169 7 5.3 6.8
8/24/95 | 03:00:00 170 7 53 7.2
8/25/95 | 02:00:00 170 6 6.1 8
82395 | 04:35:00 170 6 5 7.4 I‘
8/24/95 | 00:45:00 170 6 5.5 101 |
8/24/95 | 03:55:00 170 6 4.9 72 |
8/24/95 | 00:50:00 171 6 5.7 8.5
8/23/95 | 04:05:00 171 -5 6 6.8
8/23/95 | 05:00:00 171 -5 7.2 8.2
8/23/95 | 23:30:00 171 -5 7.5 8.5
8/24/95 | 02:20:00 171 5 55 112 |
8/23/95 | 04:30:00 172 -5 5 79 |
8/23/95 | 05:20:00 172 4 7.5 75 |
8/23/95 13:00:00 172 4 8.9 8.6 ||
8/23/95 | 14:05:00 172 4 11.8 71 |
8/23/95 12:55:00 172 4 8.8 7 |
8/24/95 08:00:00 172 -4 6.1 7 "
8/25/95 | 04:10:00 172 4 5.1 6.6
8/23/95 | 23:45:00 173 4 7.3 8.2 ||
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Table 54

(Continued)

8/24/95 02:45:00 173 -3 5.6 6.6
8/25/95 07:45:00 173 -3 7.3 9.3
8/23/95 13:15:00 173 -3 9.6 9.4 a
8/24/95 04:00:00 174 -3 . 52 8.2

l[ 8/24/95 06:25:00 174 2 5.8 125 |
8/23/95 05:15:00 174 2 8 ™™
8/23/95 12:35:00 174 2 12.9 93 |

| s23ms | 13:55:00 174 2 7.6 8.8

| sn405 | 02000 174 2 6 | 81
8/24/95 04:10:00 174 2 5.7 12.3
824/95 | 07:55:00 | 174 2 6.2 119 u
8125095 |-o74000 -] 174 4 2 | 82 | 82 -
8/23/95 03:10:00 175 2 5.1
8/23/95 03:15:00 175 -1 5 8.5
82395 | 05:10:00 175 1 72 8.7
8/23/95 15:25:00 | 175 -1 4.4 10.7
8/23/95 15:20:00 176 -1 7.1 8.7
8/25/95 | 04:45:00 176 0 8.1 10.2
8/23/95 02:50:00 | 176 0 5.9 7.6 "
8/23/95 12:40:00 176 0 9.7 07 |
8/24/95 | 02:35:00 176 0 5.1 7.4
8/24/95 02:40:00 176 0 52 6.9
8/25/95 07:50:00 177 0 7 6.1
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Table 54

(Continued)

', 8/23/95 05:05:00 177 1 6.9 7.1
8/23/95 | 07:35:00 177 1 5.5 6.9

l;srzslgs 12:45:00 177 1 11.3 6.1
8/24/95 | 02:25:00 177 1 5.7 7.5

| 8/24/95 04:25:00 177 1 5.7 6.9
8/23/95 23:50:00 179 1 7.8 6.6
8/23/95 13:50:00 180 3 9.5 7.9 |

 823/95 | 14:45:00 180 4 8.8 7 H
8/24/95 02:30:00 180 4 6.1 75

" 8/23/95 11:00:00 180 4 12.3 7.2

|| ' 8/23/95 15:00:00 180 4 9.1 6.4
8/25/95 04:55:00 180 4 9 6.3
8/23/95 11:10:00 181 4 12.9 6.3
8/24/95 06:45:00 181 5 5.2 6
8/25/95 05:00:00 181 5 - 8.9 6.9 |]
8/23/95 12:25:00 181 5 11 6.8
8/23/95 13:10:00 181 5 9.6 6.4
8/25/95 | 04:50:00 181 5 9.6 6.6
8/25/95 07:35:00 181 5 9.1 8.6
8/23/95 11:25:00 182 5 12.7 5.8
8/24/95 07:00:00 182 6 5.1 6.6
8/25/95 05:05:00 182 6 8.6 5.8
8/23/95 15:15:00 183 6 10.1 6.6 ||
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Table 54
(Continued)

8/23/95

5.8

15:50:00 183 7

8/23/95 12:50:00 183 7 11.8 5.5
8/24/95 08:05:00 183 7 6.9 6.4
8/24/95 19:05:00 183 7 - 8.2 7.1

” 8/24/95 06:20:00 184 7 6.1 7
8/23/95 14:10:00 184 8 12.1 68 |
8/23/95 14:35:00 184 8 8.1 6.3
8/24/95 19:45:00 184 . 8 7.5 5.7
8/24/95 04:30:00 185 8 6.6 6.1
8123/95 15:40:00 186 9 10.8 6.8
 8/24/95 04:05:00 | 186 10 4.9 6
-8/24/95 | -18:55:00- | - 186 - 10.. 11.1. 6

|| 8/24/95 19:20:00 186 10 9.4 6.1

| _snss | os:1s:00 186 10 8.7 5.7

|L8/23195 07:40:00 186 10 4.8 6.4
8/23/95 10:05:00 186 10 11.9 6.4
8/24/95 19:40:00 186 10 8.2 59
8/25/95 05:15:00 186 10 10 6.8
8/25/95 07:55:00 186 10 8.8 6.5
8124/95 18:50:00 187 10 10.5 59
8/25/95 05:10:00 187 11 9.3 5.5

“ 8/23/95 10:50:00 187 11 12.8 6.4 ﬂ
8/23/95 12:00:00 187 11 11.8 6.1 ﬂ
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Table 54
(Continued)

Dz g © | (mph
8/24/95 | 18:45:00 187 11 10.3 5.3

| 824195 | 19:15:00 187 11 9.6 5.8
8/25/95 | 05:40:00 187 11 10.1 6.8
8/24/95 | 08:15:00 188 11 .13 5
8/24/95 | 19:00:00 188 12 9.8 6.3
8/25/95 | 05:35:00 188 12 9.6 6
825195 | 07:30:00 188 12 9 6

| 8n305 | 1045:00 188 12 11.6 5.8

|. 8/24/95 | 04:35:00 188 12 6.8 61 |

|_sn2sos | 05:20:00 188 12 9.3 53 |
8/23/95 | ~10:00:00 189 12 12.3 65 |
8/23/95 11:30:00 189 13 12.2 5.5 |
8/24/95 | 05:55:00 189 13 - 5.7 53 |

“ 8/24/95 | 08:10:00 189 13 6.8 4.8

| smsios | 05:45:00 189 13 9.2 5

| snams | 08:20:00 190 13 7.1 5.8

| 82405 | 19:30:00 190 14 8.1 4.9

| snaos | 19:35:00 190 14 7.5 4.8

|L 8/23/95 | 10:55:00 190 14 13.2 4.7
8/23/95 | 11:05:00 190 14 12.1 4.4
824195 | 19:10:00 190 14 9.7 5.5
8/25/95 | 05:30:00 190 14 8.6 4.9
8/25/95 | 08:00:00 190 14 8.4 4.4
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Table 54
(Continued)

8/25/95

8/25/95 | 08:25:00 190 14 9 13.2
823/95 | 10:10:00 191 14 11.6 6.3
8/24/95 | 19:25:00 191 15 - 9.1 7
8/25/95 | 08:40:00 191 15 9.4 " 8
I 82395 | 11:50:00 191 15 12.5 43

8/25/95

08:35:00

191 15

8.7

8/25/95

08:45:00

191 15

9.5

8/23/95
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Table 5-5
Results of Wastewater Analyses for
Beef Processing Plant - Southwest U.S.

Influent 7 8.14 0.88 6.7-8.9
PR fofiuent (Tan) | 7 11.7 1.3 9.1-13.0
Effluent 4 8.7 0.7 7.6-9.2
Influent 7 1.9 3.2 0-8
DO
(mg/L) Influent (Tan.) 7 0 0 0
' Effluent 4 0.2 0.3 0-0.7
Influent 7 34.1 24 31.3-37.2
123.’3" | Influent (Tan) | 7 297 1.8 263-31.7 |
Effluent 4 29.6 0.5 292-303 |
Influent | 7 3700 | 5930 1,190-17,100 |
(;:,i) Influent (Tan.) | 7 3050 | 2,980 850-9,400 |
Effluent 4 379 4.1 330 - 430
Influent 7 3,420 784 2,410 - 4,470
(22,% Influent (Tan.) 7 5,580 3,650 1,820 - 11,900
Effluent 4 314 66.5 220-370 ||
Influent 7 4,360 556 3,430 - 5,240 “
(Saglll).) Influent (Tan) | 7 14,100 | 12,800 2,240-31,900 |
Effluent 4 683 160 570-920 - ||
Influent 7 321 42.4 240 - 365 |
(:lgo,i) Infleent (Tan.) | 7 1520 | 1,490 315 - 3,980
Effluent 4 2 2.4 19 - 25
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Table 5-5

(Continued)
Influent 7 159 15.7 135 - 180
TKN :
(mgr) | lofuent(Tan) | 7 1,000 917 240 - 2,990
Efluent 4 380 293 225 - 820
Influent 7 39.6 10.0 27 - 53
NH,-N 1 fuent (Tan.) 7 422 279 22 - 960
(mg/L) S
Effluent 4 196 7.50 185 - 200
Influent 7 0.055 | 0.026 0.035-0.094 [
NO,-N
(gL) | lnfluent (Ten) 7 3.03 2.06 1.65-5.77
Effluent 4 0.097 0.059 0.044 - 0.166

Note: Influent (Tan.) is the influent wastewater from tannery operation. Influent is the
influent wastewater from the slaughterhouse.

Key = Dissolved oxygen
TSS = Total suspended solids
BOD = Biological oxygen demand (5-day test)
COD = Chemical oxygen demand
TOC .- = Total organic carbon
TKN = Total nitrogen by Kjeldahl method
NH,-N = Nitrogen (ammonia)
NO,-N = Total nitrates
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Table 5-6
Summary of Measured Air Concentrations for
Beef Processing Plant in Midwest U.S.

Methane Upwind 44 2.83 10.7 2.46 - 3.16
“ (CH) Downwind 342 | 58.1 41.2 34.8 - 200
Ethylene Upwind 44 0 0 0
" G Downwind | 342 0 0 0 |
Ammonia Upwind a4 | 277ppb | 37.8 | 144-428ppb
0 (NHy) Downwind 342 1.04 14.6 0.450 - 2.06
“ Carbon Dioxide Upwind 44 s01 | 544 458-547 |
(€0 Downwind . | 342 | 500 | 103 [ 445-669 |
- Carbon Monoxide Upwind 44 271 ppb 14.6 224 - 340 ppb
(CO), Downwind 342 | 255 ppb 29.7 141 - 465 ppb "
Hydrogen Sulfide |  Upwind a4 0 0 0 'I
LS) Downwind 342 0 0 0
Nitrous Oxide . Upwind 44 | 474ppb | 0.87 | 466 - 480 ppb
MN:0) Downwind 342 | 483ppb | 1.02 | 471-491ppb
Sulfur Hexafluoride Upwind 44 0.5 ppb 39.9 0-0.8 ppb
(SF9 Downwind | 342 | 193ppb| 60.6 | 0.8-80.6ppb |
Water Vapor Upwind 44 | 17,500 | 10.6 | 14,900 - 20,200
#0) Downwind 342 | 19,000 10.2 | 15,900 - 24,200
Total Hydrocarbons Upwind 44 0 0 0 ||
(as Hexane) Downwind | 342 | 244ppb | 487 | 0-817pob |
Carbon Upwind 44 | 74ppb | 750 | 0-14.6ppb |
Tetrachloride
(CCL) Downwind 342 | 11.0ppb | 110 0-32.0ppb
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Table 5-6

(Continued)
Chioroform Upwind 44 9.5 ppb 54.9 0-18.1 ppb
| (CHCL) Downwind 342 | 12.5ppb | 86.5 0-32.7 ppb
Dichloro- Upwind 44 45 32.8 22-67 |
difluoromethane
(CCLE) Downwind | 342 | 5.1ppb | 725 | 0-9.1ppb “
Methylene Chiloride Upwind 44 |63.6ppb | 387 |21.1-953ppb |
(CH LY Dowowind | 342 [76.6ppb | 67.2 | 0-156ppb |
Trichloro- Upwind 44 0 0 0 I
fluoromethane -
(CCLP) Downwind 342 | 0.1ppb 313 0-1.8ppb
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Table 5-7
Summary of Measured Emission Rates for
Beef Processing Plant in Midwest U.S.

|  Methane 300 226 189 137 - 7,590
| Eylene 300 0 0 0 |
|| Ammonia 300 3.50 149 0.960 -92.6
L Carbon Dioxide | 300 -188 413 111,250 - 993
Carbon Monoxide | 300 0.0022 79,000 -1.16-28.6
| Hydrogen Sulfide 300 0 0 0
Nitrous Oxide 300 0.125 149 0.0137 - 3.23
- Sulfur Hexafluoride | 300 N/A N/A N/A
Water Vapor 300 3,570 | 228 9,650 -87,800
Total Hydrocarbons | 300 7.50 204 0-268
(as Hexane) _
Carbon 300 0.0563 1,060 -6.00 - 1.25
Tetrachloride '
Chloroform 300 0.0555 .1,010 £6.88-1.04
Dichloro- 300 0.0405 2.15° 0.166 - 408
difluoromethane ‘
“ Methylene Chloride 300 S 0112 1,390 -20.0- 2.59
Trichloro- 300 0.00404 0.0544 0.0119 - 295
fluoromethane ‘

* Negative emission rates occur when the upwind concentration exceeds the downwind
concentration. :
N/A = Not applicable.
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Table 5-8
Summary of Meteorological Data for Valid Sampling Periods for
Beef Processing Plant in Midwest U.S.

8/30/95
8/31/95
8/31/95 16:50:00 | 134.8 292 12.1 9.1

| s1s0s 16:55:00 | 134.8 29.2 11.7 15.7

|| 8/31/95 17:15:00 135 29 10.2 " 10.8
8/30/95 23:40:00 | 1359 28.1 13.8 6.1
8/30/95 23:55:00 | 1359 .28.1 15.8 6.6 Il
8/30/95 23:45:00 | 136.1 27.9 14.3 55
8/31/95 22:35:00 136.1 27.9 12.9 4.9
8/30/95 23:15:00 | 136.8 27.2 16.4 63 |
8/31/95 12:45:00 | 136.8 2712 9.9 12.1
8/31/95 | 22:05:00 -| 136.8 212 . 9.7 5 ﬂ
8/31/95 22:10:00 | 136.8 27:2 10 4.8

" 8/31/95 22:15:00 | 136.8 272 9.8 53 |

L smoms 21:50:00 | 137.2 26.8 7.3 63 |
8/31/95 14:05:00 | 137.2 26.8 14.6 14
831/95 | 21:15:00 | 1372 26.8 9.6 5.5
8/31/95 22:00:00 | 1372 -26.8 9.7 a9 |
8/31/95 21:55:00 138.1 25.9 10.1 s |

‘l 8/31/95 17:45:00 139.1 24.9 10.6 135 |
8/31/95 21:50:00 139.1 24.9 10.6 54

“: 8/30/95 19:10:00 | 139.9 24.1 16.1 6.9
8/30/95 19:15:00 139.9 24.1 13.5 64 |
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Table 5-8

(Continued)

8/31/95

83195 | 23:30:00 | 139.9 24.1 9.3 5.4
8/31/05 | 21:10:00 140 24 9.9 5.4
831/95 | 21:20:00 140 24 9.5 53
8/31/95 | 23:25:00 140 24 10 5.2
830/95 | 00:00:00 | 1409 23.1 172 5.3
830/95 | 22:15:00 | 1409 23.1 10.3 6.4

lr 831/05 | 23:20:00 | 1409 23.1 9.9 47
8/31/95 00:05:00 | 1411 229 17.5 6.5
8/31/95 | 21:45:00 | 1411 22,9 10.3 5.4
831/95 | 23:10:00 | 1411 | 2209 10.4 5.7

| ssues | 142000 | 1418 22 12.8 14

| s;3uos 17:00:00 | 141.8 222 10.9 115
8/31/95 20:55:00 141.8 222 8.3 4.7
8/30/95 21:30:00 142 22 8.4 8.5
8/31/95 00:10:00 142 2 7.8 5.7
8/31/95 12:15:00 142 2 9.5 14.1
8/31/95 21:35:00 142 2 10.2 5.7

I 83195 21:40:00 142 22 10.8 59
8/31/95 22:40:00 142 2 13.7 5.5

| s3uos 23:15:00 142 2 10.1 4.9

| smorss 22:00:00 | 142.9 21.1 9.4 13.9

| sm31os 23.05:00 | 142.9 211 10.9 5.4

| s005 19:20:00 | 143.1 20.9 16.2 8.3

5-25




Table 5-8
(Continued)

143.1

-20.9

8/31/95 16:20:00 9.6
8/31/95 23:35:00 143.1 209 8.8 5.5

| smums 00:15:00 144 -20 18.5 5.3

| 830095 18:20:00 144.2 -19.8 5.6 43 "
8/31/95 00:35:00 | 144.2 -19.8 19.4 6
8/31/95 | 01:10:00 | 144.2 -19.8 15.3 59 |
8/31/95 00:30:00 | 1449 19.1 213 63 |
8/31/95 00:40:00 | 1449 -19.1 18 64 |
8/31/95 21:05:00 144.9 191 9.4 4.6
8/31/95 21:30:00 144.9 -19.1 10.1 5
8/31/95 01:15:00 145.1 -18.9 14.1 5.9

' 8/31/95 21:00:00 | 145.1 -18.9 8.6 42

A 895 —21:25:00 | 1451|189 | 9" 41 |
8/31/95 23:00:00 145.1 -18.9 11.7 5
8/30/95 18:25:00 | 145.8 182 47 4.8 ”
8/30/95 19:25:00 145.8 -18.2 17.8 6.8
8/30/95 19:35:00 145.8 182 16.5 64 |-
8/31/95 01:05:00 145.8 -182 15.6 5.4 ||
8/31/95 01:20:00 145.8 -182 15.2 6 | -
8/31/95 00:20:00 146 2 178 18.9 6.3

| 85105 00:25:00 146.2 -17.8 20.8 5.4

‘k 8/31/95 16:25:00 146.2 17.8 124 16.2
8/31/95 16:40:00 146.2 -17.8 13.3 15.4

| ssu0s 17:05:00 146.2 -17.8 11.2 12.8
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Table 5-8
(Continued)

146.9

l% 8/30/95 19:30:00 17 8.5
8/31/95 00:45:00" |  146.9 -17.1 17.8 6.6
| s3u0s 01:00:00 146.9 -17.1 16.4 5.5
u 8/31/95 22:45:00 147.1 -16.9 13.5 5.8
8/30/95 19:40:00 148 16 15.1 6.1
8/30/95 21:55:00 148 -16 8 8.8
8/31/95 02:05:00 148 -16 15 5.8
'~ 8/31/95 15:20:00 | 148 -16 14.2 9.2
8/31/95 00:50:00 | . 148.1 -15.9 17.6 6
8/31/95 00:55:00 | 148.1 -15.9 17 6.1
8/31/95 02:10:00 148.1 -15.9 17.8 59
| 83195 15:30:00 148.1 -15.9 12.8 15.9

8/31/95 23:40:00 148.1 -15.9 8.2 5.7 “
8/31/95 22:55:00 148.9 -15.1 12.7 5
8/30/95 22:20:00 149 -15 9.3 6.6

| 195 01:35:00 149 -15 15.3 s2 |
8/30/95 18:15:00 | 1499 -14.1 6.2 8.5
8/31/95 10:40:00 149.9 -14.1 4.9 38.5
8/31/95 16:05:00 149.9 -14.1 12.6 13.9
| 83195 01:40:00 150.1 -13.9 16.7 6.4
| s 01:55:00 150.1 -13.9 15.6 6.1
| samues 02:00:00 150.1 -13.9 15.3 6.8
| smums 02:15:00 150.1 -13.9 18.3 6.3
| 8315 14:40:00 150.1 -13.9 13.4 9.8
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Table 5-8

(Continued)

8/31/95 22:50:00 150.1 -13.9 13 5.7 H
8/31/95 01:25:00 150.8 -13.2 15.4 6.5 ||
8/30/95 18:10:00 151 13 5.2 8.8 “
8/31/95 15:00:00 151 -13 12 14.1
8/31/95 23:45:00 151 -13 8.7 6.8 |]
8/30/95 21:45:00 151.9 -12.1 8 77 “
8/31/95 01:30:00 151.9 -12.1 15.4 69 |
~ 8/31/95 01:45:00 | 1519 -12.1 17 | 66 II
8/31/95 02:20:00 | 1519 | -12.1 17.4 6.3 u
8/31/95 14:15:00 | 1519 -12.1 12 108
8/31/95 02:25:00 152.1 -11.9 17 7.2
8/30/95 19:45:00 152.8 -11.2 15.6 .17

- 8/31/95 | 15:35:00 |- 1528 | --112 157 | 118
8/31/95 01:50:00 154.1 9.9 163 6.8
8/31/95 02:30:00 154.1 9.9 16.7 7
8/31/95 16:10:00 154.1 9.9 13.1 13.1
8/30/95 22:10:00 155.2 8.8 10.1 7.4
8/31/95 | 02:35:00 155.9 8.1 17.7 7
8/31/95 02:40:00 155.9 8.1 15.9 6.8
8/31/95 14:35:00 156.1 1.9 - 11.6 13.1
8/31/95 15:25:00 156.1 7.9 14.5 8.6 ||
8/31/95 15:45:00 156.1 7.9 13.6 12.9 ||
8/31/95 15:55:00 156.1 7.9 12.5 11.7 ||
8/31/95 23:50:00 157 -7 9.3 72 |
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Table 5-8

(Continued)

8/30/95

22:05:00

157.1

6.9

9.1

9.3

REITER 14:30:00 157.1 6.9 12.7 9.1
8/31/95 14:55:00 157.1 6.9 10.8 151 |
8/31/95 15:10:00 157.1 6.9 12.4 15 "
8/30/95 21:35:00 157.9 6.1 7.4 7.9

| 8595 | 024500 | 1579 6.1 15.8 66 |

] 8/29/95 22:50:00 158 6 14.3 6.4
8/31/95 - | 02:50:00 158 6 16.5 6.1
8/31/95 14:45:00 158 6 10.6 23.5
8/31/95 14:50:00 159.1 4.9 12.7 12.4
8/31/95 15:05:00 159.1 4.9 15.8 18
8/29/95 22:55:00 159.8 4.2 14.8 6.6
8/31/95 15:15:00 159.8 4.2 14.6 15 |
8/31/95 16:00:00 159.8 4.2 11 12.4
8/29/95 22:45:00 160.2 -3.8 13.2 6.3
8/31/95 02:55:00 160.2 3.8 15.3 7.2
8/31/95 16:35:00 160.2 3.8 8.7 13.5
8/31/95 15:50:00 160.9 3.1 11.8 9.6 ||
8/29/95 23:15:00 161.1 2.9 12.1 6.5 |
8/29/95 23:00:00 161.8 2.2 14.9 27.6

I s3uss 16:15:00 161.8 22 10.5 11.9
8/29/95 23:30:00 162.2 -1.8 13.8 7
8/30/95 18:30:00 162.2 -1.8 5.6 11
8/29/95 23:25:00 162.9 -1.1 13.1 7.2 ﬂ
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Table 5-8

(Continued)

8/29/95

23:35:00

14.4

— . ——

1.1 7.9
8/30/95 19:50:00 | 162.9 -1.1 14 8.6

[ 9/1/95 00:05:00 | 162.9 1.1 11 5.9

| snoms 00:00:00 | 163.1 0.9 15.5 6.9

| sroms 23:10:00 | 163.1 09 12.7 6.3
82995 | 232000 | 163.1 0.9 12.5 7.1
8/31/95 00:00:00 | 163.1 0.9 11.1 53 |
831195 | 23:55:00 | 1631 0.9 10.8 7.4 "
82095 | 23:.05:00 | 1638 0.2 13.9 6.9
829195 | 23.40.00 | 1638 0.2 14.1 7|
8/29/95 23:50:00 | 163.8 02 14.7 6.9
$/30/95 00:15:00 | 163.8 02 15.3 6.4
-8/31/95 | —14:10:00 |- 163.8 02 12.2 186 |-
9/1/95 00:10:00 | 163.8 02 10.5 6.8
8/29/95 23:45:00 | 1642 0.2 14.9 7.2
8/29/95 23:55:00 | 164.2 0.2 14.8 6.8

“ 8/30/95 00:10:00 | 164.2 0.2 15.2 7.9

H 8/30/95 18:50:00 | 164.2 0.2 5.1 8
8/31/95 15:40:00 | 1642 0.2 12.6 97 |

‘# 8/30/95 00:05:00 | 164.9 0.9 15 6.5
8/30/95 00:35:00 | 164.9 0.9 15.7 7.5

‘r 8/30/95 00:20:00 | 165.1 1.1 14.7 7.2
8/30/95 21:40:00 | 165.1 1.1 8.9 7.6

| onms 00:15:00 166 2 11.3 6.6
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Table 5-8
(Continued)

