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PREFACE

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

The scope of work issued under EPA Contract No. 63-02-2820, Work
Assignment No. 10 was under the supervision of the TRC Project Manager,
Mr. Willard A. Wade, 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 Donaldsonvlle, Louisiana plant
under the direction of Ms. Margaret Fox of TRC and at the TRC labs in
Wethersfield, Connecticut under the direction of Ms. Joanne J. Marchese.

Mr. Stephen A. Capone and Mr. Timothy L. Curtin of GCA were responsible
for monitoring the process operations during the testing program. GCA personnel
were also responsible for writing the Process Description and Operation section
along with Appendix I of this report.

Members of CF Industries, Inc., Donaldsonville, Louisiana whose assistance
and guidance contributed greatly to the success of the test program include
Mr. Thomas Carville, Senior Environmental Engineer, Mr. Stephen Thompson, Area
Supervisor, and Mr. David Campo, Laboratory Supervisor.

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 operations 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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SECTION 1
INTRODUCTION

Section HI of 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 technology. To assemble this background information, EPA
utilizes emission data obtained from controlled sources in the particular industry
under consideration.

EPA's Office of Air Quality Planning and Standards (OAQPS) selected the
CF Industries, Inc. urea manufacturing plant at Donaldsonville, Louisiana as a site
for an emission test program. 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 urea.

The CF Industries, Inc. urea manufacturing plant at Donaldsonville, Louisiana
produces granulated urea for fertilizer use. The urea is made by seven
Spherodizers® (granulators) which operate continuously, 24 hours a day and 7 days a

week, as production demands.



Each granulator has its own impingement type water scrubber. The
granulator exhaust is ducted through the scrubber fan and is discharged from a
stack. Flow through the granulator to the constant flow scrubber is controlled with
a dilution damper which varies the ratio of dilution air to exhaust gas. A
schematic of the granulator and control system is shown in Figure 1-1.

Emissions sampling was conducted on the "B" granulator of the three older
units while its urea production rate was approximately 333 ton/day. Emission
sampling was also conducted on the main exhaust vent atop the urea synthesis
tower (see Figure 1-1). This vent combines the various solution forming process
gases into one common stack before exhausting them to the atmosphere.

EPA engaged TRC to measure urea, ammonia and formaldehyde concentra-
tions and mass flow rates; particle size distributions; and plume opacities. All
measurements made at this facility were performed during times of normal
operation of the urea production process as described in Section 3, "Process
Description and Operation."

The measurement program was conducted at the CF Industries, Inc. urea
manufacturing facility in Donaldsonville, Louisiana during the week of January 15

through January 19, 1979 and consisted of the following:

"B" Granulator Scrubber Measurements

1. Urea, Formaldehyde, and Ammonia in Gas Stream

Three runs of concurrent inlet and outlet tests were performed. The
tests were conducted in accordance with the prescribed EPA methods
for urea, ammonia, and formaldehyde and provided velocity, moisture,
ammonia, formaldehyde and urea particulate mass flow rate data.

2. Particle Size Distributions in Gas Streams

Three runs of an inlet test were conducted. The tests were performed
using the procedures provided by the cascade impactor manufacturer.

-2-
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3.

u.

5.

6.

70

Visible Emissions from Scrubber Stack

Approximately six hours of visible emissions observations were recorded
on the scrubber stack discharge. Observations were performed in
accordance with EPA Method 9 guidelines.

Gas Pressure Drop Across Scrubber

Pressure drop measurements were recorded approximately every five
minutes during the testing periods.

Ambient Air Temperature,Pressure and Relative Humidity

Wet and dry bulb ambient air temperatures and the barometric pressure
were recorded at frequent intervals during the test days.

Scrubber Liquid Sampling

Samples of inlet and outlet scrubber water were taken during the urea,
ammonia and formaldehyde testing. The pH and temperature of each
sample were recorded. The samples were composited into three inlet
and three outlet samples which were analyzed for urea, ammonia, and
formaldehyde, and percent solids.

Urea, Ammonia, and Formaldehyde Contents of Product

A single grab sample of the urea melt was taken and analyzed for urea,
ammonia, and formaldehyde. In addition, three grab samples of the
unscreened granulator product were analyzed for sieve, bulk density,
and percent moisture. These samples were then combined for a urea
and formaldehyde determination. The percent moisture determinations
were performed by CFI personnel.

Urea Synthesis Tower Vent Measurements

Urea and Ammonia in Gas Stream

Three test runs were performed according to procedures prescribed in
EPA methods for velocity, urea, and ammonia and for sampling gas
streams with high moisture content.

TRC personnel were responsible for collecting and measuring the above

emission parameters. Concurrently, GCA was responsible for monitoring and

recording necessary process parameters. A copy of TRC's Work Assignment and

Technical Directives is included in Appendix N.



The sequence of events for this sampling program is shown in Tables 1-1
through 1-3 (Daily Summary Logs).

Several of the test runs were discontinuous due to the excessive particulate
loading at the granulator scrubber inlet sampling location. These interruptions,
which also delayed the concurrent outlet sampling, occurred throughout the test
program.

The following sections of this report cover the summary of results
(Section 2), process description and operation (Section 3), location of sampling
points (Section %), and sampling and analysis methodologies (Section 5). In addition,
Appenf:iix L contains the results of the cleanup evaluations performed on the
sample collectors used during the test program. Detailed descriptions of methods
and procedures, field and laboratory data, and calculations are presented in various

appendices, as noted in the Table of Contents.
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SECTION 2
SUMMARY OF RESULTS -

INTRODUCTION

This section presents the results of a testing program conducted during the
week of January 15 through 19, 1979 at the CF Industries, Inc., urea manufacturing
facility in Donaldsonville, Louisiana. Testing was performed on gas and water
streams entering and exiting the "B" Granulator Scrubber and on the gas stream
venting from the Urea Synthesis Tower.

The inlet gas sampling location for the "B" Granulator Scrubber (designated
TP-1) was in a 23-foot straight section of horizontal duct located upstream of the
scrubber. The integrated gas samples for the urea, ammonia and formaldehyde
tests were collected isokinetically from 36 traverse points located in accordance
with EPA Referenc;e Method.! The gas samples for the particle sizing tests were
collected from a single point located at the centroid of the duct's cross sectional
area.

The outlet gas sampling locations for the "B" Granulator Scrubber (designated
TP-2) was in the 80-foot vertical stack located downstream of the scrubber. The

integrated gas samples for the urea, ammonia and formaldehyde tests were

1Standards of Performance for New Stationary Sources, Appendix A. Federal
Register, Vol. 42, No. 160-Thursday, August 18, 1977, pp. 41756-41758.
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collected isokinetically from 12 traverse points located in accordance with EPA
Reference Method l.

The gas sampling location for the Synthesis Tower Vent (designated TP-1)
was in the 46-foot straight section of vertical duct. The samples were extracted

from a single point located at the centroid of the duct's cross sectional area.

UREA, FORMALDEHYDE AND AMMONIA TESTS ON "B" GRANULATOR
SCRUBBER

The overall summaries of the urea, formaldehyde and ammonia results at the
"B" Granulator inlet (TP-1) and outlet (TP-2) are contained in Tables 2-1(a) and
2-1(b) in English and SI metric units, respectively. The calculated urea,
formaldehyde and ammonia removal efficiencies of the "B" Granulator Scrubber
averaged 99.8%, 50.2% and 20.5%, respectively.

Tables 2-2 and 2-3 present seperately the inlet and outlet data, respectively.
In addition, these two tables show the "corrected" urea data (corrected for possible
urea Jloss during the Kjeldahl analysis method), and the "corrected" and
"uncorrected” ammonia data resulting from the distillation-and-Nesslerization
analysis method. The ammonia correction is for potential conversion of urea to
ammonia during distillation. This second ammonia analysis method was added
because of the potential susceptibility of the direct Nesslerization method to
interferences.? Details of the analysis methods are contained in Seétion 5 and
Appendix K. Because of the uncertainties involved in correcting the urea and

ammonia data for urea conversion during analysis, the data in Table 2-1

2Standard Methods for the Analysis of Water and Wastewater, l4th Edition, APHA,
AWWA, WPCF, 1975.
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(uncorrectec’{‘ ui’ea and direct Nesslerization ammonia) should be viewed as the most
accurate data, with the following qualification.

The direct Nesslerization outlet ammonia mass flow rate appears to be very
high in Run 2 compared to those of Runs 1 and 3 (Table 2-3). The following
observations clarify this point:

1. Runs | and 3 each have mass flow rates which are nearly equal for both

t!\e direct-Nesslerization and the distillation-and-Nesslerization analy-

Sis.

2. Run 2 has a mass flow rate (by distillation-and-Nesslerization)
consistent with the mass flow rates of Runs 1 and 3.

3. Run 2 has a mass flow rate (by direct-Nesslerization) more than 50%
greater than those of Runs 1 and 3.

Thus, the Run 2 direct Nesslerization ammonia outlet result is suspect.

SAMPLING AND ANALYSIS PROBLEMS WITH UREA, FORMALDEHYDE AND
AMMONIA TESTS

As noted in Section 1, some test runs were discontinuous because the high
concentration and large size of urea particles at the scrubber inlet caused plugging
of the pitot tubes and the probe and nozzle. In order to quickly remove these plugs
from the nozzle, water was squirted into the probe each time a plug occurred.
Since this additional water contributed to the total amount of water collected
during each run, a seperate run for moisture alone was performed at the scrubber
inlet. Details of these problems are contained in Section 5.

At the B granulator scrubber inlet, the large difference between the results

of the two ammonia analysis methods is believed to be due to the conversion of the

-] 8-




jurea to ammonia during distillation. The analysis by direct Nesslerizati"oni‘was
performed at CF Industries in Donaldsonville, and the distillation/Nesslerization
analysis was performed at the TRC laboratory in Wethersfield, CT. The
distillation/Nesslerization method was done in addition to the direct Nesslerization
because of interferences due to turbidity in the direct Nesslerization method.
However, it is documented in the literature that approximately 7 percent of the
urea is converted to ammonia during the distillation procedure. This conversion
factor is not precise, and when the concentration of urea greatly exceeds that of
ammonia, even a small deviation from the 7 percent conversion factor would mean
a considerable amount of ammonia when compared to amount of ammonia actually
measured. Details of this urea conversion are presented in Section 5. The negative
ammonia concentrations shown in Table 2-2 serve to illustrate the magnitude of
error that can result with the distilled Nesslerization method. Therefore, the
ammonia results determined by the direct Nesslerization procedure are considered
to be the more accurate values.

The average ammonia results at the scrubber outlet (Table 2-3) are contrary
to those expected because conversion of urea to ammonia during distillation should
yield a greater ammonia mass flow rate for the distillation/Nesslerization method
than for the direct Nesslerization method. The probability that the direct
Nesslerization results for Run 2 may be anomalously high, as discussed above,may

partially explain this situation.

VISIBLE EMISSIONS FROM "B" GRANULATOR SCRUBBER STACK

The opacity of the plume from the "B" Granulator Scrubber stack ranged

from 5 to 10 percent. The six-minute arithmetic averages are presented

-19-



graphically in Figure 2-1 and are summarized in Table 2-4. The observations were
made from the synthesis tower with the local terrain as background. The detailed

information on the visible emission measurements can be found in Appendix C.

PARTICLE SIZE TESTS ON "B" GRANULATOR SCRUBBER INLET (TP-1)

Particle size distribution tests were conducted on the "B" Granulator
Scrubber Inlet (TP-1). Summaries of these test results are presented in Table 2-5.
The size of the particulates entering the "B" Granulator Scrubber was 100% >5.7
um. That is, all the particulate was collected in the cyclone precollector.

Therefore, it was not possible to plot cumulative size distribution curves.

PRESSURE DROP MEASUREMENTS ACROSS "B" GRANULATOR SCRUBBER

The pressure drop measurements across the "B" Granulator Scrubber were
made with a vertical U-tube water manometer which was connected to pressure
taps at the scrubber inlet and outlet. The pressure drop across the scrubber was
recorded at approximately 5 to 15 minute intervals during the tests for urea,
ammonia and formaldehyde.

The pressure dropsx across the "B" Granulator Scrubber ranged from 19.5 to

21.8 inches of vertical water column and are presented in Table 2-6.

UREA, AMMONIA AND FORMALDEHYDE IN SCRUBBING LIQUID ENTERING

AND EXITING "B" GRANULATOR SCRUBBER

Half-liter samples of the scrubbing liquid streams entering and leaving the
"B" Granulator Scrubber were collected at approximately 30-minute intervals

during the test runs. The solution temperature was measured immediately after

-20-
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TABLE 2-%

SIX MINUTE ARITHMETIC AVERAGE OPACITY READINGS
ON "B" GRANULATOR SCRUBBER STACK
ON JANUARY 17, 1979, AT CF INDUSTRIES, INC,,
DONALDSONVILLE, LOUISIANA

AVG. OPACITY

T E FOR & MIN. DATE
12:02 - 12:07 8.2 1-17-79
12:08 - 12:13 6.3
12:134 - 12:17 5.8
12:20 - 12:25 5.6
12:26 - 12:31 5.2
12:32 - 12:37 6.5
12:38 - 12:43 6.5
12:44 - 12:49 6.9
12:50 - 12:35 8.1
12:36 - 13:Q1 g.1
13:02 - 13:07 8.3
13:08 - 13:13 7.9
13:146 - 13:19 9.4
13:20 - 13:25 7.2
13:26 - 13:31 9.4
13:32 - 13:37 8.3
13:38 - 13:43 7.7
13:464 - 13:47 8.3
13:50 - 14:35 8.6
13:58 = 14:C1 7.4
146:02 - 14:07 7.6
14:C08 - 1l4:13 3.4
14:14 - 14:19 8.3
16:20 - 14:22% 9.0
15:50 - 13:55 8.6
15:58 - 15:01 8.3
16:02 -~ 18:07 8.3
16:08 - 16:13 8.2
16:14 - 16:19 5.3
16:20 - 16:25 7.7
16:26 - 16:31 g.0
16:32 - 16:36% 9.7 \ g

* Less than 6 =in average
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TABLE 2-4 (Continued)

SIX MINUTE ARITHMETIC AVERAGE OPACITY READINGS
ON "B" GRANULATOR SCRUBBER STACK
ON JANUARY 18, 1979, AT CF INDUSTRIES, INC,,
DONALDSONVILLE, LOUISIANA

AVG. QPACITY
TDE FOR 6 MIN. DATE

127534 - 12:49 5.0 1-18=79
12:50 - 12:35 | 5.0

12:3¢6 - 13:Q1 5.0

13:02 - 13:07 3.0

13:08 - 13:13 5.0

13:146 - 13:18 5.0

13:20 - 13:25 5.0

13;26 - 13:31 3.0

13:32 = 13:37 5.0

13:38 - 13:43 5.0 V
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TABLE 2-4 (Continued)

SIX MINUTE ARITHMETIC AVERAGE OPACITY READINGS
ON "B" GRANULATOR SCRUBBER STACK
ON JANUARY 19, 1979, AT CF INDUSTRIES, INC,,
DONALDSONVILLE, LOUISIANA

AVG. QPACTTY

™™ FOR 6 MIN. DATZ
~149:53 - 09:58 9.3 1-19-79
99:59 - 10:04 8.5
10:05 - 10:10 7.4
10:11 - 10:16 8.3
10:17 - 10:22 7.4
10:33 - 10:28 8.1
10:29 - 10:34 7.1
10:35 - 10:40 7.3
10:41 - 10:48 8.5
10:47 - 10:32 8.5
10:53 - 10:38 3.0
10:39 = 11:04 8.2
11:05 - 11:19 9.5
1:11 = 11:16 8.3
11:17 - 11:22 8.3
11:23 - 11:28 8.5
11:29 - 11:3¢ 8.8
11:35 - 11:4C 7.8
11:61 - 11:46 7.7
11:47 - 11:32 7.3 1
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TABLE 2-6

SUMMARY OF JANUARY 17 AND 18, 1979 "B" GRANULATOR ‘
SCRUBBER PRESSURE DROP MEASUREMENTS AT CF INDUSTRIES, INC,,
DONALDSONVILLE, LOUISIANA |

CLOCK CLOCK
DATE RUN TIME AP, "H,0 DATE RUN TIME AP "H,C |
01/17/79 1 1207 21.8 01/17/79 2 1644 20.2
1212 21.6 1658 20.4
1217 21.5 1703 20.4
1222 20.9 1708 20.4
1227 20.7 ’ 1713 20.2
1232 20.7 1718 20.3
1237 20.7 1723 20.4
1242 21.1 1728 20.6
1247 21.1 1733 20.6
1252 20.7 1738 20.6
1257 20.5 1743 20.4
01/17/79 1321 20.5 1748 20.5
1326 20.7 1753 20.2
1331 20.9
1336 20.9 Average 20.5
1341 20.7
1346 20.7 01/18/79 3 0946 21.6
1351 20.7 0951 21.2
1356 20.9 0956 21.0
1401 20.7 1001 21.1
1406 20.5 1006 21.0
1411 20.5 1011 21.2
1416 20.5 1016 21.0
1021 20.7
Average 20.9 1026 20.5
1031 20.7
01/17/79 2 1549 20.2 1036 20.6
1554 20.2 1041 20.7
1559 20.2 01/18/79 1122 20.5
1604 20.8 1127 20.5
1609 20.9 1137 20.6
l614 20.9 1142 20.3
1619 20.7 1147 20.3
1624 20.8 1152 20.2
1629 20.9 1157 20.1
1634 21.0 1202 19.8
1639 21.0 1207 20.0
1212 19.7
1217 19.5
Average 20.6
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H
T

each sample was collected. The pH was measured once the sample had coolecf toi
approximately 70° F.

For each test run, the individual samples were combined into two composite
samples (one inlet and one outlet) which were analyzed for urea, ammonia and
formaldehyde content. Table 2-7 presents a summary of the measured urea,
ammonia and formaldehyde concentrations and the percent solids in the scrubber
liquid composite samples. Table 2-8 contains the pH and temperature readings of
each of the individual samples.

