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PREFACE

The work herein was conducted by personnel from TRC-Environmental
Consultants, Inc., (TRC), the GCA/Technology Division (GCA), CF Industries,
Inc., (CFI), Harrison, Tennessee, and the U.S. Environmental Protection
Agency (EPA).

The scope of the work issued under EPA Contract No. 68-02-2820, Work
Assignment No. 12 was under the supervision of the TRC Project Manager, Mr.
Willard A. wWade, III. Mr. Reed W. Cass of TRC served as Project Engineer and
was responsible for summarizing the test and analytical data in this report.
Analysis of the samples was performed at the CFI Harrison, Tennessee plant
under the direction of Ms. Margaret Fox and at the TRC labs in Wethersfield,
Connecticut under the direction of Ms. Joanne J. Marchese.

Mr. Tim Curtin of GCA was responsible for monitoring the process
operations during the testing program. GCA personnel were also responsible
for preparing Section 3.0 (Process Description and Operations) and Appendix M
of this report.

Members of CF Industries, Inc., Harrison, Tennessee whose assistance and
guidance contributed greatly to the success of the test program include Mr.
Fred W. Lockemann, Manager Engineering, Mr. John Turner, Process Engineer,
and Mr. Richard Westmoreland, Special Problems Chemist.

Mr. Eric A. Noble, Office of Air Quality Planning and Standards,
Industrial Studies Branch, EPA, served as Test Process Project Engineer and
was responsible for coordinating the process operation monitoring.

Mr. Clyde E. Riley,, Office of Air Quality Planning and Standards,
Emission Measurement Branch, EPA, served as Technical Manager and was

responsible for coordinating the emission test program.
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1.0 INTRODUCTION

1.1 Background

Section :ﬁfof the Clean Air Act of 1970 charges the Administrator of the
U.S. Environmental Protection Agency (EPA) with the responsibility of
establishing Federal standards of performance for new stationary sources which
may significantly contribute to air pollution. When promulgated, these
standards of performance for new stationary sources (SPNSS) are to reflect the
degree of emission limitation achievable through application of the best
demonstrated emission control téchnology. EPA utilizes emission data,
obtained from controlled sources in the particular industry under
consideration, as a partial basis for SPNSS.V

EPA's Office of Air Quality Planning and Standards (OAQPS) selected the CF
Industries, Inc., ammonium nitrate manufacturing plant at Harrison, Tennessee
as a site for an emission test program. This plant produces ammonium nitrate
for industrial and fertilizer use, and is considered to employ process and
emission control technology representative of high density ammonium nitrate
solution production, concentration, Prilling and rotary drum cooling
pProcesses. The test program was designed to provide a portion of the emission
data base required for SPNSS for the processes associated with the production
of ammonium nitrate.

EPA engaged TRC to measure ammonium nitrate and ammonia.concentrations and
mass flowrates; particle size distributions; and plume opacities. All
measurements made at this facility were performed during times of normal
operation of the ammonium nitrate production process, as described in Section

3.0, Process Description and Operations.



The measurement program was conducted at the CF Industries, Inc., ammonium
nitrate manufacturing facility in Harrison, Tennessee during the weeks of May
7 through May 11 and June 18 through June 22, 1979. The emissions tests
performed May 8 - 11, 1979 were designed to characterize and quantify
uncontrolled emissions from the solids production process (Prill Tower and
Prill Cooler) and to determine control equipment efficiency. The emissions
tests performed June 19 - 22, 1979 were designed to characterize and quantify
uncontrolled emissions from the solution production process (neutralizers and

evaporators) and to determine emission control efficiency.

1.2 General Process Description

Figure 1-1 presents a flow diagram of the production process, described

very basically as follows:

Nitric acid and ammonia are fed to two parallel
neutralizers, from which an 85% ammonia nitrate (aN)
solution flows into a common surge tank. The AN solution
then passes through a two-stage evaporator where it is
concentrated to greater than 99%. A magnesium nitrate
additive is added between the first evaporator (Calandria
Concentrator) and the second evaporator (Air-Swept
Falling-Film Evaporator). The 99+ percent solution is
then pumped to the top of the Prill Tower, through which
AN droplets fall countercurrent to an induced air flow.
The solid prill product is collected at the bottom of the
tower and is conveyed to a rotary drum cooler where it is
cooled and dried. After screening, correctly-sized prills
are conveyed to storage bins.

The air flew through the Prill Tower is directed to a Koch
valve tray scrubber. The rotary drum cooler exhaust air
stream is divided into two separate streams, each of which
enters a separate spray chamber scrubber. The air exiting
each spray chamber is again divided into two streams, each
of which enters a separate cyclonic separator. The four
Separator outlets are then combined into two. Emissions
vented from each of the neutralizers are driven by the
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internal operating pressure of the neutralizers through
venturi-cyclonic separator scrubbers. Emissions venting
from the evaporators are normally ducted to the Koch valve
tray scrubber along with the Prill Tower emissions; for
this testing program, however, evaporator emissions were
vented directly to the atmosphere.

1.3 Measurement Program

The measurement program was conducted at the CF Industries, Inc., ammonium
nitrate manufacturing facility in Harrison, Tennessee, during the weeks of May
7 - 11, and June 18 - 22, 1979. TRC personnel were responsible for sampling
and analyzing process emissions; concurrently, GCA was responsible for
monitoring pertinent process operation parameters.

Several of the test runs at the neutralizers were discontinuous due to
excessive amounts of water in the gas streams. These interruptions are
indicated in the Daily Summary Logs contained in Appendix D.

The components of the measuring program were as follows.

1.3.1 Prill Tower Scrubber

Ammonium Nitrate, Ammonia and Magnesium in Gas Stream

Three runs of concurrent inlet and outlet tests were performed in
accordance with prescribed EPA methods.

Particle Size Distribution in Gas Stream

Three test runs on the inlet gas stream were performed with a cascade
impactor in accordance with the impactor manufacturer's procedures.

Visible Emissions

The opacity of the Prill Tower scrubber exhaust plume was monitored
for approximately seven hours during the May testing period.

Scrubber Liquor Evaluation

Samples of the inlet and outlet scrubber 1liquor were collected
periodically during each test run. The temperature and pH of the



samples were measured, and the samples were subsequently analyzed for
ammonium nitrate, ammonia and undissolved solids.

Pressure Drop Across Scrubber

The gas pressure drop across the scrubber was measured periodically
during each test run.

1.3.2 Prill Cooler Scrubber

Ammonium Nitrate and Ammonia in Gas Stream

Three test runs were performed on the single common inlet to the
spray chamber scrubbers and on the two cyclonic separator outlets.

Visible Emissions

The opacities of the two Prill Cooler scrubber system exhaust plumes
were monitored simultaneocusly for three hours during the May testing
period.

Particle Size Distribution in Gas Stream

Three test runs on the inlet gas stream were performed with a cascade
impactor in accordance with the impactor manufacturer's procedures.

Scrubber Liquor Evaluation .

Samples of the common inlet and common outlet scrubber 1liquor were
collected periodically during each test run.

Pressure Drop Across Scrubber

The gas pressure drops across the scrubber (measured with two
manometers from the common scrubber system inlet to both of the
scrubber system outlets) were measured periodically during each test
run.

1.3.3 Neutralizers

Ammonium Nitrate and Ammonia in Gas Streams

Three runs of concurrent inlet and outlet tests were performed on
Neutralizer No. 1 scrubber, and three separate runs were performed on
the outlet of Neutralizer No. 2 scrubber. EPA test methods for high
water-content gas streams were followed.

Visible Emissions

The combined opacity of the two neutralizer scrubber plumes was
monitored for three hours during the June test period.



Scrubber Liquor Evaluation

Samples of the Neutralizer No. 1 scrubber inlet liquor were collected
periodically during the three test runs.

Pressure Drop Across Scrubber

The gas pressure drop across the Neutralizer No. 1 scrubber was
measured periodically during the test runs.

Integrated Gaseous Bag Samples

Bag samples of the Neutralizer No. 1 inlet gas stream were analyzed

for CO, and Oj. One bag sample was taken during each of the
three test runs.

1.3.4 Evaporators

Ammonium Nitrate and Ammonia in Gas Streams

Three test runs on the Calandria outlet and three test runs on the
combined Calandria and Air-Swept Falling-Film Evaporator outlet were
performed.

1.3.5 Product Sampling and Analysis

Prill Tower

The ammonium nitrate (AN) feed melt to the Prill Tower and the solid
AN prills from the tower were sampled and analyzed.

Prill Cooler

The solid AN prills from the cooler before screening were sampled and
analyzed.

Neutralizer

The 85% AN feed from Neutralizer No. 1 to the surge tank was sampled
and analyzed.

Evaporators

The 85% AN feed from the surge tank to the Calandria, the 94% AN feed
from the Calandria to the Air-Swept Falling-Film (ASFF) Evaporator,
and the 99% AN feed from the ASFF evaporator to the Prill Tower were
sampled and analyzed.




1.3.6 Ambient Air Measurements

Ambient air temperature, relative humidity and barometric pressure
measurements were taken periodically during the Prill Tower, Prill Cooler,
Neutralizer and Evaporator test runs. Measurements were made in the immediate

vicinity of the process involved.