8/30/95

00:25:00

I 166.1 2.1
| ssoes | 0030:00 | 1661 2.1 15.4 7.4
’, 83095 | 20:15:00 | 166.1 2.1 14.2 7.2
8/30/95 18:55:00 | 166.9 2.9 4.8 12.3
8/30/95 | 00:40:00 167 3 14.5 8
U smor9s | 00:s5:00 167 3 15 8
I emoes | oroo0 167 3 14.5 7.2
8/31/95 14:25:00 167 3 12.3 15.2
9/1/95 00:20:00 167 3 10.7 6.6
830/95 | 00:45:00 | 167.9 3.9 14.9 77 |
82095 | 22:40:00 | 168.1 4.1 13.3 88 |
83095 | 00:50:00 | 1692 52 14.6 7.4
8/30/95 | 18:35:00 | 169.9 5.9 4.8 7.4
83195 | 102000 | 170.1 6.1 4.8 15.4
9/1/95 00:35:00 | 170.1 6.1 10.8 6.9
82095 ‘| 22:35:00 | 1712 7.2 13.1 8.3
83095 | 07:30:00 | 1712 7.2 15.3 7.5
9/1/95 00:25:00 | 1712 7.2 10.2 6.8
U smoes | 201000 | 1721 8.1 15.1 8.7
83095 | 202000 | 172.1 8.1 13.8 8.6
9/1/95 00:30:00 | 172.1 8.1 10.5 7.4
83095 | 04:30:00 | 1732 9.2 153 6.9
83095 | 01:05:00 | 1741 10.1 13.7 8.3
83095 | 07:20:00 | 1741 10.1 14.6 1.9
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Table 5-8

(Continued)
| sm0/5 07:25:00 174.1 10.1 14.5 8.5
8/30/95 20:05:00 174.1 10.1 132 9.1
8/30/95 20:30:00 174.1 10.1 12.6 7.7
9/1/95 00:40:00 174.1 10.1 9.2 72
8/30/95 01:10:00 175 11 ' 13.8 7.4
8/30/95 01:15:00 175 11 13.7 7.1
| s3ores 04:25:00 175 11 15.3 8.1
8/29/95 22:25:00 175.1 11.1 13.4 8.3
8/30/95 | 04:20:00 175.1 11.1 15 8.7
8/30/95 07:15:00 175.1 11.1 151 7
8/30/95 07:35:00 175.1 11.1 15.1 7.6
8/30/95 07:45:00 175.1 11.1 14.9 8
o195 | ooss00 |- 1751 | x| 103 | 8
9/1/95 01:00:00 175.1 11.1 10.4 6.5
‘[ 8/30/95 01:20:00 176.2 12.2 15.2 1.5
8/30/95 07:05:00 176.2 12.2 13.8 8.5
8/30/95 07:10:00 176.2 12.2 14.5 6.8
8/30/95 | 07:40:00 176.9 12.9 14.6 8.1
8/29/95 22:30:00 177.1 13.1 143 7.2
‘t 8/30/95 01:25:00 177.1 13.1 14.7 6.9
‘I 8/30/95 07:00:00 177.1 13.1 13.7 6.8
8/30/95 07:50:00 177.1 13.1 14.6 7.6
‘t 8/30/95 08:05:00 177.8 13.8 13.3 8.6 “
8/30/95 06:55:00 178 14 13.5 6.6
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Table 5-8

(Continued)

8/30/95

8/30/95 04:15:00 178.9 14.9 14.7 6.6 .
8/30/95 04:35:00 178.9 14.9 15.2 6.6 "
8/30/95 06:50:00 178.9 14.9 13.1 7 ||
8/30/95 17:50:00 178.9 14.9 5.1 6.8
8/30/95 18:45:00 178.9 14.9 4.5 9.1
9/1/95 01:05:00 178.9 14.9 10.3 7.1
830/95 | 01:30:00 | 179.1 15.1 15.6 7.7 “
8/30/95 01:35:00 | 179.1 15.1 16.1 72
8/30/95 01:40:00 179.1 15.1 16.1 77 |
8/30/95 03:55:00 179.1 15.1 153 7.1 “
8/30/95 04:00:00 179.1 15.1 15.3 71
8/30/95 04:05:00 179.1 15.1 14.8 8 “
8/30/95 04:40:00 179.1 15.1 16.2 7.6
8/30/95 06:15:00 179.1 . 15.1 14.4 77 |
8/30/95 06:25:00 179.1 15.1 14.3 72 “ |
8/30/95 06:30:00 179.1 15.1 13.6 7.7
8/30/95 06:40:00 179.1 15.1 13.7 7.9
8/30/95 07:55:00 179.1 15.1, 14.8 77
9/1/95 00:45:00 179.1 15.1 104 6.9
9/1/95 00:50:00 179.1 15.1 11.1 7
8/30/95 01:45:00 179.8 15.8 15.6 7.2 “
8/30/95 04:45:00 179.8 15.8 16.5 8.2
8/30/95 06:20:00 179.8 . 15.8 14.8 64 |
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Table 5-8

(Continued)
9/1/95 01:10:00 179.8 15.8 11.4 8
9/1/95 02:10:00 179.8 15.8 8.3 7.1
9/1/95 02:15:00 179.8 15.8 8.4 7.9 ’I
8/30/95 03:30:00 180.9 16.9 14.4 7.2
8/30/95 03:35:00 180.9 16.9 15.2 7.9
8/30/95 02:00:00 181.1 17.1 15.4 8.6 1
8/30/95 03:50:00 181.1 17.1 15.7 7.5 \
8/30/95 04:50:00 181.1 17.1 15.9 7.1
8/30/95 | 06:35:00 181.1 17.1 14 71
8/30/95 06:45:00 181.1 17.1 12.5 7.1 J
| smoms | 08:00:00 181.1 17.1 14.3 7.7
8/30/95 | . 20:25:00 181.1 17.1 14 74
~9/1/95 | 01:15:00 7|  181.1 17.1 11.4 69
9/1/95 02:20:00 181.1 17.1 8 6.8
‘r 8/29/95 22:20:00 181.8 17.8 13.9 7.5
8/30/95 | -03:45:00 182 18 15.2 7.2
8/30/95 01:50:00 1822 18.2 15.2 6.9
8/30/95 02:05:00 182.2 18.2 14.8 7.1
8/30/95 20:35:00 182.2 18.2 12.1 9
9/1/95 01:40:00 182.2 18.2 8.6 7.7
9/1/95 02:05:00 182.2 18.2 8.7 7.4
8/30/95 02:10:00 1829 18.9 14.4 6.9
8/30/95 03:40:00 182.9 18.9 16.1 7.5
8/30/95 04:55:00 182.9 18.9 16.8 7.5
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Table 5-8

(Continued)

05:05:00

18.9

15.3

7.2

———
—

8/30/95

|| 8/30/95 06:10:00 182.9 18.9 15.5 6.9

|L 8/30/95 01:55:00 183.1 19.1 15.5 6.6

I| 8/30/95 03:25:00 183.1 19.1 14.6 6.9

“ 8/30/95 08:10:00 183.1 19.1 13.3 7.9

ﬂ 8/30/95 08:15:00 183.1 19.1 12.7 86 ”

|| 8/30/95 18:05:00 183.1 19.1 4.5 8
8/30/95 21:25:00 183.1 19.1 7.8 13.6 ﬂ
8/30/95 02:50:00 184 20 12.3 7 ﬁ
8/30/95 05:15:00 184 20 162 6.9
8/30/95 05:55:00 184 20 15.1 6.6
8/30/95 | 06:00:00 184 20 15 7.9
8/30/95 08:20:00 184 20 11.8 7.9
8/30/95 19:55:00 184 20 13.7 15
9/1/95 01:20:00 184 20 10.8 6.9
9/1/95 01:50:00 184 20 8.6 7.2
9/1/95 02:00:00 184 20 8.7 7.7
8/30/95 03:20:00 184.1 20.1 14.2 7.9
8/30/95 05:10:00 184.1 20.1 16.1 6.5
8/30/95 06:05:00 184.1 20.1 15.5 6.1 ||
9/1/95 01:35:00 184.1 20.1 9.2 6.8 “
8/30/95 02:25:00 184.9 20.9 13.7 6.3 ||

|| 8/30/95 03:15:00 184.9 20.9 14.3 5.8 “
8/30/95 05:00:00 184.9 20.9 15.8 §3 |
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Table 5-8

(Continued)
8/30/95
8/30/95 12:55:00 184.9 20.9 10.4
| 83005 02:15:00 | 1852 21.2 14.3
8/30/95 05:45:00 185.2 21.2 15.7
8/30/95 05:50:00 185.2 21.2 15.7
8/30/95 08:40:00 185.2 21.2 13.3
8/30/95 17:55:00 185.2 21.2 6.1 I
“  9/1/95 01:25:00 185.2 21.2 10.1 6.9 |
9/1/95 01:45:00 185.2 21.2 7.9 7.6
| onves 01:55:00 | " 185.2 21.2 8.4 74 |
8/30/95 02:20:00 185.9 21.9 13.6 69 |
8/30/95 | 02:55:00 185.9 21.9 127 7.1
~8/30/95 | 03:05:00 | 1859 | 219 13.7 - 6.8
8/30/95 03:10:00 185.9 21:9 14 7.1
8/30/95 08:25:00 185.9 21.9 12.3 8.3
8/30/95 08:35:00 185.9 21.9 12.5 7.2
8/30/95 08:45:00 186.1 2.1 132 8
8/30/95 05:30:00 186.8 22.8 14.7 7.1
9/1/95 02:25:00 186.8 22.8 8.2 7.6
‘ 8/30/95 02:30:00 187.2 232 12.6 71 |
8/30/95 02:35:00 187.2 23.2 13 7
| a5 02:40:00 187.2 23.2 12.2 7.6
. 8/30/95 02:45:00 187.2 23.2 11.7 7.1
8/30/95 03:00:00 187.2 23.2 14 7.4
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Table 5-8
(Continued)

8/30/95 05:25:00 | 187.2 23.2 16.2 6.8
8/30/95 05:40:00 187.2 23.2 15.2 6.5
8/30/95 18:00:00 187.2 232 5.2 14.2
9/1/95 01:30:00 187.2 232 9.7 5.4
8/30/95 08:50:00 187.9 23.9 13.4 7.1
8/30/95 | 05:35:00 188.1 24.1 13.8 7.1
8/29/95 22:15:00 188.8 24.8 13.3 9.7
© 8/30/95 08:30:00 188.8 24.8 126 7.9
8/30/95 12:20:00 | - 188.8 24.8 10.8 10.3
8/30/95 20:00:00 188.8 2.8 11.7 20.7
8/30/95 09:00:00 189.2 25.2 12.8 7.5
8/30/95 08:55:00 190.1 26.1 12.6 8.1
8/30/95 09:05:00 190.1 26.1 13.6 7
8/30/95 12:25:00 190.1 26.1 10 8.7
8/30/95 13:50:00 190.1 26.1 10 9.1
8/30/95 17:45:00 190.1 26.1 5.1 11.4
8/30/95 12:1500 | 190.8 26.3 11.1 11.5
8/30/95 09:10:00 191.2 27.2 13.4 8.2
| 83095 09:20:00 | 191.2 272 13.1 8.2
|L 8/30/95 20:40:00 191.2 27.2 9.4 8
8/30/95 20:45:00 191.2 27.2 8 9.4
8/30/95 09:25:00 191.9 27.9 12.6 8.2
9/1/95 03:35:00 191.9 27.9 7.7 8.1
8/30/95 09:15:00 193 29 13.3 8
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Table 5-8
(Continued)

8/30/95 | 09:50:00 193 29 11 9.3 “
8/30/95 | 13:00:00 193 29 10.7 10.1
| smoss | 123000 | 193 29.1 9.2 9.1 0
| smows | 14s:00 | 1939 29.9 12.6 9.9
| smoes | 120000 | 1942 30.2 12 11
| onyes 02:30:00 | 1942 30.2 8.8 1.5

8/30/95

5-38




Table 5-9
Results of Wastewater Analyses for
Beef Processing Plant - Midwest U.S.

Influent 8 6.8 0.1 6.7-17.1
PH Effluent 4 7.1 0.1 7.0-7.2 |
DO Influent 8 0.4 0.3 0-0.7 “
(mg/L) Effluent 4 0.3 0.15 0.1-0.4
Temp. Influent 8 30.6 23 28.4-33.4
= Effluent 4 27.2 13 26.0 229.1
TSS Influent 8 1,430 485 890 - 2,190
®@e/L) 1™ Etfiuent 4 | s 19 405 - 840 4‘
BOD Inflent | 8 2,410 686 1530-3,340 |
- (mg/h) Effluent 4 292 17.6 275 - 310
COD Influent 8 | 4,300 1,150 2,910 - 5,720
@) 1 Ettuent 4 922 109 830 - 1,040
TOC Influent 8 | 312 88.4 195 - 425
(mg/L) Effluent 4 59 12 46 - 75
TKN Influent 8 164 18.1 115 - 205
(mg/L) Effluent 4 245 7.07 235 - 250
NH, N Influent 8 47 18 2-75.
(mg/L) Effiuent 4 214 7.5 205 - 220
NO,-N Influent 8 0.051 - 0.093
‘ (mg/L) Effiuent 4 0.041 - 0.050
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Table 5-10

Summary of Measured Air Concentrations for
Chicken Processing Plant in Southeast U.S.

Methane Upwind 12 1.92 4.25 1.80 - 2.09
(CHY Downwind 70 9.80 77.6 4.01-29.9
Ethylene Upwind 12 0 0 0
- (GHY Downwind 70 0 0 0
Ammonia Upwind 12 | 28ppb | 346 0 -'33.9 ppb
| (NHs) Downwind 70 | 2.6ppb 369 0~ 44.1 ppb
Carbon Dioxide Upwind 12 434 7.58 391 - 505
€0 Downwind . | 70 510 9.66 411 - 587
~ Carbon Monoxide Upwind 12 | 206ppb | 1.65 | 200-209 ppb
€O Downwind | 70 | 208ppb | 17.3 | 193-419ppb
Hydrogen Sulfide Upwind 12 0 0 ll
GLS) Downwind 70 9.69 28.9 0-15.6
- Nitrous Oxide— | Upwind- | 12 | 542ppb | 0.40. | 539- 546 ppb || .
@:0) Downwind 70 | 563ppb | 0.87 | 557-586ppb
Sulfur Hexafluoride Upwind 12 0 0 0 4 |
(SF9 Downwind 70 | 268ppb| 178 0 - 157 ppb
Water Vapor Upwind 12 | 16400 | 3.27 |15,400- 17,30?\
®.0) Downwind 70 | 16500 | 5.01 |13,700-18,100 |
Total Hydrocarbons Upwind 12 0 0 0
(as Hexane) Downwind 70 0 0 0 1‘
Carbon Upwind 12 0 0 0
Tetrachloride
(CCL) Downwind 70 1.4 ppb 289 0-17.9ppb
Chloroform Upwind 12 0.5 ppb 346 0 -6.4 ppb
(CHCl,)
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Table 5-10

(Continued)
Downwind 70 9.6 ppb 107 0-28.3 ppb
Dichloro- Upwind 12 7.9 ppb 12.2 5.9-8.7
difluoromethane .
(CCLE) Downwind 70 10.7ppb | 49.8 0-19.6 ppb
Methylene Chloride Upwind 12 0 0 0 |
(CHLCL) Downwind 70. | 25.7ppb | 114 0 - 90.4 ppb
Trichloro- Upwind 12 7.9 ppb 6.54 6.4 - 8.4 ppb
flvoromethane
(CCLF) 70 3.4 ppb 105 0 -10.1 ppb II
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Table 5-11

Summary of Measured Emission Rates for
Chicken Processing Plant in Southeast U.S.

Methane 68 179 107 0.8 - 898
Ethylene _ 68 0 0 0
Ammonia 68 0.061 520 -0.373 - 1.86
Carbon Dioxide 68 12,400 101 -47.7 - 40,600
Carbon Monoxide 68 5.63 128 -0.349 - 32.0 "
!,[ Hydrogen Suifide 68 833 99.0 0-2,200
Nitrous Oxide 68 2.64 101 0.024 - 9.48
Sulfur Hexafluoride | 68 N/A N/A N/A 1
Water Vapor | - 68 2,540 2,720 {-242,000 - 163,000
Total Hydrocarbons 68 0 -0 0
(as Hexane)
Carbon 68 0.549 291 0 -8.04
- Tetrachloride | | L o )
Chloroform 68 5.28 110 | -0.175-15.6
Dichloro- 68 0.014 9,490 -5.18 -3.62
difluoromethane
Methylene Chloride | 68 9.96 114 0-263 |
Trichloro- 68 2.7 108 -8.50 - 0.175
fluoromethane :

* Negative emission rates occur when the upwind concentration exceeds the downwind
concentration.
N/A = Not applicable.
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Table 5-12
Summary of Meteorological Data for Valid Sampling Periods for
Chicken Processing Plant in the Southeast U.S.

- orer95 | 12:55:00 | 1211 29.1 4 72.2
9/7/95 12:45:00 119 27 5.1 16.8
9/6/95 11:55:00 115 23 7.1 31.5
9/7/95 12:25:00 113 21 4.8 45.1
9/6/95 16:00:00 110 18 5.6 29 |
9/6/95 12:15:00 108 16 6.1 57.1
9/6/95 10:20:00 106 14 6.4 23.9
9/6/95 11:15:00 105.8 13.8 4 43.6
9/6/95 09:00:00 103.9 1.9 1.2 22.9
9/6/95 15:35:00 13 | 11 5.2 34.1 |
9/6/95 10:40:00 101 9 3.9 50.3
9/6/95 15:55:00 | . 979 59 4.2 34.3 “
9/6/95 10:50:00 96.9 49 4.2 425
9/6/95 11:40:00 94 2 5.4 26.1
9/6/95 15:30:00 94 2 6.6 39.3
9/7/95 12:40:00 94 2 4.4 29.6
9/6/95 16:20:00 88 -4 5 37.7 1‘
9/6/95 10:00:00 87.9 4,1 4.1 487 |
9/6/95 10:15:00 87.9 4.1 5.1 344 |
9/6/95 17:20:00 87.9 4.1 3.6 0 |
9/6/95 12:35:00 87 -5 6.4 40.7
9/6/95 12:05:00 85.9 6.1 6.6 30.3
9/6/95 14:35:00 85.9 6.1 5.8 35.3
9/7/95 12:20:00 85.9 61 | 6.6 28.2
9/6/95 12:40:00 85 -1 6.4 26 I.
9/6/95 15:00:00 85 -7 5.2 41.3
9/6/95 18:00:00 84.1 -7.9 3 31.8 |
9/6/95 11:35:00 83 -9 6.1 28.1 |
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Table 5-12
{Continued)

"9/6/95

9/6/95 18:30:00 80.8 112 2.6 25.5
9/6/95 16:05:00 80.1 -11.9 5.1 34.5

[ 9/6/95 18:15:00 80.1 -11.9 3.1 33.2
9/6/95 13:20:00 79 -13 4.4 58.4 4
9/6/95 14:25:00 78.9 -13.1 7 38.2
9/6/95 16:15:00 78.9 -13.1 5.9 _21.7 “
9/6/95 17:05:00 78.9 -13.1 5.1 212 |
9/6/95 13:15:00 78 -14 6.6 23.8
9/6/95 11:30:00 77.1 -14.9 5.5 35.8
9/6/95 14:10:00 77.1 -149 5.5 29.6
9/6/95 14:30:00 71.1 - -14.9 6.5 33.1

i 9/6/95 14:40:00 77.1 -14.9 6.9 25.2 “
9/6/95 10:35:00 76 -16 4.4 54.6
9/6/95 15:05:00 | ~ 76 -16 6 49.8 "
9/6/95 15:40:00 76 -16 - 6 27.9
9/6/95 15:50:00 76 -16 7.4 27.7 ('
9/6/95 15:45:00 75.1 -16.9 6.3 32
9/6/95 16:55:00 74.9 -17.1 6.6 29.6
9/6/95 18:05:00 74.9 -17.1 4 31.5

I 9s6/95 18:20:00 74.9 -17.1 2.6 28.7
9/6/95 11:50:00 72 20 6.5. 42.7
9/6/95 09:55:00 71.8 -20.2 4.1 44.1
9/6/95 10:05:00 70.9 21.1 3.5 50.7

|F 9/6/95 10:45:00 70.9 -21.1 4 44.5
9/6/95 14:45:00 70.9 21.1 4.4 43.6
9/6/95 18:25:00 70.9 21.1 2.9 18 . |
9/6/95 | 08:10:00 70 22 1.1 175 |
9/6/95 09:25:00 69 -23 2.5 509 |
9/6/95 11:10:00 69 -23 4.6 28.5
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Table 5-12
(Continued)

9/6/95

9/6/95 11:25:00 68.1 239 | 52 374 |
9/6/95 13:45:00 67.9 -24.1 7.5 27.2
9/6/95 | 14:05:00 67.9 -24.1 6.3 40
9/6/95 10:10:00 65 -27 6.9 24.3
9/6/95 13:05:00 65 27 5.5 38.1
9/6/95 17:40:00 63 -29 5.3 34.9
9/6/95 | 18:35:00 63 -29 1.3 16.7
9/6/95 17:00:00 61.9 -30.1 5.1 295 |
9/6/95 18:40:00 61.9
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Table 5-13

Results of Wastewater Analyses for
Chicken Processing Plant - Southeast U.S.

Influent 2 6.8 0 6.8 I
pH Effluent 1 6.1 i _
Sludge 0 - -~ -
Influent 6 4.9 0.7 4.0-57
DO -
Studge 1 0 - -
Influent 6 24.8 0.9 23.5-26.2
1’}‘3%’ : Effluent 3 24.5 0.7 23.8-252
Sludge 1 23.8 - -
Influent 6 879 167 660 - 1,100
TSS
(@g/L) Effluent 3 100 56.8 60 - 165
Sludge 1 43,500 - -
- __Influent 6 1,400 118 1,240 - 1,600
BOD
" @s/L) Effluent 3 73.3 12.6 60 - 85 i
Studge 1 4,350 - - I
Influént 6 2,430 795 1,795 - 3,970
COD
(@e/L) Effluent 3 200 45.8 160 - 250
Sludge 1 8,500 - - H
“ Infiuent 6 23 87.0 160 - 395
TOC ' .
(mg/L) Effluent 3 26.3 9.3 16 - 34
Studge 1 120 - -
Influent 6 117 17.5 95 - 140
TKN Effluent 3 76.7 10.4 65 - 85
(mg/L) Shidge 1 565 - -
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Table 5-13

(Continued)
Influent 6 7.3 2.1 5-11 Il
NH,-N
AN Effluent 3 81.7 6.5 75 - 88 ||
Sludge 1 88 - -
Influent 6 1.76 1.01 1.12-3.80
NO,-N Efffeent | 3 | 00300 | 0.0072 0.024-0.038 |
(mg /L) sent . . . =-\.
Shudge 1 0.478 - - “
Key: DO = Dissolved oxygen
TSS = Total suspended solids
BOD = Biological oxygen demand (5-day test)
COD = Chemical oxygen demand
TOC = Total organic carbon
TKN = Total nitrogen by Kjeldahl method
NH;-N = Nitrogen (ammonia)
NO,-N = Total nitrates
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Table 5-14
Summary of Measured Air Concentrations for
POTW in Small Town in Southwest U.S.

Methane
(CHY Downwind 72 220 | 3.8 [ 206-246 |
Ethylene Upwind 52 0 0 0
GHo Downwind 72 0 0 0
Ammonia Upwind 52 0 0 0
(NH,) Downwind 72 0.2 ppb 849 0-15.4ppb |
Carbon Dioxide Upwind 52 351 4.82 329 - 385
€0y Downwind 72 342 7.40 291 - 384
Carbon-Monoxide Upwind 52 | 123ppb | 3.58 | 117-134ppb
©o Downwind 72 | 131ppb | 3.2 | 127-143ppb
Hydrogen Sulfide - Upwind 52 0 0 0
S Downwind 72 0 0 0 ‘
| Nitrous Oxide . Upwind s2 | 466ppb | 0.55 | 460-469ppb |
(N:0) | Downwind ~ | 72 | 478ppb | 1.72 | 470-497ppb
Sulfur Hexafluoride Upwind 52 | 0.03 ppb 289 0-04 ppbﬂ“
Fo Downwind 72 |uspw| 667 | o0-4rip |
Water Vapor Upwind s2 | 25000 | 536 |23,000-27,800]
@0) Downwind 7 | 15% | 681 | 6500-8220 |
Total Hydrocarbons Upwind 52 0 0 0o
(as Hexane) Downwind 7 0 0 0 “
Carbon Upwind 52 0 0 0
Tetrachloride
(CCL) Downwind 72 0 0 0 "




Table 5-14

(Continued)
Chloroform Upwind 52 0.2 ppb 376 0-5.0 ppb
CH
(CHCLy) Downwind 72 0 0 0
Dichloro- Upwind 52 8.9 2.82 8.2-94
difluoromethane
(CCLE) Downwind 72 5.8 ppb 51.6 0-11.8 ppb
Methylene Chloride Upwind 52 | 09ppb § 379 | 0-19.4ppb |
(CH,CL) .
Downwind 72 0 0 0
Trichloro- Upwind 52 0.8 60.8 0-14
fluoromethane
(CCLF) 09-57ppb
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Table 5-15

Summary of Measured Emission Rates for
POTW in Small Town in Southwest U.S.

| Methage 72 575 -101 - 59.3
Ethylene 72 0 0 0 4'
Ammonia 72 0.0004 849 0-0031 |

Carbon Dioxide 72 -17,500 290 | -216,000-3,150 |
Carbon Monoxide | 72 2.26 305 27.6- 1.09 W
Hydrogen Sulfide 72 0 0 b

Nitrous Oxide 72 -5.41 306 66.7-1.57
Sulfur Hexafluoride | 72 NA | NA | NA
Water Vapor 72 - 315,000 299 -123,000 - 3.46x10°
Total Hydrocarbons | 72 0 0 . 0
(as Hexane)
Carbon . 72 0 0 0
_#  Tetrachloride
Chloroform 72 0.376 204 |  -0.167-3.49
Dichloro- 7 0.007 46,500 9.57-19.4
difluoromethane
Methylene Chloride | 72 1.20 204 -0.534-11.2
Trichloro- . -70.9 -3.98
fluoromethane

* Negative emission rates occur when the upwind concentration exceeds the downwind
concentration.
N/A = Not applicable.
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Table 5-16
Summary of Meteorological Data for Valid Sampling Periods for
POTW in Small Town in Southwest U.S.