The results of the scrubber liquid analyses show that the average urea

concentration of the outlet liquid is more than 5400 times greater than that of the

inlet liquid. This would be expected because urea is being scrubbed out of the gas
stream entering the scrubber. Analysis of the outlet liquid for ammonia by direct
Nesslerization was unsuccessful because the sample solutions turned cloudy when
the Nessler reagent was added. This is indicative of interference, due perhaps to
the high urea concentration. The distillation-and-Nesslerization ammonia results
are questionable, especially the outlet liquid results, because of the possible
conversion of urea to ammonia during distillation. The uncertainty of the urea
conversion is illustrated by the negative ammonia concentrations that result when
the conventional correction is applied.

The average formaldehyde concentration of the inlet liquid is 400 times more
than that of the outlet liquid, indicating that formaldehyde may be reacting with
the urea in the outlet liquid. The lower temperature of the outlet liquid reflects

the endothermic dissolution of urea into the scrubbing medium.

27~
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TABLE 2-8

SUMMARY OF pH AND TEMPERATURE _
MEASUREMENTS ON INDIVIDUAL SAMPLES OF SCRUBBING LIQUID
ENTERING AND EXITING "B" GRANULATOR SCRUBBER AT
CF INDUSTRIES, INC., DONALDSONVILLE, LOUISIANA

Sampling
Run No. Date Time Scrubber Inlet Scrubber Qutlet
pH °F pH °F

1 01/17-79 1215 9.50 135 8.15 126
1255 9.25 154 8.10 124

1331 9.15 164 8.10 124

1416 9.10 152 7.95 120

Average 9.25 151 8.08 124

2 01/17/79 1550 9.70 166 8.30 129
1620 9.50 183 8.20 128

1655 9.20 174 8.20 129

1725 9.20 167 8.10 128

1800 9.00 172 8.00 - 129

Average 9.32 172 8.16 129

3 01/18/79 0955 9.20 180 8.30 128
1030 9.30 172 8.25 126

1105 9.30 177 8.25 129

1140 9.30 173 8.20 127

1215 9.20 173 8.20 124

Average 9.26 175 .24 127
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The higher percent solids evident in the outlet scrubber liquid compared to

the inlet may be attributed to organic and inorganic materials insoluable at room

temperature (e.g., biuret and pipescale).

"B"_GRANULATOR PROCESS SAMPLES UREA, AMMONIA, AND FORMALD-
EHYDE COMPOSITION

Process samples were taken of the urea melt and the urea product before
screening. These samples were analyzed for urea, ammonija and formaldehyde and
the results of these analyses are summarized in Table 2-9. CF Industries
performed periodic checks on the moisture content of the granulated product. The
average values for the testing days is included in Table 2-9. Bulk density and sieve
analyses were performed on the granulated prodﬁct samples. These results are

presented in Table 2-10.

AMBIENT TEMPERATURES, BAROMETRIC PRESSURE AND RELATIVE HUMID-
ITIES AT CF INDUSTRIES, INC., DONALDSONVILLE, LOUISIANA

Table 2-11 summarizes the periodic meteorological measurements taken at

CF Industries, Inc., on January 17 through 19, 1979.

UREA AND AMMONIA TESTS ON SYNTHESIS TOWER MAIN VENT

A summary of the urea and ammonia test results on the Synthesis Tower Main
Vent (TP-1) are presented in Table 2-12. The average urea and ammonia mass flow
rates were 1.70 and 431 pounds per hour, respectively.

Appendix F contains the pertinent sampling data for the synthesis tower plus

all calculations. Special calculations were required because of the high ammonia

content in the gas stream.
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TABLE 2-9

SUMMARY OF UREA, AMMONIA AND FORMALDEHYDE MEASUREMENTS*
ON THE "B" GRANULATOR MELT AND PRODUCT-BEFORE-SCREENING
ON JANUARY 17 AND 18, 1979
AT CF INDUSTRIES INC., DONALDSONVILLE LOUISIANA

Percent By Weight

Urea Urea Product a
Melt Before Screening
Urea Composition
Uncorrected” 90.5 9.1
Corrected® 96.8 102.8
Ammonia Composition
Direct Nesslerization g 8
Distilled Unc:orrectedd 1.7 2.1
Distilled Corrected® 2.1 2.0
Formaldehyde Composition 0.4 0.6
Moisturef - 0.2

aComposite sample
Kjeldahl analysis results uncorrected for urea conversion during distillation.
k jeldahl analysis results corrected for urea conversion. (corrected = uncorrected x 1.07)

dDistilla'cion/Nesslerzation (D/N) analysis results uncorrected for urea conversion during
distillation.

eD/ N analysis results corrected for urea conversion. (corrected = uncorrected - 0.07 *corrected
urea/1.765.

fAverage of measurements by CF Industries Inc.
gTurbidity prevented sample evaluation.

*The data in this table are considered questionable, based on other analyses performed by
CFI and the fact that product samples contain many other compounds not analyzed for
here.

-3]1-



. . W 0z 19
£€Cele 991z 11°cie Sy st i)
UM T44 €V eEhe 1€ L€ S3ADG HO sse Jo ung
€he £Ene 0L°¢L hil¢ hi“€ 1h9°¢ 26°2 6°7 26°9 uioyjogy
€8°6 0h°9 F{d1| 616 €0°Y TR} | 12°8 6L°¢C cLeel 9] "ON JA9{Q
16° 4 80° 81 8C°0h 8.°¢CZ 6C )1 chon A 4 2891 16°6¢ )] ‘ON 9A3{S
6h° 8 8C 02 0z "9 he°C 90° 0L L8 8h €Ly 0z°61 9C Ch 1 "ON 2A01§
1€°¢L 10°¢2 Cl1°9¢ L2°0L ' T4 9H{°'09 e 69 29° 42 Zh° 8¢ 01 "ON aA2|§
€9°26 ci 6l 26°Zh 16°68 0z°6l 12794 0)°88 (Ta8'] ] 0S° hh 8 "ON 2A2(S
001 6€°¢L ¢C°9) 00} £0°01 hh 4z o0l 06°11 (AN T4 9 "ON 3A91§
1E°hZZ 92°¢Che 9€° Le $243|G 0} ajdwieg jeyo)
) : S0 will
ssp ssu wg ssep N will SSupy ssep i’
_So_‘d. _E%“. ‘ssepy jejoy jejo) LY jejoy, _s__wh ‘ssepy
o 0 . Jo jo Jo _
.:o_”:c._ .:o_“:u._ D10 - | DI . 201D, ] 240§
aAn aAn aAn )
-epund) -ejoum?) 1. -eppung
_ 6Z]81/T0 vio Chot) 62]11]10 vo o€ L11) am\:\_.o o n...m_mw
pa129fjo)) ¢ opduieg PaLDfO7) g opchiing Paydafjor) :“ ajdweg
" ; ) 100poU|
1oNpoLy 1aNpo.,| Rl
_.v:uuhun:-“ ho..c_::_:o POUDALISU() 0 JRINULLY) POUDIINSUN) Jojejhurln

VNVISINOT ‘A TUANOSUTYNOU “DNI ‘SANLLSNANI 4D LV
6461 ‘81 pue £} AUVNNVE NO ONINZDUOS HAO0ATU LONUOUI UOLVINNY YD wtl FHL NO
SINIWHANSVIW A LISNIU 31NG ANV AAHIS NO AUVWWNS

01-2 31UV

i io )



SUMMARY OF JANUARY 17, 18 and 19, 1979 AMBIENT TEMPERATURE
RELATIVE HUMIDITY AND BAROMETRIC PRESSURE MEASUREMENTS

TABLE 2-11

FOR "B" GRANULATOR AT CF INDUSTRIES, INC., DONALDSONVILLE, LOUISIANA

AMBIENT RELATIVE BAROMETRIC
SAMPLING TEMPERATURE HUMIDITY PRESSURE
DATE RUN TIME °F % INCHES Hg
01/17/79 1 1230 69 76

1245 69 76 :

1306 69 76 30.40

1320 69 76 30.40

1356 69 76 30.39

1443 70 74 30.39

Average 69 76 30.40

2 1523 69 79 30.39

1635 67 85 30.39

1715 63 80 30.39

1815 66 85 30.38

Average 68 82 30.39

01/18/79 3 0945 62 94 30.39

1005 62 9% 30.39

1020 64 90 30.39

1040 64 87 30.38

1055 66 82 30.38

1115 67 &5 30.36

1140 67 &3 30.36

1200 68 85 30.36

1435 69 85 30.28

1500 71 77 30.28

1525 73 73 30.27

1540 71 77 30.27

Average 67 84 30.34

01/19/79 1000 63 90 30.17

1020 68 90 30.17

1040 70 86 30.17

1100 70 86 30.17

1120 70 86 30.14

1140 75 70 30.12

1200 77 66 30.10

1230 73 75 30.10

Average 71 31 30.14
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SECTION 3
PROCESS DESCRIPTION AND OPERATION

PROCESS EQUIPMENT

Urea is produced by reacting liquid ammonia (NH,) with carbon dioxide (CO,)
at an elevated temperature and pressure. The reaction is exothermic and
spontaneous and results in formation of liquid ammonium carbamate (NH2 CO,
Nl-i#). The liquid ammonium carbamate is subsequently decomposed to urea
(CO(NHZ)Z) and water. The resulting solution of urea in water is concentrated to
89+ percent urea when it is finally solidified.

The Stamicarbon COZ Stripping Process is the urea synthesis method
employed at this facility. This particular process incorporates emission reduction
and energy recovery techniques in its standard design. The exhaust from the steam
jet ejector vacuum system on the evaporators usually consists of inerts, ammonia,
and traces of urea.

Liquid (70 percent urea) leaving the solution production area goes to a holding
tank prior to being concentrated to 99.5 percent in a two-stage vacuum evaporator.

The concentrated molten urea, referred to as melt, leaves the solution
synthesis process and is pumped to the solids formation equipment. This facility
employs rotary drum granulators, designed by C&l Girdler, as the solids forming

devices. A typical diagram displaying the process components is presented in

Figure 3-1.

-35-



JTATIAYID 1 ® D A9 AANDISAA SY SSHTOOUd DNIRINLOVANNYIW VIIN TVIIdAL T1-¢ d4NDId

s_ 3719A034 Q)08
-}

‘ . AALLIAAY
. SH3IUDS . C
13naoud - Al

vaun ainos
yiv 9NIT000

VA:O...<J::<:@

p se—

$83J0ud

g ——
¢ SISINLHAS 209
¥NUQ  AUVLOY vaun uaron| noirnios|
y HN
v,
, u
\\\xruam: 25 319403y | !
NY 4 HONDIT Y3AANUIS
~ NIVLS
, mmw |
JNIVLS | e
_ NOILYJO0T : NOILY
| 3TdNVS K _ _ AL

IT1dNVS

~-36-



The molten urea is sprayed onto a bed of solid urea "seed" particles at the
higher end of the inclined granulator. Lifting flights arrayed inside the granulator
cause the solid urea "seed" particles to continually fall through the moiten sprays
and a counter-current flow of cooling air. The molten urea solidifies on these
"seed" particles, increasing their size. As the particles grow in size, they
eventually spill over a retaining dam into the cooling section of the granulator.

Cooled granules leaving the rotary drum granulator are screened. Oversize
granules are crushed, combined with undersize granules, and returned in solid form
to the bed of material at the spray end of the granulator as make-up "seed."
Product size granules are loaded and/or conveyed to a bulk storage warehouse.

This facility does not coat the product urea granules. Instead, a
formaldehyde-based additive is added to the molten urea before it is sprayed in the
granulator.

Emissions points are the various vents in the solution synthesis process and
the granulator cooling air exhaust. The solution synthesis process vents are
combined into one stack before exhausting to the atmosphere. The granulator
cooling air passes through a scrubber and fan before being exhausted out a stack.
Scrubber liquid is returned to the solution synthesis process for urea recovery.

There are two separate urea production lines at this facility. Each line has
its own urea solution production plant and rotary drum granulator units for granular
urea formation. The production lines are identical except for size and age.

Production line No. 1 was put into service in October 1974, and is rated at
998 Mg/day (1100 tons/day) of solid urea granules. Solid urea is formed in three

parallel rotary drum granulators.
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Production line No. 2 was put into service in June of 1977 and is rated at 907
Mg/day (1000 tons/day) of solid urea granules. Solid urea is formed in four parallel
rotary drum granulators. The urea solution process feeding line No. 2 is sized to
allow production of 500 TPD of solution in addition to that required for solids

formation.

EMISSION CONTROL EQUIPMENT

Emission points from each urea solution production line include the high
pressure scrubber vent, the low pressure scrubber vent, and the steam jet ejector
exhaust from the vacuum evaporator concentrators. The high pressure scrubber is
utilized to recover ammonia from various process equipment overhead streams.
The vent is nécessary to remove inerts from the overall process. .........
ENote3.......... The scrubber liquor is carbamate recycle. The low pressure
vent on the total recycle part of the plant vents ammonia, water, and inerts. The
steam jet ejectors that maintain a vacuum on the vacuum evaporators also emit
ammonia, water, and inerts. There are no controls on these three emission points
other than standard process stream controls on a total recycle plant.

The exhaust air from each granulator is ducted to separate . .. ..c.e0 o0 v
. Notel4 ....... scrubbers . . ... .. Note5....... On line No. 1, each

scrubber exhausts through its own stack.

%Note 3 - See Item 3, Confidential Addendum, Contact Eric Noble, EPA (919)
" b 541-5213.

Note 4 - See Item 4, Confidential Addendum, Contact Eric Noble, EPA (919)
541-5213.

CNote 5- See Item 5, Confidential Addendum, Contact Eric Noble, EPA (919)
541-5213.
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PROCESS OPERATION

In order to determine whether production line 1 was operating at
representative steady-state conditions during testing, various process and control

equipment operating parameters were monitored.

PRODUCTION RATES

Production rates were calculated using the flow rate as measured by
magnetic volumetric flow meters. These meters measured the urea melt to the
rotary drum granulators in conjunction with the insitu density of the urea melt
(1.2 gm/cc).l As a check, totalizer readings on the product conveyor weigh belt
were also monitored. Average product rates for the B granulator during emissions
tests of its scrubber are presented in Table 3-1. Average product rates of the
solution production equipment during emissions testing of this equipment are
presented in Table 3-2. These were calculated using the totals of the feed rates

to all three granulators.

PRODUCTION AND CONTROL EQUIPMENT OPERATION

In addition to the process rate parameters mentioned above, many other
parameters were monitored to insure representative steady-state process
operation. During testing of B granulator emissions, inlet and outlet temperatures
of the urea and air streams through the B granulator were monitored, as was the
inhibitor addition rate. The ammonia feed rate for production line 1 was also
monitored. For the B granulator scrubber, liquor level, temperature, outlet

concentration, and inlet and outlet flow rates were monitored.
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TABLE 3-1 GRANULATOR B FEED RATE DURING GRANULATION EMISSIONS
TESTING

Test Granulator B Feed Rate

Scrubber
Scrubber
Scrupber
Scrutber
Scrubber
Scrutber

inlet and Cutlet Test Mo. 1 ce

Intet and Outlet Test No. 2 see

Inlaet and Outlet Test MNo. 3 o See a
. . . . MNote 6

Inlet Particle Size Test No. .

Inlat Particle Size Test wo. o

Inlet Particle Size Test No. K

“w Ny -

diote 6 -

£i4antial Acdendum, Contact Eric Meodle,

niid
5213.

ah
1.

8

s LC
) 54

nw
I >
(Yo ly 4
wr 2§
e )

f
{

€
7

TABLE 3-2 SOLUTION FORMATION RATE FOR
PRODUCTION LINE | DURING
SOLUTION FORMATION EMISSIONS

TESTING
Test Qutput as 100 Parcent
: ?
See
2 { Note 73
3 )

8iote 7 - See Item 7, Confidential
Addendum, Contact Eric Noble,
EPA (919) c541-8213.
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During emissions testing of the solution production equipment, CO2
compressor rate and vent scrubber overheads pressure (T105) were monitored in
addition to the above parameters.

Relative average values and relative standard deviations of all the above
parameters monitored during the emissions tests are shown in Table 3-3. A value
of 100 percent for a parameter represents the exact arithmetic average of all
values of that parameter monitored during all tests. Granulator and scrubber
parameters were monitored during the particle size and solution tower tests, and
these values were incorporated into the relative averages and standard deviations
shown for the granulator scrubber inlet and outlet tests. Standard deviations are
not presented for tests where the number of readings was three or less. Actual

values of monitored parameters are presented in Appendix I.

"B" GRANULATOR AND SCRUBBER OPERATION

Average temperatures of the air inlet and outlet streams and the urea outlet
stream to the granulator show considerable variation between test periods. The
difference between average temperatures of a given stream for two test periods
often exceeds the standard deviations of the temperatures during the two tests.
The effect of these variations on the particulate concentration entering the 'B'
granulator scrubber cannot be predicted. Inhibitor addition rate was gradually
reduced between January 17, when the first scrubber air inlet and outlet tests were
made, and January 18, when the last tests were made. It was maintained at a
constant value during particle size characterization tests, although this rate was

somewhat lower than the rates used during scrubber inlet and outlet tests.
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Scrubber liquor level was maintained constant during tests of scrubber air
outlet. There was some variation of average liquor feed and blow-down rates,
temperature, and concentration between the three tests, as can be seen in Table 3-
4. The effect of variations in these last three parameters on emissions cannot be

predicted.