1.3.7 Clean-up Evaluation and Audit Samples

The sampling train was assembled and charged as if ready to perform a test
for ammonium nitrate (AN} and ammonia. The unexposed impinger contents were
then recovered, prepared and analyzed according to procedure in order to
establish background/contamination levels of AN and ammonia.

Audit samples from EPA and from CFI were analyzed for ammonia and nitrate
after both the May and June testing periods in order to assess the accuracy of

the analysis procedures.

1.4 Description of Report Sections

The remaining sections of this report cover Summary of Results {Section
2.0), Process Description and Operations (Section 3.0), Location of Sampling
Points (Section 4.0), and Sampling and Analytical Methods (Section 5.0).
Descriptions of methods and procedures, field and laboratory data, and
calculations are presented in the various appendices, as noted in the Table of
Contents. Appendix R contains the results of the clean-up evaluations
performed on the sampling train equipment, and Appendix Q contains the results

of audit sample analyses.



2.0 SUMMARY OF RESULTS

This section presents the results of emissions tests performed at the CF
Industries Inc., Harrison, Tennessee, ammonium nitrate manufacturing plant in
May and June 1979. During this testing program, the gas and water streams
entering and exiting the prill tower scrubber, prill cooler scrubber and
neutralize scrubbers, and the gas streams from the Calandria and air-swept
falling-film evaporators, were sampled and analyzed. The process product was

also sampled periodically during the emissions tests and analyzed.

2.1 Prill Tower Scrubber

The ammonium nitrate and insoluble particulate measurements made on the
prill tower scrubber inlet and outlet gas stream samples are shown in Tables
2-1 (combined inlet and outlet), 2-2 (inlet) and 2-3 (outlet). The average
total particulate (ammonium nitrate Plus insoluble particulate) removal
efficiency is 46.9 percent.

The ammonia measurements made on the inlet and outlet gas stream samples
are shown in Tables 2-4 (combined inlet and outlet), 2-5 {inlet) and 2-6
(outlet). The average ammonia removal efficiency is 83.7 percent. Tables 2-5
and 2-6 also show a parameter labelled excess ammonia. Assuming that nitrate
is the 1limiting factor in the conversion of ammonia and nitric acid to
ammonium nitrate, excess ammonia is calculated by subtracting the ammonia
(presumably) combined with the measured nitrate from the total measured
ammonia.

The anomalously low ammonia measurements in Run 3 are probably due to the
fact that the ammonia injection mechanism on the prill tower was off durihg
this run. Conseqguently the Run 3 ammonia data are not included in the

averages.
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The magnesium measurements made on the inlet and outlet gas streams are
sh;wn in Table 2-7. The average magnesium removal efficienty is 72.4 percent.

The scrubber outlet samples were analyzed for ammonia by the specific ion
electrode (SIE) method and the Nessler method. The SIE analyses were done at
the CFI 1laboratory within 48 hours after samples were taken and the Nessler
analyses were done at TRC within 10 days of sampling. For this reason, and to
facilitate comparisons with inlet data resulting from SIE analyses alone, the
SIE ammonia data are considered the primary data for all data presented in
Section 2.0. Discussions of all analysis methods are contained in Section
5.0, Sampling and Analysis Methods.

The isokinetic percentages for the prill tower scrubber outlet test runs 1
and 2 are relatively high (108% and 111% respectively). The reasons for this
are not evident and can. probably be attributed to a contistent operator
error. The effect on the amount of particulate matter sampled is not

considered significant.

2.2 Prill Cooler Scrubber

The ammonium nitrate and insoluble particulate measurements made on the
prill cooler scrubber inlet and two outlets are shown in Tables 2-8 (inlet and
combined outlets) 2-9 (inlet) and 2-10 (each outlet). Because the flow rates
in the two scrubber outlet stacks were not equal to each other, averages
weighted by flowrate were calculated for some combined outlet parameters shown

in Table 2-8. The average total particulate removal efficiency was 90.3

percent.
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In Table 2-10 the west outlet insoluble particulate concentrations are
about twice those from the cast. This difference is magnified in the
calculated percent particulate catch by the fact that the east outlet ammonium
nitrate concentration is more than twice that of the west outlet. The reasons
for these differences between the east and west outlets are not evident.

Phe ammonia measurement data for the inlet and two outlet gas stream
samples are shown in Tables 2-11, 2-12 and 2~13. The average ammonia removal

efficiency was 79.0 percent.

2.3 Neutralizer Scrubbers

Ammonium nitrate and insoluble particulate data for the neutralizer No. 1
scrubber inlet and outlet gas stream samples are shown in Tables 2-14, 2-15
and 2-16. The average total particulate removal efficiency was 93.7 percent.
Two special tests were performed on the neutralizer No. 2 outlet only:
simultaneous test runs at 200% isokinetic and 50% isokinetic were run at
single points in order to determine if deviations from strict isokinetic
sampling techniques in a high water content gas stream (such as these
neutralizer scrubber outlets) affect the sampling results. The ammonium
nitrate and insoluble particulate data for these special tests are shown in
Table 2-17. Because of the scatter of the data, no definite conclusions on
the effects of the anisokinetic sampling can be drawn.

The leak check of the sampling train after the first inlet run revealed a
significant leak; as a result the Run 1 inlet sample volume and flowrate are
not included in the averages (Tables 2-14 and 2-15). The second and third
runs leak-checked satisfactorily, but the calculated percent isokinetics are
high for these two runs. These high isokinetics may be due to a slight error

in the calculated in-stack calibration factor.
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Because of the high ammonia concentration in the neutralizer samples, the
ammonium nitrate values shown in Tables 2-14, 2-15, and 2-16 may be somewhat
higher than what actually exists. The interference effects of ammonia on the
ammonium nitrate analyses are discussed in Section 5.0.

The ammonia measurement data from the neutralizer No. 1 inlet and outlet
gas stream samples are shown in Tables 2-18 (inlet and outlet) 2-19 (inlet)
and 2-20 (outlet). The average ammonia removal efficiency was calculated to be
less than zero, indicating more ammonia leaving the scrubber than entering.
The implication is that ammonia is being stripped from the scrubber water.
However, since only the scrubber inlet water was sampled and analyzed, the
reason for this negative ammonia removal efficiency remains unclear.

The ammonia measurement data from the 200% and 50% isokinetic sampling at
neutralizer No. 2 outlet are shown in Tables 2-21 (200% data) and 2-22 (50%
data). As with the particulate data in Table 2-17, no definite conclusions on
the effects of the anisokinetic sampling can be drawn.

The carbon dioxide content of the Neutralizer No. 1 and No. 2 samples was
evaluated by CFI using the Van Slyke analysis method. The results of these

analyses (corrected to 70°F and 29.92 inches Hg) are as follows:

CO3 Concentrations

Location Run (SCF/gallon)
eutralizer No. 1 Scrubber Inlet Qutlet

1 1.079 1.220

2 1.284 1.592

3 - 1.926 2.465

Neutralizer No. 2 Scrubber Outlet 200% 50%

1 0.411 0.462

2 0.770 0.642

3 0.899 0.899
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As described in Section 2.9, TRC directly evaluated the CO2 content of
the neutralizer No. 1 scrubber inlet gas stream during each test run using the
EPA orsat analyzer procedure. Since this scrubber system is essentially air
tight, these inlet CO, concentrations were applied to both inlet and outlet
Neutralizer No. 1 sampling data in order to calculate gas stream molecular
weights.

Cyclonic flow was observed at the neutralizer scrubber outlets and
cyclonic flow angles were measured using the pitot-nulling technique described
in EPA Reference Method 1. During the actual sampling however flow angles
were not employed (probe tip was not rotated directly into the gas flow). No
corrections have been made to the calculated neutralizer scrubber flow data,
so the volumetric and mass flowrates in these tables may be lower than the
flowrates that actually exist in the stacks. Average flow angles of 47 and 51
degrees were measured at the Neutralizer No. 1 and No. 2 scrubber outlets,
respectively. The flow angles measured at each traverse point are shown in
Appendix E. Details on current techniques of cyclonic flow measuring and data

handling are contained in Section 5.1 and Appendix E.

2.4 Evaporators

The ammonium nitrate and insoluable particulate data for the gas stream
leaving the Calandria alone, and for the combined gas streams from both the
Caléndria and the air-swept falling-film (ASFF) evaporator, are shown 1in
Tables 2-23 and 2-24, respectively. The ammonia data for these gas streams

are shown in Tables 2-25 and 2-26, respectively.
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Table 2-27 shows the results of subtracting the Calandria gas stream data
from the combined Calandria and ASFF gas stream data to yield calculated mass
flowrates for the ASFF alone. A possible explanation for the negative
ammonium nitrate mass flowrates shown in Table 2-27 is that the measured
ammonium nitrate concentrations and mass flowrates for the Calandria alone are
erroneous (too high). This is consistent with fact that the SIE analysis
method for ammonium nitrate (AN) is subject to positive error if the
background ion concentration is high relative to the nitrate concentration.
The very high concentrations of ammonia compared to AN concentrations in the
Calandria gas stream could be sufficient to produce a positive interference in

the AN analysis. This interference is discussed further in Section 5.0.

2.5 Particle Size Test Data

Particulate size distribution tests were performed on the prill tower
Scrubber and prill cooler scrubber inlet gas streams with a cascade impactor.
No size distribution information was obtained, however, because essentially
all of the particulate matter was caught in the pre-collector. The data for

these particle sizing test runs is shown in Appendix F.