10/6/95 | 09:20:00 |  313.4 29.6 5.9 13.5
10/5/95 | 15:50:00 315.4 27.6 10.4 24.1

[ 10595 | 17:20:00 318.2 -24.8 9.8 11.5

[ 10/6/95 | 09:30:00 320.9 -22.1 7.2 9.4

{ 10/6/95 | 09:25:00 323.3 -19.7 5.7 " 8.7

[ 1055195 | 16:50:00 323.3 -19.7 8.4 103 |
10/5/95 | 16:25:00 324 -19 11.7 33.4 |
10/6/95 | 10:00:00 326.9 -16.1 10.8 54 |
10/5/95 | 17:10:00 328.9 -14.1 6.9 13 - |
10/5/95 | 15:55:00 328.9 -14.1 11.3 202 |
10/5/95 | 16:15:00 329.4 -13.6 7.6 178 |

I 10695 | 09:45:00 329.9 -13.1 12.4 10.2
10/6/95 | 09:40:00 331.4 -11.6 11.4 23.4
10/6/95 | 09:50:00 332.3 -10.7 11.3 16.1
10/5/95 | 16:45:00 335.3 1.7 10.4 18.6
10/6/95 | 10:05:00 335.3 1.7 11.2 9.9 4'
10/5/95 | 16:00:00 335.9 -7.1 9.9 25
10/5/95 | 18:00:00 336.4 6.6 8.6 21.4
10/5/95 | 17:50:00 337.3 5.7 6.9 10.1
10/5/95 | 15:35:00 337.3 -5.7 9.9 34.7
10/5/95 | 17:15:00 337.3 -5.7 10 15.8
10/5/95 | 17:05:00 338.4 4.6 8.8 18.3
10/5/95 17:45:00 338.4 4.6 9.4 20.2
10/6/95 | 09:35:00 338.9 4.1 8.4 19.2
10/6/95 | 10:25:00 339.8 3.2 10.7 212 |
10/5/95 17:25:00 340.4 2.6 9.6 251 |
10/6/95 | 10:10:00 340.4 2.6 10.6 28.5
10/6/95 | 10:15:00 343.3 0.3 10.8 26.2
10/5/95 | 16:30:00 344.3 1.3 7.6 29.4

5-51




Table 5-16
(Continued)

10/5/95

16:55:00

344.3

1.3

8.5

I 10/5/95 | 16:40:00 344.3 13" 9.4 28.1
| 10/5/95 17:00:00 344.9 19 10.3 25.2
I 10/6/95 10:35:00 346.3 3.3 10.3 26.2
| 10/5/95 17:55:00 346.3 3.3 11 21.1
I 10/6/95 | 09:55:00 347.4 4.4 10.4 30
| 10/5/95 16:10:00 347.9 4.9 10.4 31.6
| 10/6/95 | 10:20:00 347.9 4.9 10.4 16.9
10/5/95 | 18:30:00 350.8 7.8 8 18.6
10/5/95 16:05:00 350.8 7.8 10.8 28.5
10/6/95 | 10:30:00 351.4 8.4 9.5 25.2
10/5/95 | 16:35:00 352.1 9.1 9.5 20
10/5/95 | 18:35:00 355.3 12.3 7.4 14.5
10/5/95 | 18:20:00 355.3 12.3 8.1 20
I' 10/6/95 | 11:35:00 356.4 13.4 11.4 28.2
[ 10/6/95 11:05:00 356.9 13.9 9.3 25.9
" 10/5/95 15:45:00 356.9 13.9 11 34.3
10/5/95 | 17:30:00 357.3 14.3 7.5 25.5
10/5/95 | 18:25:00 357.3 14.3 10.5 32.8
10/5/95 | 19:30:00 357.8 14.8 4.3 1.5
10/5/95 15:40:00 358 15 10 31.5
10/5/95 18:05:00 359.3 16.3 8.2 21.4
10/5/95 19:25:00 359.8 16.8 4.8 9.9
10/6/95 11:30:00 0.9 17.9 9.1 24
10/6/95 11:55:00 2 19 7.6 15.9
10/6/95 | 11:00:00 2.9 19.9 12.2 12.3
10/5/95 | 19:00:00 4 21 7.8 19.5
10/5/95 18:10:00 4.9 21.9 6.5 17.4
10/5/95 18:40:00 4.9 21.9 6.6 24.9
10/6/95 11:10:00 4.9 21.9 117 27
I 10/5/95 19:15:00 6 23 4.4 5.5
10/5/95 18:50:00 6.9 23.9 6.7 11.4

5-52




Table 5-16

(Continued)

10/5/95 . .

10/5/95 18:15:00 6.9 23.9 . 8.1 21.2
10/5/95 19:20:00 7.9 24.9 55 16.8
10/5/95 19:05:00 8.8 25.8 6.6 25.2
10/5/95 19:10:00 11 28 5.6 12.6
10/6/95 11:45:00 11 28 9.4 22.4
10/5/95 18:45:00 11.9 28.9 7.2 15.7
10/6/95 11:40:00 11.9 28.9 10.8 "21.1

" 10/5/95 16:20:00 13 30 73 29.9 ‘

10/5/95 17:40:00 13 30 8.6 24.1
10/6/95 11:20:00 13 30 11.5 22.1
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Results of Wastewater Analyses for
Small Town POTW -Southwestern U.S.

Influent 7 7.2 0.3 6.9-7.5
pH Effluent 5 8.1 0.3 7.6-8.4
DO Influent 7 0.6 0.3 0.2-1.1
(mg/L) Effluent 5 5.8 3.3 3.4-115
Temp. Influent 7 24.5 L5 22.3-269 ||
“ O Effluent 5 216 2.9 18.4 262 l
| TSS Influent 7 183 86.4 60 - 325 I
I (mg/L) Effluent 5 80 14.1 65 - 95 "
BOD Influent 7 163 .| 659 68 - 235 |
(mg/L) Effluent 5. | 974 30.7 65 - 135
COD nfluent 7 149 68.0 32 - 245
@&l | Euent s 114 27.7 75 - 140
TOC. Influent . | -7 53 12.1  37-69
(mg/L) Effluent | 5 25.8 5.4 18 - 33
TKN Influent 7 31.7 5.3 23.8-39.4
(mg/L) Effluent 5 18.0 1.0 16.8 - 19.0
NH,-N Influent 7 19.6 3.6 13.8-257
@&L) " Effuent 5 1.4 0.9 0.5-2.6 l|
NOyN | Influent 7 | 00307 | 0.0193 0.015-0072 |
Effluent 5 0.069 - 0.587
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Table 5-18
Summary of Measured Air Concentrations for
POTW in Very Small Town in Southwest U.S.

Methane Upwind 62 2.16 11.2 1.92-2.83
(CHy Downwind 154 2.11 15.9 1.61 - 2.81
Ethylene Upwind 62 0 0 0
(GHY Downwind 154 | 18.6ppb | 199 0 - 220 ppb
Ammonia Upwind 62 |255ppb | 120 0-120 ppb
(NH,) Downwind 154 | 933ppb | 419 | 16.7-214 ppb
Carbon Dioxide Upwind 62 668 '9.03 549 - 803
€0y Downwind 154 528 7.04 482 - 691
Carbon Monoxide Upwind - 62 | 175ppb | 22.0 | 124-337ppb
" (€O Downwind 154 | 143ppb | 114 | 113-190 ppb
Hydrogen Sulfide Upwind 62 0 0 0
l' ®S5) Downwind 154 0.126 549 0-4.30
Nitrous Oxide Upwind 62 515 ppb 1.45 500 - 533 ppb
Il ' ™0) Downwind 154 | 504ppb | 1.31 | 493-518ppb
Sulfur Hexafluoride Upwind 62 | 0.6ppb { 73.8 0- 3.5 ppb
(SF9 Downwind 154 |854ppb| 758 | 0.5-282ppb
Water Vapor Upwind 62 25,000 5.36 |23,000-27,800
#%,0) Downwind 154 | 27200 | 5.16 |23,300-29,500 ||
Total Hydrocarbons Upwind 62 0 0 0
(as Hexane) Downwind 154 0 0 0
Carbon Upwind 62 11.9 ppb 45.1 0-20.7 ppb
Tetrachloride
(CCl) Downwind 154 |862ppb | 77.3 0-18.8 ppb Jl
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Table 5-18

(Continued)
Chloroform Upwind 62 41.4 3.3-25.9 ppb
(CHCL) Downwind 154 76.1 0-22.5 ppb
Dichloro- Upwind 62 0 0 0
difluoromethane -
(CCLF) Downwind 154 1.2 ppb 127 0-4.7 ppb
Methylene Chloride Upwind 62 66.0ppb | 36.7 22.2 - 102 ppb
(CHLL Downwind 154 | 57.8ppb | 58.5 0 - 106 ppb
Trichloro- Upwind 62 0 0 0
fluoromethane
. (CCLF) Downwind 154 0.3 ppb
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Table 5-19
Summary of Measured Emission Rates for
POTW in Very Small Town in Southwest U.S.

Methane 154 72.8 705 4,790 - 158
" Ethylene 154 0.016 199 0-0.167 |
Ammonia 154 -13.4 663 779 -3.21
| Carbon Dioxide | 154 6,700 1410 | -498,000 - 975,000
Carbon Monoxide | 154 7.78 624 145-448 |
Hydrogen Sulfide | 154 4.49 1030 " 0-566 |
Nitrous Oxide 154 0.248 2740 38.4-565 |
Sulfur Hexafluoride | 154 N/A N/A N/A
|| Water Vapor 154 264,000 519 67.0- 1.12x100 |
Total Hydrocarbons | 154 0 0 0
" (as Hexane) ) :
I carbon 154 284 635 -174-9.28
Tetrachloride
Chloroform 154 352 605 -210-7.06.
Dichloro- 154 0.0284 632 0-221
" difluoromethane
| Methytene Chioride | 154 | 974 598 528 -27.2
Trichloro- 154 0.0163 846  0-1.69
fluoromethane

% Negative emission rates occur when the upwind concentration exceeds the downwind
concentration. '
N/A = Not applicable.
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Table S-20
Summary of Meteorological Data for Valid Sampling Periods for
POTW in Very Small Town in Southwest U.S.

P €
8/2/95 21:16:34 150.1 -299 3.9 9.6
8/3/95 04:11:46 150.1 -29.9 2.5 82|
8/3/95 00:16:36 150.8 292 1.5 8
8/2/95 21:36:33 151 -29 4.8 6.5
| 8r395 04:06:45 151 29 2.4 8.3
| s 12:56:34 151 29 6.5 20.7
8/2/95 16:00:43 151.9 .28.1 113 13.9
8/2/95 21:11:34 151.9 28.1 42 7.1 N
8/1/95 19:59:46 152.8 -27.2 11 68.7
8/2/95 15:55:43 152.8 -27.2 11.9 19.6
8/2/95 16:05:44 1532 -26.8 115 11.8
-8/2/95 22:26:34 153.2 268] 33l .57
8/3/95 12:36:34 153.9 -26.1 7.7 12
8/2/95 14:45:42 154.1 259 13.8 10.7
8/3/95 01:46:39 154.1 259 1.1 173
8/3/95 02:21:40 154.1 25.9 1.1 13.9
8/3/95 07:51:53 154.1 -25.9 4.6 13.5
8/3/95 14:51:37 154.1 259 5.4 23.3
8/2/95 15:45:44 154.8 252 10.3 13.4
8/2/95 15:00:42 1552 24.8 11.9 10.1
8/2/95 22:21:35 1552 248|" 3.2 5.5
8/3/95 00:21:35 1552 248 2.7 8.5
| smms 04:01:45 155.9 24.1 2.4 o
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Table 5-20

(Continued)
8/3/95 07:41:52 155.9 -24.1 3.6 8.1
8/2/95 14:40:42 156.1 239 13.5 10.9
8/2/95 22:01:35 156.1 239 3.7 92|
8/3/95 03:31:45 156.1 239 1.6 13.7
8/4/95 02:09:24 156.1 239 32 8.7
’»smgs 12:49:41 157 23 11.9 11 H
8/2/95 16:10:44 157.1 229 12.3 16.1
| smams | 124135 157.1 229 44| 303
8/2/95 12:59:41. 157.9 221 11 10.1
8/4/95 02:19:25 158 2 3 58
| 87395 15:26:36 159.1 20.9 6.6 9.4
8/2/95 13:30:15 159.8 -20.2 152 74
8/2/95 15:50:46 160.2 -19.3 111 139
8/2/95 12:54:41 161.8 -182 10.7 10.9
8/2/95 14:50:44 162.2 178 13.7 99
8/4/95 02:14:24 1622 -17.8 3.3 6
8/2/95 15:25:43 163.1 -169 11.9 9.7
8/2/95 22:16:35 163.1 -16.9 291 9.4"
8/3/95 00:41:36 163.1 -16.9 1.1 12.1 ]l
. 812095 11:39:39 163.8 -162 10.1 10.7 “
8/2/95 14:35:41 164.2 -15.8 11.6 143
8/3/95 07:56:53 164.2 -15.8 3 22.1
8/4/95 02:24:24 1642 158 3 6.5 ||
8/3/95 02:26:40 165.1 -14.9 1.1 13.4 I]
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Table 5-20

(Continued)
8/3/95 02:31:41 165.1 -14.9 1.1 114
8/3/95 12:51:34 166 .14 62| 435
8/2/95 11:59:39 167 .13 134 9.7
8/2/95 12:44:40 167 .13 9.9 10.7
8/2/95 13:55:16 167 13 9.9 13.9
812/95 14:20:16 167 13 na2{ 17
8/2/95 14:55:42 167 13 122 12.1
8/3/95 00:31:36 167 13 2.6 8.7
8/3/95 00:36:36 167 13 15
8/2/95 22:11:34 167.9 -12.1 25
8/3/95 00:26:35 167.9 -12.1 2.8
8/3/95 05:41:50 167.9 -12.1 1.1
' 8/3/95 11:51:33 © 168.1 119 85
8/3/95 11:56:34 168.1 -11.9 62
8/2195 13:45:15 169.2 -10.8 10.9
8/2/95 15:40:43 1692 -10.8 12.7
8/2/95 15:30:43 169.9 -10.1 115
8/2/95 22:06:34 170.1 9.9 26
8/3/95 13:16:34 170.1 99 77
8/2/95 11:44:40 170.8 92| 122
8/2/95 15:05:43 170.8 9.2 102
8/3/95 05:21:49 170.8 92 1.1
8/2/95 14:00:16 1712 8.8 11.8 11.9
8/3/95 13:11:34 171.2 8.8 6.2 41.4
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Table 5-20

1

(Continued)
Date
8/3/95 03:56:46 171.9 -8.1 3.1 11.2
8/2/95 12:04:39 172.1 7.9 12.2 13.6 H
"jsfws 15:15:42 172.1 7.9 11.4 12.4 ||
8/2/95 13:50:15 172.8 -7.2 102 14]
8/2/95 13:20:16 173.2 6.8 12 11
8/3/95 04:46:48 175.1 49 1.6 16.2
8/3/95 13:06:35 175.1 491 7.1 15.1
8/3/95 13:36:35 175.1 49 8.3 21.8
8/3/95 13:46:35 175.1 4.9 5.1 29.4
8/2/95 13:40:16 176 4 11.8 16.1
8/2/95 15:10:43 176 4 108 1.7
8/2/95 10:54:38 176.2 -3.8 11.3 97
8/2/95 13:25:16 176.2 3.8 11.7 13
8/2/95 15:20:42 176.2 -3.8 102 14.8
8/2/95 12:29:39 176.9 3.1 10.5 11.3 |
8/4/95 02:29:24 176.9 3.1 3.5 72|
8/2/95 15:35:43 177.1 29 11.1 114 ||
8/2/95 10:59:39 1789 -1.1 11 s.s{
| 8r2/95 11:29:38 178.9 -1.1 125 11
8/2/95 12:14:40 178.9 -1.1 10.5 12.3 ||
8/2/95 11:14:38 179.1 0.9 13.7 11.5J|
8/2/95 12:09:39 179.1 -0.9 11.5 13.2J|
8/3/95 03:41:45 179.1 -0.9 3.4 7.9 ||
8/3/95 03:51:46 179.1 -0.9 2.4 11.2 u
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Table 5-20

(Continued)
8/3/95 12:46:35 179.1 0.9 8 19 "
8/2/95 13:35:15 179.8 -0.2 12.6 s-i{
8/3/95 14:16:37 179.8 0.2 7 14.5
L 8295 11:24:39 1802 0.2 112 10.8 “
8/3/95 05:01:49 180.9 09| 1.2 9ﬂ
8/3/95 09:36:52 | 1809 0.9 76] 192
8/3/95 09:41:52 180.9 0.9 7.4 15.8 ||
8/2/95 11:34:38 182.9 29| 10.3 8.7 || :
8/2/95 14:05:18 184| 4 11.1 1ﬂ|
8/2/95 14:15:15 184 4] . 9.9 10.61
8/2/95 12:39:40 185.2 52| 9.8 12.3
“; 8/2/95 12:24:39 186.1 6.1 9.9 162
H 8/2/95- | 11:19:39 -1 — 1868| - - 6.8 127 - 93
" 8/2/95 12:34:40: 186.8 6.8 10.5 119
8/2/95 14:10:19 186.8 6.8 11.2 10.7
8/2/95 13:04:42 187.2 7.2 10.9 12.8
8/2/95 11:04:39 187.9 7.9 11.6 uj\
8/2/95 12:19:40 188.1 8.1 10.2 12.9
8/3/95 03:36:45 188.1 8.1 2.8 8.5
8/4/95 02:34:25 188.1 8.1 3.4 6.1
8/3/95 11:41:33 188.8 8.8 6.5 17.3
8/3/95 13:01:35 188.8 8.8 7.2 22.3
8/3/95 04:41:48 189.9 9.9 1.3 10;"
L 853/95 14:01:35 189.9 9.9 6 17.5 }|
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Table 5-20

(Continued)
8/2/95 13:09:41 190.1 10.1 1.1 10.8
8/3/95 02:06:41 190.1 10.1 L1 51.4
8/3/95 12:21:34 190.8 108 39 492
8/3/95 05:16:49 191.2 112 11 9.3
8/3/95 08:36:53 191.2 112] - 4.6 27.7
| 8r3sms 08:46:52 1922 122 s7| - 188l
I sams 13:26:34 1922 122 4.4 27|
| s 04:31:47 193.9 139 13 383
| s 08:31:52 195.1 15.1 29| a3
8/3/95 03:46:45 | 1958 . 158 33 76|
8/2/95 11:09:38 1962 162 113 136
8395 | 11:16:32 196.2 162| 6.5 23|
8/3/95 13:31:34 1962 162 6.6 371 |
“ 8/3/95 04:51:48 197.1 171 1.7 w%
‘I 8/3/95 09:26:51 | 1971 17.1 8.2 18.5
8/3/95 08:56:52 1982 182 58 233
[ sns0s 09:21:55 1982 182 6.7 18.9
“ 8/3/95 13:51:36 198.2 182 5.1 21.6
8/4/95 02:44:24 198.9 189 2.8 9.8
| 85 04:56:49 199.8 " 198 12 19.1”
83/95 | 09:31:52 199.8 | 19.8 6.8 14.1
8/4/95 03:44:24 202 22 27 106
8/3/95 12:31:34 2032 ;32 52 29|
8/3/95 05:06:48 203.9 23.9 12 11|
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Table 5-20

(Continued)
8/3/95 08:41:51 204.1 24.1 5.3 14.1
8/3/95 12:11:34 204.1 24.1 6.7 27.3
8/3/95 13:21:35 204.1 24.1 6.6 174 “
_ 8/3/95 11:31:33 205.2 252 6.6 15.9
8/3/95 09:16:52 205.9 25.9 7.7 13.4
“ 8/3/95 08:51:53 206.1 26.1 6.7 18.3“
| siaps 04:44:24 206.1 26.1 1.1 43
| smms 09:01:52 207.9 279 6.6 15.7“
8/3/95 09:11:52 208.1 281 79| 132
8/3/95 02:16:41 209.2 29.2 1.1 11.9
8/3/95 14:26:36 209.9 29.9 7 142
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Table 5-21
Results of Wastewater Analyses for
Very Small Town POTW - Southwest U.S.

Influent 5 84 0.5 7.5-8.8
pH Effluent 6 9.2 0.3 89-97
Final Effluent 3 9.6 0.2 9.4-98
Influent 5 0.1 0.1 0.0-03
Do Effluent 6 45 | 28 19-95
(mg/L) uen . . =
Final Effluent 3 9.6 44 5.3-14.0
Influent 5 30.7 4.0 26.4-36.6
Temp. :
©C) Effluent 6 29.8 44 25.5-382 1
Final Effluent 3 28.0 1.3 26.5-29.0
Influent 5 135 82.9 75 -270
158 Effluent 6 52 10 40 - 65
(mg/L) u - i
Final Effluent . 3 43 5.8 40 -50
Influent 5 147 55.6 74 - 200
BOD :
(me/L) Effluent 6 423 9.33 26 - 51
Final Effluent 3 18 1.1 17-19
Influent 5 211 54.1 | 140 - 290
COD =
(mg/L) Effiuent 6 135 19.8 120-170
Final Efftuent 3 118 322 95 - 155
Influent 5 31 13 21-51
TOC - , _
(mg/L) Effluent 6 18 0.75 17-19
Final Effluent 3 19 2.1 17-21
Influent 5 279 25 25.55-31.85
TKN Effluent 6 6.48 2.79 3.85- 10.85
(mg/L) Final Effluent 3 4.55 1.60 2.80-595
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Table 5-21

(Continued)
5 22.7 2.92 19.1-26.6
6 2.1 0.53 14-28
3 0.42 0.17 0.23-0.56
5 0.0356 0.0103 0.023 - 0.047
6 0.144 0.037 0.095 - 0.197
3 0.028 0.007 - 0.022 - 0.035
Note: Air measuremenis were made downwind of ponds #1 and #2. Final effluent is discharge
from pond #3.
Key: DO = Dissolved oxygen
TSS = Total suspended solids
BOD = Biological oxygen demand (5-day test)
COD = Chemical oxygen demand
TOC = Total organic carbon
TKN = Total nitrogen by Kjeldahl method
NH;-N = Nitrogen (ammonia)
O;-N - = Total nitrates -
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SECTION 6
DISCUSSION OF RESULTS

This section contains further reduction and
discussion of the data presented in Sections
5 and 7, and in the appendices.

6.1  Discussion of Results by Site
The FTIR spectra were reduced and

concentrations determined for 15 target
analytes: CH,, two tracer gases (SF, and
C,H,), six inorganic compounds (NH,, CO,,
CO, H,8, N,0, and H,0), TNMHC, and five
halogen-containing compounds (CCl,,
CHCl,, CCL,F,, CH,Cl,, and CCL,F). The air
measurement data were reviewed to identify
those compounds found at each site in"~
significantly greater concentrations in the -
downwind air compared with the upwind air.
- Any such compounds were initially assumed

to have been emitted from the lagoons being
tested. :

The compounds possibly being emitted from
each site are identified in Table 6-1. For
some of these compounds, the measurement
uncertainty was rather large and the data,
therefore, are suspect. The validity of the
data for each site are discussed in the
following subsections. Many of the target
analytes were found at the same
concentration levels upwind and downwind
of the lagoons; i.e., they had no quantifiable
emission rate. Only CH,, NH,, and the SF,
tracer gas generally were present in greater
amounts in the downwind air.

The minimum quantifiable emission rate
varied from site to site, depending on the
variability in the measured concentrations,
and from one 5-minute period to another,
depending on the measured concentration of

SF,. The detection limit for a given
compound, in terms of g/sec, is dependent
on the smallest difference between
downwind and upwind concentrations that
could be identified apart from the
measurement variability within each of the
upwind and downwind data sets. While it
was being released, the tracer gas typically
was detected downwind at a concentration
level of roughly 50 ppbv or 300 ug/m*. The
following typical detection limits were
calculated based on the standard deviation of
the upwind measurements and the typical
downwind concentration of SF:

The high detection limit for CO, was due to
the high background concentrations (e.g.,
500 ppmv) and the measurement variability
(e.g., %CV = 7.5%).

For a given compound, for each increment
of 0.5 ppmv (500 ppbv) that the downwind -
concentration exceeded the average upwind
concentration, its emission rate was about 1
g/sec (depending on the molecular weight of
the compound).