SOLUTION PRODUCTION EQUIPMENT OPERATION

Average values of the ammonia feed pump RPM, CO2 compressor rate, and
urea solution feed to the evaporators were fairly uniform for the various test

periods. Vent scrubber overheads pressure also showed little variation.
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TABLE 3-4 SCRUBBER OPERATING PARAMETERS DURING SCRUBBER t’
AIR INLET AND OUTLET PARTICULATE LOADING TESTS

Test a
Number See Note 8 |
!
1
2 ' See Note g2
3

3yote 8 - See Item 8, Confidential Addendum, Contact Eric Noble,
EPA (919) 541-5213.

mornin of January 18, the plant was hav{ng trcuble maintqining
o : o No testing of solution formation

the correct ammonia to CO, feed ratio. . : )
- equipment was conducted that morning, aqd the feeq ratio problem is not expec-
ted to have affected emissions from solids formation.

bl
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1. Letter to T. Curtin, GCA/Technology Division, from M. Dial, Vice President,
Manufacturing, Lousiana Region, CF Industries, Inc., Donaldsonville,
Louisiana, May 28, 1979.
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SECTION &
LOCATION OF SAMPLING POINTS

Testing was conducted on the "B" Granulator Scrubber and the Synthesis
Tower Vent at the CF Industries, Inc., urea plant in Donaldsonville, Louisiana. This
section presents the detailed descriptions of the sampling locations for the urea,

ammonia, formaldehyde, particle size and the opacity measurements.

SCRUBBER INLET, TP-1

The scrubber inlet sampling site was located in a 49 1/2 inch LD. horizontal
section of steel duct. A schematic of the sampling site including the traverse point
sampling locations and duct dimensions is presented in Figure 4-1. Two 4-inch
pipe-flange sampling ports positioned 90° apart were located 6 feet (1.45 duct
diameters) upstream of a short radius right-angle bend. The distance from the
ports to the nearest upstream disturbance (another right-angle bend) was 17 feet
(4.12 duct diameters).

This inlet sampling location did not meet the "eight and two diameter"
criterion as outlined in EPA Method 1; consequently 18 sampling poin\ts were
chosen for each axis traverse for a total of 36 sampling points as specified in the

method. Figure 4-1 shows a cross sectional view of the duct at the sampling

location and lists the exact distance of each traverse point from the outside flange

edge.
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SCRUBBER N\ -
rI.au.s'f PORTS =0 T

; !
- 6' r!~ 17 ;

DILUTION E
AIR !

SCRUBBER

L/
TRAVERSE POINT 493" 533"
TRAVERSE DISTANCE FROM OUTSIDE 1.0.
POINT NUMBER EDGE OF FLANGE, INCHES /

1 5"

2 6l

3 7%,

4 95"

5 113,

5 134, .
7 15 5/5 "

8 18 %"

9 22 % °

10 34 %,

11 8"

12 a1 7 "

13 44, "

14 a6t/ "

15 a8y "

16 49 3, "

17 A

18 2:4,

FIGURE 4-1: LOCATIONS OF "B" GRANULATOR SCRUBBER INLET

TEST PORTS AND PQINTS AT CF INDUSTRIES INC.,
DONALDSONVILLE, LOUISIANA
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SCRUBBER OUTLET, TP-2

The cleaned gases exiting the scrubber unit are ducted to an induced draft
fan adjacent to the scrubber system. The fan discharge is directed vertically
through a steel stack to the atmosphere.

The "B" scrubber 60 inch LD. outlet stack was fitted with two 3-inch pipe
flange sampling ports positioned 90° apart in a horizontal plane. The two ports
were located 40 feet (8 stack diameters) downstream from the fan discharge, and
20 feet (4 stack diameters) upstream of the top of the stack. See Figure 4-2. The
port locations met the "eight and two diameter" criterion as delineated in EPA
Method 1; consequently 6 sampling points were used for each axis traverse for a

total of 12 sampling points as specified in the method.

INLET PARTICLE SIZE SAMPLING LOCATION, TP-1

Particle sizing test runs were performed in the "B" granulator scrubber inlet
gas stream. An in-stack cascade impactor was positioned in the duct through the
test ports used for the emissions tests. The impactor nozzle was located at the
geometric center of the duct for each impactor run. Only this one central
sampling point was used in order to maintain isokinetic sampling, per standard

procedures established by the cascade impactor manufacturer.

VISIBLE EMISSIONS OBSERVATION LOCATIONS

The white scrubber stack plume was observed from a position 90 feet above
ground level and about 10 feet above the top of the stack. Observations were made
looking north to the stack, 150 feet away. The plume was observed against a

background consisting of a railroad bed and the ground nearby. This position was
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selected to conform to the EPA Method 9 requirements. The location of the smoke

observer is shown in Figure 4-3.

SCRUBBER PRESSURE DROP MEASUREMENT LOCATIONS

Pressure drop across the "B" granulator scrubber was measured with a
vertical U-tube water manometer which was connected to pressure taps at the
scrubber inlet and outlet. The inlet pressure tap was located in the inlet duct 10
feet upstream of the scrubber. The outlet pressure tap consisted of a hole drilled

through the transition ducting between the scrubber outlet and the inlet of the fan.

SCRUBBER LIQUID COLLECTION LOCATIONS

Scrubber solution samples were collected from the streams entering and
leaving the "B" granulator scrubber. See Figure 4-4. The inlet sample was tapped
from the solution line just before it entered the scrubber. The outlet sample was

tapped from the pump discharge.

PROCESS SAMPLE COLLECTION LOCATIONS

Throughout the testing program, process samples were collected directly
from their applicable process units/operations. These consisted of samples of urea

melt and the granulator unscreened product.
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= “B" GRANULATOR

SCRUBBER

INLET
TAP
PUMP
OUTLET
TAP
FIGURE 4-4: LOCATIONS OF SCRUBBER LIQUID COLLECTION .

TAPS FOR JANUARY 17 - 19, 1979 TESTS ON
"B" GRANULATOR AT CF INDUSTRIES INC.,
DONALDSONVILLE, LOUISIANA
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UREA SYNTHESIS TOWER VENT LOCATION

The urea synthesis tower sampling site was located in a 14 inch LD. vertical
sectiod of heavy gauge stainless steel pipe. A schematic of the sampling site is
presented in Figure 4-5. One 6 inch L.D. pipe flange sampling port was positioned
approximately 16 feet (13.7 stack diameters) upstream of a connecting exhaust
vent. The distance between the sampling point and the stack vertex was
approximately 30 feet (25.7 stack diameters). The port location met the EPA
" Method 1 criterion. The use of an in-stack orifice in the 14 inch L.D. stack
restricted the sampling to a single point. The nozzle was positioned at its centroid

of the stack for the three runs.

AMBIENT AIR TEMPERATURE AND RELATIVE HUMIDITY MEASUREMENT
LOCATION

The ambient air temperature and relative humidity measurements were made
on the ground next to the CFI chemical laboratory, within 300 yards of the "B"

Granulator.
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FIGURE 4-3: LOCATION OF SYNTHESIS TOWER SQLUTION
VENT SAMPLING PCRT AT CF INDUSTRIES INC.,
DONALDSCNVILLE, LOUISIANA
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SECTION 5
SAMPLING AND ANALY SIS METHODOLOGIES

This section presents the description of the sampling and analysis
methodologies employed at the CF Industries, Inc. urea manufacturing facility in
Donaldsonville, Louisiana during January 15-19, 1979. Sampling and Analysis

Methodologies are categorized as:

Urea, Formaldehyde, and Ammonia "B" Granulator Scrubber
Visible Emissions "B" Granulator Scrubber

Particle Size "B" Granulator System Inlet

Scrubber Liquid "B" Granulator

Process Samples "B" Granulator

Urea and Ammonia Synthesis Tower Main Vent

mmg O w3
1

The EPA designated methods and any deviations from these methods are
contained in Appendices J and K. This section presents general descriptions of the

methods along with discussions of problems encountered during the test program.

UREA, FORMALDEHYDE, AND AMMONIA METHODS USED ON "B" GRANU-
LATOR SCRUBBER

Urea, formaldehyde, and ammonia in the "B" Granulator Scrubber inlet and
outlet gas streams were sampled at points identified by EPA Method 1 in
accordance with the relationship of the sampling ports to upstream and
downstream flow disturbances. The velocity of the duct gas was measured using
calibrated S-type pitot tubes in accordance with EPA Method 2. Construction and
calibration of the S-type pitot tubes was consistent with EPA Method 2. The

complete methods for sampling and analysis for urea, formaldehyde and ammonia

are contained in Appendix K.
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The sampling train is shown schematically in Figure 5-1 and consists of
nozzle, probe, Teflon line, six impingers, vacuum pump, dry gas meter, and an
orifice flow meter. The nozzle (1) is stainless steel and is of buttonhook shape. It
was connected to a 5/8" stainless steel glass lined probe (2) that is wrapped with
nichrome heating wire and jacketed. The probe temperature was maintained at
approximately 190°F at the inlet and approximately 110°F at the outlet in order to
prevent condensation of the sampled gas. Following the probe, the gas stream
passed through a 3/8" L.D. Teflon line (3) into an ice bath/impinger system ().

The first and second impingers in the ice bath contained deionized distilled
water (100 ml), the third and fourth contained 100 mil of IN HZSO4 each, the fifth
was dry, and the sixth contained silica gel (200 grams) to remove any remaining
moisture. Leaving the last impinger, the sample stream flowed through flexible
tubing (5), a vacuum gauge (6), needle valve (7), pump (8), and a dry gas meter (9).
A calibrated orifice and inclined manometer (10) complete the sampling train. The
stack velocity pressﬁre was measured using a pitot tube (11) and inclined
manometer. Stack temperature was monitored by a thermocouple attached to the
probe and connected to potentiometer (12). A nomograph was used to rapidly
determine the orifice pressure drop required for any pitot velocity pressure and
stack temperature in order to maintain isokinetic sampling conditions.

The recorded test data included test time, sampling duration at each traverse
point, pitot pressure, stack temperature, meter volume, meter inlet-outlet
temperature and orifice pressure drop. At completion of each run, the nozzle and
probe contents were tripled washed and brushed into a glass sample jar. Next, the
Teflon line between the probe and first impinger was also rinsed three times with

distilled, deionized water into the same glass sample jar which was then sealed
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with a Teflon lined cap. The sample jars and impingers were returned to the sample
train prep-and-clean-up room.
At the same prep-and-clean-up room, the contents of the impingers were
transferred to tare-weighed sample jars. The sample jars were used as follows:
Jar #1 - contents of the first and second water impingers, the water wash
of these impingers and their connecting glassware, and the nozzle,

probe and teflon line washes.

Jar #2- contents of third and fourth acid impingers, the water wash of
these impingers, and their connecting glassware.

Jar #3 - silica gel from the sixth impinger.

The contents of jars 1| and 2 were analyzed by a TRC chemist,
Ms. Margaret Fox, at the CF Industries laboratories and also at the TRC
laboratories. Ammonia concentrations were determined by two methods: 1)direct
Nesslerization (on-site) and 2) preliminary distillation (on-site) followed by
Nesslerization (at TRC). Urea concentrations were determined by the Kjeldehl
analysis method, as follows: the portion of sample remaining after the preliminary
distillation was then digested and redistilled (on-site) and then brought to TRC for
completion of the urea analysis. Urea and ammonia concentrations were in all
cases determined colorimetrically with a spectrophotometer at a wave length of
405 nm.

The analysis for formaldehyde, done after transporting the samples "on-ice"
back to the TRC laboratories, consisted of mixing an aliquot of the sample solution
with the chromatropic-sulfuric acid reagent to form a purple chromogen. This

colored solution was analyzed colorimetrically using a spectrophotometer at

580 nm.
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In all these analyses, standard solutions were prepared and analyzed, and
calibration curves of absorbance vs. concentration were drawn. These calibration
curves were used to determine the urea, formaldehyde and ammonia concentrations
of the samples. The sample concentration indicated by the calibration curve was
multiplied by the sample volume to determine the total mass of urea, formaldehyde
or ammonia collected.

The distillation-and-Nesslerization analysis method was done in addition to
the direct-Nesslerization method for ammonia analysis because of potential
interference from several species (including formaldehyde and urea) on ammonia
concentrations determined by the direct Nesslerization method.l But there also
exists evidence that about 7 percent of any urea iﬁ a sample is converted to
ammonia during '151:illation.1 Uncertainty in the exact mechanism and rate of urea
conversion, however, leads to uncertainty in indicated ammonia concentrations,
especially so in samples with high urea concentrations. This is evident in the
analyses of the gases entering the "B" granulator scrubber (Table 2-2) and the
liquid exiting this scrubber (Table 2-7). In these cases, the application of the
standard 7 percent correction factor yielded negative "corrected" ammonia
concentrations. Because of the uncertainty in the urea conversion factor, more
confidence is placed in the direct-Nesslerization results.

The main sampling problem during these scrubber gas test runs occurred at
the scrubber inlet. The large size and high concentration of the urea particles at
this location caused plugging of the pitot, nozzle and probe. Plugs were removed

from the pitot by pumping air via a purge line through the pitot tube side facing

1Standard Methods for the Examination of Water and Wastewater, l4th Edition,
APHA, AWWA, WPCF, 1975, p. 403.
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upstream; this purge line would then be removed and the pitot reconnected to the
manometer. The frequent nozzle and probe plugging required shutting down the
sampling train and cleaning the nozzle and probe. Cleaning was quickly
accomplished by squirting water into the nozzle to dissolve the plug, as
recommended by the EPA Technical Manager. Plugging was minimized by inserting
the probe into the duct with the nozzle facing downstream. The probe was then
rotated 180 degrees into the flow stream immediately before the initiation of
sampling. The probe was removed from the duct in reverse order. In addition, the
largest possible nozzle was used as a precaution to minimize plugging problems.
The water used to clean the nozzle and probe did, however, contribute to
the total volume of water collected by the impingers during the inlet test runs.
For this reason and because of the large mass of urea collectéd at the inlet, a
separate test run was performed at the scrubber inlet to determine the moisture
content of the scrubber inlet gas stream. Details of this moisture run and

calculations are contained in Appendix A.

VISIBLE EMISSIONS METHODS USED ON "B" GRANULATOR

The visible emissions measurements were conducted by a certified visible
emission evaluator in accordance with EPA Reference Method 9. The readings were
taken at 15 second intervals. Since the plume was white, it was necessary to read
the emissions against a dark background. The dark background selected was the

railroad tracks and the dark dirt and rock ground surface in that area.

PARTICLE SIZE METHODS USED ON "B" GRANULATOR INLET

A Sierra Model 266 multi-stage cascade impactor was operated in its in-stack

mode. Sampling was performed isokinetically from a single point at the center of
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the scrubber inlet duct. Prior to the initiation of sampling the impactor was leak
tested and placed in the duct for 20 minutes to allow it to heat to duct
temperature to prevent condensation. Sampling was initiated immediately upon
rotation of the nozzle into the flow stream. The brief sampling time at the inlet
necessitated presetting the sample valve so that when the nozzle was pointed into
the flow stream and the pump started, only a minimal adjustment of the valve was
necessary to achieve isokinetic flow.

The impactor was loaded before each run with preweighed glass fiber
collection substrates. After sampling the impactor was removed to the clean up
room and the substrates placed in plastic petri dishes and sealed. The cyclone
contents were brushed into a sample jar and sealed. These samples were weighed
on an analytical balance to 0.1 mg. Additional information on the particle sizing is

presented in Appendix B.

SCRUBBER LIQUID SAMPLING METHODS USED ON "B" GRANULATOR

Half -liter samples of the scrubbing liquid streams entering and exiting the
"B" granulator scrubber were collected at approximately 30 minute intervals during
the granulator scrubber tests. Sample temperatures were recorded immediately
upon collection. The pH of each sample was measured using a pH meter.

All the individual samples collected during a run were combined into one inlet
and one outlet sample. The composite samples were analyzed for urea, ammonia,

and formaldehyde concentration in accordance with the procedure described in

Appendices J and K.
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PROCESS SAMPLING AND PRODUCT ANALYSIS

Grab samples of the urea melt and unscreened product were collected at
their respective locations in the process.

The urea melt and unscreened product samples were prepared for analysis by
dissolving a known weight (approximately 1.0g) into 100 ml of distilled deionized
water. The solution was then analyzed for urea, ammonia and formaldehyde using
the procedures previously described above and delineated in Appendices J and K. A
portion of éach of the unscreened product samples were also subjected to bulk
density and sieve analyses. Six sieve sizes were used in the sieve analysis, and the
mass of material required to fill a 250 ml volume was measured for the bulk

density analysis.

UREA AND AMMONIA SAMPLING METHODS USED ON SYNTHESIS TOWER
MAIN VENT

Urea and ammonia in the Synthesis Tower Main Vent Stack were sampled and
analyzed using the methodology and equipment described in the prior subsection

entitled Urea and Ammonia "B" Granulator with the following modifications:

1. An in-stack orifice was used to permit isokinetic sampling of a stream
with a moisture content greater than 50%. The orifice measures the
sample stream at the same moisture conditions as exist in the stack
and therefore changes in moisture will not affect isokinetic sampling.

2. A filter was not used in the sampling train.

3. Two extra impingers were added to achieve complete condensation of
the moisture and collection of ammonia. Impingers one through three
contained 100 ml each of distilled deionized water, impingers four
through six each contained 100 ml of 10 N H2SOu, impinger seven was
empty, and impinger eight contained silica gel. The 10 N H2SO04 was
necessary because of the high ammonia concentration and served to
trap ammonia by condensation and neutralization.

4. Only one sampling point (at center of stack) was used because of
physical restrictions imposed by the in-stack orifice nozzle.
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The total volume of water collected in these synthesis tower test runs
consisted of water condensed from vapor and liquid water droplets that were
extracted from the gas stream. The existence of liquid water in the gas stream
was confirmed by observation and by the data shown in Appendix F. These data
show that the total volume of water collected during each run exceeds the volume

of water present in a saturated gas stream at the stack temperatures.

PRESSURE DROP MEASUREMENTS ACROSS "B" GRANULATOR SCRUBBER

The pressure drop measurements across the "B" granulator scrubber were
made with a vertical U-tube water manometer which was connected to pressure
taps at the scrubber inlet and outlet. The pressure drop across the scrubber was
recorded at 5 to 15 minute intervals during the tests for urea, ammonia and

formaldehyde at the B granulator scrubber.