2.6 Visible Emissions

The prill tower scrubber outlet plume was monitored by certified visible
emissions observers from TRC and CFI for approximately seven hours during the
May 1979 test period. The 6-minute average opacity of the bluish-white plume
ranged from 2 percent to 19 percent. The TRC data are shown graphically in

Figure 2-1 and are tabulated in Appendix H.
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The two prill cooler scrubber outlet plumes were observed simultaneously
for three hours during the May testing period by certified TRC and CFI
observers, and all observations were zero. The combined plumes from the two
neutralizer scrubber outlets were monitored for five hours during the June
test period by both TRC and CFI observers, and these observations were also

all zero. The TRC prill cooler scrubber and neutralizer scrubber data are

shown tabulated in Appendix H.

2.7 Scrubber Liquor Analysis Data

Half-liter samples of scrubber liquor from the prill tower scrubber
sump, the prill cooler scrubber system inlet and outlet, and the neutralizer
No. 1 scrubber inlet were taken approximately every 30 minutes during each
-emission test run. The analysis data for these samples are shown in Tables
2-28, 2-29 and 2-30, respectively.

The solution temperature was measured immediately after each sample was
taken; the pH was measured when the sample had cooled to room temperature.
At the completion of each test run thg individual samples obtained during
that run were combined into one composite sample and analyzed for ammonia,
ammonium nitrate, undissolved solids, and, in the case of one prill tower

scrubber sample, magnesium.

2.8 Scrubber Pressure Drop Measurements

Pressure drop measurements were made across the prill tower scrubber,
Prill cooler scrubber and neutralizer No. 1 scrubber during the emission test
runs. These data are shown in Tables 2-31 {prill tower), 2-32 (prill cooler
east), 2-33 (prill cooler west) and 2-34 (neutralizer number 1). The

following data show the pressure drop ranges observed at each location.
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TABLE 2-34

SUMMARY OF PRESSURE DROP MEASUREMENTS
MADE ACROSS THE NEUTRALIZER NO. 1 SCRUBBER
AT CF INDUSTRIES, INC., HARRISON, TENNESSEE

Pressure Drop

Date Run Number Time Inches HZQ_ Inches Hg
6-19-79 1 1558 . 52.0 3.8
1616 50.0 3.7
1632 49.5 3.6
1640 49.5 3.6
1650 48.5 3.6
1700 48.5 3.6
Average 49,7 3.7
6-20-79 2 1034 64.5 4.7
6-20-79 3 1333 $6.0 4.1
1339 57.0 4,2
1344 57.0 4,2
1359 58.0 4.3
1409 58.0 4,3
Average 57.2 4.2

-57-



Location Pressure Drop Range

Prill tower scrubber 10.2 - 11.0 inches Hy0
Prill cooler scrubber (east) 3.0 - 3.8 inches H0
Prill cooler scrubber (west) 4.2 - 4.4 inches H30
Neutralizer No. 1 3.6 - 4.7 inches Hg

2.9 Integrated Gaseous Bag Samples

One single-point gaseous bag sample was taken directly from the
neutralizer No. 1 scrubber inlet gas stream during each of the three
neutralizer tests runs. Each sample was analyzed for CO2 and 0, within
one hour of collection using the EPA Reference Method 3 Orsat analyzer

procedure. The data obtained from these analyses are as follows:

Location Run Percent CO, Percent 02
Neutralizer No. 1 Scrubber Inlet l1 - 80.5 4.5

2 80.0 4.0

3 77.0 4.5

2.10 Ambient Air Measurements

Ambient air temperature, relative humidity and barometric pressure were
recorded periodically during each emissions test run at the prill tower
scrubber, prill cooler scrubber, neutralizers and evaporators. These data are

shown in Tables 2-35, 2-36 and 2-37, respectively.

2.11 Product Samples

Solid product samples were taken by TRC personnel during the prill tower

scrubber and prill cooler scrubber emissions tests. These samples were

-58~-
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TABLE 2-37

SIMMARY OF AMBIENT AIR MEASUREMENTS MADE AT
THE NEUTRALIZERS AND EVAPORATORS AT
C F INDUSTRIES, INC., ’
HARRISON, TENNESSEE

Barometric
_ Ambient Relative Pressure
Date Run Number  Time Temp. °F  Humidity % Inches Hg
6-19-79 1 1633 94 34.5 29.6
1645 98 34.0 29.6
1654 95 34.0 29.6
Average 96 34 29.6
6-20-79 2 1033 85 54.5 29.67
1039 88 51.0 29.67
1045 88 51.0 29.67
1105 83 76.0 29.67
1114 87 57.0 29.67
1120 87 53.5 29.67
Average 86 57 29.67
.3 1324 89 51.5 29.67
1333 89 51.5 29.67
1345 90 |, 47.0 29.67
1357 87 57.0 29.67
Average 89 38 29.67
6-22-79 7 1036 84 62
1046 81 69
1051 81 69
Average 82 67
8 1322 85 53
1337 91 46
Average 88 49
9 1514 96 48
1524 90 41
1529 90 44
Average 92 14
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analyzed at the CFI plant for bulk density and sieve size within two hours of
collection time. The time and location of the sampling, and the results of
these analyses are shown in Tables 2-38 and 2-39.

Solid product samples were also taken by CFI personnel and were chemically
analyzed by CFI. The results of these analyses are considered confidential by
CFI and are not presented in this report.

Samples of the liquid ammonium nitrate {AN) 'solutions and feed melts were
taken by CFI personnel periodically during all the emissions test runs.
Sampled were the 85% AN solution from neutralizer No. 1l to the surge tank, the
85% AN solution from the surge tank to the Calandria, the 94% AN solution from
the Calandria to the ASFF evaporator and the 99% AN feed melt from the ASFF
evaporator to the prill tower. Chemical analyses were performed by CFI on the
samples for pH, temperature, ammonia and ammonium nitrate. These analyses
results are also considered confidential by CFI and are not presented in this

report.
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3.0 PROCESS DESCRIPTION AND OPERATION

Emission measurements were made at the CF Industries, Inc., Chattanooga
Nitrogen Complex facility in Harrison, Tennessee during May and June 1979 in
order to obtain data necessary for the development of a new source performance
standard for the ammonium nitrate (AN) manufacturing industry. This plant is
considered to employ process and emission control technology representative of
high density AN prilling, rotary drum cooling, and modern AN solution
production and concentration processes.

Figure 3-1 presents a flow diagram of the entire AN production process,
and Figure 3-2 shows more detail of the AN solution production and
concentration process. The emissions tests were designed to characterize and
quantify uncontrolled emissions from the solids production processes (Prill
Tower and Prill Cooler: May 8 - 1ll1) and the solution production processes
{(Neutralizers and Evaporators: June 19 - 22), and to determine emission
control equipment efficiency. During the emissions tests, process parameters
pertinent to the operation of the various production streams were monitored in
order to determine if the process was operating at representative steady-state
conditions. Emission test locations and process product sampling locations

are indicated by T and S, respectively, in Figures 3-1 and 3-2.

3.1 Process Equipment

Nitric acid at a concentration of approximately 58% by weight and
ammonia-rich off-gas from the 120 ton per day (108.9 x 103 kg/hr) once
through urea plant are fed to two parallel neutralizers. Additional ammonia,
when needed, can be supplied from ammonia vaporizers. Ammonia-rich urea plant

off-gas is preferred since this gas has no other use in the facility and would
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otherwise be wasted. The plant considered their neutralizers to be of the
atmospheric type because they operate at an internal pressure of about 5
pPsig. The neutralizer pH is generally between 6.3 and 7.0.

The B5% AN solution produced in the neutralizers flows into a common surge
tank. This surge tank also received recycled AN solution from the weak-liquor
evaporator. (The weak-liquor evaporator is a Calandria and receives-recycled
scrubber liquors and redissolved off-size product rejected by the screening
operation.)

The AN solution leaving the 85% AN surge tank is passed through a shell
and tube steam-heated Calandria for the first stage of concentration to a
nominal 96% AN concentration. The solution is then sent to the 96% AN surge
tank.

From the 96% AN surge tank, the AN solution is sent through an air-swept
falling-~film evaporator for second stage concentration to a nominal 99.4 to
99.9% by weight AN concentration.

Magnesium nitrate additive is injected into the 96% AN solution
immediately before the second stage of EOncentration at a rate of 0.5% by
weight as MgO or 1.85% by weight as Mg(NO3)2. This additive serves three
purposes: it increases the crystalline transition temperature of the solid
final product from 89°F (32°C) to 120°F (49°C); it acts as a dessicant
to draw water into the final product prills, thus reducing caking; and it
allows prilling to be conductedvat a lower temperature by reducing the molten
AN salting-out temperature.

The 99+ percent melt is pumped through jacketed pipe to the top of the
25-foot diameter aluminum Prill Tower. Either steam or weak condensate can be

pumped through the jacket, depending upon whether heating or cooling is
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required. The AN droplets fall downward countercurrent to an induced air flow
in the Prill Tower. The prills are collected at the bottom of the Tower on a
belt conveyor. The solid prill product is then conveyed to a rotary drum
cooler. .

The rotary drum cooler reduces the AN prill temperature while removing
nominal amounts of residual moisture from the prills. This is accomplished by
a stream of refrigerated air flowing countercurrent to the direction of the
Prill movement inside the cooler.