Table 6-1

Compounds Possibly being Emitted from Each Site

I Southwest Beef .
Processing Plant Ammonia 355 ppb 0 609 ppb 2.17 "
_ _ TNMHC* 100 ppb 0 565 ppb 1.44
Midwest Beef Processing Methane 58.1 2.83 200 226
|M‘“lt Ammonia 1.04 0277 206 3.50
TNMHC* 244 ppb 0 817ppb |  7.50
t Methanc 9.80 1.92 200 179 b
m"’;‘:gﬁm Carbon Dioxide 510 434 587 12,400 "
Ammoniz® 26ppb - | 28ppb 4.1 ppb 0.0659
Hydrogen 9.69 0 156 833
Carbon 298 ppb 206 ppb 419 ppb 5.63
Nitrous Oxide 563 ppb 542 ppb 586 ppb 2.64
Chloroform 96ppb 0.5 ppb 283 ppb 528
Methylene 25.7ppb 0 $0.4 ppb- 9.96 II
JPOTW for Small Townin |  Methane * | 220 | 214 | . 246 <015 |
Southwest U.S. Carbon Dioxide® | - 342 351 384 <150
Ammonig® 02 ppb 0 15.4 ppb <0.05 I
POTW for Very Small Methane* 2.11 2.16 2.81 <0.15
Town in Southwest US. I - rbon Dioxide® 528 668 691 <150

a The measured concentrations for these compounds gencrally were less than 3 times the 95% confidence interval.
Therefore, these data are highly suspect.

b Methane, carbon dioxide, and ammonia values are shown for the POTWs for comparison purposes. No
quantifiable emissions of these compounds were detected at either POTW.
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The results of the wastewater analyses
performed by Radian were compared with
the results reported by the plants. These
data are shown in Table 6-2.

Taree sets of wastewater data were
considered:

1. Data generated by Radian;

2. Data generated by the plant from
samples collected during the same
week that Radian collected samples;
and

3. Average long-term data generated by
the plant.

The original intent was to compare data sets
#1 and #2 to identify any bias between the
two data sets. The average long-term plant
values would be corrected for this bias and
evaluated for cotrelations with the air
emissions data. The individual plants,
however, do not routinely generate all of the
data needed for this exercise, so the Radian
data set was used in the evaluations. This -
data set is preferable because data are
available for all the parameters of interest,
data are available for the influent as well as
the effluent streams, and the effluent data
correspond to the portions of the WWT
system generating the air emissions that
were measured.

There are two potential concerns related to
the use of the analytical results generated by
Radian. One, these wastewater data do not
address long-term variability. A review of
long-term data provided by the plants (see
Appendix G), however, indicates there is no
discemable seasonal variation in system
performance. Two, the WWT systems have
retention times of one week to three months
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(see Table 3-1), so effluent samples
collected concurrently with influent samples
may not accurately represent system
removal. This is true, however, only if the
influent loadings or the system performance
vary over time periods of several weeks.
The long-term data provided by the plants
indicate that all five WWT systems have
reasonably constant influent loadings and
BOD removal. The samples were not
collected at the exact same time as the plant
samples, so there may be some variability
between the two data sets due to short-term
temporal variability.

In general, the Radian data agree well with
the data provided by the individual plants.
For the three meat processing plants,
however, the Radian data for the effluent
BOD are higher than the plant data. This
may be due to differences in where in the
WWT system that the samples were
collected or differences in the bacteria used
by the laboratories to seed the samples
during analysis. Also, the BOD test in
general tends to be more analyst-dependent
than most other analytical tests.

Activity factors were developed for each site
based on information provided by the plant
operators and from the wastewater data.
These activity factors are given in Table 6-3.
At most of the sites, the OPM-TM '
monitoring captured emissions from the first
two or three lagoons in series, but not for the
final polishing or retention lagoons.

Effluent samples were collected from the
last lagoon addressed by the OPM-TM
monitoring. Removal rates were calculated
for the lagoons whose emissions were
measured during the air monitoring and not
for the entire WWT system. For the two
POTWs, the effluent sampling location was
one or two lagoons upstream from where the
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| Table 6-2
. Comparison of Wastewater Data By Site

Beef Processing Plant
in Southwest 3,420 -
COD 6,960 - - 683 - -
(For the influent 4,360 - -
values, the top value is
for combined influent TOC 641 - - 22 - -
and the bottom value is 321 -, -
for influent from :
slaughterhouse only) TKN 383 - - - 380 255 242
159 64 149
Ammonia 142 .- - 196 202 186
39.6 16 34
Nitrates 0.848 - -- 0.097 - -
0.055 - -
BOD 2,410 2,970 2,080 292 44 57 "
Beef Processing Plant ——
in Midwest COD 4,300 - - 1,150 - -
TOC 312 - .- 59 - -
TKN 164 198’ 215 245 209 222
Ammonia 47 - - 214 195 210
Nitrates 0.0766 - - 0.0453 - --
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Table 6-2
" (Continued)

BOD 1,400 - - 733 2.70 1.64
Chicken Processing
Plant in Southeast COD 2,430 - - 200 - -
TOC 223 - - 87.0 - -
TKN 117 “am - 76.7 0.97 1.17
Ammonia 7.3 -- -- 81.7 .- - u
Nitrates 1.76 -- - 0.0300 -- -
BOD 163 - - 97.4 - -
POTW for Small Town
in Southwest 36 - -
(final eff) .
CoD 149 - - 114 . -
TOC 53 - - 25.8 -- _
TKN 317 -- -- 18.0 - -
Ammonia 19.6 - - 1.4 - -
, 0.20 - -
(final eff)
Nitrates 0.0307 - - 0.177 - . -
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~ Table 6-2
(Continued)

POTW for Very Small
Town in Southwest

- - 423 - -
18 18 52.7
(final eff) (final eff.) (final eff.)
CoD 211 - - 135 - i,
TOC 31 - - 18 - -
TKN 27.9 - - 6.48 - -
Ammonia 227 - - 2.1 - -
0.42 <0.10 1.03
(final efF.) (final eff.) (final eff. J‘
Nitrates 0.0356 - - o4 | - - |
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Table 6-3

Activity Factor Data By Site

FSEIEECO0

n'a

# head/birds per day 5,000 5,600 125,000 nfa
Production Rate
kg meat per day 1,140,000 1,270,000 2106,000" n/a n/a
# people served n/a n/a n/a 5,000 560
Influent L/day 15,000,000 10,606,000 3,400,000 1,100,000 167,000
Flowrate ‘
Influent BOD kg/day 60,000 25,500 4,760 179 24.6
BOD removal kg/day 55,300 22,450 4,510 72.2 17.5
Percent 92% 88% 95% 40% 7% - |
COD kg/day 94,200 33,400 7,580 38.5 12.7
removal
Percent 90% 73% 92% 23% 36%
TOC kg/day 9,290 2,680 462 299 2.47
removal
Percent 97% 81% 61% 51% 42%
TKN kg/day 45 -859 137 15.1 3.58
removal
Percent -49% 34% 43% 77%

0.8%
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Table 6-3

(Continued)

Ammonia kg/day 2,940 kg/day in 2,270 kg/day in 278 kg/day in 20.0 3.44
removal effluent . effluent effluent
(kg/day)

Percent na n/a n/a 93% 91% —I
Nitrate removal kg/day 1.3 0.332 59 O.IJkg/day 0.24 kg/day q
(kg/day) in effluent in effluent

Percent 89% 41% 98% n/a n/a
Influent kg/day 0.0561 0.0107 0.00524 0 --
Chloroform ‘ | _ _ |

— . ———

a Assuming 25 days of operanon per month

Notes: 1. The removal rates shown are for the ponion of the WWT system generating the air emissions that were measured. The removal rates for the entire
WWT system will be higher in most cases. '

2. The removal rates were calculated using the results of the wastewater analyses performed by Radian. The effluent flowrate was assumed to be
equal to the influent flowrate. In reality, some evaporation and other losses occur and the effluent flowrate would be somewhat lower. Thus, the

removals shown are biased low.

3. N/A =Not applicable.




plants collect their samples, so final effluent
samples also were collected from the same
locations used by the plants.

The plants collect effluent samples at the
discharge point from the entire WWT
system, so removal rates reported by the
individual sites would include any additional
removal achieved in the final polishing
lagoons. Also, in calculating removal rates,
the effluent flowrate was assumed to be
equal to the influent flowrate. Some
evaporative and other losses occur, so the
amount of remaining material (effluent
concentration * effluent flowrate) probably
is biased high and the actual removal rates
would be higher than those calculated.

For the meat processing plants, BOD
removals of 88-95% were calculated versus
a theoretical maximum of 100%. Therefore,
any bias introduced by the

assumed effluent flowrates, by the omission
of the polishing lagoons, or by differences in
analytical results for effluent BOD levels is
small.

The largest unknown factor related to the
activity factors is the variability inthe
influent flowrate for the meat processing
plants. It is not known how accurately the
plants measure this parameter. The temporal
variability in this parameter also is not
known, but is reported by the plant operators
to be small.

The data are discussed below by site.

6.1.1 Sampling at Southwest Beef
Processing Plant

Methane and ammonia were found in
appreciably higher concentrations downwind
of the lagoons compared with the upwind

air. The downwind concentration of CH,
averaged 61.9 ppmv and was as high as 142
ppmv. Ammonia concentrations up to 0.609
ppmyv were measured.

The data trends are illustrated in several data
plots. Figure 6-1 shows the measured CH,
concentration as a function of wind
direction. -The CH, concentration decreases
whenever the FTIR beam is not directly
downwind of the lagoons. Based on this
observation, only time periods when the
wind direction was within £15° of the ideal
wind direction (i.e., 176 deg) were
considered to be valid for this site.

The measured downwind CH, and NH,
concentrations (for valid wind directions) as
a function of time are shown in Figure 6-2.
[In this and subsequent figures, the time
plotted on the x-axis are the valid 5-minute
measurement periods. See table 5-4 for the
specific time periods shown in this plot.}
All wind speeds are greater than 1.8 m/sec
(4 mph). The downwind concentrations are
inversely correlated with wind speed; i.e., as
the wind speed increases, the measured
concentrations decrease.

Figure 6-3 shows emission rates for CH, and

. NH, versus time. Wind speed is also shown.
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As expected, the emission rates show some
correlation with wind speed. Assuming the
emission process is diffusion limited, the
increased wind enhances mass transfer by |
reducing the thickness of the boundary -
layers at the water-air interface, thereby -
increasing the emission rates. There also
appears to be short-term temporal variability
in the emission rate due to factors other than

wind speed.

An average emission rate for TNMHC of
1.44 g/sec was determined, but the
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Methane Concentration vs Wind Direction
Southwest Beef Processing Plant
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Methane and Ammonia Concentration vs Time
Southwest Beef Processing Plant
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Methane and Ammoma Emission Rate vs Time
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uncertainty in the measurement data is very
high as evidenced by the 95% confidence
intervals for each 5-minute average value
shown in Appendix B. In general, if the
measured value is not at least three times the
95% confidence interval, the FTIR data are
highly suspect. No other compounds were
found at significantly higher levels
downwind than upwind.

At this site, an additional set of monitoring
was performed where three canisters were
collected in a vertical array downwind of the
lagoons adjacent to the center of the FTIR
path. These data are given in Appendix C-1.
The A044, A043, and A042 samples were
collected 69 cm, 127 ¢m, and 196 cm above
the ground surface. Surprisingly, no
concentration profile was apparent and the
levels of CH,, CO,, and TNMHC were fairly
constant. This implies that the emission
plume was well mixed vertically by the time
it reached the samplers, which were about
50m from the edge of the nearest lagoon and
200m from the midpoint of the set of four
anaerobic lagoons. When similar sampling
has been performed within a few meters of
the emission source, the measured
concentrations have shown a strong
dependence with height '%!!

A check was made of the reasonableness of
the g, values by comparing results obtained
from Equation 4-3 to values from Turner
nomographs.? Three time periods were
selected from when the wind direction was
ideal. The three time periods covered
different portions of the diurnal solar cycle
and therefore covered a range of
atmospheric stability classes. The three time
periods were:
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8/23 0250 37

4.5
8/23 1240 17 7.5
8725 0750 79 7.5

The two approaches to determining o, show
good agreement considering that the Turner
method yields only approximate answers.

The influent wastewater at this site is very
concentrated relative to typical WWT
systems in other industries.* Influent BOD
levels up to 11,900 mg/L were found. The
influent wastewater from the slaughterhouse
showed relatively little variability, while the
influent wastewater from the tannery

“showed a great deal more variability. For

example, the %CV for the influent BOD was
23% for the wastewater from the
slaughterhouse and 65% for the wastewater -
from the tannery.

The WWT system is anaerobic. The average
DO content of the influent wastewater was
1.4 ppm and the effluent, even after aeration,
contained only 0.2 ppm DO. The WWT
system is serving to reduce the level of -
contaminants in the wastewater. As shown
in Table 6-3, removal rates of 90-97% for
BOD, COD, and TOC were found. About
89% of the nitrates were removed in the
lagoons. Ammonia was formed as a
byproduct of the biodegradation at a rate of
almost 3,000 kg/day. Total Kjeldahl
nitrogen (TKN) levels were essentially the
same in the influent and effluent
wastewaters. The TKN levels, however did
differ greatly between the influent streams
from the slaughterhouse and the tannery,
159 versus 1,000 mg/L.




6.1.2 Sampling at Midwest Beef
Processing Plant

Methane and NH; were found in appreciably
higher concentrations downwind of the
lagoons compared with the upwind air, The
downwind concentration of CH, averaged
58.1 ppmv and was as high as 200 ppmv.
Ammonia concentrations up to 2.06 ppmv
were measured.

Figure 6-4 shows the CH, and NH,
downwind concentrations as a function of
time. The downwind concentrations vary
inversely with wind speed. Figure 6-5
shows the relationship between downwind
CH, concentration and wind speed. The
CH, concentration decreases exponentially
with wind speed. Ammonia is not included
in the figure, but it exhibited a similar trend.
Figure 6-6 shows emission rates and wind
speed as a function of time.

An average emission rate for TNMHC of
7.50 g/sec was determined, but the
uncertainty in the measurement data is very

~“high as evidenced by the 95% confidence
intervals for each 5-minute average value
shown in Appendix B. As previously
mentioned, if the measured value is not at
least three times the 95% confidence
interval, the FTIR data are highly suspect.
No other compounds were consistently
found at significantly higher levels
downwind than upwind.

The influent wastewater at this site is very
concentrated relative to wastewater treated
in most other industries.* The influent
samples that were collected were combined
wastewaters from the slaughterhouse and
tannery operations. Both influent and
effluent data showed variability of <:30%
for most parameters.

The WWT system is anaerobic, with both
influent and effluent DO levels of 0.3 to0 0.4
ppm. The WWT system is serving to reduce
the level of contaminants in the wastewater.
As shown in Table 6-3, removal rates of 73-
88% for BOD, COD, and TOC were found.

- About 41% of the nitrates were removed in

the lagoons. Ammonia was formed as a
byproduct of the biodegradation at a rate of
over 2,000 kg/day. The measured TKN
levels increased by about 50% across the
lagoon system.

'6.1.3 Sampling at Southeast Chicken

Processing Plant

The FTIR was positioned ai this siie to
detect any air emissions from either the
anaerobic lagoon or the sludge storage
lagoon. A variety of compounds were found

- at elevated levels in the downwind air: CH,,
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CO,, CO, N,0, and chloroform. Methane
was found at an average downwind
concentration of 9.80 ppmv, with a
maximum of 29.9 ppmv. <

Figure 6-7 shows the CH, and CO,
downwind concentrations, and wind speed,
as a function of time. As was the case for
the two beef processing plants, the
downwind concentrations appear to vary
inversely with wind speed. The CO,
concentration gradually decreased over the
sampling period, but the CH, concentration
did not show this same trend, indicating that
the decrease in CO, concentration likely was
real and not due to problems with the FTIR
alignment or response. Figure 6-8 shows the
relationship between downwind CH,
concentration and wind speed. The CH,
concentration shows no obvious relationship
with wind speed, indicating that increasing
wind speeds do not act to dilute the
emissions to the same extent as seen at other
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Methane and Ammonia Concentration vs Time
Midwest Beef Processing Plant
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Figure 6-4. 'Methane and Ammonia Concentration vs Time
Midwest Beef Processing Plant
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Methane Coﬁce_ntration vs Wind Speed
Midwest Beef Processing Plant
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Emission Rate (g/sec)

Methane and Ammonia Emission Rate vs Time
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Methane and ¢02 Concentrations vs Time
Southeast Chicken Processing Plant
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Methane Concentration vs Wind Speed
Southeast Chicken Processing Plant
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sites. This probably is due in some way to
the presence of the thick, floating fat layer
on top of the lagoon. Figure 6-9 shows
emission rates and wind speed as a function
of time. The emission rates varied with
wind speed. The emission rates of both CH,
and CO, tended to decrease during the
sampling period.

The average emission rate for CO, is
exceedingly large. The upwind CO, data at
this site had a large variability (CV=7.58%),
so the uncertainty in the emission rate data -
also is large (i.e., there is potentially a large
uncertainty in the calculation of downwind
concentration minus average upwind
concentration). (iven the magnitude of the
calculated average emission rate, it is
probable that a bias exists and the “true”
CO, emission rate is significantly lower.

The downwind air had slightly more N,O,
CO, and CHCI, on average than the upwind
air at the site. The N,O appears to be being
emitted from the WWT system. The CO,
however, is likely coming from some
combustion source such as the pump used to
transfer fluid between the sludge lagoon and
the anaerobic lagoon, or the diesel generator
used to provide power to the FTIR unit.
Chloroform was detected in the downwind
air consistently during some times and was
not detected during other long stretches of
time. There may have been an intermittent
source, other than the WWT system,
releasing CHCI, during the test period. If
the source of the CHCl, was a one time
spike in the influent wastewater, the
downwind concentrations would be
expected to show a gradual decrease over
time, rather than the "on or off" behavior
that was seen.
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Small amounts of NH; were found in both
the upwind and downwind air, but it was
detected during relatively few monitoring
periods. Ammonia was found during only
one of 12 valid 5-minute upwind monitoring
periods and five of 70 downwind monitoring
periods. If the one upwind data point is
excluded, the average NH, emission rate is
0.0659 g/sec, with a range of 0-2.09 g/sec.
However, the 95% confidence interval for
the NH; data is very large and the average
upwind and downwind concentrations were
nearly equal, indicating that the lagoons
were not sources of NH, emissions.

The 95% confidence intervals also were
large for H,S and methylene chioride,
indicating that these data are suspect and the
measured emissions likely are artifacts of
the data reduction process. No evidence of
TNMHC (i.e., C-H bond stretch) was found
in either the upwind or downwind air.

The influent wastewater at this site is
concentrated; the BOD levels are greater
than 1,000 mg/L. The influent wastewater
had-an average DO level of 4.9 ppm, but the -
effluent had an average of only 0.9 ppm.
Removal rates of 95% and 92% were found
for BOD and COD, respectively. The TOC
removal was 61%. About 98% of the :
nitrates were removed in the lJagoons,
Ammonia was formed at a rate of about 280
kg/day as a byproduct of the biodegradation.
The TKN levels decreased by 43% across -
the system. Samples of the influent to the
sludge lagoon were collected and analyzed,

" but these results were not used in any of the .

calculations of removal rates. However, any
emissions from the sludge lagoon would
contribute to the total emissions that were
measured and would thereby introduce a
positive bias to the emission factors that
were developed for this site.
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6.1.4 Sampling at POTW for Small
Town in the Southwest U.S.

The upwind and downwind data collected at
this site are essentially equivalent. None of
the target analytes were detected in
significant]y greater concentrations
downwind of the lagoons versus upwind.
Therefore, there were no quantifiable
emission rates for GHGs.

The POTW operator reports that the treated
effluent is used for irrigation purposes and
they have no discharge. Therefore, the plant
is not required to report effluent wastewater
data to the applicable regulatory agency. No
wastewater data for specific time periods
were obtained from the plant operator.

The wastewater treatment system has both
facultative and aerobic lagoons. The DO
level was found to increase across the WWT
system from 0.6 to 5.8 ppm. The BOD
removal was about 40% for the lagoons
where air emissions were monitored. The
total WWT system had a BOD removal of
‘about 78% (see data in Appendix- F4)."
Ammonia is removed by the lagoons and
nitrates are created. The NH,; removal
efficiency was 93%.

The influent wastewater contained relatively
low levels of BOD (i.e., 68-235 mg/L) and
COD (i.e., 32-245 mg/L). For several of the
influent wastewater samples, the analytical

- results for BOD exceeded those for COD.
COD levels, however, should always exceed
BOD levels. The BOD results would be
biased high by any nitrogeneous demand,
which is oxidation of reduced forms of
nitrogen mediated by microorganisms. No
chemical inhibitor for nitrogenous demand
was added to these samples during analysis,
50 some bias may exist. Such bias would

add a small amount to the BOD levels; this
would not be detectable for the concentrated
wastewaters from the meat processing
plants, but could impact the BOD levels for
the wastewater samples from the POTWs.

The BOD removal rates and the high levels
of DO in the effluent indicate that aerobic
processes were occurring. Therefore,
emissions of CO, would be expected. The
detection limit for CQO,, however, was so
high (i.e., 150 g/sec) that no detectable
emission rate was found. Both the upwind
and downwind air had about 350 ppm of
CO, witha CV of about 5%. _

6.1.5 Sampling at POTW for Very
Small Town in the Southwest U.S.

The upwind and downwind data collected at
this site are essentially equivalent for most
compounds. Hydrogen sulfide was detected
in greater concentrations downwind of the
lagoons. Slightly higher amounts of
ethylene also were detected downwind. For
both of these compounds, the measured

* values are not significantly greater than the
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95% confidence interval, so it is likely the
concentrations reflect data reduction artifacts
and not actual emissions.

For this site, the upwind data set was
collected at the same location as the
downwind data set. Upwind data were
collected when a north wind was blowing.
Under these conditions, the town and a

. highway were upwind. The downwind data

were collected when a south wind was
blowing and, at these times, only farmland
was upwind of the POTW.

Hydrogen sulfide was detected in the
downwind air on only one day from about
two o'clock in the afternoon until nine




o'clock at night. During this time period,
H,S was routinely detected at levels of two
to five ppmv. No H,S was detected at other
times that day or on other days (FTIR is not
very sensitive for H,S, which has a detection
limit of about 1 ppmv by this method). The
wind direction was generally not ideal
during the seven-hour period when H,S was
detected. Only five of the 5-minute
monitoring periods were valid in terms of
wind direction. Hydrogen sulfide was not
detected during any of the 149 other valid 5-
minute averaging periods. The lack of
correlation of H,S detection or concentration
with wind direction indicates that the H,S is
not being emitted from the lagoons.

The BOD removal was 71% for the lagoons
where air emissions were monitored. The
total WWT system had a BOD removal of
about 88% (see data in Appendix- F5). The
cumulative amount of BOD removal by
fagoon is: '

Lagoon 1 - 50%);
Lagoon 2 - 71%, and
Lagoon 3 - 88%.

Ammonia is removed by the lagoons and
nitrates are created. The NH,; removal was
91%. The lagoons appear to be aerobic. .
The DO content increased from 0.1 ppm in
the influent wastewater to 3.5 ppm after the
first lagoon, 4.5 ppm after the second
lagoon, and 9.6 ppm after the final lagoon.
The BOD removal rates and the high levels
of DO in the effluent indicate that aerobic
processes were occurring. Normally,
emissions of CO, would be expected. The
detection limit for CO,, however, was so
high (i.e., 150 g/sec) that no quantifiable
emission rate was found. The average
upwind CO, concentration exceeded the
average downwind CO, concentration by

over 100 ppm. The source of the increased
CO, levels in the upwind air is not known,
but presumably is some source or
combination of sources in the nearby town.
62  Intersite Comparison of Results
The upwind data at the five sites showed
average CH, concentrations ranging from
1.92 to 2.83 ppmv and average CO,
concentrations ranging from 351 to 668
ppmv (see Section 5). The upper end of the

-range for both compounds is higher than

typical background levels (see Section 6.4),
indicating that other emission sources were

present in the general area, such as livestock
operations and fossil fuel combustion.

The variability in CH, emission rates was
relatively small. The two beef processing

- plants had average CH, emission rates of
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280 and 226 g/sec (RPD = 21.3%). The
average CH, emission rate at the chicken

- processing plant was 179 g/sec. The

average emission rate for NH; also showed a
relatively small amount of variability: 2.17
g/sec at one beef processing plant and 3.50
g/sec at the other beef processing plant.
Emission rates for the two beef processing
plants were expected to be very similar for
both compounds because of similaritiesin -
design and influent wastewater at the two
sites. '

Some total non-methane hydrocarbons
(TNMHC) were detected, but the FTIR
method is not particularly well-suited for
measuring this analyte. Only an
approximate value can be determined based
on the stretch of the total number of C-H
bonds present.

Very low levels of chlorinated solvents were
detected in some of the upwind and




downwind air samples (e.g., 1-10 ppbv).
The reported values, while low, are
substantially higher than typical data
reported from canister/GC studies (e.g., <1
ppbv).

Surprisingly, no quantifiable emissions were
detected from the POTWs. It was expected
that either CH, or CO, would be emitted
from the POTWs. The DO level in the
lagoons exceeds 2 mg/L and BOD removal
is taking place, so it is highly probable that
CO, is being generated, but the levels were
too small to detect given the very high
detection limit for quantifying CO,
emissions. The POTWs are not major
sources of N,O emissions.