AMBIENT AIR TEMPERATURE AND RELATIVE HUMIDITY MEASUREMENTS

Ambient air temperature and relative humidity measurements were taken at

the CFIl chemical laboratory with a Bendix psychron at 15 to 30 minute intervals

during each test run.
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APPENDIX A
COMPUTER PRINTOUT TEST RESULTS WITH
EQUATIONS AND EXAMPLE CALCULATIONS
A-1 Computer Printout Test Results
1. Inlet to "B" Granulator Scrubber (TP-2)
2. QOutlet From "B" Granulator Scrubber (TP-2)

A-2 Sample Equations and Example Calculations

A-1



APPENDIX A-1

COMPUTER PRINTOUT TEST RESULTS

1. Inlet to "B" Granulator Scrubber (TP-1)
2. Cutlet from "B" Granulator Scrubber (TP-2)



INLET TO "B" GRANULATOR SCRUBBER (TP-1)
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TRC 2QQJECT 2l788-22

UNIT TESTED UREA GRAVULATOR? SCIUIBER 8

JATE ANO TIME OF TEST JAVUARY 17, 1379 120C-142F 4RSS
SAMPLING LOCATICN INLET 2JucCT

NAME OF FIlF Ce Fo INJUSTRIES

LOCATION OF FI3m DONALDSCWVILLE, L&

20LLUT ANTS SAMPLED IREAy FORIMALIEAYIE, AMMONIA-

OLUME O WATEY IN I INGEIS BACK CALCULATED F3IOM SE3AIATE MIISTURE N
JETEIMINAT IOV 3ECAUSE LA3 UREA AND AMMONIA AVALYSTS DaATA FOR TA4E TEST WNS IS
WOT APPLICABLE TO THE CORECTION OF FTHAE IMPINGER WEIGHT GAIN DATA FCY THESE

TESTS.

JARQHETRIC FIESSURE. IV 46 C.33
JUCT AREA. SQ FT 13.36
NOZZLE CIAMETER. 1IN C.188
SITOr CALIIRATION CCEFFICIENTS 1 C.82C
2 C.334
z C.323
JRY 58S METEY CALI3ZRATION FACTOR. Y 1.C3C
FINAL LEAK RATE. CFM™ C.C32
TONS PER MOUY, PRODUCT 3.0C3

CCMPISITION OF DUCT GAS. T BY VOLUME DY BASIS
CABON DICGXIDE GC.00
OX YGEN 2C .52
CAIBON MONOX IGE g.C0
NITROGEN 79 .50

UREA, AMMOVIA, FORMALDEWYOE COLLECTE). MG

UREA AMMON IA-DIR AMMONIA-DIST FOIMALJEHYIE
420 IMPINGERS 0.239CE 75  C.3020E 03  2.7780E 33 2.2353€ o1
42508 IMPINCERS 0.150CE 32  $.12820€ C3  0.1100E 33 -~ 4260 53
TOTAL . De2392E 75  (.4100E C3  0.888QE 33 Z.24T 6 51
AMOQUYT OF WATTR COLLESCTED. GIAMS
IM3INGERS 9.1
SILICA GEL 14-9



TEST JaTa ~- UREA, AMMONIA, FORMALDEHYDE == TZST 40
42988-2C

30INT TImE VEL MEAD

IN H20

1 3.0 0.38C3
2 3.3 0.54CQ
3 3.0 Q.5303
] 3.0 0.98CQ
5 3.0 1.05C0
6 3.0 1.3000
? 3.0 1..35GQ2
8 3.0 1.3509
9 3.0 1 .40C3O
1c 3.3 1.25C0
11 3.0 1.15C3
12 3.0 1.10C3
13 3.0 1.15CQ
14 3,3 1.1503
1€ 3.0 1.15C3
17 3.0 1.15C2
18 3.0 1.18€CQ0
1 3.2 C.5200
2 3.0 1.5003
3 3.0 1.15C3
LI 5.8 1.+20C3
S 3.0 1.20€2
14 3.0 1.2C02
9 3.3 1.25€C2
9 3.0 1.25C3
1C 3.0 1.10C3
11 3.0 1.15C3
12 3.2 1.1009
17 3.3 1.1062
la 3.0 1.10G63
is 1.0 1.,05C3
lg 3.0 1.3502
17 3.0 Ce93C3
18 3.0 G.%3C3a

SINAL METER ¢OLUME

TRC PROJECT

ORIFIC
PRESS
IN H20

G.3%00
C.55C2
G .5400
C.9900
1.C803
1.3320
1.03C0
1.40C0
1.02C0
1.2803
1.1803
l1.11C0
1.1800
l1.18C3
1.18C3
1.2120
1.13C2
1.1260

C.5303
1.0000
1.1800
1.22C0
1.2200
1.22C0
1.22C3
1.2300
1.22C9
1.12C0
1.1300
1.,1230
1.12C9
1.12€3
1.C0800
1.C0803
£.,95090
C.95CC

E 4ETER
INLET EXIT
JEG F DES F
72. 71.
73. 7l
12. 1z
712, 73.
7l. 3.
1. 3.
1. Z.
71, 73,
11. 13.
T1. 3.
72. r“.
T2, 2.
12. 1.
72. 78.
2. Ts,
T2. T,
72. Te,
72. 78,
12. 3.
Ti. 3.
71. 73,
7l 3.
71. 72.
1. 2.
Tl. 12.
ile. 2.
Ti. 72.
71. 3.
T1e. 72.
71. 7.
1. 72,
71. 3.
T1. 3.
Ti. 3.
71. :'
71. 7.

PRESS
IN K20

-2.30
=233
=230
-2.30
230
-2.30
-2.30
=233
-2.33
-2.30
=233
~2.33
=-2.33
=2.33
=2.33
-2.30C
-2.332
-2.33

=2.70
=2 472
=2.70
-2473
=2.72
-2 .73
=272
-2473
-2.73
=273
~-2470
=2.70
=2.73
=278
=270
~2.70
=273
-2.72

TEM3S DUCT STAT DuCT

TEMP
JEG F

1813,
189,
195,
134q.
136,
196.
196,
196.
19S5.
196.
197.
197.
196.
l97.
197.
197,
197.
196,

153.
153.
183,
195.
156.
196,
1s7.
19 6,
196.
196,
157.
196,
19°-
19 6.
196.
196,
195,
19S.

INITIAL P CYC
METER VOL R AvG

Cu FT

123.64
121.82
123.0%
128,22
126,35
128,35
129.72
131,71
133.87
135.81
137.69
139.30
1ul,22
143,3C
l4a.77
146,60
143,37
153.15

151.72
153 .36
155.29
156.77
153.58
163J.4C
162.22
l64.24
165.71
167.80
16%.55%
171.22
173.37
178.85
175.36
173,28
179.58
162.10

183.17
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C.
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Qe
Qe
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TEST JaTA == UREA, AMMONIA, FORMALDEHYDE =— TEST NO

TRC 2R JJECT 827983-2C
Ce F. INDUSTRIES
UREA GRAMULATOR SCRUB3IER 3 INLET OBCT

JANUARY 17, 1979 1200-1823 HS

STANJIARD CONJIITION TEMPEIATUIE. JEG F eseeessaccncsncsees 0.68C3E C2
STANIARID CONDITION PRESSURE. IV 46 esscccesccssscsssnss De2992E Q2
TOTAL SAMPLING TIME. MINUTES covccccocsccscsescsansosce Qe1080E O3
AVERAGE SOUARIE ROOT VELOCITY HEA). IV 420 EX? o5 seeses UC"e1030E C1
AVERAGE ORIFICT 2RESSUIE DI0”P . IV H20 sevccvecssssceess G.1100€ O1
AVER AGE METER TEMPERATURE. DEG F cvessvscscccvcranssnse L£.7217E Q2
AVERAGE JUCT STATIC PRESSUIE. IN H20 sescvcacsssasscesce ~042300E C1
AVER AGE JUCT TEMPERATURIE . JEG F ,eecesevosssccsasacssss Lol1I21E C3
TOFAL SAMPLE VOLUME. UACF eecscccscscosssnsvseccesocscse GLe8253E 02
'e"L s‘”ts VOLUPE. DSCF * P 20 S 90D SOV TEOIBOSOEOPRIDOES B's:lss cz
H‘rE? "PGR voLUHE. ass S0 0 00 DO OGSO BOON SNBSS SntoRol G.lqsge cl
MOISTURE CONTENT OF JUCT GAS. 2ECENT cessessccaccesese C.22878 01
HOLE Falc,la‘ JRY G‘s ...............7‘.-.........‘..... 0.977“E co
MOLECULAR 4EIGAT = DRY STACK GAS eoscveesssescosscscase 028825 Q2
"QLECUL‘R iExedr - STACK GAS IR N R NE NN RN NN NN RN NN XN NN Y] u.zsseE cz
‘VER‘GE ST‘CK ,RESSURE. xN HG S0 800 0O 0B BL SOEP OO 00 0 gbed g.sczlE Gz
DUCT VOLUMETRTIC FLOWe ACFY® ,ce0vvv0ceccocscsccccnscsvones C.53290£ QS
DucT voLu”ETRIc FLO“. ;Scf” I FEN R E NN ENE N N EN R NN RN NN ENXE] 00“0185 cs
AVERAGE JUCT VELOCITY: FPM seceevsccnssssscssssccncecse O3765E O
EXCESS AIR . PEICENT ceesesonsevocecscncssncccsasoscesee Co9201E Ca
4“”‘6: DUCT s‘s DENSIY'. LSS,ACF SO SO OO SO 05 000000 0SS a.&a&zs-cl
ISOKINETIC F‘crog. PERCE‘I 2 0 GQA OGPPSO SO PN BOSPERE B BOOOISSS a.lal“E Gs
EMISSION DATA
G/ GR/ L3s/
ACF JSCF 4R

UREA IN H20O D.8664E 01 J,.5838¢€ a1 0.2011 € 0%

UREA IN H2SOs 0.2927E-02 0.3663E-32 g.12622 01

TOTAL UREA O0.4667E 01 0.5842E 21 0.2C12€ Ou

AMMON TA-C IRECT~IN H20 0.58%3E~-01 Q07373E-31 C.28 4CE 02

AMMON JA-D IRECT~IN HZISOM Ce2137E-01 ge.c637g-21 0.72084€ 21

TOTAL AMMONMN IA~C IRECT J+8C320E-O1 C.1QC01E CC C.3449E 02

AMMON TA-D ISTILL ED-IN 4290
AMMON TA-D ISTILL €D~IN 42S0W

D.1518€E Q9
0.2146E-31

TOTAL AMMONIA-D ISTILLED 0.1733E 30
FORYALDEHYDE IN HJ0 £.4733E-03
FORYALDEHYDE IN HZ2SO@ 3.8312E-0%

TOTAL FORMALDEH YDE J.4831€£-03

A-6

3.,19C3E 290
C.2686E-91
C.2167€ Q3

C.S5006E~-33
C.1Juw3E~-J3
C.6347E-33

0.65 445 32
3.72525 Q1
g.7u69€ 32

0.1724E 30
0.3583€E-01
0.2083E 0OC



TEST JATA == UREA, AMMOWIA, FORMALDEHYDE —-- TCST N0 1
TRC 2ROUECT 82938-22

Ces Fo INDUSTR ES _
UREA GRANUL ATOR SCRUBIER 3 IVLET oucr
JANUARY 17, 17979 1233-1%27 H3S

STANJIAID CONDITION TEMPEIATUIE, IEG C oo seoscssesscencs (423C0F 02
STANJAID CONOITION PITSSURE. ™ 46 coocstc00scrcrsncnee C+7T6COE O3
TOTAL SAmPLINGE TIME, MINUTES ®ssecocsssvresrsccssnsence ColQBIE 03
AVER AGE SQUARIE RIOT VELOCITY HEAD e MM H20 EX?45 veceoae C.5190€ Ot
AVER AGE OR IF IcE PRESSURE 0P, MM 42Q S0 00 0,008 003000e0 Ce2793E C2
AVERAGE HE’EQ rE”ER.TuRE. DEG c ..........."......... c.zz:le Gz
‘VERAGE :Ucr sfnrtc Pnsssuasl HH HZO LR RN AN NN NN NN EEYY ) -0.635 SE cz
AVER AGE DUCT TEMDPEIATUIE, JESG ¢ ®ecesecsvecenvsnsncscncs L49995¢ 02
ror‘L S‘HPLE ngu.E. Dns LN 2 ) .............'."-..-...... a.lr?lE ul
'Gr‘L SAHPLE voLu"E. o‘”s S8 5080000 C0 000 ".'...'.'.'... c'l’s;E ol
H‘rE* .“?oa chu”E. DN”: .............................. clulzzE-CI
AVER‘GE sT ACK G‘s QQESSU*E. q“. HG ............‘.'....'. 2.76725 03
oucT voLu"Erqlc FLOH‘ AH;’P’ LE N NN N1 .....'.“............ Q.IQ2“E ct.
DUCT voLu!ETRIc FLOB. DN"sI" o008t esssse e LR ALK IR BN R W Ny 0.11385 cn
‘vER‘GE JUCT VELOCIYYI n’" ..’.'.‘.........."..'...... G.ll“’E 9“
vva‘ss aua E‘s DENS:’Y. KG"“ LA N N NN NN feocs e s adannoe c.qTIQE cc

EMISSION DATA

*G/ MG/ KG/

AM3 INM3 4R
UREA IN H20 J.1067E 35 CTe1335E 33 Je71295 132
UREA IN H2S0s 0.66393E 01 C.8383€ 301 0.3728E 30
TOTAL UIEa 0.1C68E TS 9.1337E 05 O.3124E 33
AMMON IA-DIFECT-IN H20 C.1348E 32 D.1688F 02 J.1233% 22
AMMON TA-Q IR ECT—-IN H2S0% Q4822 Q2 2.632068 32 D41 24% 21
TOTAL AMMON IA-DIRECT 0.192315 03 C.2291E 03 J.1566€E 02
AMMON TA-DISTILLED~IN 420 3.3474E O3 J.4348E 13 J3.2571E 02
AHMON IA-O ISTILL ED~IN 42504 8.%%12€ Q32 Cebla7E 232 C.8201E 91
TOTAL am™OM IA~0 ISTILLED D.3%05¢ T3 Seu363E 03 0.3291% 22
FORMALDENYDE IN #20 0.?153¢ 23 Ol.i146E C1 C.7828E-21
FORYALDEHYDE IN H2SO84 3.1932€ 32 0.2381E 20 3.16272-01
TOTAL FORMALDEMW YOE 8.1106E Q1 C.1384€ 21 2.7455E-91



TEST JATA ~-- UFEs, AMMOVIA, FORMALOEMYOE == TSST 42 2 '
TRC 9Q QJECT azsig=20

UNLIT TESTED UREA GRAVULATOY SCIU3BER B

JATE ANO TIME OF TEST JANUARY 17, 19179 1548=1758 H3S
SAMPLING L3CATICON INLET DJucrt

NAME OF FIIm Ce Fo INIJUSTRIES

LOCATION QF FIRM™ DONALDSOW ILLE, LA

P0LLUT ANTS SAMPLED UREA, FGIMALIEAYDE, AMMCNIA

VOLUME 0% WATEY IN I INGERS BACK CALCULATED FIOM SEPAIATE MOLSTURE UV
JETEIMINAT IOV IECAUSE LA3 URER AND AMMONIA ANALYSIS DATA FOR THE TEST WS IS
NCT APPLICABLE TO THE CCIRECTION OF THT IMPINGER WEIGHT GAIN DATA FOX THESE
TESTS.

3ARQMETRIC PRESSURE. IV 46 3C.32
JUCT AREA. SO FT 1336
MOZZ2LE DTAMETEI. Ivu C.187
2170T CALI3IRATION COEFFICIENTS 1 0.82C
2 C.838
3 C.822
JRY 58S METER CALI3RATION FACTOR. ¥ 1.023
FINAL LEAK RATE. CFM™ .03 .
TONS PER HOUR, PRODUCT. €.0G3 !
CONMPOSITIOY OF DUCT GAS. T BY VOLUME 33Y BASIS
CABON DIGXIJE C.C3
OX YGEN 2C .53
CAIBON MON OXIDE JU.Q0
NITRQGEN 75 .58

URER, AMMONIA, FORMALDEMYDE COLLECTE). MG

UIEA AMMONTIA-OIR AMMONTA-DTIST FCIMALIEHYIE
420 IMPIVGERS 0.2636E 0OS C.3712E C3 3.39 0CE 03 3.1310E 21
42504 IMIvGERS D.270CE 32 0.S310E Z2 2.51 208 232 2.33C3E-T1
ToTAL £.26Q09F 0S C.4411E C3 D.34128 33 S.l348fF 31
AFQUMT OF WATER COLLECTED. GIAMS
IMIIVGERS 85
SILICA GEL 3.3



TEST J4FA -=- UREA, AMMONIA, FORMALDERYDE == TIST NC
22788-23

J0INT rImMe VEL KEAD

IN #20

1 1.0 1.05C2

2 3.0 1.85C3

3 5.0 1.0500

. 3.0 1.1503

S 3.0 1.15€C3

6 5.0 1,.,1850

7 3.0 1.20C3

8 3.0 1.22C3

9 3.0 1.2009

13 5.3 1.2002
11 3.0 1.2903
12 5.0 1.20C3

12 5.0 1.25Ca
14 3.0 1.2503
15 $.0 1.1502
le 3.0 1.05480
17 1.0 C.7680
18 3.0 C.76C3
1 3.0 1.1003
2 3.0 1.15CQ
3 3.0 1.20C93
L) 5.8 1.20C00
b 3.0 1.10C2
[ 5.0 1.15€C2
7 3.0 1.10C3
E 3.0 1.55C2
9 3.0 1.2083
10 5.0 1.25C3
11 3.0 1 +2500
12 3.3 1.25C32
13 3.0 1.15C3
1% 5.0 1.10C0
15 5.0 1.05CG3
1s 3.0 0.98CQ0
17 5.0 0.$8C3J
1= 3.0 0.9803

TINAL METER vOLUNME

TRC PROJECT

ORIFICE METER
3RESS INLET
IN H20 3E6 F
1.08C0 T0Q.
1.C8C0 7Q.
1.0800 70.
1.1839 708,
1.1808 70.
1.1809 70.
1.22C0 73.
1.2200 70.
1.2200 70.
1.2200 70,
1.2200 70.
1.2200 T0.
1.29C0 70.
1.2%00 10.
1.1803 0.
1.0802 TQ.
0.7800 T0.
Q.7800 78.
1.1200 63,
1.18C3 &3,
1.2200 63 .
1.2203 69,
1.1202 67
1.1802 6.
1.12C2 88
1.08090 £8,
1.,2200 68,
1.2909 67,
1.2900 el.
1.29CO €7
1.18C3 68.
1.12C3 68
1.58C0 68,
1.0003 69 .
1.C3C0 73,
1.C003 71,

TEMPS GUCT STAT DuUCT

EXIT
BEG F

1C.
7C.
.
T1.
Tle
71l.
.
Ti.
11.
Tle
Tl
1.
71.