After the cooler, a vibrating screen sizes the prills. Over and
under-size prills are redissolved and recycled to the weak liquor concentrator.

The cooled, correctly sized prills leave the screen and are belt-conveyed
to either a 90-ton (Bl.6 x 103 kg) capacity bulk bin from which railcars or

trucks can be loaded or a 25-ton (22.7 x 103 kg) capacity bulk bin used to

supply the bagging operation.

3.2 Emission Control Equipment

Each neutralizer has been retrofitted with Monsanto "Brinks" H-V mist
eliminators to lessen the carry-over of raw materials and product.
Venturi-cyclonic separator scrubbers have also been recently installed on each
of the neutralizers. The 5§ psig (3.4 x 104 Pa) internal operating pressure
of the neutralizers provides enough forcg to operate the venturi scrubber at a
pressure drop of approximately 55 inches (140 cm) vertical water column.
Cyclonic separators immediately follow the venturis.

Along with the Prill Tower emissions, the first-stage Calandria
Concentrator, the second-stage Air-Swept Falling-Film Evaporator, the

weak-liguor concentrator, and the additive reactor vents are normally ducted
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to a Koch valve tray scrubber. For these emission tests, however, these
latter four process units were vented directly to the atmosphere so that only
the Prill Tower emissions were applied to the Koch scrubber.

Four ducts collect the total air flow through the Prill Tower and carry it
down the side of the Tower from where it is ducted over to the Koch valve tray
scrubber. Contaminated air from the Prill Tower enters the bottom of the
scrubber from two sides and must bubble up through two "valve" trays which are
each flooded with 4 inches (10 cm) of scrubbing liquor. The valve trays
operate in a similar manner to the bubble cap distillation principle.

The scrubbing liquor is maintained at 30 to 35 percent AN and is adjusted
to a pH of between 6.7 and 7.6 by the addition of nitric acid. This plant has
found that AN is not effectively scrubbed from the gas stream at a PH below 6
and ammonia is not scrubbed effectively above 7.8. The addition of nitric
acid to the scrubber liquor enhances ammonia removal from the gas stream by
promoting the formation of ammonium nitrate in the scrubber. Scrubber ligquor
is recycled to the weak-liquor concentrator for AN recovery.

Two fans, one 500 horsepower (3.73 x 105 watts) and one 600 horsepower
(4.47 x 10° watts), operate in parallel and exhaust to a common stack.
These fans induce the air flow through both the Prill Tower and the Koch
scrubber and their associated ducting. Dampers in the ducts after the fans
provide air flow rate control.

The rotary drum cooler exhaust air stream is divided into two separate
streams. These air streams each enter a spray chamber. The air exiting each
of the spray chambers is again divided into two streams (four streams total).

Each stream tangentially enters a Buell cyclonic separator. Each of the

-70-




cyclonic separators as well as the spray chambers are irrigated with a weak
ammonium nitrate solution. This scrubber solution as well as the Koch
SCrubber solution is recycled to the weak-liquor concentrator for AN
recovery. Two fans induce the air flow through separate pairs of Buell
units. The two fans in parallel also induce the chilled air flow through the

cooler. The fans each exhaust through a separate stack.

3.3 Production Rate Monitoring

During emissions testing of Neutralizer No. 1 and its associated venturi-
cyclonic separator unit, the nitric acid feed rate to the neutralizer was
monitored and recorded. Since no other flow measuring device was available,
the on-site nitric acid plant total production was piped directly to the two
pParallel neutralizers and the production rate was recorded. The nitric acid
surge tank and its pump were bypassed so that the nitric acid production rates
could be utilized as a measure of acid fed to the Neutralizer. By setting
both neutralizer internal pressures equal to one another, equal production
rates for each neutralizer were assured. This equalization of internal
pressures was checked before each emission test. Total production rates for
the neutralizers were calculated as 100% AN stoichiometrically from the

equation:

NH3 + HNO3 —— NH4NO3

and are as follows:
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Average Neutralizer No. 1
Production Rates
During Emissions Tests

PRODUCTION RATE

TEST {Ton/Hr) (Mg/Hr)
Scrubber Inlet and Outlet Test No. 1l 11.26 10.21
Scrubber Inlet and Outlet Test No. 2 11.54 10.47
Scrubber Inlet and Outlet Test No. 3 11.43 10.37

During emissions testing of the two-stage concentrators, direct reading
flow meters were utilized. The 85% AN solution flow rate to the first-stage
Calandria Concentrator and the 99% AN solution flow rate from the second-stage
Air-Swept Falling-Film Concentrator were mo;itored and recorded. Actual
production rates were calculated as 100% AN and are as follows:

Average Concentrator

Production Rates
During Emissions Tests

PRODUCTION RATE

TEST (Ton/Hr) {Mg/Hr)
Encontrolled Calandria Test No. 1 17.18 16.14
Uncontrolled Calandria Test No. 2 17.51 15.89
pncontrolled Calandria Test No. 3 17.66 16.02
Uncontrolled Air-Swept Falling-Film
i Test No. 1 20.30 18.42
Uncontrolled Air-Swept Falling-Film

Test No. 2 20.99 19.04
ncontrolled Air-Swept Falling-Film
Test No. 3 20.99 19.04
|

Ammonia (NH3) is injected into the high density evaporator and the head
house at the top of the Prill Tower. This is done to inhibit the
dissociation (fuming) of AN melt and reportedly cuts down on fine particulate
formation. Testing of the Prill Tower scrubber was conducted both with and
without ammonia injection. The ammonia injection status during each test was

as follows:
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Ammonia Injection Status
During Each Test

TYPE OF TEST TEST 1 TEST 2 TEST 3
rill Tower Emissions on on off
rill Tower Particle Size off on on
ooler Emissions off off on
ooler Particle Size off off on

The feed rate of concentrated ammonium nitrate melt to the Prill Tower as
measured by a volumetric flow meter was monitored and recorded. Actual
production rates are determined from this feed rate and a conversion equation
given by the plant. Since all of the prills leaving the Prill Tower go
directly to the cooler and no other product rate measuring devices are
present, the AN melt feed rate to the Prill Tower was used in calculating
production rates for the cooler. Average Prill Tower production rates during

testing of the Prill Tower and Prill Cooler scrubbers are as follows:

Average
Prill Tower Production Rates
During
Prill Tower Scrubber and Prill Cooler Scrubber
Testing
PRILL TOWER PRILL COOLER
TESTING TESTING
TEST (Tons/Hr) (Mg/Hr)| (Tons/Hr) (Mg/Hr)
Scrubber Inlet and Outlet Test No. 1 21.0 19.1 21.0 19.1
Scrubber Inlet and Outlet Test No. 2 21.0 19.1 21.0 19.1
Scrubber Inlet and Outlet Test No. 3 21.3 19.3 20.7 18.9
Scrubber Inlet Particle Size Test No.|1 21.0 19.1 21.0 19.9
Scrubber Inlet Particle Size Test No.{2 21.0 19.1 21.0 19.1
Scrubber Inlet Particle Size Test No.|3 21.0 19.1 21.7 18.7
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Appendix M contains the actual production rate calculations for all

emissions tests.

3.4 Production and_Control Equipment Monitoring

In addition to production rate determinations mentioned above, other
parameters were also monitored. During emission testing of Neutralizer No. 1,
the pH and temperature of both neutralizers, the 85% AN flow rate to the
Calandria, the nitric acid tank level and feed pressure, and the 85% AN tank
level were monitored and recorded.

During testing of the concentrators, the temperature and pressure of the
Steam to the Calandria and the temperature of the steam to the Air-Swept
Falling-Film Evaporator were monitored and recorded.

Averages and standard deviations of all the above parameters monitored
during the emissions tests have been calculated and are presented in Table 3-1.

During testing of the prill tower and its scrubber emissions, the
temperature of the steam to the high density evaporator, the AN melt spray
temperatures, the pressures of the two scrubber pumps, the north and south
scrubber fan amperes, and the scrubber liquor pH were monitored and recorded.

During testing of the cooler and its scrubbers, the AN melt feed rate to
the Prill Tower, the temperature of the steam to the high density evaporator,
AN melt spray temperatures, cooler air inlet temperature, four scrubber pumps
pressures, and scrubber liquor tank level were monitored and recorded.

Averages and standard deviations of all the above parameters monitored
during the emissions tests have been calculated and are presented in Table 3-2
for Prill Tower tests, and Table 3-3 for cooler tests.

Standard deviations of parameters are not presented for a test where the
number of parameter readings was three or less, unless the standard deviation

is zero. All recorded parameter values are presented in Appendix M.
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3.5 General Plant Operation

Neutralizer and Concentrator Operation

Overall, the solution production and concentration 1line operated smoothly
as the above data indicates. However, during the neutralizer testing,
constant monitoring and adjusting of the neutralizer pH was necessary.
The pH of both neutralizers never really "lined out", but plant personnel
did not feel this would affect either the emissions or the product.
Normal operation of the neutralizers includes a nitric acid surge tank and
pump; perhaps the removal of this surge tank and pump increased the lag
time of the pH controller and caused more fluctuations than normal. (For
these emissions tests, this tank and pump were bypassed, thus allowing the
nitric acid plant instrumentation to be used for neutralizer production
rate determinations.)