At all three meat processing plants, large
amounts of CH, were detected downwind of
the WWT system. For the two beef
processing plants, the concentration of CH,
(and NHs) exhibited an exponential-type
relationship with wind speed, as shown in
Figure 6-5. The downwind CH,
concentration at the chicken processing plant
did not show a clear relationship between
concentration and wind speed, as shown in

Figure 6-8. At the chicken processing plant, -

however, the range of wind speeds was
much smaller than for the meat processing
plants and the number of valid measurement
periods also was much smaller, making it
more difficult to identify trends and
relationships.

At all three meat processing plants, the
downwind concentrations tended to decrease
as the wind speed increased. The wind
served to dilute the emissions and thereby
lower the downwind concentrations. As the
wind speed increased, the amount of diluent
air increased. The emission rates at these
sites tended to increase with increasing wind

speed. The trend is most apparent for the
two beef processing plants. At those sites,
increasing winds will decrease the thickness
of the boundary layer at the air-water
interface, maximize the concentration
gradient above the liquid surface, and
promote mixing of the surface liquid layer
with the bulk liquid. All of these actions
will tend to enhance the emission rate. The
effect is not as apparent for the chicken
processing plant where a thick, floating fat
layer was present on the liquid surface. The

fat layer minimizes the effect of changing

wind speed and causes the emission process
to more closely resemble diffusion through a
porous media such as soil rather than
evaporation from a liquid surface.

In general, anaerobic degradation can be
expected to produce a mixture of CH, and

- CO, (in somewhere between a 50:50 and a
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70:30 ratio). Therefore, emissions of CO,
would be expected wherever quanitifiable
emission rates of CH, were found. The lack
of quantifiable CO, emission rates may be
due to the high detection limit for CO,
emission rates, as previously discussed. The
absence of CO, emissions also could be due
to the presence of cyanobacteria (blue-green
algae) in the anaerobic lagoons. These
microorganisms can take up and use CO, as
it is generated from other bacertia in the
lagoons. No floating mats of algae were
observed, however, in any of the lagoons.

The wastewater data for all three meat

processing plants are very similar, with the

two beef processing plants showing very
good agreement. All three WWT systems
had high removal rates for BOD removal
(88-95%), as well as high removal rates for
COD, TOC, and nitrates. All three WWT
systems generated large amounts of
ammonia as a by-product of the




biodegradation of the wastewater. The only
parameter that showed variable behavior
from system to system was TKN. TKN
levels decreased across the WWT system at
the chicken processing plant and increased
at the beef processing plant in the Midwest.
The TKN levels at the beef processing plant
in the SW U.S. appeared to decrease across
the WWT system, but the influent
wastewater from the tannery operations was
very high in TKN and had a highly variable
composition, and this variability may have
masked overall removal of total nitrogen in
the system.

The two POTWs had similar influent
wastewater and exhibited similar
performance in terms of removal of BOD,
COD, TOC, TKN, and ammonia. Both
systems generated nitrates as a by-product of

biodegradation.
63  Development of Emission Factors

Emission factors were developed for each
site by dividing the average emission rates
shown in Table 6-1 by the activity factors
shown in Table 6-3. Emission factors based
on the emission rate of ammonia from the
chicken processing plant (deleting the one
upwind data point) also are included. The
resulting emission factors are given in Table
6-4. For CH,, the emission factor based on
COD should be the best predictor of
emissions from other facilities. COD data,
however, are not always available and
estimates based on other activity factors may
be necessary. Therefore, a variety of
emission factors are included in Table 6-4.
Subsequent work under this contract will
assess the uncertainty associated with using
these emission factors for developing
national and global emission inventories.
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Average values for each emission factor are
given in Table 6-5, along with an estimate of
the uncertainty developed through standard
error propagation methods.

The CVs for the emission factors were
calculated by first pooling the CVs for the
emission rates averaged across the sites and
the activity factors averaged across the sites.
The error term was added by taking the
square root of the sum of the squares of each
pooled CV term. The CVs were taken from
the measurement data summarized in this
report, except for the CV in the influent
wastewater flowrate and the number of
animals/meat processed per day, each of
which were assumed to have variability of
+/-10%.

The CVs for the emission factors provide an
estimate of the possible spread of derived
emission factors, based on the variability of
each of the measurements that go into the
derivation. The uncertainty estimates are
based on a normal distribution of results,
which implies that the reported values
(based on averages) have the highest
probability of representing the true
population parameter. The derived emission .
factors all appear to be reliable to withina
factor of two, based on random error in the -
measurements, and assuming that the sites
and samples accurately represent the
population of interest.

The COD content of the influent wastewater
should be a better indicator of its CH,
emission potential than the BOD content.
The 5-day BOD test will not fully degrade
all of the biological material in wastewaters
containing proteins and fatty acids. The
ultimate BOD from a 20-day or longer test
might yield results that are 50 to 100%
higher than the 5-day test results. The
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Table 6-4
Calculated Emission Factors By Site
|

head/bird 4,840 3,490 124
Methane
kg meat produced 21.2 154 73.6 NC NC
L of wastewater 161 1.84 4.55
g BOD in influent 0.403 0.766 325
g BOD removed 0437 0.870 343
g COD removed 0.257 0.585 2.04
g TOC removed 2,60 7.29 33.5
head/bird :37.5 54.0
Ammonia
kg mest produced 0.164 0.238 NC NC NC
L of wastewater 0.0125 0.0285
g BOD in influent 0.00312 0.0119
g NH, in effluent 0.063 0.133
g TKN removed 4.17 negative value
g Nitrate removed 16.6 911
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Table 6-4

NC = Not Calculated.

(Continued)
bird
Carbon kg meat produced NC- NC 5,100 NC NC
Dioxide L of wastewater 315
g BOD removed 238
head/bird 1.82
Nitrous Oxide kg meat produced NC NC 1.09 NC NC
L of wastewater ' ' 0.0671
g BOD removed 0.0506
g TKN removed 1.67
Chloroform .| g chloroform in influent NC NC 87,100 NC NC
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Table 6-5
Average Emission Factors

g CH,/h:;:of cattle 3,500 - :,IIOO
g CH Jchicken i 120 N/A 107
g CH kg meat 17 1574 151
g CH/L of wastewater 217 1.6-4.6 151
g CH,/g influent BOD 1.5 0.40-32 157
g CH,/g BOD removed 1.6 043-34 158
g CH,/g COD removed 0.96 0.26-2.0 163
g NH,/head of cattle 46 37-54 150
Ammonia g NH,/chicken 0.046 N/A 150
g NH/kg meat 0.14 0.027 - 0.24 150 |
g NHy/L of wastewater 0.014 0.0017 - 0.028 150 ° “
g NHy/g influent BOD 0.40 0.0031 - 1.2 156 |
g NHy/g NH, in effluent 0.072 0.020-0.13 150 |
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Table 6-5

(Continued)
g COybird 8,600 N/A 101 I
Carbon Dioxide
g COy/kg meat 5,100 N/A 101
g CO,/L of wastewater 320 N/A 101
g CO,/g BOD removed " 240 N/A 103
g N,O/bird 1.8 N/A - 101
Nitrous Oxide :
g N,O/kg meat 1.1 - N/A 101
g N,O/L of wastewater 0.067 N/A 101
g N,O/g BOD removed 0.051 N/A 103
g TKN removed 1.7 N/A 103 ' "

N/A = Not applicable.




suspended solids associated with the
wastewaters also are biodegradable and their
ultimate BOD would not be exerted in the 5
days it takes to run a standard BOD test. It
is possible that the lagoons are a sink for
suspended and colloidal material (i.c.,
insoluble BOD) and this material builds up
over time in the lagoon sediments. If so, the
degradation of the sediments may occur
during summer months or whenever the
sediment is resuspended, thereby increasing
the CH, (and CO,) emissions. However, no
seasonal trend is evident in the BOD effluent
levels in the long-term wastewater data
provided by the plants and shown in
Appendix G.

Two of the sets of emission factors shouid
be viewed with caution. The emission factor
for CHC], is based on data from one field
site and the emission factor implies that
many times more CHCI, is being emitted
than is present in the influent wastewater.
Obviously, this is not possible unless CHCI,
is being generated as a degradation by-
product. More likely, the one influent
wastewater sample that was analyzed -
yielded a result that is lower than the actual
amount of CHCI, entering the lagoon. The
emission factors for CO, also are based on
data from one field site; i.e., the chicken
processing plant. As previously discussed,
the OPM-TM approach is not very sensitive
for CO, given the high background levels
and the measurement variability. A
background level of 500 ppmv with a CV of
7.5% indicates that the CO, concentration
can be expected to vary by £37.5 ppmv.
This large absolute uncertainty in the
upwind CO, concentration may result in a
large positive or negative bias in the
calculated emission rates. A review of the
CO, emission factors in Table 6-4 suggests
that the emission factors are biased high.
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For example, the value of 238 g CO,/g BOD
removed vastly exceeds any plausible
emission scenario.

6.4 Comparison of Results With Other
E‘I !.

The upwind ambient concentrations
measured at the five sites were compared
with typical ambient levels of certain GHGs
that have been published.! These results are
summarized below:

“ CH, 1.72 2.27 ‘

“ o, - 353 487
N0 031 - 0.51 %}
H,0 10,000 20,500

The agreement is reasonable. All of the sites
where measurements were made were in

_rural surroundings, which may account for

the elevated levels of CH,; CO,, and N,O
versus the typical ambient concentrations.
Livestock operations produce and release
CH, and agricultural fields are sources of
N,O. The measured water vaporis a
function of the ambient temperature and
relative humidity, both of which were
relatively high, at the times of sampling.

A number of previously published studies
contain estimated or measured values for the
emission fluxes of CH, from liquid surfaces
or slurmies. These studies are summarized in
Table 6-6. The key comparison is the
emission flux (i.e., emission rate per area).
As shown in Table 6-6, the average methane
emission flux for the three meat processing
plants ranged from 6,100 to 23,000 pg/sec-
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| Table 6-6
Comparison of Measured Methane Emission Fluxes With Other Studies

Beef Processing Plant in SW OPM-TM 280 g/sec -
Beef Processing Plant in Midwest OPM-TM 226 g/sec 6,100 -
Chicken Processing Plant in SE OPM-TM 180 gfsec 23,000 -
Lagoons at Swine Farm OPM-TM 24 g/sec 1,400 10
Lagoons at Dairy Farm OPM-TM 29 gfsec 9,400 10
Pig Slurry Tank Field Measurements 1.21-1.93 g/m*-day 56 - 90 12 '

"Pig Solid Manure Tank Field Measurements 28.25-82.5 g/m’-day 1,300 - 3,800 12
Municipal WWT Lagoons Estimated U.S. Average 59-186 m’/hectare-day 46 - 140 13

" Municipal Anaerobic WWT Lagoons  |Estimate 131 kg/hectare-day 150 13
Facultative Pond Pilot-Scale Experiments 41.6 kg/hectare-day 48 13 ]
Aerated Industrial WWT System Field Measurements 1054 pg/m’-min I8 14
Acrated Industrial WWT System Field Measurements 316,000 pg/min 33 15
Lake Sediments Field Measurements 0.3-279 pmol/m™-hr 1-1,200 16
Rice Paddies Field Measurements 15-25 mg/m-hr 4.2-6.9 17
Rice Paddies Field Measurements 3.7 mg/m*-hr 08-2 18 "
Rice Paddies Field Measurements 60 mg/m?-hr 17 19 I

e i

oo e et A———————————————————i et
_———— ———————— =




m?. Resuits for livestock lagoons in
previous studies were similar (1,400 to
9,400), as were measurements at a manure
tank (1,300 to 3,800). The emission flux
from municipal WWT systems, industrial
WWT systems, and rice paddies were
substantially lower, as expected given the
much lower BOD and COD levels in such
waters.

There are very few published emission
factors which can be compared with the
emission factors developed in this study.
The most widely reported emission factor
for CH, is 0.22 g CH,/g BOD. The
reference (Orlich) for this factor does not
provide information aboui how it was
developed. It is very close to the theoretical
value for the anaerobic degradation of
glucose. The Buswell-Mueller equation
predicts methane production from the
anaerobic degradation of carbohydrates, fats,
oils, waxes, and any compound with the
formula CnHaOb. A given carbohydrate
will yield approximately 0.25g CH,/g COD
removal, In theory, a maximum CH, and
CO, yield could be calculated for a given .
wastewater if all of the compounds
comprising the wastewater were identified
and quantified.

The emission factors determined in this-
study are substantially higher than those
based on glucose degradation. Glucoseisa
simple sugar and its biodegradation over
short periods of time cannot be directly
compared with the microbial degradation of
complex mixtures of amino and fatty acids,
such as are present in the wastewaters at the
meat processing plants.

Biogas generation rates were measured
in-situ using a collection vessel in an aerobic
lagoon used to treat domestic wastewater in

Portugal.® The wastewater averaged 700
mg/L of COD. The biogas emission rate
averaged 119 m*day (or 19.57 L per m® of
wastewater per day). The biogas production
rate varied by a factor of four during three

different times of day. The biogas

production rate was found to increase with
increased air temperature and it also was
found to increase exponentially with
increasing COD removal efficiency. The
biogas was up to 80% CH, and 7 to 28%
CO,. The CH, production rate was up to
0.026 m® CH, per m’ of wastewater per day.
The authors report that this is far below the
theoretical value [based on a conversion
value of 0.50 m® C}L per kg COD removed
a.saunnng DU.IJI bUJJ l"d.LlU IDI' uomesuc
wastewater of 70%)].

The CH, production rate corresponds to an
overall emission rate of about 0.7 g/sec for a
lagoon that has a volume of about 5% of the
volume of the lagoon systems at the meat
processing plants. When adjusted for
wastewater volume, the Portugal study

found CH, emissions to be about 5-10% of
the values measured at the meat processing
plants, which is reasonable agreement given
the differences in COD loading. The
variability in emission rate as a function of
time in the Portugal study is similar to the
temporal variability observed in the current
study, but the FTIR measurement approach -
allowed better time resolution of emissions.
In the current study, no evidence was found -
for diurnal variation in emissions, so there is
no apparent correlation with air temperature.
The opposite finding in the Portugal study is
surprising considering that the bulk
temperature of the WWT lagoons should not -
change appreciably with changes in air
temperature.




Emissions of N,O were measured at a
POTW in Durham, NH using a closed
chamber.?! The aeration tanks were found to
account for 91% of the total N,O emissions
from the system, which equaled 35 kg/year.
This cotresponded to 3.2 g N,O per person
per year or 1.6 g N,O per million liters of
wastewater. The authors cite a recent lab
investigation that developed an emission
factor of 23 pg N,0 per g of suspended
solids in the raw wastewater, The emission
rate of 35 kg/year corresponds to 0.001
g/sec, which is well below the detection
limit for N,O using the OPM-TM approach,
so there is no way to directly compare the
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results of the Durham study to the current
study.

Measurements at WWT systems at a
refinery and at a chemical plant provided
data that could be used to generate emission
factors if unpublished BOD data are
included."'* The calculations yield
emission factors of 0.00053 to 0.0023 g
CH,/g BOD, which indicates that WWT
processes for these industries emit
substantially less CH, per gram of BOD
removed than WWT systems for the meat
processing industry.,




SECTION 7
QUALITY ASSURANCE

Quality assurance (QA) activities for this
program were designed to ensure the
reliability of the measurement data for its
intended use, The activities included the
use of standard analytical methods to
enhance comparability with similar studies,
adherence to specific criteria for
representative sampling conditions,
calibration of all measuring equipment, and
on-going control of the measurement
processes through analysis of QC samples.

The QC checks of measurement quality
served two purposes. First, QC activities
such as routine calibration and analysis of
blanks, replicates, and reference materials -
were used to provide on-going control and
evaluation of the performance and
effectiveness of the measurement processes
throughout the course of the project.
Second, results for analysis of QC samples
- provided a means of estimating the
precision and accuracy of the measurement
data. Results of QC indicators are
discussed in this section, including:

. Calibration of measurement
equipment; |

. Analysis of laboratory control
standards;

. Replicate analyses;
o Analysis of spiked samples;
. Analysis of blank samples;

. Collection of air canisters from
upwind locations; and
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. Collection of air canisters from
along the FTIR beam path.

Additional checks were conducted to
monitor the effectiveness of the sampling
and analysis program, including
comparison of wastewater measurements
with historical records and analysis of
tracer gas in the emission plume. Results
for these checks are discussed in Section
6 of this report.

7.1  Summary of Data Quality
Results for analysis of QC samples
indicate that the measurement data are
accurate and precise within normal ranges
for the analytical methods, and.are well
within the data quality objectives for
precision and accuracy established in the
test plan. Sampling conditions met
prescribed criteria for collecting a
sufficient amount of valid data.
Considerations regarding beam path siting
and wastewater sample collection,
relative to the pattern of lagoons at each
location, are discussed in the
interpretation of results in Section 6.

Estimates of accuracy and precision for
the various measurement parameters are
presented in Table 7-1, along with
percent data capture. Accuracy estimates
are expressed in terms of percent
recovery of known standards. For the
FTIR, various amounts of gas standards
were introduced into a closed cell that
was placed in line during open path
monitoring. Recovery




Table 7-1

Summary of Accuracy and Precision Estimates

FTIR Measurements
Gas StdQC | 103.9+56 % | 5.85% StdDev | >100%
Check/ Stq
g::a%i;t‘s’ahd 110.245.1 % n/a >100%
Wastewater Measurements
Matrix 99410 % 5.7 % RPD 98%
Dunliwe | 96210 % TL%RPD | 98%
Analyses 9946 % 15.8 % RPD 98%
91% 44 %RPD | - 98%
Lab Control 99+3 % 5.8 % RPD 98%
m 101:+23 % 50%RPD | 98%
Analyses 10016 % 5.3 % RPD 98%
CH, Lab Control 100+9 % 0 % RPD 7% u
co, m 103414 % 0 % RPD 7% |
TNMHC Analyses 9912 % 202%RPD | T7% |
SF, 94417 % 0 % RPD 717% |
Volatile Organic Compounds in Wastewater by GC/MS
Carbon tetrachloride Marrix 105+3 % 16 % StdDev | 80%
Chloroform . ;g:kt%srl Sl_t:b 10942 % 5 % Std Dev 80% |
Dichlorodifluoromethane gaﬁgl 9549% 8 % Std Dev 80%
Methylene chloride 107+3% 9 % Std Dev 80%
Trichlorofluoromethane 10343 % 11 % Std Dev 80%




estimates for air canisters were based on
target analytes spiked into blank evacuated
canisters. Recoveries for wastewater
sample were based on target analytes
spiked into either an aliquot of an actual
sample (matrix spike) or into a clean
laboratory matrix (laboratory control
samples). Precision estimates are
expressed in terms of the relative percent
difference (RPD) between duplicate
measurements, and as the relative standard
deviation (RSD) for sets of recovery data
(= %CV). The accuracy of the CH,
concentrations measured by FTIR are based
on data from three of the field sites. The
QC checks at the two beef processing
plants were not meaningful due to the very
high ambient CH, levels relative to the
matrix spike. For the FTIR data, the
precision values are based on the upwind
data. No precision was calculated for SF,,
because it was rarely detected in the
upwind air.

- Data capture refers to the amount of valid
data collection, expressed as a percentage
of the amount of data planned to be

collected. Data capture objectives were

95% for FTIR and meteorological data, and

90% for wastewater analyses. The goal
was to collect at least ten valid 5-mimute
sets of upwind and ten valid S-minute sets
of downwind data at each site. This goal
was exceeded. The goal for canister
sampling was to collect two upwind
canisters and two canisters along the FTIR
beam path during each day of downwind
FTIR monitoring. Some of these samples
were not collected due to unacceptable
meteorological conditions or collection of
less than a fuil day of FTIR data at a given
site.

The data capture goal for wastewater
samples was to collect 6-8 influent and 3-4
effluent samples at each site. This goal
was met or exceeded at each site except at
the Very Small Town POTW, where only 5
influent wastewater samples were collected.
The initial round of influent wastewater
sampling at this site was canceled due to
difficulty in removing a manhole cover to
access the sample stream. At each site, one
influent and one effluent sample were to be
collected and analyzed for VOCs. These
samples were collected at four of the five
sites, but were inadvertently missed for the
Very Small Town POTW, which was the
first site tested.

Laboratory blank samples were analyzed
with each analysis batch to assess potential
bias due to contamipation/malfunction of
laboratory equipment. No significant
laboratory-related problems were noted that
would affect the measurement data.

The data quality objectives set forth in the
QA Project Plan included a precision of 10%
for the FTIR and GC analysis of gas samples .
and an accuracy of +10% for these same
samples. For the wastewater measurements,
the data quality objectives included a
precision of 25% RPD and an accuracy of
410 to 25%. As shown in Table 7-1, the
data quality objectives were exceeded in all
cases.

7.2 Results of Quality Control

Measures

Quality control measures for field and
laboratory activities are discussed below.
Records were maintained for all
measurement activities, including sample
collection, chain-of-custody, source and
certification of standards, calibration,




analysis, QC checks, and data reduction,
These records are maintained in laboratory
notebooks and project files at Radian.

7.2.1 Field QC

Activities designed to control and assess the
quality of the measurement data included
those intended to ensure collection of
representative samples and measurement
data, such as siting of the FTIR beam path,
measurement of a known tracer released
upwind of the beam path to correlate to
measurements of the emission plume, and
meteorological criteria for representative
FTIR data collection. Results for these
activities are discussed in Sections 5 and 6
of this report.

A number of QC checks were performed
related to the field measurements. First, a
known tracer was released upwind from the
beam path. The rotameters used to control
the tracer release rates were each calibrated
with the tracer gas at five flow settings,
with a minimum of seven readings at each
“setting. Correlation coefficients for the
rotameter calibrations were all greater than
0.9995, indicating a reliable linear response
within the calibration range.

A multipoint calibration check of the FTIR
was conducted to ensure accurate operation
of the instrument. The correlation
coefficient for CH, was 0.99994 and for
sulfur hexafluoride was 0.99889.
Numerous background spectra were taken
upwind at each site to record any excess
compounds of interest to be subtracted
from the spectra. Operational checks of the
FTIR were performed at each site to ensure
proper signal intensity, spectral linearity,
system alignment, and signal-to-noise ratio.
Calibrations and QC checks of the FTIR

were performed using known amounts of
CH, and SF, gas standards (certified
accurate +2% by Scott Specialty Gases) in
a closed cell that was placed in line during
open path monitoring. Results of the QC
checks of the FTIR instrument are
summarized in Table 7-2.

Meteorological sensors were calibrated
prior to use in the field. An independent
audit of the meteorological equipment was
conducted following the field effort.
Results for the audit, summarized in Table
7-3, indicate that the meteorological
equipment was accurate within normal
limits.

The results of the analysis of canister
samples are compared with the associated
FTIR results in Tables 7-4 and 7-5. There
is good agreement between the two
measurement methods. Unfortunately, the
analysis of SF, in the canister samples
yielded mostly "less than" values. The
relatively poor detection limit of the
laboratory for SF, in canisters (versus the

"FTIR measurement) made it difficult to

independently assess the FTIR data for SF.
There is good confirmation, however,
between the FTIR analysis for CH, and the
independent analysis of the canister samples -
for this same compound. This provides
proof that the FTIR data are of good quality.

7.2.2 Laboratory QC

Air canister and wastewater sample
analyses were performed at off-site.
laboratories using standard reference
methods. Wastewater samples were
analyzed by Radian; air canister samples,
by Air Toxics, Inc. QC activities included
regular calibration or standardization, and
analysis of laboratory control samples,




Table 7-2
Summary of Spiked Sample Results for FTIR

8/03 17:49 31,315 10473 - | 21020 107.24
8/04 11:28 31,551 105.52 216.53 110.48
8/23 9:34 — - 235.95 12038
8/23 16:24 _ - 21049 107.39
8/24 12:20 = - 21110 | - 10770 |
8/24 18:23 < ~ 238.90 121.89
8125 09:21 - - 208.54 106.40
8/30 16:17 . - 208.41 106.33

| 8/31 20:17 iy - 212.73 108.53
9/01 12:56 e - 211.70 108.01
9/06 16:41 35,053 117.24 217.00 110.71
10/05 12:45 31,483 105.30 211.00 107.65
10/06 12:07 30,586 102.29 216.20 11031

a Recovery versus 29,900 ppm*m.

b Recovery versus target of 196 ppm*m.

¢ High CH, values in downwind ambient air made determination difficult of relatively small
spike addition. Recoveries varied from negative values to +250%.




Table 7-3
Results of Calibration of Meteorological Sensors

Wind Speed . 18.5 MPH 18.9 MPH 22 %
Temperature 77.1°F 78.2 °F 1.4 % ﬂ
29.22 in Hg 29.3 in Hg 0.3 %
4-pt linearity check OK.
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Table 74
Comparison of Upwind Data

NC = Not calculated.

7-7

CH, 2.83 3.95 33.0%
Midwest Beef co, 501 620 21.2% “
TNMHC 0 0.042 NC |
CH, 1.92 2.35 20.1%
SE Chicken co, 434 261 49.8%
TNMHC 0 0.028 NC
2.02 5.8%
354 0.8% “
0.037 NC
2.80 25.8%
420 45.6%
0.167 NC




Summary of

Table 7-5a
Comparisons of FTIR Beam Path Data

Methane

15 +18.3%

Carbon Dioxide

20 +27.0%

Sulfur Hexafluoride

S . +40.5%

Total Non-Methane 5
Hydrocarbons

* One outlier removed.