1.

71 .
71.
1.
71.

7C.
I1C.
70.
1C.
7C.
69 .
69 .
69,
6S .
&9 .
69 .
65 .
69‘
6% .
6% .
1GC.
7C.
12.

PRESS
IN H20

=2.,73
=273
-2,.,79
-2.73
=270
=273
-2.70
-2.72
=2 .73
=272
=< 470
=273
=273
=2.732
~2.73
=270
=272
=2.70

=273
-2.70
=2.73
-2.70
=273
-2 13
=273
-2.70
-2.73
=273
-2 78
=273
=212
=2.70
=270
=213
=272
-2 .73

TEMP
JEG F

191
1%3.
iva,.
194,
19S5.
154,
196.
196,
197,
196,
197.
197,
194,
185,
1a%,
1E3.
17Q.
123.

189.
196.
196.
196.
196,
157,
1965
196,
157.
197,
196.
197.
195.
193.
151.
192.
1€4,
143,

INITIAL
Cu FT

183,33
185.05
186.77
183,49
193.30
152,13
193.3¢
195,74
157,6C
199 .08
201,22
2C3.12
203476
206.27
2G3.7¢%
21 J.37
21 2.30
213.79

21332
217.86
217 .66
221 .50
223 .32
225.07
225037
223.865
233.42
232620
238,20
236031
237,31
237.72
261,32
<u3.29
245 .00
245,62

243,31

P CYC
METER VOL R/ ANG

8

(P v T R VR v P v Y N e N N R R ]

WL AN A N W W W W W W WA W W W W W

J.
[
[+ X3
Co
Qo
Qs
o.
e.
Qe
Qe
Ce
Ce
Qe
Qe
Cs
Qe
Ce

C.
Qo
Qe
Qe
Qe
0.
Do

Ce

Ce
Qo



UREA

TEST JATA -= URER, AMMONIA, FORMALDEHYDE ~-= TZST 40
TRC 2ROJECT 8c928-20

Ce Fo INDUSTIRIES
GRANUL ATOR SCRUB3ER 3 INLET Duct
JANUARY 17, 13973 1548~-1756 4RS

STANDAID CONDITION TEMPEIATUIE. JEG F esecsssccacocecves
STANJIAID CONDITION PIESSURE. 1IN AGC ecesesesessssssscsnss
TOTAL SAMPLING VIME, MINUTES sevesvcceccccvccscaoncsens
AVERAGE SCUAIE ROOT VELOCIFY HEAJ. IN 420 EX? o5 secsoee
AVERAGE ORIFICE ORESSUTE D0P e IV H20 ceccocscsccscsnse
AVEQAGE "ErEQ rEmER‘TwE. GEG F T OS8O DPE 9O 080 sd 0O PR ES
‘vER‘GE Jum sr‘rzc ?RESSUQE. Il“ Hzo OO BT OIS EGESIIOSESEONOSLIS
Avis‘GE :ucr tEPDER‘rUaE. JEG F @8 2600 G0 60 DOEC SN OB SO Dgs
TOTAL SAMPLE VOLUME, DACF ceesecocsrccsccsvsecscscscscsane
'or‘L SA”LE VQLUHE. DSCF GOS0 OP 00T IO ANPOCOCLNSLOS SSSINONLES
“"’E‘ vAPcR ”OLUHE. asa PSP SO BGCIGS CNOISOCEPIESIOSROENSOEBIE
Horsruae cmrE“T OF DUCT G‘S. ’E?CENY 0 99 0000880 OBO I
"OLE FQ‘CT Io‘ ]RY G‘s PO 0O OE SO IODO OGN OOPOE SPEBIOCESISEOOPCEOERNTITIS
MOLECUL AR WEIGHY = ORY STACK GAS ceveevsesnserssssOstsase
HOLECUL‘R "EIS*' - sr ACK G‘s S OB SO SOOI PO OO 0000 SPSEOPSNSISISIS
‘VER‘GE sr ‘CK ,RESSUQE. IN HG S0 8080 PP DOC GO eSO OS NS OIPOTPRY
D“c1 voLu"Eerc FLOH. ACFH IR NS NN NN NN NNENNENEEXNERNENNNY NN
auct 'mu”ETRxc FLOH. DSCFH LR N RN R RN N NN NINE NN RN NN YN
AVERAGE DUCT VELOCITYe FPM cevsvecccccccscosconssnscnse
E‘CESS ‘IR. ?E?CENT .....'.........‘.........-..".....
‘VERAGE oucr S‘s DENSITY. LBSI‘CF A 00O OGO OO BSOSEROEIOGSELIS

0.62C0OE
Ce2792€
C.1380FE
CelOS6E
Cell8SE
Ceb3T4E
-C.2700¢E
Cel1202E
Q.6498E
C.6597E
C«1523E
C.2253%
Q.9775E
C.2982E
C.2958¢E
C.3T13€E
C.5172€
SeGlulE
0.3870€
8.4201E

C4

Ceb077E-CIL

ISOXINETIC FACTOR. PERCENT @avsescccsssncsssrtesnrasene G.123ug
EMISSION DaTA

G/ GR/ L3S/

ACF O SCF 4R
UREA IN H20 0.4833E N T«6096€ 31 Je2164E 24
UREA IN H2SO0u4 J.5558€-02 Ce&315E-Q2 Ce224%1F 231
TOoTAL UIEA J.3R888E 01 0.6103E 01 0.2166E 34
AMMOM [A-DIRECT-IN H20 0.7325SE-01 C.514b6E-Q1 Ce.3246E 22
AMMON JA-0 IRECT~=IN H2SO™ B.%24d6E-Q2 C.1172E-21 g.4159Z 21
TOTAL &MMON IA-C IRECT J.8264E-01 Cel1 3328 138 J.3662E 02

AMMIN TA-DISTILLED-IN 420
AMMON TA-D ISTILLED-IN H2SCe

TOTAL AMMON IA-GISTILLED

FORYALDEHYGE IN H2C

FORYALDEHYDE IN H2SO4

TOTAL FORMALDEM YDE

A-10

0.1657TE 02
Q.3592£-02
0.1763E 3C

0.28292-03
0.7119€-GS
0.290CE-03

2.20828 3§90
0.1198E-01
Q0.2202€ 03

2.3532E-23
J.E888£-35
D.3621£~-Q3

C.7388c 22
C.4253€E 31
8.7813E 32

G.1254% 2JC
g.3155¢g=-n2
0.1285E 3C

c3



TSI JATa -~ yYRERL, AMMONIA, FORMALDEHYDE =-- TEST voO 2
TRC 3RQJECT £2798=-29

Co Fo INDUSIRIES |
UREA GRANMLATOR SCRUB3ER 3 INLET odcr
JANUARY 17, 1979  1546=1756 4P S

STANIAID CONDITION TEMPERATURE, IEG C ®scssesssevaceese (42200€ 02
STANJARID CONDITION PIESSURE, MM 45 ®eocevssscrcsvrerenee (7602 3
'or‘L S‘HPLI‘G TI"E. ”INU'ES .‘.'....'....'I‘.....‘.... 0.13805 uz
AVERAGE SQUAIE RIOT vELOCITY HEAJe MM M20 EX®.5 ,e000ee 0.8%322F 71
AVER AGE OR IFICE 2R £SSUIE 007, MM 420 $0¢svc0cccvcsncse (.2708F Q2
AVERAGE METEY TEMPERATURE. CEg C 98 00c0s0vecsnscessnes U,2096E 02
AVER AGE JUCT STaTIC PRESSUIE. MM H20 Pesessrcsccscronee ~(CoH8S8E 02
‘VER‘GE gua TE”ER‘TUQE. JEG c ..............I...l..‘. 0087935 cz
ror‘L S‘”LE voLuPE. D"! ...'.Q“.‘..ll....'.l....'.'.. c.Ia.aE Ql
rot‘L s‘"PLE VOLUPE. D‘Hs ..................'...l...... 0.13685 cl
“‘rE‘ "Po? VOLUHE. DNH: l..‘........"...'.I......'... c.qscee-al
AVER‘GE sr‘cx s‘s °RESSUQEQ WF HG .......'.l"l...l.... 00756;E c:
Dua v“u‘ir?xc FLOH. ‘Hzl” Q...............l.......'.. c.l“e“s c“
’ucT v&uFETQIc FLOH. :N"sln ..'..‘..Q.....'...‘....... a.llT:E cq
AVER‘GE Duct 'ELOCIT*' "IH ‘.'.....l...l..I..‘.'....l.. c.ll’?s U'
VVER AGE DUCT GAS DOENSITY. KG/AM3 teeeeeessssncoscnnnnocne G.9T24€ Qg0

EMISSTON DaTa

»G/ MG/ KG/

Am3 ONM3 4R
UREA IN M20 O.1117E 95 C.1395% 35 0.78232 32
URES IN H2S0a 0.1153F @2 Qeluusg 32 C.1018€ 21
TOTAL UREA S.1119€ @8 0.1397€ 35 J.7833E 03
AMMON TA-DIRECT-IN K20 Q.1676€ 03 0+2093E 03 Qslu70z 32
AMMON IA~DIRECT-IN H250e D.2149€ Q2 0.2682F 32 J.13882 M
TOTAL AMMONTIA-DIRECT Je1891€ 03 Ce2361E 03 O.1662EF 32
AMMIN TA-DISTILLED=-1Iv 420 O-.3816€ (3 Q.u764E 33 Qe33354E T2
AMMON TA-DTZTILLED-IV 425G 0.213SE Q2 8.2741€ 32 g.193C€ 21
TOTAL AvMONIA-DISTILLED 0.4035E 33 C.S038¢ 213 0.35478 32
FORCALDERYOE INn W20 CebR74E 1gQ J48383F 30 Q.5851E-01
FORMALDEWMYDE IN H2tQu 3.1629¢e-01 C.2034£-01 O.l432E=-92
TQTAL FORMALDEM YDE 0.6637E ag C.8286E 20 0.38342~01



TESF JATA -~ UREA, AMMCNIA, FORMELDEHYDE = TEST NG 3

IRC PROJECT

UN IT TESTED

JATE ANO TIME CF TEST
SAMPLING LOCATION
NAME OF TI3m

LOCATION OF FIam
SOLLUT ANTS SAMOL ED

JANUARY 18,
INLET JucCT
Ce Fo

82953-23

URER GRANULATOR SCIU3RER 8

1979 CPaT-1212 HIS

INJUSTIES
DOVALDSOW ILLE, LA
UREA, FCIMALIE4YIE, AMMONIA

VOLUME OF WJATEY IN TP INGEIS BACK CALCULATED FI0M SEPARATE MOISTURE UV
JETEIMINAT 10W 3ECAUSE LA3 UREA AND AMMONIA ANALYSTIS JATA FOR THE TEST IUNS IS

VCT APPLICABLE TO THE COIRECTION OF THE
TESTS.

IMPINGER 4EIGHT GAIN DATA FOR THESE

3AROMETRIC PIESSRE. IN HG 3C.27
JUCT AREA. SO FT 13.36
NOZZLE ODIAMETEI. IV C.l87
SITOF CALI3RATION CCEFFICIENTS 1 C.82C
2 C.a30
' 3 C.823
IRY GAS METEY CALI3RATION FACTOR. Y 1.C3G
FINAL LEAK RATE. CFM C.c0
TCNS PER HQUR, PRODUCT 8.000
COMPOSITTOW OF DUCT GAS. T BY VOLUYE DY BASIS
CARWON DIOXIDE 3.0
OX YGEM 2Cc.52
CABON MON OX IDE C.C3
NITROGEN 75 .52
UREA, AMMONIA, FORMALDEM YCE COLLECTE). %G
UIEA AMMONIA-OIR AMMONTIA-DIST FOIMALIE4YIE
420 IMPINGERS 0.2622E IS  0.8980E 03  9,92606E 33 C.213CQ3E 1
42508 IMSINGERS  Q.405CE 02 0.82C3E C1  0.178GE 32  -.5103€-A1
TOTAL D.2626E 35  [0.5362E C3  Q.9u3gE 33  3.2391¢ a1
AMOUST CF 4ATER COLLECTED. GIAMS
IMINGERS R
SILICA GEL i3,

A-12



TEST JATA == URER, AMMONIA, FORMALOEHYDE =- TEZST N2
8278§-2¢

3QINT I 4€ VEL HEAD
IN H20
1 5.0 1.20Ca
2 3.3 1 .20G3
3 3.0 1.2003
8 3.0 1.2003
L) 3.0 1.1000
6 5.3 102000
7 3.0 1.2000
2 5.0 1.C5Ca
° 3.0 1.1003
10 5.0 1.C009
11 3.0 1.250Q
12 3.0 1.,3ce3
13 5.0 l.2CC0
14 3.0 1 .23C3
1s 3.0 1.1003
1% 3.0 1.00C3
17 3.0 0.92G0
18 3.0 C.%0C3
1 3.0 1.1000
2 3.0 1.1000
3 3.0 1.1500
L 5.0 1.1800
S 3.0 1.10C3
3 3.0 1.22C3
7 5.0 1.20072
8 5.0 1.2G6C0
9 3.0 1.2203
1c 3.0 1.2003
11 3.0 1,15G9
12 3.0 1.15Q23
13 2.3 1.1003
le 5.0 l1.1QC3
1s 3.3 1.20C3
ils 3.0 1.15C3
17 5.0 C.9003
13 3.0 C.50C2

SIvAL METER 70LUME

TRC ROJECT

0IFICE MEYFER
PRESS INLET

Iv H20

1.36C0
142400
1.2400
1.2903
1.1300
1.25800
1.2809
1.0900
1.1303
1.0203
1.30C2
1.3700
1.2%00
1.28C3
1.1303
1.0200
8.9303
C.93C1

1.1300
1.1300
1.2000
l.13C0
1.1380
1.2800
1.2802
1.24%00
1 .28C0
1.2400
1.20303
1.20C0
1.16800
1.14C0
1.28CQ2
1.18CO
0.33C3
0.93C2

A-13

60.
6l.
6l.
6l.
62,
62,
62,
62,
63.
63.
63.
64,
63,
bq.
6,
b4,
65,
65,

68
[-1- 2%
67,
67,
67.
et
67
67,
&7,
67.
6’.
68,
68.
68,
&8,
68.
67,
69

6l .
6l.
62.
62.
62.
62,
63.
6I.
6.
63.
6I.
68,
6“.
65 .
65 .
65.
66,
66

66
68,
63,
68.
68,
6e.
63 .
66,
68,
68«
63,
68.
69 4
69,
TCo
7G.
7G.

7C.

PRESS
IN H20

=2.33
=2 433
=232
=233
~2.33
-C.38
~2 335
-2.30
=230
-2.30
=233
=233
=233
=238
~2.30
=233
=222

-2 .30

=2.50
=250
=250
=2.503
=253
-2.50
=2,453
=250
=253
-2.50
~2.50
=2.50
=2.50
=2.53
22,83
-2.53
~2.50
-2 -50

TEN®S QUCT STAT DucCT
EXIT
DEG F ODEG F

TEmpP

JEG F

1e2.
193,
1940.
191.
191,
191.
191.
‘91'
191.
191.
18%,
183,
183.
1‘36.
176,
le“.
164,
133.

173.
184,
189.
189-
1583.
183,
153.
I151.
151,
191.
151.
1517,
1&9.
153,
12¢.
121,
163.
15 3.

e

INITIAL
CuU FT

243,50
253.30
252.10
258,12
253 .34
257,73
259.38
261,92
263.13
268,71
266059
263,34
2T Ja87
272,34
274,22
273.32
2T7.72
273435

231.14
263.10
284,28
286,7C

293,28
292,13
29 4,130
295 .38
297.7¢C
299,53
3C1.33
3C3.18
3C8.3¢
305.7%
3C9.58
313.81
312.1¢C

J13.68

P CyC
METER VOL R ANG

8

263449 °

A L AN AN N A AN A A W W W N W W

[C R R R RV NNV R R NV R R Y RV R R R N )

C.

T

Qe
Qo
Ce
Qe
Ce
Co
Ce
J.
Ce
[
Ce
- e
gl
Qe
Ce

-~
- e

[+ 19
Ce
Ce

. 0-

Qe
Ce
Qe
[*IY
Te
Q.
Jd.
Coe
Coe
s
Co
T
Ge

C.