A decreased production demand led to a substantially reduced Air-Swept
Falling-Film Evaporator production rate between the first and second tests
of this unit. (S8ince no warehouse exists, the product must be shipped
very shortly after it is produced.) The unit's production rate had been
increased before the first two tests. After the second test, it was
decided not to turn down the rate until the testing was completed because
of the amount of manpower to accomplish this.

Prill Tower Scrubber and Cooler Operation

Overall, the entire AN solids production line operated very smoothly, as
Tables 3-2 and 3-3 indicate. However, during the first test of the Prill
Tower scrubber, the opacity of the scrubber stack seemed to noticeably
increase. The only explanation of this is that fumes from the neutralizer
overhead vents were sucked into the Prill Tower air inlet. One of the two
neutralizer overhead vents looked dirtier than the other until the liquor
flow rate to its venturi scrubber was increased.

Problems with the CO; compressor in the 120 ton/day (108.8 x 103
kg/day) once-through urea plant caused that plant to shut down.
Therefore, ammonia feed to the neutralizers had to be supplied from the
ammonia vaporizers instead of the normal, ammonia-rich, urea off-gas.
This problem occurred before the third test of the Prill Tower scrubber
and was corrected before the test started.
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4.0 LOCATION OF SAMPLING POINTS

This section presents descriptions of the sampling locations used during
the emissions testing program conducted at the CF Industries, Inc., Harrison,
Tennessee, ammonium nitrate plant during May and June 1979. During the week
of May 7 - 11, 1979, the Prill Tower scrubber and Prill Cooler scrubber were

evaluated. During the week of June 18 - 22, 1979, the neutralizer scrubbers
and the evaporator emissions were evaluated. Figure 4-1 presents a simplified

overhead view of the ammonium nitrate production facilities.

4.1 Prill Tower

4.1.1 Scrubber Inlet - Ammonium Nitrate Sampling

The scrubber inlet sampling site was located in a 117-3/4 inch 1I1.D.
horizontal fiberglass duct. A schematic of the sampling site, including the
traverse point sampling locations and duct dimensions, is shown in Figure
4-2. Two 3-1/2 inch pipe-flange sampling ports positioned 90° apart were
located 14 feet 1 inch (1.4 duct diameters) upstream of a short radius
right-angle bend. The nearest upstream disturbance was a contraction 40 feet
{4.1 duct diameters) from the ports. Since this sampling site did not meet
the "eight and two" criteria for distance from flow disturbances, eighteen
sampling points were chosen for each axis traverse, for a total of 36 sampling
points as specified in EPA Reference Method 1. Shown also in Figure 4-2 is a
cross-sectioned view of the duct at the sampling location and the exact

distance of each sampling point from the outside flange edge.

4.1.2 Scrubber Outlet - Ammonium Nitrate Sampling

The gases exiting the scrubber unit pass through two fans which direct the
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gases vertically through a fiberglass stack to the atmosphere. The scrubber
outlet sampling site was located in a 119-1/2 inch vertical fiberglass duct.
The stack was fitted with two 4-inch pipe-flange sample ports positioned 90°
apart. The two ports were located 5 feet 9 inches (0.6 diameters) upstream
from the top of the stack, and about 5 feet (0.5 diameters) downstream from a
baffle inside the stack. EPA Method 1 was again followed to yield 24 sampling
points for each axis traverse and a total of 48 sampling points in the stack.
Figure 4-3 shows a schematic of this sampling site including a cross-sectioned
view of the duct and the exact distance of each point from the outside flange

edge.

4.1.3 Particle Sizing Tests at Scrubber Inlet

Particle sizing tests were performed in the Prill Tower scrubber inlet gas
stream using a Sierra cascade impactor positioned in the duct through the test
ports used for the ammonium nitrate sampling tests. The impactor nozzle was

positioned at the geometric center of the duct for each impactor run.

4.1.4 Scrubber Pressure Drop Measurements

The gas pressure drop across the prill scrubber was measured with a water
manometer connected to taps in the scrubber inlet duct and the scrubber outlet

duct (upstream of the fans).

4.1.5 Scrubber Liquor Sampling

Scrubber liquor samples were taken from the scrubber sump downstream from

the circulating pump. Figure 4~4 shows the location of this sampling point.
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4.2 Prill Cooler

4.2.1 Scrubber Inlet - Ammonium Nitrate Sampling

The Prill Cooler inlet sampling site was located in a 30-inch I.D.
horizontal section of a stainless steel duct. Two 3-inch pipe~flange sampling
ports positioned 90° apart were located 21 inches downstream of a 1long
radius bend. The nearest downstream disturbance was' a short radius right
angle bend 13 inches from the ports. Following the EPA Reference Method 1, 24
sampling points were located on each of the two traverse axis, to yield a
total of 48 sampling points. Figure 4-5 shows a schematic of the sampling
site including a cross-section of the duct and the exact location of each

sampling point.

4.2.2 Scrubber Outlets - Ammonium Nitrate Sampling

The two Prill Cooler scrubber system outlet stacks (identified as East and
West) are identical in size. The sampling site in each was a 36-inch I.D.
vertical duct. Two 3-inch pipe flange sampling ports positioned 90° apart
were located 9 feet (3.0 duct diameters) downstream from an interior fan. The
nearest downstream disturbance was the top of the stack more than 6.0 feet
(2.0 duct diameters) from the ports. This sampling location required a total
of 48 sampling points, 24 on each traverse axis. The extreme points on each
traverse (points #1, 24, 25 and 48) were within 1/2 inch of the stack wall.
Due to an oversignt by the field test leaders these points were dropped from
sampling, instead of being moved to and sampled at 1" from the stack wall as
called for in EPA Reference Method #1. Figure 4-6 shows a schematic of this

sampling location.
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4.2.3 Particle Sizing Tests at Scrubber Inlet

Particle sizing tests were performed in the Prill Cooler scrubber system
common inlet gas stream using a Sierra cascade impactor positioned in the duct
through the test ports used for the ammonium nitrate sampling. The impactor
nozzle was positioned at the geometric center of the duct for each impactor

run.

4.2.4 Scrubber Pressure Drop Measurements

The pressure drops across the Prill Cooler scrubber system were measured
from the common gas stream inlet to the two outlet ducts, wusing two
manometers. The inlet pressure tap was a stainless steel tube inserted
through one of the ammonium nitrate sampling ports into the middle of the

duct. The outlet taps were located adjacent to each fan inlet.

4.2.5 Scrubber Liquor Sampling

Scrubber liquor samples were taken from the common inlet 1liquor 1line
(feeding both spray chambers) and from the common outlet liquor line returning
from all four Buell separators. Figure 4-4 shows the location of these

sampling points.

4.3 Neutralizers

4.3.1 Scrubber Inlet

The Neutralizer No. 1 venturi scrubber inlet sampling site was located in
a 20-inch I.D. vertical section of stainless steel duct. Because of physical
limitations at this location, only the southwest port with an extension was
used. This port was located seven feet {4.2 duct diameters) from the nearest

upstream flow disturbance {the neutralizer itself) and 22
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inches (1.1 duct diameters) from the nearest downstream flow disturbance (a
short radius right angle bend). On the one traverse axis, twelve sampling
points were chosen, in accordance with EPA Reference Method 1. Figure 4~7
shows a schematic of this sampling location. A special sampling probe
assembly was used to seal the port against the relatively high gas stream
pressure.

The inlet on Neutralizer No. 2 venturi scrubber was not tested.

4.3.2 Scrubber Outlets

Both neutralizer scrubber outlets were tested, and both outlet stacks are
identical. Each 19-1/2 inch I.D. vertical stack was fitted with two 3-1/2 inch
pipe-flange sampling ports positioned 90° apart. The ports were located
66-1/2 inches (3.4 duct diameters) downstream from a contraction, and 55
inches {2.8 duct diameters) upstream from the top of the stack.

In Neutralizer No. 1 scrubber outlet, only the back half of each traverse
axis could be used because of the physical limitations imposed by an in-stack
orifice. On each axis 7 sampling points were chosen, for a total of 14
sampling points. Figure 4-8 shows a schematic of the Neutralizer Number 1
scrubber outlet sampling location.

One sampling point on each axis (one inch from the duct center) was used
at the Neutralizer No. 2 scrubber outlet. Two probes were operated
simultaneously: one probe sampling at 50% isokinetic and the other probe at

200% isokinetic. Figure 4-9 shows a schematic of this sampling location.

4.3.3 Scrubber Pressure Drop Measurements

The pressure drop across the Neutralizer No. 1 scrubber was measured with

a manometer connected to taps in the scrubber inlet and outlet ducts.
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The inlet tap consisted of a stainless steel tube inserted through the special
pProbe assembly into the center of the duct. The special probe assembly was
inserted through the inlet sampling port. The outlet tap was a stainless
steel tube inserted through the outlet sampling port into the center of the

duct.

4.3.4 Scrubber Liquor Sampling

Scrubber liquor samples were taken from the Neutralizer No. 1 scrubber
liquor inlet, downstream of the circulating pump discharge. The sampling

location is shown in Figure 4-4.

4.4 Evaporators

4.4.1 cCalandria Concentrator Qutlet

The Calandria concentrator outlet sampling site was located in a 20-inch
I.D. vertical stainless steel duct connecting the Calandria to the gaseous
effluent duct from the Air-Swept Falling~Film Evaporator. Because of the
extremely high moisture content in this duct, sampling was limited, with the
use of an in-stack orifice, to one port and only one sampling point at the
center of the duct. Figure 4-10 shows a schematic of this sampling location.
The distances of this location from upstream and downstream flow disturbances

were not determined because only one point was sampled.