+148%

Tabie 7-5b

Comparison of FTIR Beam Path Data

8/02 1125-1145 CH, 1.94 <2 NC

co, 531 | 430 209

R "SF, 0.4 ppb 38 ppb 423
TNMHC 0 <0.022 NC |
8/02 1556-1616 CH, 1.75 <2 Ne |
co, 507 420 188 |

SF, 0.35ppb | 22ppb 43.0

TNMHC 0 0.47 NC

8/03 1134-1154 CH, 1.85 <2 NC

co, 484 420 14.2

SE, 0.4 ppb 46 ppb 30.3

TNMHC 0 0.01 NC
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Table 7-5b

(Continued)
Co, 502 450 108 |
SF, 0.4ppb | <20 ppb NC |
TNMHC 0 <0.020 NC |
8/23 1050-1110 CH, - 21.8 26 6.8
Co, 402 380 5.6
SFq 7.96 ppb <19 ppb NC
TNMHC 0 £0.041 NC
823 1455-1515 CH, 22.0 18 20.2
Co, 468 370 23.5
SF, 3.77 ppb <20 ppb NC
TNMHC 0’ 0.048 NC
8/24 0925-0945 CH, 26.6 - 240 160
Co, 438 920 71.0
SF, 424ppb | <23 ppb NC
TNMHC 0 0.02 NC
8/24 1830-1850 CH, 41.7 63 27.6
Co, 452 760 50.8
i SF, 16.4ppb | <19 ppb NC
TNMHC 0.17 0.037 130
8/30 1225-1245 CH, 61.8 67 8.0
Co, 522 600 14.0
SF, 159ppb | <24 ppb NC
TNMHC 0.28 0.027 165
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Table 7-ISb
(Continued)

1445-1505

58

8/30 CH, 52.9 9.2
co, 546 570 42
SF, 159ppb | 30 ppb 61.3
TNMHC 0.25 0.064 118 “
8/30 1730-1750 CH, 121 140 14.8
[l co, 620 680 9.3
SF, 25.42ppb | 38ppb 254 |
TNMHC 0.49 0.029 178
8/31 1210-1230 CH, 4.9 66 2.4
co, - 539 730 30.1
SF, 0.91 ppb NM NC ]|
- TNMHC 0.12 <0.026 NC
1 831 1755-1815 | _ CH, 475 57  18.2
' Co, 572 67 158
| SF, 0.98 ppb NM NC
TNMHC 0.22 <0.024 NC |
901 | 0940-1000 CH, 84.6 120 46 |
Co, 475 700 38.3
| SF, 135ppb | <24 ppb NC
TNMHC 10.38 0.056 149
9/06 1352-1413 CH, 421 3.1 30.4
Co, 523 640 20.1
SF, 3.21 ppb <24 ppb NC
TNMHC 0 <0.018 NC «
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Table 7-5b
(Continued)

5.87.

NM = Not Measured.
NC = Not Calculated.
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9/07 1219-1241 CH, 5.8 1.2
Co, 580 530 9.0
SF4 8.83 ppb <21 ppb NC l
TNMHC 0 <0.010 NC |
10/04 1435-1455 CH, 2.51 2.2 13.2
Cco, 458 420 8.6
SF, 2.50 ppb <29 ppb NC
TNMHC 0 0.19 " NC
1735-1755 CH, - 2.42 2.1 14.4
CO, 446 370 18.5
SF; 8.66 ppb <22 ppb NC "
TNMHC -0 0.072 NC
1615-1635 CH, 2.20 1.9 145 u
Co, 362 350 3.4
SF; 9.83 ppb <19 ppb . u
TNMHC 0 <(0.019
1050-1110 CH, 2.17 1.8
co, 325 360 10.2
SF; 10.3 ppb <16 ppb NC “
TNMHC 0 0.018 NC




blanks, spikes, and duplicates, according to
method requirements. A detailed summary
of results for analysis of laboratory control
samples, matrix spikes, and duplicate
analyses.is presented in Table 7-6, which
shows the nmumber of QC samples analyzed,
the average, range of results, and standard
deviation for each parameter.

Results for analysis of QC samples
indicated good precision and accuracy for
each measurement technique. Laboratory
blank samples were also analyzed with each
batch of samples analyzed. No significant
contamination problems were jdentified.

Analysis of wastewater samples for
conventiopal wastewater parameters (e.g.,
BOD, COD, etc.) were performed at
Radian according to procedures in
“Standard Methods for the Examination of
Water and Wastewater.” Every procedure
involved specific calibration or '
standardization of instruments and titrants,
and on-going analysis of laboratory control
samples, blanks, spikes, and duplicates, as
~ appropriate to the method. Laboratory
- control samples were prepared from
sources independent of that used for
calibration to verify the accuracy of the
calibration standards.

Analysis for TOC was not feasible in many
- wastewater samples due to the large amount
of suspended solids that interfered with the

instrument and precluded getting reliable
 measurements. The samples were
subsequently filtered prior to analysis,
resulting in determination of dissolved total
organic carbon. A comparison of results
for wastewater analyses conducted by
Radian with historical wastewater analysis
data from each site is discussed in Section
6.
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In addition to the conventional wastewater
analyses, wastewater samples were
analyzed by GC/MS Method 8260 for a
target list of VOCs. In addition to
instrument tuning and calibration, surrogate
spikes were added to each sample to assess
the effectiveness of individual
determinations, in accordance with method
requirements. Surrogate recoveries were
within specification for all the samples,
indicating effective performance of the
method in the sample matrix. Methylene
chloride was detected in the laboratory
blanks at approximately the same
concentration range as reported in the
samples, but these concentrations were all
below the blapk tolerance and method
reporting limit for methyiene chioride (a
common laboratory contaminant), and
suggest that the concentrations of

- methylene chloride in the samples are
artifacts of the analysis.

Air canister samples were analyzed by Air
Toxics Laboratory using EPA methods. QC
measures included multipoint calibration of
the gas chromatograph, and analysis of

~blanks and laboratory control standards
(L.CS) in each analysis batch to monitor
system cleanliness and overall
performance. Duplicate analyses were
performed on a subset of samples. No
problems involving analysis of blank
samples were noted. Total non-methane
hydrocarbons (TNMHC) was the only
parameter detected in the air canister
laboratory blanks; it was detected in only
one out of ten blanks, and at a very low
concentration (0.013 ppmv). Resuits for
analysis of QC samples show precision and
accuracy within normal limits for the
methods.




Table 7-6
Detailed Summary of Precision and Accuracy QC Checks
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Wastewater Analyses
Matrix Spikes Average
Count | % Recovery | Min Max Std Dey

TOC 11 91 71 | 1023 8.6
NO3-N 20 99 84.8 | 109.5 6.3
NH3-N 12 96 83.7 | 120 10.2
TKN 8 9 88.4 | 118 9.5 "
BOD NA - - - -
TSS NA - - - -
COD NA - - - -~

| Lab Control Samples Average _

. Count | % Recovery | Min Max Std Dev

TOC %4 100 97 | 104.4 1.7
NO3-N 42 100 91.8 | 105.2 2.6
NH3-N 24 98 89.7 | 108 44
TKN 1m | . e 90.9 | 103 48 |

I BOD 47 100 “ 88 116 6.5

I TSS 5 101 70 124 23.4
COD 12 99 93.4 | 103.8 3.0
Duplicate Analyses # Pairs | Avg RPD Min Max
TOC 10 44 1.3 11.6
NO3-N 5 15.8 41 | 30.8

I NH3-N 9 7.1 0.9 18.3
TKN 7 5.7 09 | 131
BOD 18 '5.3 11 | 129
TSS 11 5.0 1.5 16

| cop 8 5.8 1.7 8




Table 7-6

(Continued)
Air Canister Analyses
Lab Control Samples | Count Average Min Max | Std Dev
% Recovery

|| CH4 8 100 84 115 8.7
ILCOZ 8 103 86 124 13.5

TNMHC 7 99 95 - 101

SF6 7 94 72 121

Duplicate Analyses # Pairs | Avg RPD Min Max
" CH4 3 0 0 0

CO2 3 0 0 0

TNMHC 1 20.2 20.2 20.2

SF6 2 0 0 0 |

VOC Analyses (Wastewater)
: Average

Matrix Spikes Count | % Recovery | Min Max

Carbon tetrachloride 4 105 101 110

Chioroform | 4 | 100 | 106 | 112

Dichlorodifluoromethane 4 95 85 105

Methylene chloride 4 107 103 111 3.0

Trichloroﬂuoromefhane 4 103 98 107 34

Average

Lab Control Samples Count | % Recovery | Min Max Std Dev_ |
“gaxbon tetrachloride 8 99 73 109 158 -

Chloroform 8 102 05 110 4.8

Dichlorodifluoromethane 8 91 80 102 7.9

Methylene chloride 8 97 87 111 - 8.8

Trichlorofluoromethane 8 97
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7.3 Results of QA Audits

A systems audit was conducted by EPA at
one of the sites. A copy of the audit report is
given as Appendix H to this report.

7-15




10.

11.

12.

SECTION 8
REFERENCES

Climate Change: The IPCC Scientific Assessment. Edit by J.T. Houghton, Cambridge
University Press, Cambridge, 1990.

Doorn, M.R.J., L.A. Stefanski, and M.A. Barlaz. Estimate of Methane Emissions From
U.S. Landfills. EPA-600/R-94-166 (NTIS PB94-213 519). U.S. EPA/ORD/AEERL,
RTP, NC. September 1994.

Doorn, M.R.J. and M.A. Barlaz. Estimate of Global Methane Emissions from Landfills
and Open Dumps. EPA/600/R-95/019 (NTIS PB95-177002). U.S. EPA/ORD/AEERL,
RTP, NC. February 1995.

Czepiel, P., P. Crill, and R. Harriss. Nitrous Oxide Emissions from Municipal
Wastewater Treatment. Environ. Sci. Technol., Vol. 29, No. 9, pp2352-2356. 1995.

Draves, J.A., and B. Eklund. Applicability of Open Path Monitors for Superfund Site
Clean-Up. EPA-451/R-92-001 (NTIS PB93-138154). U.S. EPA/OAQPS, RTP, NC.
May 1992. ‘

Minnich, T.R., R.L. Scotto, M.R. Leo, and P.J. Solinski. Remote Sensing of VOCs: A
Methodology for Evaluating Air Quality Impacts During Remediation of Hazardous
Waste Sites. In: Proceedings of the American Chemical Society 1990 Annual Meeting in
Washington, DC. ACS Press, Washington, DC. August 1990, .

Lamb, B.K,, et al. Development of Atmospheric Tracer Methods to Measure Methane
Emissions from Natural Gas Facilities and Urban Areas Env. Sci. 8 Technology, Vol. 29,
No. 6, p 1468, 1995.

Minnich, T.R., R.L. Scotto, R.H. Kagann, and O.A. Simpson. Optical Remote Sensors
Ready to Tackle Superfund RCRA Emissions Monitoring Tasks, Hazmet World, 3:42,
1990.

Turner, D.B. Workbook of Atmospheric Dispersion Estimates. AP-26 (NTIS
PB191482). Revised 1970.

Griffith, P.R. Chemical Infrared Fourier Transform Spectroscopy, Wiley - Interscience, |
New York, 1975,

LaCosse, Jeff. Personal communication. 1995.
Thibodeaux, L.J., D.G. Parker, and H.H. Heck. Measurement of Volatile Chemical

Emissions From Wastewater Basins. U.S. EPA Hazardous Waste Engineering
Laboratory, EPA/600/2-82/095 (NTIS PB23-135632). Cincinnati, Ohio. 1982.

8-1




13

14.

I5.

16.

17.

18.

19.

20.

21

Husted, S. An Open Chamber Technique For Determination of Methane Emission From
Stored Livestock Manure. Atmospheric Environment. Vol. 27A, No. 11, pp 1635-1642.

1993.

Mangino, Joe. Personal communication. 1992.

Eklund, B., D. Green, B. Blaney, and L. Brown.
Emissions From an Industrial Aerated Wastewater Treatment Tank.” In Proceedings:
14th Annual EPA Symposium on Land Disposal, Remedial Action, Incineration and

Treatment of Hazardous Waste, EPA-600/9-88-021 (NTIS PB89-174403), July 1988.

Green, D. and B. Eklund. "Field Assessment of the Fate of Volatile Organics in Aerated

“Assessment of Volatile Organic Air

Waste Treatment Systems.” In Proceedings: 13th Annual EPA Symposium on Land

Disposal, Remedial Action, Incineration and Treatment of Hazardous Waste, EPA-600/9-
87-015 (NTIS PB87-233151), 1987.

Oremland, R. and C. Culbertson. Importance of Methane-Oxidizing Bacteria in the
Methane Budget As Revealed By the Use of a Specific Inhibitor. Nature. Vol. 356,

pd21-423. April 2, 1992.

Lal, S., S. Venkataramani, and B. Subbaraya. Methane Flux Measurements From Paddy

Fields in the Tropical Indian Region. Atmosphenc Environment. Vol. 27A, No. 11, pp

1691-1694. 1993.

Khalil, M., R. Rasmussen, M. Wang, and L. Ren. Emissions of Trace Gases From
Chinese Rice Fields and Biogas Generators: CH,, N,0, CO, CO,, Chlorocarbons, and
Hydrocarbons. Chemosphere. Vol. 20, Nos. 1-2, pp. 207-226. 1990.

_Khalil, M. and R. Rasmussen. Methane Emissions From Rice Fields in China. Envi_r.
Sci. Technol. Vol. 25, No. 5, pp. 979-981.

1991.

Toprak, H. Temperature and Organic Loading Dependency of Methane and Carbon
Dioxide Emission Rates of a Full-Scall Anaerobic Waste Stabilization Pond. Wat. Res

Vol. 29, No. 4, pp1111-1119. 1995.




APPENDIX A

MASTER LOG




I=1v

Appendix A

Master Log

A001 7/31/95 1845 water effluent pond 3 n/a effluent from entire system

A002 7/31/95 1900 water effluent pond 2 n/a

AQ03 7/131/95 1920 water effluent pond 1 n/a

A004 8/01/95 1642 . water effluent pond 3 n/a effluent from entire system

A005 8/01/95 1705 water effluent pond 2 n/a

AQ06 8/01/95 | 1745 water influent n/a

AQ07 8/01/95 1925-2123 air upwind 20998

A008 8/02/95 1106-1306 air upwind 21009
: A009 8/02/95 1143 water | effluent pond 3 n/a effluent from entire system
| AG10 8/02/95 1202 water effluent pond 2 n/a ‘

AO11 8/02/95 1400 water influent n/a

AO12 | 80295 | 1125-1145 |  air . beam path 14881

A013 8/02/95 1556-1616 air beam path 429

A014 8/02/95 1547-1748 air upwind . 12693

AO15 8/02/95 1800 water effluent pond 2 n/a

A016 8/02/95 1830 water influent n/a

AD17 8/03/95 | 1040-1245 air upwind 14009 _
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A018

T

8/03/35

Master Log Cont.

e gt R Pt

1134-1154

beam path

air
A019 | 8io3ss 1130 water | effluentpond2 | i
A020 8/03/95 1230 water influent n/a
A021 8/03/95 | 1440-1615 | air upwind 14011
AQ22 8/03/95 1540-1600 | air beam path 95562
A023 8/03/95 1535 water effluent pond 2 n/a
A024 8/03/95 1630 ' water influent n/a
A025 | 8121195 PM water | influenttanning | n/a
A026 8/21/95 PM water | influent slaughter | nia
A027 8/21/95 PM water effluent n/a
AQ28 5122195 AM water influent tanning n/a
A029 8/22/95 AM water influent slaughter _nfa
AQ30 8/22/95 AM water effluent n/a
A031 8/22/95 PM %lvater influent tanning' n/a
A032 8/22/85 PM water | infiuent slaughter |©  n/a
A033 8/23/95 930 water influent tanning n/a
A034 8/23/95 930 __water influent slaughter n/a
ao3s | erajgs | 930 water effiuent | nia
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Master Log Cont.

A036 8/23/95 | 1037-1232 air upwind 13667

A037 8/23/95 1050-1110 air beam path 9571

A038 8/23/95 1442-1641 air upwind 436

A039 8/23/95 1440 water influent tanning n/a

A040 8/23/95 1500 water | influent slaughter | n/a

AD41 8/23/95 | 1455-1515 air beam path 13851

A042 8/24/95 845-905 air vertical disp. 14889 | Canister 77" above ground
A043 8/24/95 845-905 air vertical disp. 14110 | Canister 50" above ground
A044 8/24/95 845-905 air vertical disp. 14869 | Canister 27" above grourid
A045 8/24/95 925-945 air beam path 11878

A046 8/24/95 900-100 “air upwind 94941

A047 8/24/95 1040 water effluent nla

AD48 8/24/95 1030 water | influenttanning |  rva

A049 8/24/95 1055 ~ water influent slaughter n/a

A0S0 | . 8/24/95 1410 water influent tanning n/a

AQ051 8124195 1350 water influent slaughter n/a

A052 8/24/95 1830-1850 air beam path 13670

AQ53 8/26/95 AM .| water influent n/a
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8/28/95

Master Log Cont.

PM water effluent n/a
A055 | 8/28/95 PM water influent n/a
A056 8/29/95 AM water  effiuent n/a
AO57 8/29/95 AM water influent nfa
AQ58 8129/95 PM water influent n/a
A059 8/30/95 | 1050-1250 air upwind 13864 | South central location
A060 8/30/95 | 1225-1245 air beam path 413
A061 8/30/95 AM water influent n/a
A0B2 8/30/95 PM water influent n/a
A0B3 8/30/95 PM water effluent n/a
AO64 8/30/95 | 1305-1505 | . air upwind R-16
A065 8/30/95 1445-1505 air beam path 9413
A066 8/30/95 | 1600-1800 air . upwind 5712
AO67 8/30/95 | 1730-1750  air beam path 10984
A0B8 831195 | 1015-1245 air upwind . 10782 | SE comer
AQ69 8/31/95 AM water influent n/a
A070 8/31/95 PM water effluent n/a
A071 8/31/95 _PM_ water effluent nia
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1210-1230

Master Log Cont.

20946

AQ72 8/31/95 air beam path no tracer

A073 8/31/95 1725-2005 air upwind 10786

A074 8/31/95 1755-1815 air beam path 10779 | no tracer

A075 9/01/95 0835-1125 air upwiﬁd 10773

AO76 9/01/95 0940-1000 air beam path 21073 | tracer on

AO77 9/05/95 AM water effluent n/a

AQ78 9/05/95 1130 water influent n/a

A079 9/05/95 PM water influent n/a

A080 9/06/95 1330 water influent nla

A081 9/06/95 AM water effluent n/a

A0B2 9/06/95 1335-1451 air upwind 10977 | tracer on

A083 | 9/06/95 1352-1413 air beam path 11034 | tracer on
_A084 | . 9/06/95 1515 _waler influent n/a

A085 9/06/95 AM - water effluent n/a

AQB6 - 9/06/95 1100 water sludge n/a

A087 9/07/95 1122-1430 air upwind 9423

AQBB 9/07/95 1219-1241 air __beam path 12719 | tracer on

A089 9/07/95 1145 water influent n/a
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Master Log Cont.

A0S0 9/07/95 1630 water influent n/a
 A094 10/04/95 940 water influent n/a
A092 10/04/95 1000 water effluent n/a
A093 | 1004195 1130 |  water influent n/a
A094 10/04/95 1155 water effluent n/a
A095 10/04/95 | 1215-1515 air " upwind 440 | tracer on
A096 | 10/04195 | 14351455 | air beam path 12338 | tracer on
A097 10/04/95 1340 water " influent n/a
A098 | 10/04195 1400 waler offluent n/a
~ AQ99 10/04/95 | 1515-1815 ar upwind 12695
A100 10/04/95 | 1735-1755 air beam path 12088
A101 10/05/95 920 water influent n/a
A102 10/05/95 935 water effluent n/a
A103 10/05/95 1140 water influent n/a
A104 10/05/95 | 1520-1820 air upwind 12082
A105 10/06/95 | 1615-1635 air beam path 3
a106 | 100605 | e55-1155 | - air upwind 94304
A107 - | _10/06/95 900 waler influent n/a
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Master Log Cont.

Bl
A108 10/06/95 0920 water effluent n/a
A109 10/06/95 0910 water _storage pond n/a
A110 10/06/95 1130 water influent n/a
A111 10/06/95 1050-1110 air " beam path 9422
A112 10/06/95 1050-1110 air upwind 9419




APPENDIX B

COMPLETE RESULTS OF FTIR MONITORING

B1 - Beef Processing Plant in Southwest U.S.

. B2 - Beef Processing Plant in Midwest U.S.

B3 - Chicken Processing Plant in Southeast U.S.

B4 - POTW for Small Town in Southwest U.S.

B5 - POTW for Very Small Town in Southwest U.S.

Bi




SW Beef

Site: Beef Processing plant in SW U.S.
|Upwind Data in ppm
Date Timeg H20 co2 SF6 CH4 NH3