TSST JATA == UREA, A“MONIA, FORMALDEHYDE == TEST vO
TRC 2R 0Q4ECT

Ceo Fo INDUSTRIES

UREA GRANULATOR SCRUB3ER 3

STANJIARD CONJITION TEMPERIATURIE. IEBG 7
STANJAID CONDITION PRESSURE: IN HAG coscvccsscccsoscssene
TOTAL SAMPLING TIME, MINUTES

INLET DUCT
JANUARY 18, 1972

82938-22

C947-1210 4PS

[ AN NN ENE R NN XL RN ]

(X XN T NN NNNENENENERENNERMNENRNERSES]

AVERAGE SQUAIE ROOT VELOCITY MEA)., IN 420 EX2 .5

AVERAGE ORIFICE PRESSURE D07,
AVER AGE METER TEMPERATURE, DEG F

AVER AGE 2UCT STATIC PRESSUIE. IN H20

AVER AGE DUCT TEMPERATURE . JES F
TOTAL SAMPLE VOLUME, OACF
TOTrAL SAMPLE VOLUKME. OSCF
WATEY VYAPOR VGOLUME. OSCF

MOISTUIE CONTENT OF JUCT GAS. 2EICENT

MOLE FRACTION IRY GAS

UREA IN W20
UREA IN H2S06
TOTAL UEA

AMMON TA-Q IRECT~IN H20
AMMON [A-D IRECT~IN H2SOS
TOTAL AMMON IA-D IRECT

AMMON TA-DISTILLED-IV 420
AMMON TA-D ISTILLED=-IN #2S0%
TOTAL AMMON IA-D ISTILLED

FORMALDEHYCE IN H2C
FORMALDEMYOE IN H2SOW
TOTAL FORMALDEH YDE

A-14

RN EEN YN ANERENENENEENENEXENENXNNS

[(E AN AN NN NNEENNNNNERENENNEES NN

[ FENENERNEEYYNEENREENNEXNENENXE]

ExcEss ‘IRI pE’cENY I N NN NNNFEREENNE NNENERENNENRSENEENIFSFEXX]
AVERAGE DUCT GAS DENSITY, LBS/ACF
ISOKINETIC FACTO. PERCENT

[ INET N RN RNNENN RN ERNNENNNRNENREX:Z

8/
ACF

0.4914E 31
8.759?1E-22
J.4922E 01

0,3334E~-Cl
J.1537€=-32
C.7888E~-01

C.1736£ 0C
0.33362-02
C.176%9E 30

0.5623E-03

‘0«1736E-Q4

B.5793€E-0Q3

I‘ HZO AR RN ENNERNNNNENNXE]

008820000000 OSGRISRICRIOESTERSIPPOISOETN
IFENNERNRNENENNXNERXY]

XN R RN NN FR RN PNNN R NENNRENENENEXEN]

MOLECULAR WEIGHT = 0ORY STACK GAS
MOLECULAY WEIGAT = STACK GAS
AVER AGE ST ACK 2RESSURE.
DUCT VOLUMETRIC FLOW, ACFM
DUCT VYOLUKMETIIC FLOW. ISCFM
AVER AGE JUCT VELOCITY. Fon

IN HG cessccvscccscscscssvsscscgane

IEFERNNENENNNEEEE NN ENRESREXEXN]

IR N RN NI NN ER NN NN NN ENEN]

3

EMISSION CaTa

GR/
oscCrF

0.6083E 21
0.5 425E-02
C.6393E C1

J.11S56F 20
C.13048E-02
C.l1175E 20

C.2150€ 233
0.4133E~-32
0.c1928 30

0.£966E~-13
0.2113E-38
Ce717RE-23

L3s/
4R

0.2175E QO
0.3366E T1
J3.21 32E O

J.4139€ 32
C.5815€ 00
0.4207%S 22

0.7636E 02
J,1479E 01
0.7844% 32

0.2493E 1C
0.7562E-22
3.2569E ZC

0.68CCE
Ca2792€
0.1080E
Cel13261E
Q.1146E
0.6547E
~Ge2UCQE
Cel231E
0.56518€E
0.6605E
Qo137 4E
C.2257E
Q.9774E
0.2882€
C.2858E
C.33C3E
C.S174E
C.4176€
0.3872¢E
S.4201E
B.6128€E~Q1
0.1233¢ Q3

ce



TEST JATA == UREA, AMMONIA, FORYALOSHYDE == TI3T 49 3
TRC 32RQJECT 829&6=2<

C. Fo INODUSIRIES
UREA GRANUL ATOR SCRUB3IER 3 INLET QUCT
JANUARY 18, 1977 GF47-1210 RS

STANDARD CONDITION TEMOEIATUIE. JEG C eccoccsveccscccrsee C.22C3E G2
STANDJAID CONJITION PIAESSURES MM 4G scescccvsarscscsncccre 0.7600E G3
TOPAL SAMPLING TIME, MINUTES cevssvcccccccsccscccorscces C.1080E C3
AVERAGE SCUAIE RIOT VELOCITY HEAD. MM 420 EX3e5 sevecee G.S3u6c 01
"ER‘GE oanIcE pRESSUQE D?o’. H" qzo '"EEEEERE X NN N NN RN COZ;61£ cz
AVER AGE METER TEMP ERATURE. DEG C cosovcsescsssvscocesscss C.1860E Q2
AVER AGE JUCT STATIC PRESSURIE. MM 20 cseencscscscrcecce ~LeB096E C2
‘vER‘GE DUCT YEHOER‘TUQE. )EG c [ EXEEERE N NN RSN ] oo o0 BOROS CO3395E Cz
TG'AL s‘nFLE VOLUPE. 043 '...........................I. c.la“éE CI
'o'AL SA”LE voLUPE. g‘"; o9 ¢ O0a 2 0SS 00 e EEEEEERNNNEIR NN NS G.IBEZE cl
U‘tza v"ua 'CLUNE. 3"”3 .........'.......-.......‘.... GQ“}'hE-Ol
AVERAGE ST‘CK G‘s DRESSU;E. H" HG ...........l‘.‘...... 5.76“35 Cx
nuc’ VOLUHETQIC FLO“. ‘HBI‘ '.......................‘.. 0‘1“655 sq
JUCT VOLUPETIIC FLOW. FJNMI/M seceesso00escnssvscssssnsee C..1183E C4
‘VEP‘GE )ucr VELOCITYC HIH ....-....'......‘O...'.....' :.llggi c“
'VEP‘GE )ucr s‘s OENSITY. Ksllns ......'...‘........“. :.9809E Cu

EMISSION GATA

®G/s MG/ L34

AM3 INWT 4R
UREL IN H2C 0.1125€ QS C.1393F 2§ Ce?892Z 23
UREA IN H2SQ0s 2.1737€ 02 D.21S2E G2 8,152 01
TOTAL UREA Oe1126E QS D.1395E C5 J.7908¢€ 27
AMMON TA-DIRECT-IN H20 g.2135€ 03 0.2646E O3 T.1879E 212
AMMON TA-D IRECT=IN H2504 J.3517€ Q1 0.43578 Ci C.309#€ °Q
ToraL AmMwONIA-D IRECT 0.2171¢ 03 D.2692E C3 0.191C0E 22
AMMON IA-C ISTILLED~IN 420 3.3972€ O3 C.8921E 23 0.343%E C2
AMMON TA-D ISTILLED-IN 42SCa 0.7635%5E 01 C.5053E C1 g.57162 €
TOTAL AMMONIA-O ISTILLED C.40u8E 33 C.5015E 323 Se3561E 22
FORMALDEHYDE IN ®H2C N.1287¢ J1 C.1590€ 31 g.t132€ 2°
FORYALDEMYDE IN H2SO0G 0.3503E~T1 Ceu8I6E-31 O.3434E=-32
TOTAL FORMALDER YOE 0.1326E 01 N,1643E 21 D.ll el 2C

a
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OUTLET FROM "B" GRANULATOR SCRUBBER (TP-2)
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YEST DAT& == URSR, AMMON]A, FORMALSEHYDE == TEST 40 1
TRC 2ROJECT 829238-2C

UNIT TESTE) UREA GRANULATOI SCRU3BER B
JATE AND TIME OF TEST  JANUARY 17, 1975 12721616 H3S
SANPLING LOCATION OUTLET STACK
NANE OF FIdp C.F . INDUSTRIES
LOCATION OF FIaw DONALDSONVILLE, LA
S0LLUT ANTS SamdL ED UREA, FOIMALIEAYIE, AMMCNIA
3AROIETRIC PRESSURE. IN HE 30.40
JUCT AREA. SQ FT 19 .63
VG2ZLE OTAMETER. IN G.257
3ITOT CALI3RATIOV COSFFICISENTS 1| 0.82C
F 0.83u
3 . c.e23

IRY 5AS METEY CALI3RATION FACTOR. ¥ 1.030
FINAL LEAK RATE. CFM c.coc
TONS PER HMOUR, PRODUCT 0.063
COMPUSITION OF DUCT GAS. T BY VOLUME DIY BASIS

CAIBON OIOXIDE € .00

OX YGEN 20.50

CABON MONOXIDE G.CO

SITROGEN 79 .50
UREA, AMMOYIA, FORMALDEWYDE COLLECTE), »G

UIE A AMMONIA-CIR AMMON IA-D IST FGIMALIEAYIE

420 IMPINGERS B.6590E 02 C.2180E C3  0.2C6CE a3  2.2110E 01
42504 ININGERS  0.4700€ 91  C.2320E €3  3.232CE 03 3,9313€ 23
ToTaL 0.706GE 02 C.4503E C3  T,438C0E 03  C.2341E 31
AMOUNT OF WATER COLLECTED. GIAMS

IM>1VGERS 135 .3

SILICA GEL 2240

A-17



3CINT

-
DOm~Ne Ve LN

> e
N -

VDo~NoWEwN -~

10
11
12

TEST JATA -- UFEA, A“MOYIA, FORMALDEHYODE == TEST %O
TRC PROUECT 82988-2C

TInE YEL HEAJ ORIFICE HMETER TEMPS DUCT STAT DuUCT
PRESS INLET ExXIT PRESS TEMP
IN H20 IN H20 DEG F DEG F IN H20 DJEG F

5.0 0.6103 2.30300 &3 . 1. -C 35 1Gl.
3.0 C.60G0 2.2503 72. 12, =033 9%,
3.0 0.65C0Q 20“500 72. T2, =C «35 99.
5.0 0.65GC0 24500 72. T2. ~0.33 $%.
5.0 0.68Ca 2.6200 71. 7. =C o35 93,
5.0 0«68C0 2.62Q0 T1. 12. =Ce33 1C1.
3.0 C.60C3 242530 72. 72. =0 .33 122.
3.0 C+6100 2.3200C 71. Tl. =035 1C2.,
3.0 C.HTCD 1.7%Q0 Tl. 72. -C 33 163,
;.0 O.uﬁﬁa 1 18200 71 . 1. -C 035 1cz.,
5.0 C.40C0 1.513a 1. r2. =C .35 1C3.
3.0 B.42C3 1.6003 1. 72, =L.35 103.
5.0 C-SSCJ 2-1003 72' 72. =~C o33 $3
5.0 0.60GC3 2.25C0 71, 72. =C.35 %3,
5.0 €.6133 2.30032 7. T1l. =023 913.
3.0 g.6303 2.33C0 71. Tl. =C o33 1C3.
3.0 C.869C0 2.62C0 7. 12. -Ce35 93,
5.0 o-bTGO 2.5503 71- 72. -6-35 95-
3.0 G.bZCO 2.3200 71, 12 -c-35 1C1.,
5.0 0.58203 243200 71. 72, ~Cel3 1C3.
3.0 g.5500 2.0800 7. 72. =C.33 132.
3.0 055¢CQ 2.0800 T1. 72, =-C .33 162,
5.0 D-“DUJ l.SlUﬂ 71. 720 ‘C035 121-
3.0 0.0003 1.5100 Tt. 72. «C ¢33 99,

SINAL METER ¢OLUME

A-18

INITTAL
METER vOL
CUFT

43,71
£3.20
S$7.12
61 .63
65.23
7350
75.0%
79.37
83.7¢€
83,3C
.51.3C
$5.50

99.23
1C3.16
1€7.860
111.3¢C
116.30
123.71
125 .48
133.6C
138,20
133,39
142,54
146.20

149,35

P CYC
R ANG

NRNNNNNNNNNNN NNNNNNNNNNADN

(3
Qe
Ce
Q.
Ce.

Qe
Ce.
Ce

Joe
Os

Ce.
Q.
Coe

-
- e

0.

C.
Qe
be
C.
G

Co



TEST JaATA == UREA, AMMCNIA, FORMALDEHYNE —-- TEST NG 1
TRC PROQJECT 22788=-21

CoF « INTJUSTRIES
UREA GRANULATCR SCRUB3ER 3 OUTLECT STACK
JANUARY 17, 1973 1202~-1416 4RS

STANDARD CONJDITION TEZMPEIATURIES DEG F seccevecvencscrees 046800E Q02
STANJIAD CONODITION PIESSUREs IV 4G ecccccsocssscnsconse 0.27992€ ¢
TOTAL SAMPLING TIME. MINUTES cceescccsscacsccsnvsccccaces Co1200F 03
AVER AGE SQUARE ROOT VELOCITY HEAD. IV 420 EX? 5 sseess 07540€ O3
‘VER‘GE OR xFIcE ’Rgssuas Dao’. I‘ qzo I E N NENENNNERNNNENNN] c.zls“e 01
AVERAGE METER TEMPERATURE: DEG F cevosscscccccsccsaccasne G.T1E2E C2
AVER AGE JUCT STATIC PRESSUIE . IN H20 cecocvcesesccccese ~04I35C0FE CO
‘VERAGE aucr TEPDERATUQE. )EG F LA N KR NN XN KN NENENNMNBIFENNENNHN ] GIIUUSE 03
ro"L s‘"PLE VOLUFE. DACF 20 P SDLONSSRSGSIOIGEOEBOEOPITER SIS PIOSETOS g.xaloE 03
rof‘L SA”LE voLu”E. DSCF S8 PO 0SSO SO OOCTOIRPOIROOEONIE BOEOSISS c.last CS

'ATEQ VAPGR VOLU!EI gscp I EE B E NN R NRENNENNENNEMNE-RENNENEMNRNEXNENZX ]
MOISTURE CONTENT OF JUCT @GAS. IEICENT

C.5392E C1
S.5522% C1

HOLE F"CTXOV )R' G‘s 90 0SB ANOSBLONOBLERBSRROER 00 CQQ““BE cc
HOLECULAQ ‘EIG*? - OQY s"cx E‘S "......I..'l..‘....ll. clzeazE 02
NOLECULAQ ‘Exs‘T - Sr“c“ G‘s S SO 0L 0O EDIO OSSR IDIEOT OO e a.zszze 02
.VER‘Gs STACK °RESSURE. IN HG (AN AN R A NENENEELNEZENENESNNS:] 003337E cz
JUCT voLu"ETRIc FLOH. ACFH (R AR RS A NEEEREERENEREENNENRNSENRX] QOSIZUE ns
nua vmuFETRxc FLOH. DSCF" 00O DL OD 0000 RS NOROSSCS SO0 c.“szbe us
‘VEP‘GE Ducr vELocn'. F?" 020000800 OSSP TTSOSINOILEIIOROLOICROEODS ulzscas 0“
EXCESS ‘IR. PE?CEN" (AR AR ERENEANEENENENENEBNN NN NNNNENRNY ] O.uznle e~
AVERAGE DUCT 6AS DENSITY. LBS/ACF eeseccscesvecacsceess Oo7005E=GC1
ISOKINETIC FACTOR, PERCEVT ccosseevesrcscssssssecsscses 0.1007€ O3
EMISSION DATA
63/ &R/ Liss
ACF ascr 1R
UREA IN H20 0.8962E=02 0.9713€-32  0.3932€ 31
UIEA IN H250se 0.6392E-03  0,7074€-33  0.2805E 3C
TOTAL UREA 0.9601E-02 0.1063E-31  0.4213€ 31
AMMON I2=D IRECT=IN M20 0.2965E~01  3.3251E-31  0.1301E 32
AMMON TA-D IRECT=IN H2504 C.3155E~31  C.3492E-31  0.1384Z 132
TOTAL AMMON I2-0 IRECT 0.5120E=01  T.6773E-01  0.2685E 92
AMMIN TA=DISTILLED=I¥ 420 C.2801€~01  3.3101E=31  0.1229€ 32
AMMON IA-D ISTILL £D=-1V 42504 0.3155€-01 GC.2492€-31  0.1384E G2
TOTAL AMMON IA=-QISTILLED 0.5956E~01  0.e593E-01  0.2e14S 02
FORMALDEHYCE IN W2C 0.2869E-33  C.I176E-33  0.1239€ OC
FORMALDEMYCE IN H2504 0.5861E-Q%  0.6487E-04  0.2572E-C1
TOTAL FOR“ALDEN YOE 0.3436E-33 C.I825E-33  C.i516E OC
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1EST JATA -~ UREA, AMMONIA, FOURMALDEHYDE -= TEST v¢ 1
TRC PROJECT 82738-22

CoF o INJUSTRIES
UREA GRANULATOR SCRUB3ER 3 CUTLET STACK
JANUARY 17, 1373 1232-1416 4RS

STANJAD CONDITION TEMPERATURE, JEB C covecvcccossacssee Go20COE
STANIARD CONDITIUN PRESSUREe MM 4G cocseccesccssnscssee Ge7600E
TOTAL SAMPLING TIME, MINUTES sceesvscvscccesscscoscsconss Ga1200€
AVERAGE SCUARE RROT VELOCITY HEAD. MM 420 EX?eS eeeeoss C,3800E
AVERAGE OR IFICE PRESSUIE D3I0P s MM 420 seesvescensgseoes GeSHITE
AVER AGE METEXY TEMPERATURE. DEG C sececccvcescrcccssnssce [2196E
AVERAGE JUCT STATIC PPESSURIE. MM H20 cevevcsvsvcsncccsscee ~0.8890¢
‘VERABE aucr YE‘.’EaArUQE. aes c S0P 0 OCOGSPIOSEOICGIEIBDBOLOEIPOSONESIOEOSETS c.:enbe
to"L S‘HPLE 'ot"‘.s' 0’3 LE R I N B E N KN NI NN NN NI RN NN RN RE N NN c.zse!e
ror‘L S‘HPLE ‘oLu"E. D‘"s 9 000 OGODOSPO S PECOIGESEBAETggiee u'z’cse
u‘rEa v‘pog 'cLu’E. aan OB OO0 SOOI OP RGOS OPRIGSEBSISOSOBOENIPS 0‘1697:
AVER‘GE ST‘CK G‘s PRESSUQE. H" HG 0 00 OS 0SBS0CLNSEPPOPEEPEYS 0.7715E
QUCT VOLUMETIIC FLOWG AM3I/M ceeevavscocvccccovrenacsasnscse Ce.14850€
Ducr VOLUPETQIC FLO“I 3““3/" 0 O SO DE OISO SR EOBORI PGSR DOS c.l!las
AVER.GE Juc’ VELOCIYY' "IH @ P P QGO P OTNEO GO OOEETOINOIDPOENTISIDPOESTS 6077“95
'veR‘GE ‘Juc‘ G‘s DENSITY. KGI.HJ [ N IR NN NN R RN NN NN NN NS 0.11225