4.4.2 Calandria and Air-Swept Falling-Film Evaporator Combined Qutlet

The sampling site was located in a 19-5/8-inch I.D. vertical stainless
steel duct venting gaseous emissions from both the Calandria concentrator and

the ASFF separator. Two 2-7/8-inch pipe-flange sampling ports positioned 90°
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apart were located 45-1/2-inches (2.3 duct diameters) downstream from the
horizontal run of duct normally venting to the Koch scrubber, and 148-inches
{7.5 duct diameters) upstream from the top of the stack.

Only the back half of each traverse axis could be used because of the
physical limitations imposed by the in-stack orifice. Eight sampling points
were chosen on each axis, for a total of 16 sampling points. Figure 4-11

shows a schematic of this sampling location.

4.5 Visible Emissions Observation Locations

The Prill Tower scrubber outlet stack plume was observed from the top of a
holding tank 60 feet above the ground and 350 feet to the east of the stack.
A large black warehouse and silo was used as a background. This observation
position is shown in Figure 4-12.

The Prill Cooler scrubber outlet plumes were observed from a walkway 40
feet above the ground and 150 feet northeast of the stacks. The Prill Tower
was used as background. This observation position is shown in Figure 4-13.

The combined plume from the two neutralizer scrubber stacks was observed

from three different locations:

DISTANCE AND DIRECTION
FROM
LOCATION HEIGHT ABOVE GROUND NEUTRALIZER STACKS
A 0 feet 300 feet SSW
B 8 feet 75 feet NE
o 0 feet 150 feet W

The stack heights are 30 feet above ground level. Blue sky was used as a
background from locations A and B; blue sky and/or the Prill Tower were used

as a background from location C. Figure 4-14 shows these observer locations.
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All visible emissions observer locations conformed to the EPA Reference

Method 9 guidelines.

4.6 Product Sampling

Intermediate and final product samples were taken throughout the testing
program directly from their associated processes. Sampled material included
ammonium nitrate solution from the neutralizers and evaporators and solid

prills from the Prill Tower and the Prill Cooler.

4.7 Ambient Air Measurements

Ambient temperature and relative humidity measurements were taken
periodically during each emission test run in the immediate vicinity of the
process unit being tested. Barométtic pressure at each sampling location was
measured with an aneroid barometer calibrated against a mercury barometer
maintained by CFI.

During the Prill Tower emissions tests, temperature and relative humidity
measurements were taken at the base of the Prill Tower. Measurements during
the Prill Cooler testing were taken inside the cooler operation building.
During the Calandria and ASFF evaporator testing, measurements were taken on

the ground next to these process units.
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5.0 SAMPLING AND ANALYSIS METHODS

This section presents general descriptions of sampling and analysis
procedures employed during the emissions testing program conducted at the CF
Industries, Inc., ammonium nitrate manufacturing facility in Harrison,
Tennessee, during the weeks of May 7-11, 1979, and June 18-22, 1979. Details

of sampling and analysis procedures are contained in the Appendices.

5.1 EPA Reference Methods Used in This Program

The following EPA Reference Methods were used during this emission testing
program. These methods are taken from "Standards of Performance for New

Stationary Sources, Appendix A," Federal Register, Volume 42, No. 160,

Thrusday, August 18, 1977, pp 41755 ff.

© Method 1 - Sample and Velocity Traverses for Stationary Sources

This method specifies the number and location of sampling points
within a duct, taking into account duct size and shape and local flow
disturbances. In addition, this method discusses the pitot-nulling
technique used to establish the degree of cyclonic flow in a duct.

© Method 2 - Determination of Stack Gas Velocity and Volumetric Flowrate

This method specifies the measurement of gas velocity and flowrate
using a pitot tube, manometer and temperature sensor. The physical
dimensions of the pitot tube and its spatial relationship to the
temperature sensor and any sample probe are also specified.

o Method 3 - Gas Analysis for CO,, 02, Excess Air and Dry Molecular
Weight

This method describes the extraction of a grab or integrated gas
sample from a stack and the analysis of that sample for CO,; and
0, with an Orsat analyzer.

O Method 4 - Determination of Moisture Content in Stack Gases

This method describes the extraction of a gas sample from a stack and
the removal and measurement of the moisture in that sample by
condensation impingers. The assembly and operation of the required
sampling train is specified.
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© Method 5 - Determination of Particulate Emissions from Stationary
Sources

This method specifies the isokinetic sampling of particulate matter
from a gas stream utilizing techniques introduced in the above four
methods. Sample collection and recovery, sampling train cleaning and
calibration and gas stream flowrate calculatior procedures are
specified.

o Method 9 - visual Determination of the Opacity of Emissions from
Stationary Sources

This method describes how trained observers are to determine the
opacity of emissions. The duration and frequency of observations,
orientation of the observer with respect to the source, sun and
background, methods of data recording and calculation, and
qualifications of observers are specified.

Presently, the methods of cyclonic flow measurement and interpretation are
largely in their formative stages. As noted in Section 2.3, cyclonic flow was
observed and measured in the neutralizer sCrubber outlet stacks. The
pitot-nulling technique described in EPA Reference Method 1 was followed in
determining the magnitude of one component of the flow angle. In this
instance the actual sampling was performed without any adjustment for the flow
angles. 1In situations where cyclonic flow angles are taken into account, the
alignment approach (1) s generally used, as follows:

l. During particulate or velocity traverses, the probe top is rotated
according to the measured flow angle at each traverse point so that

the probe tip faces directly into the gas flow;

2. The sampling time at each traverse point is weighted according to the
magnitude of the flow angle at that point;

3. The cosine of the flow angle is applied{2) to the velocity
equations used to calculate flowrate.

(1) "Evaluation of Particulate Sampling Methods for Cyclonic Flow," Westlin,
P.R., et al., OAQPS, ESED, EMB, TSS, August 2, 1979. See Appendix E.

(2)  source Sampling Reference Method, prepared by Entropy Environmental-
ists, Inc., for USEPA, November 1977. See Appendix E.
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5.2 Ammonium Nitrate Sampling and Analysis

5.2.1 Sampling Methods

5.2.1.1 Prill Tower Scrubber and Prill Tower Cooler Scrubber

Ammonium nitrate in the Prill Tower scrubber and Prill Cooler scrubber
inlet and outlet gas streams was sampled at points identified in accordance
with the relationship of the sampling ports to upstream and downstream
disturbances. The velocity of the duct gas was measured with S-type pitot
tubes that were constructed, calibrated and used in accordance with EPA
Method 2. Two traverse axes were utilized at each sampling location, and
points along the complete length of each axis were sampled. 1Inlet and outlet
sampling tests were run concurrently.

The sampling train used is shown in Figure 5-1, and is a modification of
the standard EPA Reference Method 5 sampling train. The sampling train
consists of a nozzle; probe, teflon line, six impingers, vaccum pump, dry gas
meter, and an orifice flow meter. The nozzle is stainless steel and is of a
buttonhook shape. It was connected to a 5/8" stainless steel glass lined
probe. Following the probe, the gas stream passed through a 3/8" I.D. Teflon
line into an ice bath/impinger system.

The first two impingers each contained 100 ml of deionized distilled
water. Between the second and third impinger @ glass fiber filter was
positioned. This filter did not have to be tared bacause it was eventually
added to the water contents of the first two impingers. The next two
impingers were filled with IN H,S0, (100 ml of each). The fifth impinger
remained empty while the sixth was filled with 200 grams of indicating silca
gel to remove any remaining moisture.

Leaving the last impinger, the sample gas stream flowed through flexible

tubing, a vacuum gauge, needle valve, pump, and dry gas meter. A calibrated
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orifice and inclined manometer completed the sampling train. The stack
velocity pressure was measured with a pitot tube and inclined manometer.
Stack temperature was monitored by a thermocouple attached to the probe and
connected to a potentiometer. A nomograph was used to determine the orifice
Pressure drop required for any measured pitot velocity pressure and stack
temperature in order to maintain isokinetic sampling conditions.

Test data recorded included test time, sampling duration at each traverse
point, pitot pressure, stack temperature, meter volume, meter inlet-outlet

temperature, and orifice pressure drop.

5.2.1.2 Neutralizer Scrubbers

The sampling train used at the Neutralizer scrubbers was similar to that
used at the Prill Tower scrubber and Prill Cooler scrubber except that an
in-stack orifice and eight impingers were used, and the glass fiber filter
was positioned between the fourth and fifth impingers. The in-stack orifice
was necessary because of the high moisture contents of the Neutralizer
scrubber gas streams. With an in-stack orifice, the sampling rate can be
measured at actual stack conditions prior to any moisture condensation.

The train configuration consisted of an in-stack orifice and nozzle
assembly connected to a metal probe which was attached to eight impingers by
a teflon 1line. The first three impingers were filled with deionized,
distilled water (100 mls in each). The fourth impinger was empty. Between
the fourth and fifth impingers, the glass fiber filter was positioned. The
filter was not tared since it was eventually added to the water contents of
the first four impingers. The fifth, sixth, and seventh impingers contained
10N H S0, solution (150 mls in each). The eighth impinger was filied
with 200 grams of silica gel. The rest of the train was the same as that

shown in Figure 5-1, but without the final orifice.
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The inlet and outlet tests were run independently of each other. At the
Neutralizer No. 1 scrubber inlet, access existed to only one sampling port.
The relatively high pressure within the inlet duct (4 inches Hg) required the
use of a special probe assembly and shut-off valve that would seal the port
when inserted into the duct. A two-foot external extension was added to the
inlet sampling port to facilitate use of this probe assembly.