ppm 95% Cl| ppm 195%Cl ppm 95% ClI ppm_ | 95% Cl ppm 95% CI
Run 6
08/21/95 121:19:46 | 19187.2364 | 317.3 [498.38 | 16.82 | 0.00066673 | 0.0002 2.3358 | 0.175 0| 0.006
08/21/95 §21:24:46 | 19120.7135 | 323.9 [493.10 | 16.18 [ 0.00066635 | 0.0002 2.3067 0.17 01 0.006
08/21/95 {21:29:46 | 19171.1299 ] 317.2 | 491,52 | 15.82 | 0.00066586 | 0.0002 2.3350 { 0.188 0] 0.006
08/21/95 [21:34:47 | 19192.0498 | 322.2 [487.51 ]| 16.19 | 0.00066524 | 0.0002 2.3439 | 0.169 0| 0.006
08/21/95 [21:39:47 | 19161.9235 | 321.4 |473.42 16.2 | 0.00055293 | 0.0002 2.4231 | 0.171 | 0.04943172 | 0.006
08/21/95 [21:44:48 | 18957.0537 | 317.2 |480.71 16.6 [ 0.00055241 | 0.0002 2.3246 0.17 0{ 0.006
0B/21/95 121:49:47 | 19057.1509 | 302.5 1478.94 ) 16.34 | 0.00055241 | 0.0002 2.2991 7 0.168 0] 0.006
08/21/95 {21:54:47 | 18018.2186 288 [478.60 | 16.76 | 0.00055138 ] 0.0002 2.3964 | 0.172 | 0.03881742 | 0.006
08/21/95 [21:59:47 | 18856.7191 | 306.1 [478.64 | 17.32 | 0.00055066 | 0.0002 2.2985 0.17 0} 0.008
08/21/95 [22:04:48 | 18775.0506 | 232.8 |470.22 { 17.31 | 0.00055036 [ 0.0002 2.3357 | 0.173 0] 0.006
08/21/95 |22:09:48 | 18774.5577 | 288.7 [486.61 | 17.688 | 0.00054984 | 0.0002 2.3633 | 0.174 0 [ 0.006
08/21/95 122:14:49 | 18711.2857 | 300.B [477.24 17.9 | 0.00054943 | 0.0002 2.3208 | 0.174 0{ 0.006
08/21/95 {22:19:48 | 18912.8389 | 285.3 [484.14 | 17.97 | 0.00065944 | 0.0002 2.3212 | 0.172 0| 0.006
08/21/85 (22:24:48 | 19032.5108 | 298.1 [475.90 | 18.26 | 0.00055005 | 0.0002 2.3080 | 0.174 01 0.006
08/21/95 [22:29:48 | 19181.7804 | 298.4 |468.20 17.8 | 0.00054953 | 0.0002 2.3917 [ 0.175 0| 0.006
08/21/95 [22:34:49 | 19011.7141 | 288.8 {472.95 | 18.28 | 0.00054843 [ 0.0002 2.3583 | 0.177 0 0.006
08/21/95 [22:39:49 19253.395 | 282.5 |487.49 | 18.56 | 0.00054822 [ 0.0002 2.3254 | 0.176 0| 0.006
08/21/95 |22:44:50 | 191771552 | 292.4 (473.17 | 18.29 | 0.00054892 | 0.0002 2.3626 | 0.177 0| 0.006
08/21/95 |22:49:50 19249.785 | 287.5 |478.52 | 18.83 | 0.00054851 | 0.0002 2.3586 | 0.177 0| 0.007
0B8/21/95 |22:54:48 | 19054.6268 285 |485.54 | 18.84 | 0.00054851 | 0.0002 2.3411 0.18 0] 0.007
08/21/95 {22:59:49 | 18986.5776 274 148413 | 19.04 | 0.00054779 | 0.0002 23336 | 0.178 01 0.007
08/21/95 [23:04:50 | 18896.3524 | 282.8 [483.99 | 19.48 | 0.00054737 | 0.0002 2.3494 1 0.18B4 0. 0.007
08/21/85 |23:09:50 18918.526 269 [4B0.94 | 19.46 [ 0.00065673 | 0.0002 2.3577 | 0.183 Q| 0.007
08/21/95 |23:14:49 | 18879.8837 | 265.1 |497.20 | 19.89 | £.00054758 | 0.0002 2.3294 | 0.181 0| 0.007
08/21/95 123:19:50 | 18B893.8758 | 257.5 |502.87 | 20.29 | 0.00065734 | 0.0002 2.3797 | 0.185 0] 0.007
08/21/95 123:24:50 | 19138.0681 | 248.3 1490.46 | 19.26 | 0.00065673 | 0.0002 2.3391 ) 0.182 0 0.007
08/21/95 |23:259:50 | 18888.8409 | 278.8 |499.44 | 19.95 | 0.00054727 | 0.0002 2.3698 1 0.185 0] 0.007
08/21/95 123:34:51 | 18959.2998 250 |505.85 1 20.37 | 0.00065623 | 0.0002 2.3865 | 0.184 0} 0.007
08/21/95 [23:39:51 | 18966.8465 | 246.1 [493.49 | 19.98 | 0.000546686 | 0.0002 23768 ; 0.185 0| 0.007
08/21/95 [23:44:50 | 18972.2722 | 24B8.4 |508.46 | 20.63 | 0.00054696 | 0.0002 2.3378 | 0.186 0] 0.007
08/21/95 [23:49:51 | 18994.9551 | 246.1 |506.72 | 19.82 | 0.00065623 | 0.0002 2.3319 | 0.186 0] 0.007
08/21/95 |123:54.50 | 19075.0154 | 258.6 |509.56 | 20.19 | 0.00054686 | 0.0002 2.3428 | 0.188 0 0.007
08/21/85 |23:59:50 | 18921.2618 | 272.4 1493.35 | 19.92 | D.00065561 | 0.0002 2.3526 | 0.187 0| 0.007
08/22/95 [00:04:51 | "19044.5803 | 276.7 |501.19 | 20.38 | 0.00054655 | 0.0002 2.3097 | 0.186 0} 0.007
08/22/95 |00;09:50 | 19318.4025 | 254.3 |485.88 | 20.81 | 0.00065586 | 0.0002 2.3229 | 0.188 0} 0.007
08/22/95 100:14:50 | 19676.5795 | 280.2 |491.86 | 20.04 | 0.00054676 | Q.0002 | 2.3632 | 0.188 0| 0.007
08/22/95 100:19:50 [ 19622.5372 | 288.6 |483.04 | 20.75 | 0.00065586 | 0.0002 23141 ] 0.188 0} 0.007
08/22/95 [00:24:51 | 19798.8686 296 [490.32 | 20.8 | 0.00065623 | 0.0002 | 2.2968 | 0.187 0 0.007
08/22/95 100:29:51 | 20109.6043 | 296.4 |485.51 | 20.49 | 0.00054707 | 0.0002 | 2.3492 | 0.188 0| 0.007
08/22/95 |00:34:52 | 20184.5143 | 315.1 |489.72 | 20.54 | 0.0006566 | 0.0002 2.2904 | 0191 0] 0007
08/22/95 [00:39:52 | 20122.3714 | 299.5 |4B9.91 § 20.73 | 0.00065589 | 0.0002 | 2.2949 | 0.189 0| 0.007
08/22/95 100:44:53 | 20220.3788 293 1487.76 | 21.8 | 0.00065574 [ 0.0003 2.3235 | 0.188 0| 0.008
08/22/95 |00:49:51 |. 20079.5981 | 309.7 |490,75 | 21.2 | 0.00054624 | 0.0003 2.3620 | 0.191 0| 0.007
08/22/95 |00:54:50 | 20038.0189 ] 302.9 [485.77 | 21.15 ] 0.00065512 [ 0.0003 2.2678 0.19 0| 0.007
08/22/95 |00:59:50 | 20227.4713 319 1478.80 | 21.31 ; 0.00054583 | 0.0003 2.2914 1 0.191 0 0.007
08/22/95 101:04:51 | 20056.6256 | 300.5 |480.55 | 20.99 | 0.00054583 [ 0.0003 2.3887 | 0.194 | 0.03667936 1 0.007
08/22/95 101:09:51 | 20091.6979 | 300.4 |482.59 | 21.27 | 0.00054542 [ 0.0003 23235 [ 0.191 01 0.007
08/22/95 |01:14:51 | 19926.4805 | 295.3 {485.84 | 21.27 | 0.00054552 | 0.0003 2.3141 | 0.192 Q| 0.007
08/22/95 [01:19:51 | 19743.5211 287 [496.30 | 21.63 | 0.00054563 | 0.0003 2.3026 | 0.196 | 0.01178555 | 0.008
08/22/95 |01:24:52 | 19907.4311 | 299.3 |477.91 | 21.09 | 0.00054594 | 0.0003 2.3061 | 0.194 0l 0007
08/22/95 |01:28:52 | 19797.3382 | 289.6 [4695.12 [ 21.16 | 0.00065485 | 0.0003 2.3052 | 0.193 0! 0.007
08/22/95 |01:34:52 | 19892.6909 | 248.9 [484.90 | 21.12 | 0.00065512 | 0.0003 2.3126 | 0.193 0 0.007
08/22/95 |01:39:52 | 19819.9906 | 265.2 [481.72 | 21.3 | 0.00054604 | 0.0003 2.3251 | 0.194 0| 0.007
08/22/95 |01:44:52 | 19886.8424 | 268.6 |480.59 | 21.14 | 0.00065475 | 0.0003 2.2032 .19 01| 0.007
08/22/95 101:49:53 | 20068.5887 | 328.1 |476.63 | 21.37 | 0.00054521 | 0.0003 2.3161 [ 0.191 0| 0.007
08/22/95 |01:54:53 | 20114.9041 | 327.6 |487.38 | 21.38 0.0005448 | 0.0003 2.2685 | 0.193 0} 0.007
08/22/95 |01:59:53 | 20091.8908 327 |475.27 | 22.26 | 0.00054491 | 0.0003 2.2897 | D.196 0| 0.008
08/22/95 [02:04:54 19849.921 | 322.6 [487.55 | 21.84 | 0.00065413 | 0.0003 2.2862 | 0.197 0| 0.008
08/22/95 102:09:54 | 19649.7483 | 299.9 [468.63 | 21.35 | 0.00054542 | 0.0003 2.2798 | 0.194 0| 0.007
08/22/95 102:14:55 | 19794.8215 | 300.6 1474.34 [ 21.76 | 0.0005446 | 0.0003 2.3353 | 0.195 0| 0.008
08/22/95 (02:12:54 | 19713.2643 | 290.9 {485.21 | 21.75 | 0.00054419 | (.0003 2.2867 | 0.196 0| 0.008
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SW Beef

Site; Beef Processing plant in SW U.S.
Upwind Data in ppm
Date Time H20 co2 SF6 CH4 NH3

ppm 95% Cl} _ppm |95% Cl ppm 95% Cl ppm_ 195% ClI ppm 95% Cl
08/22/95 |02:24:54 | 19953.7615 | 307.8 (481.10 | 21.08 | 0.00054398 | 0.0003 2.2619 [ 0.193 0{ 0.007
08/22/95 102:29:53 | 19751.9821 | 294.5 |491.57 | 22.36 | 0.00065253 { 0.0003 2.3285 | 0.187 0| 0.008
08/22/95 102:34:53 | 19537.6259 | 301.1 [487.33 | 22.02 | 0.00054378 | 0.0003 | 2.2566 | 0.199 0| 0.008
08/22/95 {02:39:53 | 19545.9935 | 271.4 {481.86 | 22.04 | 0.00054398 | 0.0003 2.3054 | 0.198 03 0.008
08/22/95 102:44:54 19481.276 | 311.3 |482.42 ) 21.83 | 0.00054388 | 0.0003 2.2041 ] 0.198 0! 0.008
08/22/95 (02:49:54 | 19293.3621 285 |484.07 | 22.2 | 0.00054378 | 0.0003 2.2534 | 0.201 Q| 0.008
08/22/95 |02:54:54 | 19413.1014 | 275.8 |484.50 | 21.86 [ 0.00065253 | 0.0003 | 2.2849 | 0.201 0] 0.008
08/22/95 102:59:54 | 19409.4037 | 302.9 (473.30 | 21.92 | 0.00054378 | Q.0003 | 2.2708 | 0.202 0] 0.008
08/22/95 |03:04:55 § 19491.5353 | 284.3 |480.30 | 22.21 { 0.00043486 | 0.0003 2.3178 | 0.201 0! 0.008
08/22/95 {03:09:55 | 19370.9387 | 299.1 {469.30 | 21.85 | 0.00054367 | 0.0003 2.2649 [ 0.202 0| 0.008
08/22/95 (03:14:55 | 19354.6999 | 279.6 [471.78 | 21.97 | 0.00054378 | 0.0003 2.2708 | 0.199 0] 0.008
08/22/95 103:19:56 | 19425.5971 262 |472.61 | 22.01 | 0.00054398 | 0.0003 ] 2.3087 | 0.198 0| 0.008
08/22/95 [03:24:56 | 19242.6026 | 313.4 {476.96 | 22.08 | 0.00054398 { 0.0003 [' 2.3098 | 0.201 01 0.008
08/22/95 [03:29:57 | 19529.2924 286 [467.88 | 21.58 | 0.00054367 | 0.0003 2.3346 | 0.199 Q1 0.008
08/22/95 |103:34:57 19126.152 | 301.9 |470.75 | 21.69 | 0.00054346 | 0.0003 | 2.3196 0.2 0] 0.008
08/22/95 |03:39:57 19457.254 296 [485.56 | 22.41 | 0.00043461 [ 0.0003 2.2121 | 0.201 0| 0008
08/22/95 103:44:57 | 19217.2944 | 299.2 }478.12 | 21.75 | 0.00054285 { 0.0003 2.3076 0.2 01 0.008
08/22/95 |03:49:57 | 19271.0367 | 282.3 |466.36 | 21.85 | 0.00054202 | 0.0003 ] 2.2776 | 0.202 01 0.008
08/22/95 [03:54:56 | 19156.9361 | 278.8 [466.49 | 22.04 | 0.00054192 | 0.0003 | 2.3032 | 0.202 0| 0.008
08/22/95 {03:59:57 | 19225.9303 | 277.3 1471.72 | 22.27 | 0.00054233 { 0.0003 | 2.2745 | 0.202 0| 0.008
08/22/95 104:04:59 | 18813.0808 | 237.6 |470.49 | 22.3 | 0.00065105 | 0.0003 2.2993 | 0.198 0 0.008
08/22/95 [04:09:59 | 18539.0986 | 296,0 |473.31 [ 22.74 | 0.00054254 | 00003 [ 2.2939 | 0.201 | 0} 0.008
08/22/95 |04:14:59 18496.238 | 293.4 [471.36 | 22.77 | 0.00054254 | 0.0003 2.3504 [ 0.208 0| 0.008
08/22/95 104:19:59 | 18546.8818 | 319.9 1473.48 | 22.49 | 0.00054223 | 0.0003 2.2883 | 0.202 0| 0.008
08/22/95 104:24:5% | 18894.2346 | 283.1 [465.02 { 22.09 { 0.00065068 | 0.0003 4 2.3034 | 0.198 0] D.008
08/22/95 |104:29:58 | 18714.431 | 200.4 [463.28 [-22.25 | 0.00054223 | ©.0003 | 2.3186 | 0.20% 01l 0.008
08/22/95 104:34:58 | 18560.0038 | 293.6 |467.62 | 21.92 | 0.00054223 | 0.0003 | 2.3067 | 0.202 0| 0.008
08/22/95 [04:39:58 | 18416.7904 | 308.6 {479.19 { 22.39 | 0.00054244 | 0.0003 2.3054 | 0.206 0| 0.008
08/22/95 |04:44:59 | 18329.8738 | 279.4 [480.65 | 22.28 | 0.00054213 | 0.0003 | 2.3334 [ 0.203 0| 0.008
08/22/95 104:49:59 | 18437.4489 288 146510 1-22,19 | 0.00054182 | 0.0003 2.2767 ; 0.205 0] 0.008
08/22/95 |04:54:59 | 18316.233 | 268.9 1472.95 | 22.42 | 0.00054212 | 0.0003 | 2.2628 | 0.203 0| 0.008
08/22/95 |04:59:58 | 18296.4996 | 292.5 [482.82 | 21.95 | 0.0004337 | 0.0003 2.2900 | 0.201 0| 0.008
08/22/05 (05:04:58 | 18259.9604 | 300.8 [469.81 | 22.49 [ 0.00054212 | 000031 22259 | 0.204 0 0.008
08/22/95 |05:09:57 | 17959.6834 | 287.1 {458.66 | 22.28 | 0.00054202 | 0.0003 | 2.2689 | 0.202 0 0.008
08/22/95 105:14:58 | 17760.3648 | 286.9 |465.46 | 22.26 | 0.00054161 | 0.0003 | 2.2802 | 0.204 0} 0.008
08/22/95 [05:19:58 | 17615.1449 | 232.2 (46424 | 22.73 | 0.0005412 | 0.0003 | 2.2611 1 0.204 0! 0.008
08/22/95 |05:24:57 | 17648.041 | 276.1 |464.88 | 22.01 | 0.00054069 | 0.0003 | 2.3099 | 0.203 0| 0.008
08/22/95 [05:29:57 | 17595.822 | 279.6 1462.35 [ 22.34 | 0.00054038 | 0.0003 | 2.2912 [ 0.203 0] o.008
08/22/95 |05:34:58 | 17727.5395 | 281.9 [469.28 | 22.24 | 0.00054028 | 0.0003 2.2984 | 0.202 041 0.008
08/22/95 |05:39:58 | 17668.2684 | 283.2 |467.80 | 22.06 | 0.00043255 | 0.0003 2.2871 | 0.205 0} 0.008
08/22/95 [05:44:58 | 17418.3948 | 272.6 |464.62 | 22.37 | 0.00054089 | 00003 | 2.2620 | 0.202 0] 0.008
08/22/95 105:49:58 | 17285.9413 | 2954 |470.92 | 22.7 | 0.00043263 [ 0.0003 | 2.3092 | 0.204 0 [ 0.008
08/22/95 105:54:59 | 16976.8273 279 1474.70 | 23.01 | 0.00043263 | 0.0003 2.2507 | 0.208 0| 0.008
08/22/95 [06:00:00 | 16972.8586 | 263.6 1479.62 [ 23.21 | 0.00054048 { 0.0003 2.2365 | 0.206 0] 0.008
08/22/95 106:04:59 | 17117.2601 | 248.1 [496.18 | 23.07 { 0.0004323 | 0.0003 | 2.2674 | 0.204 0| 0.008
08/22/95 106:09:59 | 17104.4778 | 261.2 1470.06 ) 23.08 | 0.00054017 | 0.0003 ] 2.3196| 0.208 0] 0.008
08/22/95 [06:14:59 | 16875.9845 | 247.4 |474.49 | 22.85 | 0.00054017 | 0.0003 2.2687 | 0.204 0} 0.008
08/22/95 106:19:59 | 16819.75168 | 241.7 [468.69 | 23.13 | 0.00043247 | 0.0003 2.3062 | 0.207 0 [ 0.008-
08/22/95 106:24:59 | 16932.8108 | 231.3 1477.19 | 22.77 | 0.00043214 | 0.0003 2.2763 | 0.204 0] 0.008
08/22/95 [06:29:59 | 16998.7179 | 223.2 |471.18 | 22.43 | 0.00043197 | 0.0003 ] 2.3014 | 0.203 0| 0.008
08/22/95 |06:34:58 | 16775.8629 | 243.6 [477.78 | 22.24 | 0.00043189 | 0.0003 2.3096 | 0.204 0] 0.008
08/22/95 |06:39:58 16714.047 260 (47215 | 22.91 | 0.00053997 | 0.0003 2.2668 ) 0.206 0} 0.008
08/22/95 [06:44:59 | 16660.0724 | 243.1 1465.17 | 22.62 | 0.00053976 | 0.0003 2.2973 | 0.207 0| 0.008
08/22/95 {06:49:59 | 16556.3302 | 228.9 [467.76 [ 22.38 | 0.00053976 | 0.0003 2.2367 | 0.202 0] 0.008
08/22/95 {06:54:5% 16590.557 | 232.8 [473.52 | 22.13 | 3.00054017 | 0.0003 2.2601 | 0.204 0] 0.008
08/22/95 [06:59:568 | 16485.5473 | 237.6 |461.85 | 22.73 | 0.00054017 | 0.0003 2.2893 | 0.206 0] 0.008
08/22/95 |07:04:58 | 16516.1035 | 207.1 j471.48 | 22.21 | 0.00054007 | 0.0003 2.2532 | 0.204 0 0.008
08/22/95 [07:09:59 | 16514.9449 { 247.1 [453.16 | 22.37 | 0.00054038 | 0.0003 2.2977 ! 0205 0| 0.008
08/22/95 |07:14:59 | 16481.3266 239 (470.04 | 22.59 | 0.0005409 | 0.0003 2.2772 | 0.208 0 [ 0.008
08/22/95 [07:20:00 | 16551.8754 225 47357 | 225 0.0005411 | 0.0003 2.3257 | 0.205 0| 0.008
08/22/95 {07:25:00 | 16648.2392 | 211.2 [471.59 | 23.13 | 0.00054131 | 0.0003 2.2356 | 0.205 0! 0.008
08/22/95 |07:29:59 | 16595.0837 | 218.4 [461.37 | 22.53 | 0.00054152 | 0.0003 2.3221 0.207[ 0} 0.008
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SW Beef

Site: Beef Processing ptant in SW U.S.
Upwind Data in ppm
| Date Time H20 coz SF6 CH4 NH3

ppm 95% Cl| ppm 195% CI ppm 95% CI ppm_ {85% Ci ppm 95% ClI
08/22/95 [07:35.00 | 16611.2516 | 202.4 |470.74 | 22.56 | 0.00043346 [ 0.0003 | 2.3126 | 0.204 0| 0.008
08/22/95 [07:40:09 | 16629.7184 | 224.2 147596 | 22.02 | 0.0003254 | 0.0003 | 2.3147 | 0.207 0| 0.008
08/22/95 [07:45:01 | 16794.5844 | 235.7 |471.98 | 21.92 | 0.0004342 | 0.0003 | 2.2948 | 0.203 0| 0.008
0B/22/95 |07:50:01 | 16975.0973 | 250.3 |478.36 | 21.64 | 0.00043478 | 0.0003 2.2695 | 0.199 0 [ 0.008
08/22/95 {07.55:02 | 17149.1158 253 1461.08 | 21.74 | 0.00043519 | 0.0003 | 2.2956 | 0.203 0] 0.008
08/22/95 108:00:02 | 17134.1668 | 269.5 |464.28 | 21.87 | 0.00043585 | 0.0003 2.3275 | 0.202 0| o008
08/22/95 |08:05:02 | 17306.5997 | 222.9 1471.25 | 21.48 [ 0.00043634 | 0.0003 | 2.3126 | 0.203 0| 0.007
08/22/95 108.10:02 | 17601.7604 ; 239.6 1465731 215 0.000437 | 0.0003 | 2.2953 | 0.205 0} 0.007
08/22/95 [08:15:01 | 17793.9723 | 267.6 [468.64 | 21.86 | 0.00043757 | 0.0003 | 2.3334 | 0.202 0| 0.008
08/22/95 |08:20:01 | 18471.8832 | 271.5 1460.62 | 21.7 | 0.00043806 | 0.0003 | 2.3196 | 0.203 0| 0.008
08/22/95 108:25:01 | 18110.8093 | 261.8 |470.57 | 21.34 | 0.00043815 | 0.0003 | 2.3485 | 0.208 0| 0.007
08/22/35 |08:30:02 ] 18434.5511 | 288.5 1459.81 | 21.14 | 0.00043823 | 0.0003 22792 0.2 0| 0.007
08/22/95 |08:35:02 | 18539.5208 278 [468.84 | 21.31 | 0.00043848 | 0.0003 |' 2.2899 0.2 0] 0.007
08/22/95 {08:40:02 | 18706.0912 | 293.7 |473.52 | 21.08 | 0.00043805 ] 0.0003 2.3336 | 0.203 01 0.007
08/22/35 108:45:02 | 18944.6433 | 325.4 |479.45 | 20.37 | ¢.00054833 { 0.0002 | 2.3743 | 0.202 0 0.007
08/22/95 |08:50.02 | 19019.5716 [ 318.9 {477.58 | 20.11 ] 0.00043946 | 0.0002 | 2.3586 | 0.203 0| 0.007
08/22/95 (08.55.03 | 19088.3473 | 360.5 [485.82 | 21.04 | 0.0003296 | 0.0003 [ 2.3534 ] 0.202 01 0007
08/22/95 (09:00:03 | 18934.9752 | 359.4 [474.62 | 20.51 | 0.00043946 | 0.0002 | 2.3424 | 0.197 0| 0.007
08/22/95 |09:05:03 | 189124528 | 357.4 |495.49 | 20.92 | 0.00043946 | 0.0002 | 2.3028 | 0.198 0| 0.007
08/22/95 {08:10:03 19184.15 349 |505.71 | 21.26 [ .0.00043846 | 0.0003 23138 [ 0.187 0| 0.007
08/22/35 |109:15:03 | 19231.8316 | 358.5 [461.65 | 20.8 | 0.00043546 | 0.0002 | 2.2566 | 0.195 0| 0.007
08/22/95 |09:20:04 | 19090.4348 | 387.7 1492.42 | 20.69 | 0.00043946 { 0.0002 | 2.2588 | 0.193 0| 0.007
08/22/85 [09:25:04 | 19207.002 | 373.6 [486.70 | 20.22 | 0.00043946 | 0.0002 | 2.2852 | 0.186 0| 0.007
08/22/95 121:17:30 19207.002 | 373.6 (486.70 | 20.22 | 0.00043846 | 0.0002 2.2852 | 0.186 0| 0.007
08/22/95 [21:19:19 | 15104.6273 | 263.6 |400.79 | 21.27 0| 00003} 23.9720 | 0.161 | 0.06108517 | 0.007
08/22/95 |21:35:17 | 15783.4857 | 283.8 |399.03 | 20.756 0| 0.0002 | 15.8531 0.15 | 0.04185872 ! 0.007
08/22/95 121:51:21 | 16168.7837 | 287.6 | 395.52 | 20.65 0] 0.0002 | 27.3789 | 0.17 | 0.05163675 | 0.007
08/22/35.[22:06:25 | 16252.3913 | 285.9 |399.14 [ 19.98 0| 00002 | 22.9409 | 0.166 ] 0.0502085 [ 0.007
Downwind Data
Run 7
08/22/95 [22:15:08 | 16878.4197 | 307.7 [412.42 | 21.04 0| 0.0003 | 204606 | 0.166 | 0.0438412 [ 0.007
08/22/95 |22:20:09 | 16976.6979 | 282.5 1414.76 | 22.07 0| 0.0003 | 26.0928 | 0.18 | 0.04427353 [ 0.008
08/22/95 |22:25.09 ; 16881.6523 | 303.9 [410.68 | 22.07 0] 0.0003 | 24.3122 | 0.173 | 0.03654371 [ 0.008
08/22/95 |22:30:09 16925.92 | 306.1 |414.17 | 22.07 0] 00003 | 181316 | 0.168 | 0.0406807 [ 0.008
08/22/95 |22:35:09 | 16838.4283 | 284.9 (41046 | 22.53 0] 0.0003 | 21.2083 | 0.176 1 0.04306728 | 0.008
08/22/95 |22:40:09 | 16848.8677 | 298.2 |412.02 | 22.78 0! 0.0003 | 17.9663 | 0.181 | 0.03567954 ( 0.008
08/22/95 |22:45:08 | 16704.0565 | 286.3 1405.39 | 22.55 0| 0.0003 | 25.6238 | 0.176 | 0.04850598 | 0.008
08/22/95 |22:50:08 | 16736.4058 | 301.9 |406.59 | 224 0] 0.0003 ) 27.6864 | 0.18 | 0.04532347 | 0.008
08/22/95 |22.55:09 | 16651.2269 298 1403.47 | 22.68 0| 0.0003] 19.4172 | 0.17 | 0.02971221 | 0.008
08/22/95 [23:00:09 | 16578.1054 | 297.2 1406.66 | 23.07 0| 0.0003 | 21.9022 | 0.179 | 0.02562185 | 0.008
08/22/95 [23.05:09 | 16549.1074 | 295.8 [412.75 | 23.24 0| 0.0003 | 34.9463 | 0.201 | 0.05921458 | 0.008
08/22/95 123:10:08 | 16549.4492 | 290.7 |412.05 | 23.03 0 | 0.0003 | 50.2930 | 0.237 | 0.08654551 [ 0.008
08/22/95 123:15.09 | 16874.1848 | 367.6 |429.26 | 23.45 | 0.00382873 | 0.0003 | 95.0161 | 0.418 | 0.24930483 | 0.008
08/22/95 [23:20:09 | 17237.6242 | 553.1 |426.77 | 27.45 | 0.02854599 | 0.0003 | 73.2880 | 0.323 | 0.54674875 [ 0.01
08/22/95 [23:25:09 | 16836.5352 | 405.5 [416.52 | 23.47 | 0.00153091 | 0.0003 [ 38.9569 | 0.214 | 0.33865965 | 0.008
08/22/95 123:30:09 | 16551.0711 ) 310.9 1411.69 | 23.29 0] 0.0003] 37.8451 | 0.222| 0.12065518 | 0.008
08/22/95 |23:35:09 | 16577.7376 | 307.9 |420.98 | 22.87 0| 0.0003 | 56.6565 | 0.262 | 0.14524523 [ 0.008
08/22/95 [23:40:09 | 16651.7893 | 3055 [410.01 | 22.95 0| 0.0003 | 43.1855 | 0.231 | 0.16026673 { 0.008
08/22/95 [23:45:10 | 16463.1338 271 408.71 23 0] 0.0003 | 14.2063 [ 0.178 | 0.03552565 | 0.008
08/22/35 |23:50:10 16352.887 257 [407.71 | 22.94 0] 0.0003 6.3048 | D0.172 0| 0.008
08/22/95 {23:55:10 | 16279.8506 | 245.1 1398.82 | 23.05 0| 0.0003 | 13.6304 [ 0.18 | 0.00927733 | 0.008
08/23/95 |00:00:08 | 16207.5834 1 254.1 {40211 | 23.06 0| 0.0003 | 10.9567 [ 0.178 | 0.01036095 | 0.008
08/23/95 100:05:10 | 16236.1336 | 276.4 [408.39 | 23.49 0] 0.0003 | 24.5226 | 0.204 | 0.04557098 | 0.008
08/23/95 |00:10:10 | 16318.6027 279 [412.38 | 24.08 0] 00003 | 52.0384 | 0.258 | 0.11671781 | 0.008
08/23/95 |00:15:08 | 16316.9039 | 259.8 {403.62 | 23.22 01 0.0003 | 25.9267 | 0.215} 0.07908981 | 0.008
08/23/95 |00:20:09 | 16077.3583 | 248.8 (402,78 | 23.84 0! 00003 | 63134 | 0.188 0| 0.008
0B8/23/95 |00:25:09 | 16182.673 | 243.1 {414.68 1 23.85 0{ 0.0003 | 47.0112 | 0.273 | 0.08298025 | 0.008
08/23/95 (00:30:10 | 16626.7861 | 380.9 {430.96 | 25.84 | 0.02503706 | 0.0003 [110.7219 | 0.507 | 0.31045956 [ 0.009
08/23/95 [00:35:08 | 16500.6567 | 335.6 |425.88 | 26.45 | 0.02503233 | 0.0003 | 76.2517 | (.345 | ©0.24858189 [ 0.009
08/23/95 |00:40:08 | 16495.9706 | 372.5 1421.28 | 25.34 | 0.01424945 | 0.0003 | 53.1387 | 0.269 | 0.31294407 | 0.009
08/23/95 [00:45:09 | 16603.766 | 341.9 418,67 { 23.35 | 0.00184917 | 0.0003 [ 45.5069 | 0.251 | 0.25746911 [ 0.008
08/23/95 |00:50:10 16323.318 279 [418.87 { 24.03 0] 0.0003 [ 46.4513 | 0.256 | 0.12871582 | 0.008
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SW Beef