EMISSION 0OATA

o nG/ MG/ , XG/
am3 ONmM3 4R
UREL IN H20 0.2C51E G2 0,22708 32 ~3.478SE 01
UREA IN H250a 3.1463€ 31  C.1613€ 231  3.1273E 30
TOTAL URE& 0.2197E 02 C.2432E 32 G.1913E 01
AMMON IA-DIRECT-IN H20 0.5T84E 02  3,750%E 32  0.39C06E 01
AMMON TA-0 IR ECT~IN H2S08 0.7220€ 02 0.7991g 02 0.5285% O1
TOTAL AMMON IA-C IRECT 0.143GE 93  2,1559E 33 3.1219% 32
AMMON ITA-D ISTILL SD=I¥ 420 0.5411€ 02 T.7393E 32  0.5581€ 71
AMMON TA-Q ISTILL 2D-IN 42504 0.722CE 82 2.7991F 02 2.6285% 31
TOTAL AMMON JA-D ISTILLED 0.1363E 33  0L.15C9€ 33  0.1187% 02
FORMALDEHYDE IN n20 0.5566E 00  0.7268E 3 8.5716E=31
FURMALDEHYCE IN H2S0& 0.1X81E G0 0,1485E 3O C.1158E-01
TOTAL FORMALOEH YDE G.7903E 90 C,.2752E 0O C.6334E-01
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YEST JaTa == UREA, AMMONIA, FORMALDEMYCE == TEST %0 4
TRC 2R QJECT 82788=-20 -

UNIT TESTED UREA GRANULATORY SCu3BER 8

JATE AND TIME OF TEST  JANUARY 17, 1979  1543-17533 H3S
SAMPLING LOCATICN OUTLET STACK
VAME OF 13N C.F+ INDUSTRIES
LOCATION OF FIRM DONALOSONVILLE, LA
20LLUT ANTS SAMPLED UREA, FOIMALIE4YIE, AMMCNIA
3ARCYETRIC PIESSURE. IN HE 30.38
JUCT AREA. SO FY 19 463
WCZZLE OIAMETER. 1V C.257
31707 CALI3SRATION CCEFFICIENTS 1 0.82C
2 C.8%e
3 c.822
JRY GAS METER CALIIRATICY FACTOR. Y 1.000
FINAL LEAK RATE. CFM €.Co0
TONS P ER HOUR, PROJUCT 0.300
COMPOSTTION OF DUCT GAS. % 2Y VOLUME OIY BASIS
CABON DICXIDE .00
OX YGEN 2C .59
CAIBIN MON OX IDE ' 0«30,
NITROGEN 75 .50

UREA, AMMONIA, FIRMALOEHYDE COLLECTED. G

UREA AMMONIA-DIR AMMONIA-QIST FOIMALIEYYIE
420 IMPINGERS Q.8580% 02 0.3710E 33 J.1830F 93 N.1143E 31
42504 IMPINGERS 0.73CG3E Q1 0.2230E C3 J,243CE 33 2+260QE-C1
TCTAL 0.721CE Q2 C.6943E C3 J.4263E I3 J.1176¢ O1
AMOUWT OF 4ATEX CCOLLECTED. GIAMS
IM?INGERS 11zl
SILICA GEL 2C .6
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TEST JATA -= UREA, AMMONIA, FORMALOEHYOE -- TIST O
— TRC 3RQJECT §2758-2C

»~

3CINT TTIME VEL HEAD OQIFICE HMETER TEMPS DUCT STAT DuctT INITIAL P C¥YC
PRESS INLET EXIT PIESS TEMP METER VOL R ANG
IN H2) IN H20 JEG F ODEG F IN H20 DES F CU FT 8

b 5.0 C.58C1 - 2.200Q 73. 7Ta, -C .31 133. 153.1C 2 OCe.
2 5.0 C.530Q 2.20Q09 71. 72. -Ce3l 1G3. 154,20 2 O.
3 5.0 0.65C2 2.4500 10. 2. -0 31 162. 153.60 2 (.
L) 5.0 €.65090 2.8500 73, T2. -0.31 162, 162.8C 2 Q.
5 5.0 C.6700 2.5200 70. 12, -0.31 1C1. 167.32 2 Q.
6 5.0 0.670Q 2.5200 70. 1. -C.31 1C2. 171.8¢ 2 q.
7 3.0 C.56003 2.1100 1GC. 1. -0.31 1C3. 175.45 2 Q.
g 5.0 Ce56C3 2.1100 69 . 7. -G.31 102, 183.77 2 Q.
9 3.0 0.48C02 1.2200 63 7C. =031 133. 185.0¢ 2 ¢.
1¢ 3.0 C.47CA 1.7503 68. 1Ce. =031 102. 189,30 2 g.
11 5.0 €.3503 1.3200 68, 66 . -0 .31 1C3. 193.30 2 ¢.
12 5.0 0.35C3 1.3203 68 69 o =031 99 ., 195,31 2 Ce
1 5.0 C.5600 2.1100 67. 68, -Q0.38 1C1l. 19%.88 2 (.
2 5.3 C.58CJ 2.2000 67. 68, -0.38 1343. 2C3.72 2 @.
2 3.0 C.62C3 2.30CQ 66 68. ~C32 1C1. 2C63.2¢ 2 o
q 3.0 06383 23500 66, 67 » -G 38 123. 212.7C 2 Ce
S 3.0 0.6703 2.5209 63 . 67 « =CL,32 97. 21 F.2C 2 Qe
6 3.0 0.68C3 259G0C [-1- 9 6T » -0.38 99, 221452 2 Ce
7 3.0 0.62GC3 2.+30090 66, 67. -G.38 103, 226.2C 2 2.
8 5.0 0.6203 2.3000 65. 66. -0 .23 1c2. 233.63 2 GO
L] 3.0 C.S4C3 2.C02030 83, 66. -C .38 1Ca. 235.02 2 GC.
10 3.3 0.54C3 2.02C0 b6, 664 -C .38 1C2. 237.21 2 Qe
11 ;00 OQ“OUJ 1-5100 66. 67. -C.39 990 2'63.6C Z Q.
12 3.0 0,.,u0C 1.5109 66, 67 « ~C.38 1537, 247,38 2 Coe
TINAL METER JOLUME . 2537.32
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TEST JaTA == UREA, AMMOVIA, FIRMALCEHYDE == TEST & 2
TRC PROJECT 32338~2C

CoF o INIJUSTRIES
UREA GRANULATOR SCRUB3ER 3 CUTLET STACK
JANUARY 17, 1373 1545-1753 4RS

STANDIAD CONDITION TEMPEIATUICE . JEG F ceescvcacesecenes C+6800E Q2
STANDAD CONDITION PRIESSURE. IN 46 cccosvscsscscsnsocsce Le23928 O
'o"L s‘"’LI"G 'IHEC “INU'ES (R N AN NN NN RN ENNRENRNENEMNRSENXRHN] c.lzgaz cs
AVER AGE SQUARE ROOT VELOCITY MEAJ. IV 420 EX? o5 csveee C.7H888E CO
AVERAGE ORIFICE PRESSUIE D02 IY 420 esessoscsensossee Ge2106E C1

‘VER‘GE ”EIEQ 'E”m.rma. DEG F OO0 O0 0SSOSO OO SITAEDN c.bs“zE cz
AVERAGE JUCT STATIC PRESSURIE. IN H2C seeecvescosescscse ~C,JUSCE CC
AVER AGE JUCT TEMPERATURE e JEG F eevesevacevccsesvsncncse G.1307E GC3
'orAL SAHFLE VQLUHE. D‘CF L X J -........................... c-l:o?E Es
Yot‘L s‘HPLE voLu”‘E. DSCF S 0SS 2C OO OPI IR ASCOIAT TO AN PSS c.lgzrs cs
H"E? V‘POR VCLUHE. DSCF 00 S 00 VS0 SCBOESEINCEOSPOIOIOICEN OGRS c.sz“be cl
MOISTURE CONTENT OF JUCT GASe PEICENT savssesscesescess UeS73I3E 01
HOLE FQAC‘ lo“ )RY G‘S 90 Q9SS 0CED OISR CP COBSNCEP ST IS BSON :.?“27E Ca

MOLECULAR JEIEAT = DY STACK GAS sssecessensoscsssscscse Te2982E C2

MOLECULAR JEI6AT «~ STACK GAS cecesassescccsccacsoccnonse Ce2823€E C2

AVERAGE STACK 2RESSUIE, IM H5 ceessensecscassscscsssoss C.3335E 02

DUCT VOLUPETRIC FLOW. ACFM secevesincsccsccoscssssvssrans C.5062E CS

OUCT VOLUMETRIC FLOW. DSCFM cvaccccecsaconsacocscsnnnse C.4353€ 05

AVER AGE DUCT VELOCITYe F2M cecnessccscossnssecsossscece J257%E Cu

EXCESS AIR . PEICENT ecesccscsovsevetsessccsascsssasccese C.4201Z 3%

AVERAGE QUCT GAS CENSITY. LBS/ACF ceccsecsncacsssscocess Q.6792E~-C2

[SOXINETIC FACTOY, PERCENT ccoeavocevensoccrsoaseccrvcsonse G.1028€E C3

EMISSION DATA
G/ GR/ Lt3sy/
ACF JSCF 4K

UREA IN HZ20 0.39035-32 2.5385e-32 S.38625 21
UREA IN H2S04 Ce?8TTE~QZ CelJ97E8-32 C.4285% 2C
TOTAL UREA 0.?8391E-Q2 C.l 092E~-31 Cl.423%15 31
AMMON ITA-D IRECT~IN H20 0.5C2C€~-01 SeE574E-T1 0.2178€ 32
AMMON TA-0 IRECT=-IN H2S04 Go437TE-J Q.u852€-31 Jd.133%62 Q2
TOTAL AMMONTA-D [RECY 0.9233E-21 Ce1043E 33 C.8CT4E T2
AMMOK TA-DISTILL ED-IY 4290 C.2u76E-01 Ca2T47E-21 B.10745 22
AMMON TA-D ISTILLED-IV 42S0a €.3238E-01 S.3651E-21 O.1u26E8 32
TOTAL AMeoMIA-D ISTILLCD 0.5764E~-C1 C.6400E-21 J3.2531% Q2
FORYALDEHYOE IN H20 0.1582€-32 0.1713€-C3 S.66325~-31
FORMALDENYCE IN H2SOW C.4871£-03S 7.5 408E-35 0.2113€-32
TATAL FORMALDERYDE B.1591£~-03 Cel767E-03 0.599332-91
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UREA

UREAR
UREA
TOoTaL

ARMON
AMMON
ToTAL

AMMON
AMMON
TOoTaL

TEST JATA ~- UREA, AMMONIA, FORMALDERYDE == TEST vC
TRC PROJECT §2988~-20

CoF « INDUSTRIES
GRANUL ATOR SCRUB3ER 3 QUTLET STACK
JANUARY 17, 1379 1549-1753 4R S

STANJARD CONOITION TEMOERATURE,. JEG C eevvsvcvncoscccas
STANJARD CONDITION PRESSURE. ¥4 44 0680500 0c00s000sssns
TOTAL SAMPLING TIME, MINUTES ©scv00sverssessasssesstannse
AVERAGE SGUAIE RIOT VELOCITY HEAJ. MM 420 EX?.S secence
AVERAGE ORIFICE PRESSURIE DIOP. M4 #20 tescssossssesoncs
‘VER‘GE "ErEa 'E"PER‘TURE. DEG C PP SO0 GPROOSRIOGEIPOGOIOIOEOITOTOQOTEESE
AVERAGE JUCT STATIC PRESSUIE, MM H20 secssessccsssccsnse
‘VERAGE Dua TEP’E?AYUQE. Jes c GO 0P OOPBSIOQCOIOITEOIOPIOLOIRNOOIORETS
rat‘L s‘”LE 'oLuPE. Dqs '......'......-....‘..........
tor‘L S‘"PLE voLu"E. 0“"3 .....'..'......".‘..........
"IE? 'APOR VOLUHE. DNHS [ AR N R E RSN F N YR Y Y NETYYREY] o8 o000
AVERAGE STACK Sas PRESSURE. “» KG e 6080 ess0es0s e 0000
uucr VOLUPETQIC FLOU. l";/" l..'.......‘...‘..'..‘..'..
ouc1 voLuFE7Qxc FLQ“. 3""3'" ..........'.I"...‘..."..
AVER‘GE Jucf VELDCI?YO HI" .'.'............'...........
VVER‘GE Jucr G‘s DENSITY' KGI‘“: (LA AN ERENENNENERENNNNEREYEWEREY

EMISSION DATA

nG/ MG/
AM3 INM3

$.2000E
0.7600E
C.1200€
C.3754€
C.534%€
0.2023E
~0.3T763E
0.3915E
J2952E
Qe23CIE
Cel763E
C.7710€
Ce1833E
G.1291E
C47953¢
0.2123€

KG7/
HR

IN H20 0.2037€ G2 0.2262€E 02 Ja1734¢
IN H25Cs 0.2263E 01 J.2S1CE 01 0.1945€
UEA 8.22635 02 J.2513E 32 Je1988¢%

IA-9 IRECT=-IN H20 0.1149€ 03 0.1273€ Q3 Ce?887E
IA-DIRECT~IN H2SOS C.1C30F a3 C.1113€ 23 J.3608E
AMMON IA-D IRECT 0.2149E 033 0.2356€ Q3 Q.1849%

TA-DTISTILL ED~-1IN 429  Q.5666E G2 0.6291€ Q2 0.4877C
IA-BISTILLED~IV 42504 3.7524E Q2 C.63%54E 22 RY-LR -3
AMMON TA-D ISTILLED 0.1319¢ 03 Cal463E 53 Jeil3S5E

a1
oc
a1

J1
a1
forrd

n
i

32

FORMALDEHYDE IN H20 0.3530E O 0.I917E 20 0.3038¢5-21
FORMALOEHYCE IN H2S04 0.1115€E-01 0.1 233%€E-Q1 Q.75 74E=-03
FOR MALDEH YOE O0.3641E QC CL43J43E 22 0.3134£=-01

TOoTaAL
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TEST DaTA == UREA, AMMONIA, FORYALDENYDE =~ TEST NC 3
TRC 2QQuECT 82788-20

UNIT TESTED UREA 3IANULATOY SCIUIBER 8
JATE AND TIME OF TEST  JANUARY 18, 1579  C386-1217 H3S
SAMPLING LOCATICN OUTLET STACK
WAME OF FI3M C.F. INDUSTRIES
LOCATION OF FI?m JONALDSONVILLE, LA
S0LLUT ANTS SAMPLED UREA, FOIMAMLIE4YIE, AMMONIA
3AROMETRIC PRESSURE. IN HE 3G.27
JUCT AEA. SQ FT 19 463
NOZZLE OIAMETER. IN C.257
317T0r CALI3RATICY CCEFFICIENTS 1 C.82¢C
2 C.834
3 £.827
IRY 6AS METER CALIIRATION FACTOR., Y 1.G0C
FINAL LEAK RATE, CFM C.C3C
TONS PER HOUR, P0ODUCT c.0oe
COMPISITION OF DUCT GAS., T 3Y VOLUME DY BASIS
CAIBON DIGXIDE 0.C0
OX YGEN 20.59
CAIBON MONOXIDE 5,09
NITROGEN . 79 .50

UREA, AMMONIA, FORMALDEHYCE COLLECTED. *G

UREA AMMONTIA-DIR AMMON [A-DIST FGOIMALIESYIE
420 IMPINGERS 0.571CE Q2 0.1253€E C3 J.125CE 23 S.1253E O1
425038 IMPINGERS C.520CE Q1 0.2620E C2 0.2630€E 73 S.460CE~-QL
TOTAL 0.62%0E Q2 G«337QE C3 D.3830E 233 Ce.l296E C1
AMOUNT OF WATEY COLLECTED. 3AMS
IMIINGERS 11063
SILICA GEL 18.%
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30INT

- s
N O@~Ng W g N~

OV Vg wpy =

10
11
12

TEST JATA -~ uUREZR, AMMO0NTA, FORMALOEHYOE =-- TEST vo
TRC 2ROJECT 827€8-20

T1Me VEL HEAD ORIFICE METEX TEMOS DUCT STAT DucCrt
2RESS INLET EXIT PRESS TEmMP
IN H20 Iv 420 JEG F DEG F IN H20 JEG F

3.0 0.5200 2.3000 6%, 63. =C33 1C3.
5.0 C.58030 2.,2000 63, 63, ~033 1Q1.
3.0 C+6500 2.4500 63. 63, -0.33 102,
3.0 Q.6500 24502 63, 63, =0 .33 101.
5.0 0.67C2 2.5103 63. 63. -0.33 1C3.
3.0 Co&SOJ 244500 63. 63, -C .33 104,
5.0 05602 2.1100 63. 63. =C.33 104,
3.0 C 5602 2,.,11CQ 63, 67, ~Ca23 1GS.
3.0 0.49C3 1-8“00 63, 63 . ~C33 103.
3.8 C.SOCD 1.8802 63, 63, -C33 1Ca.,
5.0 0.37C3 1.4002 63, 6. =0.33 1cz2,
5.0 co:?CO 1.“003 64, 64, -0.33 101,
500 0-6000 2.2500 66, 66, -0 32 1cz.
;00 C.SSCO 202000 €be 66, -C -30 lclo
3.0 0.6'!00 20“000 56. 66, =G 33 ICl.
5.0 C.GSCS 244500 Y- 19 66 =-0.30 101,
3.0 E.GSOO ZQSBBQ 67. 67 . -C .30 122,
500 C-bBGJ 2.5800 66 664 =0 .30 1G1,
3.0 U.bGCG 202500 66, 67 . =-0.30 103,
5.0 0.50080 2.2500 67. 67. =C.30 105,
3.0 0.52¢0 1 .95080 67 . 67, -C 30 1G4,
5.0 C.52ca 1.9500 6T . 67 . -0.20 1C3.
3.0 C.42C3 1.,5%03 t8. 68, =G .33 1cz.
3.0 G.“ZCJ 1-5900 68 68, -C.30 1C2.