Before each test run, the probe with in-stack orifice was inserted into
the gas stream for about 15 minutes. This ensured that the orifice would be
at stack temperature when sampling began. Orifice gas temperature was
measured with an in-stream thermocouple located six inches from the orifice
assembly. A typical in-stack orifice assembly is shown in Figure 5-2.

Some problems were experienced at the Neutralizer No. 1 scrubber inlet
because of the high moisture content of the gas stream. As a result,
complete sampling tests were performed only on Neutralizer No. 1 scrubber.
Capillary tubing (0.1175 inch I.D.) connected the in-stack orifice pressure
taps to regular pressure lines within the sealed probe housing. These
capillary tubes freguently filled with water, thus interferring with
monitoring of the sampling rate. Because of the high pressure in the gas
Stream, the plugged lines could not be easily blown out, so the following
procedure was followed. An average orifice pressure drop was calculated to
represent the average velocity pressure across the duct. This pressure drop
was then set and left unchanged.

The outlet testing site on the Neutralizer No. 1 scrubber had two ports
positioned 390 degrees apart. The static pressure was less than one inch of
water at the outlet, therefore the valve and seal assembly used at the inlet
was not needed. The outlet testing site had the same condensation problem

occur with the in-stack orifice system. Since these outlet ports were not
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under pressure, the orifice pressure lines could be blown out with compressed
air after each traverse point. Then the proper orifice pressure drop could
be set at each traverse point to maintain isokinetic sampling. An excessive
amount of water was collected in the impingers and they had to be emptied
during port changes.

A special set of tests were performed on the Neutralizer No. 2 scrubber
outlet, with two ports 90 degrees apart. Simultaneous sampling with two
sampling trainé (identical to those used on the No. 1 scrubber) was performed
at one éoint on each traverse axis near the duct center. One train was
operated at a sampling rate of approximately 200 percent isokinetic, and the
other train was operated at approximately 50 percent isokinetic. The purpose
of these special tests was to provide additional information for sampling

neutralizer emissions.

5.2.1.3 Evaporators

The sampling trains at the Calandria vent and combined vent (Calandria
and Air-Swept Falling-Film Evaporator) were identical to those used at the
Neutralizer scrubbers.

Because of the small size of the Calandria vent and the extremely high
moisture content of the gas stream, only one point (duct center) on one
traverse axis was sampled. The extremely low dry gas flowrate through the
sampling train resulted in an unusually high vacuum being drawn in the
train. Extra care was required to minimize sampling train leaks and to make
sure that the initial dead wvolume of gas in the train (normally
insignificant) was discounted on the data sheets.

The test runs on the combined evaporator emissions were performed at two
ports spaced 90 degrees apart. The much lower moisture content of this gas

stream made sampling at several points along each traverse axis practical.
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5.2.2 Sample Recovery and Preparation

o Prill Tower Scrubber and Prill Cooler Scrubber Samples

At the completion of each test run, the train was leak checked. Then the
nozzle, probe, flexible teflon 1line, first two impingers, and their
connecting glassware were rinsed three times with deionized, distilled
water. Samples were put in glass containers with teflon-lined c¢aps as
follows:

Container #1 - contents of the nozzle, probe, flexible teflon line, first
two impingers, filter holder, their connecting glassware,
and the deionized distilled water wash of these articles
along with the glass fiber filter.

Container #2 - contents of the third, fourth, and fifth impingers, their
connecting glassware, and their 1IN HyS04 solution

rinse.

Container #3 - silica gel from the sixth impinger.

The content of the first container was filtered using a tared Buchner
funnel filter and a vacuum filtration setup in order to remove all traces of
undissolved material. The funnel filter was then stored in a labelled petri
dish and returned to the TRC chemical laboratory. The filtrate was divided

into two equal portions with concentrated HZS°4 being added to one

portion until its pH was six or less. To the second portion, 1 ml of 1M

boric acid was added per 100 mls of sample.

© Neutralizer Scrubber and Evaporator Samples

A procedure similar to that described for the Prill Tower scrubber and
Prill Cooler scrubber samples was followed. The contents of the sample
containers were:

Container #1 - contents of the first 4 impingers, the filter and the

distilled water wash of the nozzle, probe, teflon line,
filter holder, and their connecting glassware.
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Container #2 - contents of impingers 5, 6 and 7 and the 10N H,S04
rinse of these impingers and their connecting glassware.

Container #3 - silica gal from impinger 8.

The water contents of Container No. 1 were filtered using a tared glass
iber filter and a vacuum filtration setup to remove all ﬁraces of
ndissolved material. This filtration was done with a vacuum flask, vacuum
ump, and Buchner funnel. The filter was stored in a sealed petri dish and
eturned to the TRC chemical laboratory. Then the filter from the sampling
rain was added to the filtrate and allowed to dissolve out.

The filtrate was then divided into two portions: concentrated sto4
jas added to one portion until its pH was less than or equal to six; to the

second portion 1 ml of 1M boric acid solution was added per 100 mls of sample.

5.2.3 Sample Analysis

o Prill Tower Scrubber and Prill Cooler Scrubber Samples

Only the boric acid treated portion of the water impinger samples was
analyzed for ammonium nitrate (AN). The analysis was performed in the CFI
laboratory within 48 hours of sampling, using the specific ion electrcde
(SIE) method.

An Orion Model 92-07 nitrate electrode was used to specifically measure
the nitrate (N03) jon concentration in the sample. The amount of ammonium
nitrate in the sample was computed by assuming that nitrate was the limiting
species. Therefore, any dissociated nitrate ions detected in the sample
solution originated as ammonium nitrate. The acidified portion of the water
impinger samples and the acid impinger samples were not analyzed for AN
because high concentrations of other ions interfere with the analysis.

No difficulties were encountered with the ammonium nitrate analyses of

the Prill Tower scrubber and Prill Cooler scrubber samples.
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© Neutralizer Scrubber and Evaporator Samples

Only the boric acid treated portion of the water impinger samples were
analyzed for ammonium nitrate. The analyses were performed in exactly the
same manner as described for the Prill Tower scrubber and Prill Cooler
scrubber samples.

The interferring effects of high background ion concentrations were
apparently observed in the Calandria samples, as discussed in Section 2.4.
The Calandria gas stream contained a relatively high concentration of ammonia
which, in aqueous solution as ammonium ion, may have positively interferred
with the indicated ammonium nitrate (AN) concentrations. The result was
calculated negative AN mass flowrates from the ASFF evaporator.

While this ammonia interference may explain the calculated negative ASFF
ammonium nitrate mass flowrates, it also could have affected the neutralizer
AN values. The ratios of ammonia concentration to AN concentration were as
large or larger in the neutralizer samples as in the Calandria samples.
Consequently, the neutralizer AN values presented in Section 2.0 may be
somewhat greater than what actually exist. This interference was
demonstrated in the analysis of audit samples (Appendix Q). The analysis of
one audit sample, with an ammonia-to-nitrate concentration ratio of about 19,
indicated a nitrate concentration 17%¢ higher than the actual nitrate
concentration.

It appears that the only sure way to circumvent such situations would be
to remove or neutralize the interferring species. Because the degree of
interference depends on the relative strength of the interferring ion
concentration compared to nitrate ion concentrations, dilution of samples

will not relieve the problem.
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5.3 Ammonia Sampling and Analysis

5.3.1 Sampling, Sample Recovery and Sample Preservation

The same samples collected, recovered and preserved as described in

Sections 5.2.1 and 5.2.2 were analyzed for ammonia as well as ammonia nitrate.

5.3.2 Sample Analysis

o Prill Tower Scrubber and Prill Cooler Scrubber

All acid impinger samples {Container $2) and the acidified portion of all
water impinger samples were analyzed for ammonia by the specific ion
electrode analysis method at the CF1l laboratory within 48 hours of sampling.
In addition, a portion of each of these outlet samples was brought to the TRC
chemical laboratory and analyzed for ammonia by the Nessler method with
preliminary distillation.(l) These Nessler analyses were done within 10
days of sampling.

An Orion Model 95-10 ammonia electrode was used for the SIE analysis.
This method is extremely specific for ammonia and is not subject to the
interferences that affect SIE ammonium nitrate analysis. To each sample was
added enough 10M NaOH to bring the sample PH to 11 or greater, in accordance
with.the electrode manufacturer's procedures.

The Nessler analysis method is a colorimetric method subject to turbity
interference from a variety of species. Delays in sample analysis may result
in some species, like urea, breaking down or converting to ammonia and
vielding falsely high ammonia concentrations. Alternatively, delays in
sample analysis may allow dissolved ammqnia to diffuse out of solution,

yielding reduced ammonia concentrations.

(1) standara Methods of Water and Wastewater Analysis, 1l4th Edition, 1975,
pp 412 ff.
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A comparison of the SIE and Nessler data for the Prill Tower scrubber and
Prill Cooler scrubber, as well as the Neutralizers and Evaporators, shows
that some ammonia diffusion may have occured. Table 5-1 shows the average
ammonia sample weight measured at each sampling location (averaged over the
three test runs performed at each location). Over all tests at all

locations, the ammonia weight indicated by the Nessler Method was 89% that

indicated by the SIE Method. The Nessler analyses were performed within 10

days of the SIE analyses.