Site: Beef Processing plant in SW U.S.
Upwind Data in ppm
Date Time H20 co2 SF6 CH4 NH3
ppm 95% CI| ppm {95% CI ppm 95% Cl ppm_ |95%Cll  ppm 95% CI
08/23/95 100:55:09 | 16044.483 | 238.2 141372 | 23.77 0| 0.0003 | 37.0384 | 0.246 | 0.05244857 | 0.008
08/23/95 101:00:08 | 16218.1908 } 253.5 1412.89 | 23.28 0| 0.0003 | 34.3181 | 0.232 | 0.0569985 [ 0.008
08/23/95 [01:05:09 | 16546.6499 | 283.6 |406.97 | 23.57 0] 0.0003 | 37.2947 | 0.235 | 0.08748056 | 0.008
08/23/95 |01:10:08 | 16770.6932 | 305.4 |411.23 | 23.66 0 00003 | 33.7027 | 0.235 | 0.11427867 | 0.008
08/23/95 101:15:10 | 16603.5793 | 272.8 1401.58 | 23.43 0] 0.0003 | 25.4766 | 0.215 | 0.07251136 | 0.008
08/23/95 101:20:10 | 16503.1205 271 140161 | 23.28 0] 00003 ] 25.8882 | 0.215 ] 0.0565964 | 0.008
08/23/95 [01:25:10 16667.795 | 284.1 1408.92 1 22.98 0 0.0003 | 46.6654 | 0.267 | 0.06223339 [ 0.008
08/23/95 101:30:10 | 16772.1169 | 2832 140809 | 232 0 0.0003 | 53.0159 | 0.273 ) 0.08474772 | 0.008
08/23/95 101:35:09 | 16910.0893 | 291.6 [408.62 | 22.73 0| 0.0003| 44.8888 | 0.255 | 0.11156033 [ 0.008
08/23/95 (01:40:09 | 16936.5642 | 314.9 1405.33 | 23.05 01 00003 | 37.8523 | 0.244 } 0.09439835 | 0.008
08/23/95 |01:45:11 | 16858.4238 | 304.6 £405.54 § 23.08 01 0.0003: 36.3503 | 0.237 § 0.13300597 ; 0.008
08/23/95 101:50:10 § 17135.9283 376 [418.84 | 24.02 | 0.00141353 | 0.0003 | 46.4970{ 0.268 | 0.22736127 | 0.008
08/23/95 {01:55:10 | 17224.4374 454 [414.52 | 26.86 | 0.02630847 | 0.0003 ['58.7824 | 0.294 | 0.39984525 | 0.009
08/23/95 [02:00:11 | 17176.7329 | 385.7 [418.85 | 24.28 | 0.02173018 | 0.0003 | 53.2533 | 0.286 | 0.33996873 | 0.008
08/23/95 |02:05:11 | 17084.9446 | 374.9 [414.53 | 24.6 | 0.01227523 | 0.0003 | 60.9454 | 0.304 | 0.33012759 | 0.009
08/23/95 {02:10:11 ] 17057.5565 | 461.9 [424.10 | 29.79 | 0.04189952 | 0.0004 | 74.9207 | 0.352 | 0.43354066 0.01
08/23/95 |02:15:10 | 16896.8981 | 425.7 [422.42 | 30.92 | 0.04665793 | 0.0004 | 79.0092 | 0.362 | 0.38628426 { 0.011
08/23/95 |02:20:10 | 16893.9574 | 395.2 142247 | 27.34 | 0.03438361 | 0.0003 ; 71.5868 | 0.341 ) 0.36834932 | 0.01
08/23/95 [02:25:11 | 17067.5794 | 422.7 [420.14 | 28.57 | 0.03580725 | 0.0003 | 62.7350 | 0.311 | 0.39897956 0.1
08/23/95 |02:30:11 | 17167.1824 511 |422.37 | 32.12 | 0.04859261 | 0.0004 | 74.5102 | 0.35 | 0.49612184 [ 0.011
08/23/95 102:35:11 | 17219.4889 | 521.2 |428.06 | 31.01 | 0.04676644 | 0.0004 | 86.3422 | 0.398 | 0.51171814 [ 0.011
08/23/95 }02:40:10 | 17140.1476 | 499.6 |432.08 | 31.78 | 0.04897371 | 0.0004 $108.2848 | 0.501 | 0.47399169 [ 0.011
08/23/95 |02:45:11 | 16954.9372 | 470.9 [435.47 | 21.72 | 0.04983298 | 0.0004 [124.7887 | 0.595 | 0.44730253 | 0.011
08/23/95 102:50:11 | 16676.9886 | 435.2 |430.90 | 33.52 | 0.05680336 | 0.0004 [125.9818 | 0.602 | 0.39849073 [ 0.012
08/23/85 102:55:11 | 16883.8661 | 491.5 1427.57 | 31.96 | 0.04541238 | 0.0004 |105.7876 | 0.492 | 0.48457931 | 0.011
08/23/95 |03:00:11 16981.38 | 475.8 [422.88 | 29.94 | 0.04013972 | 0.0004 | 96.0327 | 0.446 | 0.46421044 0.01
08/23/95 103.05:12 | 16862.8004 | 467.3 1425.59 | 33.7 | 0.05767058 | 0.0004 1107.7915 | 0.502 } 0.44857307 | 0.012
08/23/95 103:10:12 | 16590.0566 | 373.8 |421.55 | 29.97 | 0.04402012 | 0.0004 | 94.1063 0.44 | 0.33448788 |  0.00
08/23/95 [03:15:12 | 16430.9741 | 356.1 [427.41 | 33.44 | 0.05731269 | 0.0004 |103.6473 | 0.484 | 0.30693167 | 0.012
08/23/95 |03:20:11 | 16556.3104 | 409.3 |427.08 | 33.71 | 0.05589362 | 0.0004 {117.5193 | 0.561 ) 0.38204808 | 0.012
08/23/95 103:25:11 | 16518.5122 | 442.4 |427.84 | 33.32 | 0.05185615 | 0.0004 |100.2917 | 0.475 | 0.42740729 | 0.012
08/23/95 (03:30:12 | 16434.9787 | 417.9 {421.57 | 31.31 | 0.04316255 | 0.0004 | 75.3053 | 0.362 | 0.39733344 | 0.011
08/23/95 |03:35:12 | 16039.3917 | 301.6 |414.41 | 26.78 | 0.02473948 | 0.0003 | 49.1412 | 0.282 | 0.2170376 | 0.008
08/23/95 103:40:12 | 16369.7132 365 [422.32 | 28.03 ; 0.03156358 [ 0.0003 | 74.0204 | 0.364 | 0.33260658 | ©.01
08/23/95 |03:45:12 | 16144.3995 | 344.6 |416.57 | 27.13 | 0.02517161 | 0.0003 | 52.7143 | 0.291 | 0.30033077 | 0.009
08/23/95 |03:50:12 | 16078.0499 | 330.2 {42346 | 31.8 | 0.04621153 | 0.0004 | 65.7258 | 0.332 | 0.28309962 | 0.011
08/23/95 |03:55:11 | 16251.4512 | 362.3 |433.50 | 33.86 | 0.05830427 | 0.0004 | 94.8553 | 0.447 | 0.3306068 [ 0.012
T108/23/95 |04:00:12 | 16614.0366 | 457.4 [439.92 | 34,65 | 0.06011196 [ 0.0004 {122.2081 | 0.585 | 0.44802868 | 0.012
08/23/95 |04:05:12 | 16651.7186 | 428.5 {432.36 | 32.71 | 0.04970016 | 0.0004 |108.8157 | 0.517 [ 0.40734639 | 0.011
08/23/95 |04:10:12 | 16809.1058 | 445.8 [432.77 | 32.08 | 0.04851832 | 0.0004 [113.6225 | 0.538 | 0.42345227 | 0.011
08/23/95 |04:15:12 [ 17005.2174 | 473.1 [429.41 | 32.09 | 0.04537786 | 0.0004 |110.4651 | 0.522 | 0.45031288 | 0.011
08/23/95 |04:20:12 | 17216.2373 | 484.3 (429.63 | 31.24 { 0.04403685 ! 0.0004 | 93.1618 | 0.438 | 0.47247413 | 0.011
08/23/95 104.25:13 | 17219.5061 | 451.2 |427.65 | 31.19 | 0.04415369 | 0.0004 |105.6788 | 0.498 | 0.41484944 | 0.011
08/23/95 |04:30:13 | 17222.0407 | 420.3 [425.81 | 33.11 | 0.05246722 | 0.0004 {117.3522 | 0.559 | 0.37941174 | 0.012
08/23/95 104:35:13 | 17107.3505 | 390.1 |422.97 | 31.64 | 0.05016215 | 0.0004 {106.9194 | 0.508 | 0.33510047 | 0.011
08/23/95 104:40:12 | 17233.9656 | 454.4 |427.89 | 33.05 | 0.0536492 | 0.0004 [116.5179 | 0.558 | 0.42485831 | 0.011
08/23/95 |04:45:12 | 17185.6643 | 472.5 1426.38 | 33.15 | 0.04862662 | 0.0004 [105.0384 | 0.502 | 0.44749483 | 0.012
08/23/95 104:50:13 | 17212.0515 | 461.2 [424.99 | 31.95 | 0.04637877 [ 0.0004 [106.1714 | 0.503 | 0.43572208 | 0.011
08/23/95 {04:55:13 | 17296.6106 |- 480.3 [424.86 32.3 | 0.04627921 | 0.0004 | 97.4889 0.46 | 0.4501071 | 0.011
08/23/85 [05:00:13 | 17380.3726 | 423.7 [421.17 | 29.82 | 0.03948113 | 0.0004 | 83.4314 0.4 | 0.39459423 | 0.1
08/23/95 |05:05:13 | 17220.8881 | 394.6 |420.82 | 30.87 | 0.0413784 | 0.0004 | 97.5013 | 0.459 | 0.33590161-| 0.011
08/23/95 |05:10:12 | 17244.0809 | 388.7 141528 | 31.36 | 0.04319519 | 0.0004 | 90.8427 | 0.436| 0.32488409 | 0.011
08/23/95 105:15:12 | 17328.7391 | 391.9 [414.74 | 30.19 [ 0.03983917 | 0.0004 | 80.3520 0.39 | 0.33830815 0.01
08/23/95 [05:20:13 | 17443.7427 | 405.6 [413.49 | 29.2 | 0.03422274 | 0.0003 | 77.8208 | 0.383 | 0.35414038 0.01
08/23/95 |05:25:13 | 17492.9592 | 421.4 41565 | 2857 | 0.03132246 | 0.0003 | 78.0113 | 0.379 | 0.36958338 0.01
08/23/95 [05:30:13 17612178 | 428.2 141491 | 28.85 | 0.03329232 | 0.0003 | 80.9274 | 0.393 [ 0.38486786 0.01
08/23/95 |05:35:13 17520.557 | _419.6 |415.46 28.7 | 0.03207504 | 0.0003 | 77.8521 | 0.381 | 0.38240816 0.01
08/23/95 [05:40:13 | 17049.5404 | 274.3 (405.91 | 25.43 [ 0.01817014 | 0.0003 | 39.1796 0.27 | 0.16601884 | 0.008
08/23/95 [05:45:14 | 17114.5258 | 289.6 |408.97 [ 24.12 | 0.00929961 | 0.0003 | 47.0004 | 0.292 | 0.21973031 | 0.008
08/23/95 [05:50:14 | 17500.8105 | 441.5 |420.10 [ 29.45 | 0.03809253 | 0.0004 | B84.3474 | 0.411 | 0.42096571 0.01
08/23/95 105:55:14 | 17547.0409 | 445.8 {41952 | 30.26 | 0.03877871 | 0.0004 [ 88.6261 | 0.426 | 0.42299123 | 0.011
08/23/95 [06:00:14 17589.056 | 453.5 |415.92 | 29.61 | 0.03488581 | 0.0004 | 73.2752 | 0.365 | 0.42686361 0.01
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SW Beef

| Site: Beel Processing plant in SW U.S.
Upwind Data in ppm
Oate Time H20 co2 SF8 CH4 NH3

ppm 95% Cl| ppm [|95% Ci ppm 95% CI ppm_ |95% Cl ppm 95% ClI
08/23/95 |06:05:13 | 17630.6135 | 398.1 [414.80 | 28.01 | 0.03166566 | 0.0003 | 69.3149 [ 0.354 | 0.36686615 0.0
08/23/95 {06:10:13 | 17662.3807 | 413.9 {419.22 [ 28.24 | 0.03156321 { 0.0003 | B5.8732 | 0.418 | 0.36465809 0.01
08/23/95 [06:15:13 { 17750.3246 | 437.4 142014 | 28,72 | 0.03404496 | 0.0003 | 80.4479 | 0.396 | 0.40073299 0.01
08/23/95 [06:20:14 | 17500.411 1 319.9 [407.56 | 24.6| 0.01754123 | 0.0003 | 38.5991 | 0.274 [ 0.23723975 | 0.009
08/23/95 |06:25:14 | 16564.0856 | 210.4 [395.97 | 23.64 0| 0.0003| 63484 | 0.221 [ 0.02613875 | 0.008
08/23/95 [06:30:14 | 16482.3381 225 |1406.20 | 23.45 0| 0.0003| 29.7137 | 0.258 [ 0.1119875 | 0.008
08/23/95 |06:35:14 | 16743.8067 307 [413.35 | 23.72 | 0.00312815 | 0.0003 | 43.1238 | 0.287 | 0.24948676 | 0.008
08/23/95 |06:40:14 | 17149.5161 | 404.5 1414.50 | 25,86 1 0.01898825 | 0.0003 | 52.5320 | 0.31 | 0.37167336 | 0.009
08/23/95 |06:45:13 | 17366.496 [ 387.3 |413.45 | 25.45 | 0.01889118 [ 0.0003 | 56.2373 | 0.322 | 0.3442512 | 0.009
108/23/95 |06:50:15 | 17840.6523 | 468.1 [420.65 | 23.76 | 0.037735911 | 0.0004 | 84.0699 | 0.411 | 0.45341004 0.01
08/23/95 [06:55:15 | 17973.8833 | 4423 (417.76 | 29,12 | 0.03456078 | 0.0003 | 77.3106 | 0.386 | 0.42231329 0.01
08/23/95 [07:00:15 | 18107.1461 | 4421 [418.41 | 27.43 | 0.02873221 { 0.0003 | 65.3210 | 0.346 | 0.41504468 0.01
08/23/95 107:05:15 | 17971.2147 356 {414.16 | 26.52 [ 0.02535675 | 0.0003 |'52.1533 | 0.305 | 0.30764018 | 0.009
08/23/95 [07:10:15 | 17875.3414 | 413.9 [415.02 | 26.88 | 0.02640519 | 0.0003 | $5.9508 0.32 0.3769233 | 0.009
08/23/95 [07:15:15 | 17894.7156 | 426.2 [417.19 | 29,59 | 0.03580103 [ 0.0004 | 68.8340 | 0.355 | 0.39664147 0.01
08/23/95 |07:20:16 | 17886.983 | 452.3 |418.73 | 30.34 | 0.03827272 | 0.0004 [ 71.7965 | 0.367 | 0.4280274 | 0.0M1
08/23/95 107:25:16 | 17997.5028 | 426.8 {424.27 | 20.21 | 0.03515746 | 0.0003 | 80.3310 | 0.405 | 0.41518261 0.01
08/23/95 [07:30:16 | 17791.0087 | 372.3 [414.59 [ 27.29 | 0.02789915 | 0.0003 | 62.3300 | 0.337 | 0.33673629 | 0.009
08/23/95 |07:35:16 | 17759.6218 | 363.3 |421.76 | 29.12 | 0.03462336 | 0.0003 [ 77.2611 | 0.389 | 0.32178089 0.01
08/23/95 |07:40:16 | 17658.7802 | 318.9 |419.32 | 258.38 | 0.03680132 | 0.0003 [ 73.1803 | 0.376 | 0.2712474 0.01
Run 8
08/23/95 09:54:49 | 21332.7984 | 465.8 |395.75 | 40.71 | 0.00562202 | 0.0005 | 24,3720 | 0.195 | 0.15124328 | 0.014
08/23/95 j09:59:50 | 21473.1997 | 512.4 |395.12 | 43.5 | 0.00882214 [ 0.0005 | 28.3562 | 0.206 | 0.157364983 | 0015
08/23/95 110:04:51 | 21614.8009 | 491.3 [398.99 | 44.41 | 0.01092961 | 0.0005 [ 28.6044 | 0.198 [ 0.19993465 | 0.015
08/23/95 [10:09:50 | 21466.4162 | 468.1 |392.80 | 43.78 | 0.00871672 | 0.0005 | 28.0748 | 0.185 [ 0.16958988 | 0.015
08/23/95 [10:14:50 | 21624.6077 | 451.1 |396.41 | 40.57 | 0.00552412 | 0.0005 | 32.5305 | 0.208 | 0.15511728 | 0.014
08/23/95 110:19:49 | 21451225 | 434,7 |393.17 | 37.92 | 0.00232056 | 0.0005 ) 19.7796| 0.193 ! 0.09392728 | 0.013
08/23/85 [10:24:56 | 21239.7229 | 439.4 {383.61 | 35.63 | 0.00198905 | 0.0004 { 16.1313 | 0.187 ; 0.08044596 ( 0.012
08/23/95 [10:29:49 | 21124.5898 456 |391.99 | 36.17 0] 0.0004 ] 17.4885 | 0.188 | 0.06389432 [ 0.013
08/23/85 110:34:48 | 212158431 | 450.7 [394.49 | 35.72 0| 0.0004 | 159621 | 0.182 | 0.06951187 [ 0.012
Run 8 :
08/23/85 110:44:51 ) 21120.6993 | 483.2 1399.55 | 36.71 | 0.00442833 | 0.0004 | 26.0036 | 0.195 | 0.15975201 | 0.013
08/23/95 110:49:51 | 21070.3547 | 493.5 {403.50 | 38.62 | 0.00952798 | 0.0005 | 27.6289 | 0.189 [ 0.20861847 | 0.013
08/23/95 [10:54:50 | 21062.4073 | 486.7 |398.70 | 39.52 | 0.00664866 | 0.0005 | 27.8129 | 0.187 [ 0.17297602 | 0.014
08/23/95 [10:58:50 | 21267.1692 | 504.7 1402.62 | 40.08 | 0.00942767 | 0.0005 | 32.6334 | 0.195 [ 0.22837154 | 0.014
08/23/85 111:04:50 | 21395.5791 | 486.5 1401.03 | 39,75 | 0.00543578 | 0.0005 | 23.6516 | 0.176 | 0.17792873 | 0.014
08/23/95 |11:09:50 | 21425.1742 | 515.4 |404.89 [ 37.28 | 0.01031881 | 0.0004 | 27.2165{ 0.187 | 0.2432132 | 0.013
08/23/85 |11:.14:50 21511.808 | 487.1 |402.80 | 37.95 | 0.00410685 | 0.0005 | 22.4378 | 0.182 | 0.15228656 | 0.013
08/23/95 111:19:51 | 21190.4077 | 459.9 {397.96 | 35.9 0] 00004 | 1563381 0.171 | 0.07024776 | 0.012
08/23/95 [11:25:03 | 21666.2533 | 535.6 {1409.21 | 37.95 | 0.01033028 { 0.0005 [ 29.38598 | 0.191 | 0.24648266 [ 0.013
08/23/95 [11:29:55 | 21619.1421 | 508.6 [418.15 | 38.47 { 0.00644853 | 0.0005 | 25.3293 | 0.178 | 0.19679135 | 0.013
08/23/95 |11:34:54 | 21511.419 | 495.6 [417.26 | 41.44 | 0.00255716 | 0.0005 | 18.4632 | 0.166 | 0.15053913 | 0.014
Run 10
08/23/595 111:44:50 | 21334.9755 | 474.2 [483.04 | 21.29 | 0.00356242 | 0.0003 | 19.1303 | 0.206 | 0.18502298 | 0.007
08/23/95 [11:49:54 | 21698.3079 | 485.5 1488.57 | 21.31 | 0.00412437 | 0.0003 | 17.1452 | 0.207 | 0.18559663 | 0.007
08/23/95 111:54:50 | 21231.7353 | 453.6 (455.02 | 19.64 | 0.00066832 | 0.0002 | 16.0050 } 0.201 } 0.12531059 | 0.007
08/23/95 |11:59:49 | 21536.3793 | 479.5 [456.02 | 19.66 | 0.00646046 | 0.0002 | 27.9815 | 0.208 | 0.22578184 | 0,007
0B8/23/95 |12:04:50 | 21412.7063 | 474.7 |446.93 | 19.68 | 0.00501798 | 0.0002 | 21.0542 | 0.199 ] 0.17139175 | 0.007
08/23/95 112:09:50 | 21332.3664 | 461.6 |453.90 | 19.5| 0.00189638 | 0.0002 | 16.2844 | 0.182 | 0.1473598 | 0.007
08/23/95 (12:14:50 | 21297.7389 | 442.8 {462.10 | 20.08 | 0.00078057 | 0.0002 | 16.8370 | 0.182 | 0.14206447 [ 0.007
08/23/95 112:19:50 | 20785.9019 | 435.2 [451.31 | 19.77 | 0.00055704 | 0.0002 | 11.0769 Q.19 { 0.06784732 | 0.007
08/23/95 |12:24:52 | 21635.4523 | 496.2 (462.05 | 20.66 | 0.00870103 [ 0.0002 | 25.1633 | 0.196 | 0.27698287 [ 0.007
0B/23/95 [12:29:52 | 21870.6856 | 484.3 |472.20 | 21.27 | 0.00558684 | 0.0003 | 19.2362 | 0.182 | 0.27543115 | 0.007
08/23/95 |12:34:51 | 22129.5882 | 526.7 |470.57 | 21.7 | 0.00915904 | 0.0003 [ 26.6067 | 0.213 | 0.32983724 | 0.008
08/23/95 112:39:51 { 21671.5628 | 485.6 |466.12 | 21.08 | 0.00749463 | 0.0003 | 28.6427 0.21 | 0.27305064 | 0.007
08/23/95 |12:44;51 | 21985.3774 503 [464.56 ; 21.38 | 0.01074647 i 0.0003 | 30.9396 | 0.211 | 0.34388708 | 0.007
08/23/95 |12:49:52 | 21546.4364 | 4755 |465.20 | 20.94 | 0.00436335 | 0.0002 | 20.8877 | 0.191 0.2518435 | 0.007
08/23/95 [12:54:52 | 21401.8641 | 492.5 {468.49 | 20.71 | 0.00761768 | 0.0002 | 24.0152 | 0.198 | 0.25496814 | 0.007
08/23/95 |12:53:51 | 21572.0607 | 478.2 [468.20 | 20.71 | 0.00380744 | 0.0002 | 18.5848 | 0.193 [ 0.17682201 | 0.007
08/23/95 [13:04:51 | 21905.4261 | 533.1 (46560 | 21.21 | 0.0081763 | 0.0003 | 32.819% | 0.214 | 0.34318057 | 0.007
5?3/23.'95 13:09:52 | 21510.1819 | 475.8 |458.40 20.3 | 0.00302245 | 0.0002 | 23.1997 | 0.194 | 0.19634699 | 0.007
08/23/95 113:14:52 | 21