©o Neutralizer Scrubber and Evaporator Samples

These samples were analyzed in exactly the same was as described for the
Prill Tower scrubber and Prill Cooler scrubber samplesﬂ All ammonia analyses
were performed by both the SIE and Nessler methods.

The Neutralizer No. 1 (inlet and outlet) and Neutralizer No. 2 scrubber
samples were also analyzed for C02 by CFI. This analysis was performed on
the water impinger samples (Container #1) within 3 days of sampling using the

Van Slyke method.

5.4 Magnesium Sampling and Analysis

5.4.1 Sampling, Sample Recovery and Sample Preparation

The same Prill Tower scrubber samples collected, recovered and prepared
as described in Sections 5.2.1 and 5.2.2 were analyzed for magnesium as well
as ammonium nitrate and ammonia. The one exception to the above sample
preparation procedure was that a portion of the sample from the water
impingers (Container #1) was set aside untreated {no boric acid solution or

H2504 added) for magnesium analysis.
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TABLE 5-1

COMPARISON OF AMMONIA ANALYSIS RESULTS FRQM EMISSIONS TESTS
' AT C F INDUSTRIES, INC.,
HARRISON, TENNESSEE

4

Average Sample Weight*(mg)
Sampling Location SIEa Nessler® Percent Ratio
- ] ' (Nessler/SIE)x 100

Prill Tower Scrubber Outlet 572 513 90
Prill Cooler Scrubber Outlet East 27 23 85
Prill Cooler Scrubber Cutlet West 37 33 89
Neutralizer No. 1 Scrubber Inlet 48472 43584 90
Neutralizer No. 1 Scrubber Outlet 67608 64868 96
Neutralizer No. 2 Scrubber Outlet _
200% Isokinetic 18955 16570 87
50% Isokinetic 14171 12275 87
Calandria 7258 6640 91
Combined Calandria & ASFF 8437 7523 89
Average 89

* Averaged of three test runs
a Specific Ion Electrode Analysis Method
b Nessler (with preliminary distillation) Analysis Method
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5.4.2 Sample Analysis

The untreated portion of the water impinger sample and a portion of the
acid impinger sample were brought to TRC and analyzed for total magnesium by
atomic absorption (AA). An aliquot of sample was digested with a small
amount of nitric acid in order to dissociate any bound magnesium. A small
amount of this solution then was aspirated into the AA. These analyses were

performed in the TRC laboratory within 10 days of sample collection.

5.5 Insoluble Particulate

The water impinger samples (collected as described in Section 5.2.1) were
analyzed for insoluble particulate (undissolved solids) as follows. The
contents of Container #1 were suction-filtered using a previously desiccated,
tared glass fiber filter, Buchner funnel and vacuum system, as described in
Section 5.2.2. The filter was then placed in a petri dish and brought to
TRC. In the TRC laboratory, fhe filters were desiccated and weighed to a
constant weight. This analysis took place within 10 days of sample

collection.

5.6 Particle Size Distribution Tests

Particle sizing tests were conducted at the Prill Tower scrubber and
Prill Cooler scrubber inlet sampling locations using a Sierra Model 226
multi-stage cascade impactor with a cyclone preseparator. Prior to testing
the impactor was leak tested and the probe was placed in the gas stream for
twenty minutes to allow it to reach equilibrium temperature in order to
prevent condensation. Each test was thirty minutes in duration and was
performed under isokinetic sampling conditions at a predetermined average gas
velocity. The impactor was operated in its in-stack mode in accordance with

the manufacturer's procedures.
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The impactor was loaded before each test run with pre-weighed glass fiber
collection substrates. Upon completion of a test run, the substrates were
removed in a secluded, clean area and placed in petri dishes. The cyclone
preseparator contents were brushed into a tared sample jar and sealed. These
samples were brought to TRC and were weighed on an analytical balance to 0.1
mg in a constant humidity environment.

No meaningful data were obtained from the particle size distribution
tests in the Prill Tower Scrubber inlet and Prill Cooler scrubber inlet
because either too 1little particulate matter was collected or too much
particulate matter was collected in the cyclone preseparator. The reasons

for these erratic results could not be determined.

5.7 Integrated Gaseous Bag Sampling

An integrated gaseous bag sample from the Neutralizer No. 1 scrubber
inlet was drawn directly from the gas stream during each of the ammonium
nitrate particulate test runs. The sampling system consisted of a stainless
steel tube, a flexible teflon 1line, three impingers in series (each
containing concentrated sulfuric acid to absorb water) and a sample bag. The
duct gas pressure was sufficient to fill the sample bag without a pump. This
pressure also required that the stainless steel sampling tube be inserted
into the duct through the special probe assembly designed to seal the
sampling port.

The very low dry gas flow through the Calandria vent made it impractical
to obtain an adequate sample of dry gas. For this reason, no samples were
drawn at this location.

The bag samples were analyzed at the CFl laboratory within one hour of
sample collection. The samples were analyzed for CO2 and o2 using an EPA

Method 3 Orsat analyzer.
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5.8 Visible Emissions

Visible emissions observations were made on the Prill Tower scrubber
outlet plume, the two Prill Cooler scrubber outlet pPlumes, and the combined
Plumes from the two Neutr;lizer scrubber outlets. Opacity readings were made
simultaneously by certified TRC and CFI observers from locations chosen to
conform to the requirements of EPA Reference Method 9.

The Prill Tower scrubber plume was monitored every fifteen seconds over a
total observation period of about seven hours. Since the sky was overcast
during most of this time, the blue-white plume was observed against a black
industrial silo and waréhpuse.

The two Prill Cooler scrubber plumes (east and west) were monitored
simulataneously at seven second intervals each, over a total observation
period of about three hours. The Prill Tower was used as a background and no
visible emissions were observed from the two stacks.

The two Neutralizer scrubber plumes mingled and were observed as one
plume. The plume was monitored every fifteen seconds over a total
observation period of about five hours. Three different observation
locations were used, depending on the wind direction and lighting
conditions. Blue sky or the Prill Tower were used as a background, and no

visible emissions were observed.

5.9 Scrubber Pressure Drop Measurements

Pressure drop measurements across the Prill Tower scrubber, Prill Cooler
scrubber and Neutralizer No. 1 scrubber were made with vertical U-tube water
manometers connected to pressure taps at the scrubber inlets and outlets.
Pressure drops were recorded every three to fifteen minutes during the Prill
Tower scrubber and Prill Cooler scrubber test runs, and every six to thirty

minutes during each of the neutralizer scrubber test runs.
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5.10 Scrubber Ligquor Sampling and Analysis

Half-liter aliquots of scrubber liquor were collected approximately every
30 minutes during the emission test runs at the Prill Tower scrubber, the
Prill Cooler scrubber and the Neﬁttalizer No. 1l scrubber. Scrubber 1liquor
temperature was recorded at the time of collection, and the pH was measured
in the CF1 laboratory once the sample had reached room temperature.

The aliquots were then combined to form a single composite sample for
each emission test run. The composite samples were suction-filtered through
a tared glass fiber filter. The filtrate was then divided into two equal
portions, and concentrated sulfuric acid was added to one portion to bring
the pH to 6.0 or less. The second portion remained untreated.

The untreated portion was analyzed for nitrate by the specific ion
electrode analysis method and (for the Prill Tower scrubber samples) for
magnesium by atomic absorption. The acidified portion was analyzed for
ammonia by both the specific ion electrode (SIE) and Nessler analysis
methods. All these analyses were performed as described in Sections 5.2, 5.3
and 5.4. The Nessler ammonia concentrations averaged 88 percent of the SIE
ammonia concentrations, presumably for the same reason noted in Section 5.3.2.

The filter was desiccated and then weighed to a constant weight in order

to determine the undissolved solids content of the scrubber liquor.

5.11 Ambient Air Measurements

Ambient air temperature, relative humidity and barometric pressure
measurements were made approximately every fifteen minutes during each
emission test run. Measurements were made in the immediate vicinity of the

process operation being tested. Relative humidity was determined from wet
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bulb and dry bulb temperature measurements made with a Bendix psychron.
Barometric pressure measurements were made with an aneroid barometer

calibrated against a mercury barometer maintained at the CFI plant.

5.12 Process Sample Collection and Analysis

TRC personnel took samples of the solid ammonium nitrate product from the
Prill Tower and Prill Cooler during the emission test runs at these process
units. Bulk density and sieve analyses were performed on these samples at
the CFI plant within two hours of sample collection.

The bulk density was determined using a tared graduated cylinder and a
platform balance. The sample was passed through a riffle and then poured
into the graduated cylinder until it overflowed. The sample was then leveled
with the top of the cylinder, and the cylinder and contents were weighed.

The particle size of the product was estimated by means of a sieve
analfsis. A small amount {(about 250 grams) of sample was weighted to the
nearest 0.01 gram. This sample was then poured into the top sieve and then
shaken through the stack of sieves. After shaking, each sieve was weighed to
determine the amount of material retained by it.

Samples of the ammonium nitrate process solution were taken by CFI
pPersonnel from various loactions in the process. Chemical analyses were

performed on these samples by CFl1 who requested that the analysis results

remain confidential.
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