TINAL METER v¢OLUME
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INIT IAL
Cu FT

251.04
253.5¢
253,70
263,19
267 .65
272.20
276,585
263.73
285.13
287 .09
293.32
295455

3C3J.l0e
3Ca,20
305.85
312,36
317.5¢C
322.07
326471
331.0¢
335.45
33?.534
343,58
347,27

Is1.11

P CYC
METER VCL R 2ANG

8

NNNNNNNNNNNONN NNNNNNNNNNNNN

Q.
Toe
Qe
C.
Qe
Qe
Ce
Je
o-
Coe
a.
Qo

c.
a.
Te
Qe
Ce
Ce
Q.
Ce.
C.
Te
Ce



TEST JATA == UREA, AMMONIA, FIRMALDEHYDE == TEST 49
TRC PRQJECT Rz9e8-20

(T

CoF o INJUSTRIES
UIEA GRANULATOR SCRUB3IER 3 CUTLET STACK
JANUARY 13, 1377 J946-1217 4RS

STANJIAQ CONDITION TEMPEIATUIE. JEG F esccvsccccccccess 0.68C0E C2
STANJAID CONJITION PRESSURE. IV 4G ecccescssssvecvccscne C.27992E 02
'orAL s‘mLx‘G TI”E. HINUYES ........ll.....'..'......‘ CDIZOQE u!
AVER AGE SGUARE ROOT VELOCITY WEAl. IV 420 EX? o5 sasess CeTUS4E CO

AVERAGE ORIFICE PRESSUIE DR0P, IV 420 ssccssscceccccescs C.2121E C1
.VERAGE "ETE: rEwER‘YmE' DEG F " YEEIEEAREEET R R NN R NS :'6‘.905 cz
AVER‘GE auc‘ sr"rc nREssuQE. x“ Hzo YEXEEXEESEREENRE N NN NS -G.slsae cu

AVER AGE JUCT TEMPEIATUIE . JEG F ecvevccvccccaccsassscecse C.1225€ 03
TOvAL SlﬂPLE VO’.U"E. D‘CF 29 00000000 CRPCERPRSIBOOROTSOPOTLE CalJCIE 03
TOoTAL SAHPLE VOLUHE- USCF 0908 C00a00QENRERO0QECEORROSSOVOTRS 30132"5 o3
JATER VIPOR VOLUHEI DSCF 0006200000 OREERSSCBNE OSSO ROIOTSS 0-63815 01

MOISTURE CRTENT OF JUCT GASe 3ERCENT ecescocsrcncsscoe
HOLE Fa‘c'xo‘ )RY G‘s Q..‘...l..."..'.‘........l.....l
MOLECULAR 4EIGHY = DRY STACKX GAS

CT.5603E 01
C.933I7E €O
C.2882E G2

@9 e eE 0 RGOS OCSIBRORBSSIOSTDS

”oLECuL‘Q ‘EXG'.Y - STACK G‘s '......"..‘.....l'.. [ AR N X ) 0.2921E ez

AVER AGE STACK PREISSURE. INLHG ceovscosccocssrcscsso o £.3225€ ©2

DucT VOLUPETQIC FLOE' ‘CFH .'......00'...‘...!..l.....‘ﬁ.. a.slB;E cs

Dua vo‘-uretq,c FLO“. DSC:H .ﬁ...........Q.l."'....l... 00“5765 cs

‘VER‘GE sua VELOCITYO FP" PP DOPIQOL OO BSOSO TEEEZEXEEXKENENENJ ] 0026035 0'

Exc:ss ‘IR. PE?CENI ......'....ﬂ....D...O......G.."..‘ D.“ZCIE n"

AVER‘GE uucT s‘s OENSITVQ LaSIAcF °'.‘..0..0..l.‘..-... c.s?“as-cl

ISOKINETIC F‘croa. PsRcE‘r ..8...'.0......"‘.'...C..‘. G.IalsE cs

tMISSION DATA
G/ GR7 Las/
ACF JSCF . HR

UREA IN M 20 J.7709E-0Q2 £ .3607E-02 0.3376€ 21
UEA IN H2Z2SO04 0.7021£-02 C.7438€=-23 J.3074Z 2C
TOTAL UEA C.5411E-92 0.,9391E-32 0.3633€ 31
AMMON [A-D IREZCT~IN K20 0.1638€-01 Sl 388£-31 0.73%1E 01
AMPO TA=D IRECT~IN H2S50% Qe.3537€-02 J.79435-G1 J.1549S 02
TOTAL AmMMONIA-DIRECT 0.5225€~-01 0.5833E~-31 0.2288¢ 32
AMMON TA-OD ISTILL SD~-Iv 420 0.1688E-T1 C+i834E-21 J.7321E 1
AMMON [A-DISTILLZD-IN 42508 B.35531E-01 D4I364E-31 S.1555E 32
TOTAL AMMONTIA-C ISTILLED 0.523%5-01 2.5 838E-31 Ge2294E 32
FORWALDEHYDE IN H20 3.1633E-03 0.1 884E-G3  0.7331E=-01
FORWALDEHMYOE IN H2S08 0.56211E-05 G e&IINE~TS Ga.2720E-32
TITAL FORMALOERYODE 8.1750€-33 2.195u4€=-33 C.78663%~01
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UREAR

UREA
UREA

TEST JATA == UREA, A%““ONIA, FORMALOENYDE == TEST 4G
TRC 2R0uECT 82938~-2C

C.F o INJUSTRIES
GRANUL ATOR SCRUB3ER 3 GUTLET STACK
JANUARY 18, 1373 C946=-1217 4RS

STANDAIO CONDITION TEMOEIATUIE, JEG C coccosvscencccnes
STANJIAID CONDITION PIESSURE: MM 46 eecescscccccscscssos
to"L s‘mLI‘G 'I"E' Hr“u':s 00 00e0 0300000000 RO SOIRLES
AVERAEE SCUAIE RIOT VELOCITY HEAD e MM 420 EX345 cescces
AyERAGE OR IF ICE PRESSUIE DIC2. MM H20 sevscevscsscsccsas
‘VEAGE HE‘EQ rgmm.TmE. DES c (AN R NRNNENENNNENYENNYEYRY
AVERAGE JUCT STATIC PRESSURE. MM H20 cassccscscsonsoccs
‘vm‘s[ DUCT tEH’EaAtu?E. gEs c AN E N RN NN FN NN NYNENNEYNNY)
ror‘L SAHPLE voLu'E. Dns @00 009 0F TP LTINPOOROIINNOSEOIINPOESEOIBSRETD
to"L sA"PLE voLu"E. D‘"s 00 0062000200 0000 eP 00RO ROGEENITBESN
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EMISSION DATA

MG/ MG/
an3 INM3

C.2300CE
C.7500E
C.1200¢
C3777F
C.5812¢€
0.13238¢€
-C.EUUIE
Ce3J17E
CelB8I4E
J.29%%€
C.1722¢
C.7683€
Coeluu?e
Gel296E
07933
Cel113E

XG/
4R

In H20 B.175664E 32 C.1370€ T2 3.15332 01
IN H2SOn J.16J7F 01 J.1794€ 21 0.1296¢ 2C
TOTAL UREA B.19258€ 02 C.2143E 22 Q.16722 31

AMMON IA-DIRECT-IN H20 0.3862€E 32 B.4312€ 22 J.3355¢ 31
AMMON TA-O IRECT-IN H2SOs J.3095E 02 J.9037¢ C2 g.7032 21
TOTAL AMMON [A-QIRECT 0.1136E ©3 C.1335E 33 0.1039E 22

AMMON TA-Q ISTILLED-IN 420 0.3862E 32 C.u312E 22 C.3335z2 C1
AMMON TA-D ISTILLED=IV 42504 C.3126E 02 J.5072E 32 J.706CZ 7
TOTAL AMMONIA-O ISTILLED J.1139€ 92 9.1332€ €3 0.iC41% J2

FORYALDEHYCE IN H2C 0.3862E 0OC 0.4312E 30C C.3355&g=-01
FORYALDEHYDE IN H2S0e O.1421E-01 Cel587E~01 J.1235€E-02
TQ¥AL FORMALDEHW YOE 0.8C04E 00 C.4473€ 03 Ce3479E-01
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APPENDIX A-2

SAMPLE EQUATIONS AND EXAMPLE CALCUALTIONS

A-29



EMISSION CALCULATION SYMBOLS

La - Allowable leak rate, cfm

3
vmtotal - Total meter sample volume, ft

T - Total sampling time, min

total
Lp = Final leak rate of sampling train, cfm

vmctotal — Total volume sampled corrected for excessive leakage, ft3

Y =~ Dry gas meter calibration factor, dimensionless

o
Istd - Standard temperature, F
avg - Average dry gas meter temperature, °F
- "
Pbar Barometric pressure, "Hg
- "
AHavg. Average orifice pressure drop, HZO

Pstd - Standard pressure, "Hg
VI - Volume of liquid collected in impingers, ml

VSG - Volume of liquid collected in silica gel, grams
Mg - Molecular weight of stack gas, 1b/1lb-mole

ZCO2 -~ Percent CO2 by volume (dry basis), 2

%ZCO - Percent CO by volume-(dry basis), 2%

ZNZ - Percent Nz by volume (dry basis), =%

ZOZ - Percent 0, by volume (dry basis), %

D_, — Average duct gas density, lbs/ft3

Ps - Average duct static pressure, "H,0

2
Ts ~ Average duct temperature, °F

EA - Excess air, %

Vg — Average duct velocity, ft/miﬁ

Cp — Pitot tube coefficient, dimensionless

~/2P)avg - Average square root of velocity head, /ﬁﬁza

As - Cross-sectional area of duct, ftz
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EMISSION CALCULATION SYMBOLS (cont'd)

Q - Duct volumetric flow rate, acfm

Q

std Duct volumetric flow rate, corrected to dry standard conditioms, dscfm
D, - Nozzle diameter, inches

F - F factor, DSCF/MM BTU

«H - Percent by weight of hydrogen in fuel

«C - Percent by weight of carbon in fuel

%S - Percent by weight of sulfur in fuel

ZN - Percent by weight of nitrogen in fuel

Z0 - Percent by weight of oxygen in fuel

GCV - Gross calorific value of fuel, BTU/1lb.

C - Actual particulate concentration, grains/acf

Cg - Particulate concentration, grains/dscf

ER -~ Particulate emission rate, lbs/hr

E -~ Particulate emissiomns, 1lbs/MM BTU

Cg @ 122 COZ = Particulate concentration, grains/dscf @ 12% co,
Cs @ 502 EA - Particulate concentration, grains/dscf @ 507 EA
cLb - Particulate concentration, 1bs/1000 duct gas

C‘Lb 8 127 CO, - Particulate concentration, 1bs/1000 lbs @ 12% CO2
CLb @ 50% EA -~ Particulate concentration, 1bs/1000 lbs @ 507 EA

Mh - Total particulate collected, mg
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Sample Equations and Example Calculations For
Test No. 1 Scrubber "B" Outlet

1. Allowable Leak Rate

La = 0.02 cfm or 0.04 Vm total which ever is less.

T total

0.04 m total _ 0.04 x 102.5 _ 5 03
Teotal 120

La= O0.02 cfm

2. Correction for Excessive Leak Rate
Lp = 0.00 cfm

if Lp > La use Vmc total in place of Vo total in all subsequent

equations.
vmc: total = vm total (Lp - La) Ttotal
v - - - ) - £e3
me total

- e — R

I

3. Volume of Sample Measured by Dry Gas Meter, Corrected to Standard Conditions

v -v v Tsea + 460 Plar + “fsa‘é ,
m total (std) m total 5 -
m avg + 46 std A
3o4~o 26 1
v 68 + 460 g + 13.6
= |0l.0 < loo
m total (std) =l0l.0 < (."5 - 460) I: 3992
Vm total (std) = [62.5 dscf
4, Moisture Content of Duct Gas
= v v
4 HZO 3.04707 (I + YsG) % 100
m total (std) + 0.04707 (VI + VSG)
4 HZO = 0,04707 (053+22.0) < 100

lo2.5 + 0.04707 (053+22.0)

Z H,0 = 58 pA
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5. Molecular Weight of Stack Gas
y % H,0
A 4
(0.44 x 7 C0)+(0.28 x % CO)+(0.28 x % Np)+(0.32 x % 03) (1- 1oc2> )+ 0.18 ( % Hy0 )

(0.44 x 00 )+(0.28 x 0.0 )+(0.28 x 145 )+(0.32 x 205 ) (l- ?_(% >+ 0.18 ( 55 )
- -

Ms = 2859 1b/1lb-mole

6. Average Duct Gas Density
P Ps_avg
D e ™ 0.0458 x Ms( bar + 13.6 )

Ts avg + 460

-0.35
D_, = 0.0458 x84 2040+ 13.6
1065 + 460

- 3
Dst 0.07710 1bs/ft

7. Excess Air NOT APPLI\CABLE

. 29 -0.52co
EA = 100 [0.264 TN, - (20, < 0.5% CO)]

- - 005 X
£4 = 100 [o.zea x <-(  <0.5x%

EA = 4

8. Average Duct Velocity
- 5129.4 C (/EP)avg / S ave t 460

(bar sav ) Ms

v, = 5129.4 x0.834% xmsy 1005 + 460
-0'35
OI 0 ————— 1 .
(3 0 +73 5) ¢59

v, - 59!,  ft/min
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9. Duct Volumetric Flow Rate

Q =V, x A

Q =259!. x19.63
Q =50%6l. acfm

10. Duct Volumetric Flow Rate, Corrected to Dry Standard Conditioms

P

Ps avg

Q.. =Q (1- z H20 (Tstd + 460 (Pba.r + 1376 )
std ' 100 Ts avg + 460 Pstd

-0.35
1- S.S 68 + 460 2040 + 13.6
Qg™ 5036l 100 loo.5 + 460 29.92

= 4596¢ dscfm

Qstd

1l. 1Isokinetic Factor

- 2267 (Ts avg + 460) (vm std)
: P Z H,0 2
savg\ V_x T - 2 (Dn)® x 0.7854
(Pbar * 13.6) s t“al( 100 144
I = 5.6_7 ( 100.5 + 460) (loa,s )

2
o =235 YasaLx 120 __55 (025D ° x 0.7854
(3”0 13-5) (l 100)( 144

I= (ol. =z

I

12. F - Factor NoT APPLICABLE

F= 106(3.64Z H+ 1.53Z2 C + 0.572 S + 0.14Z N - 0.46%Z 0)

Gov
Fe=1093.64 x +1.53 x +0.57 x +0.14 x -0.46 x )
F = DSCF/MM BTU
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13, Actual Particulate Concentration

2 0.01543 x Mn (std + 460)( ar + ls.'ia.v )(l )

(UR st:d ( s avg + 460) 1’st:d
,,.,.A-A—\____, 2t -0.36
“’#C 0.01543 (68 + se0) (30404 Tig) (1- 365
loa:s (oo + 460) (29.92)

0.0096
C = 60.00:% |}grains/acf

0.00034

14. Particulate Concentration, Corrected to Dry Standard Conditions

C = 0.01543 x Mn
s v

UREA m std
N O WrDE woe
C/ = 0.01543 x
s {oa.

0
Cs f.d-‘,’% grains/dscf
6-00038

15. Particulate Emission Rate

ER = 0.008571 x Cs x Qstd
UREA

me -°|°6
= - 0.
(cmae ER = 0.008571 aﬁ’;}‘) x 45964,
ER = 31'..,8) lbs/hr.
6.5
16. Particulate Emission NOT APPLICABLE

- 20.9
E = 0.0001429 G x F (20'9 = zoz)

- 20.9
E = 0.0001429 x  x (20.9_ )

E = 1bs/MM BTU
17. Particulacte Concentration Corrected to Dry Standard Conditioms amd 127 CO,

NOT APPLICABLE
12

Cs@].ZhCO?_’ ?C—O—Z—-XCS
12
Cs Q 12% 002 = X
C @ 12z co, = grains/dscf @ 12% co,
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18. Particulate Concentration Corrected to Dry Standard Conditioms
and 507 Excess Air NOT APPLI\CABLE

Z EA + 100

Cs @ 507 EA = 150 x Cs
+ 100
Cs e SOZ- EA 150
Cs @ S0Z EA = grains/dscf @ 507 EA

19. Particulate Concentration Based on Duct Gas Weight

= 0,1429 x
st avg
AMMoN!A g 2?.1‘{
= 0.1429 x °°°°°.‘°':“

Crp ™ 8 ?2'3 1bs/1000 1bs duct gas (uncorrected)
0.00068

20. Particulate Concentration Based on Duct Gas Weight Corrected to 12% CO
NOT APPLICABLE : 2

_% @ 122 cop x 0.104 (Fstd + 460)

, @ 12% co, *00.45 x % COp) + (0.28(% CO + ZN,)) + (0.32 x %03)
- x 0.104 (528)
C b @ 122 co, = 1bs/1000 1bs dry corrected to 12%Z CO,

21. Particulate Concentration Based on Duct Gas Weight Corrected to 50% Excess Air
NOT APPLICABLE

C.. @ 507 EA = ~3 @ 50% EA x 0.104 ( std + 460)
b © (0.44 x ZCOz) + (0.28(%ZC0 + ZNZ)) + (0.32 x ZOz)

a . x 0.104 (528)
Crp @ 502 EA = 57 y + (0.28( F ) T (032 % )

o b @ 507 EA = 1bs/1000 1lbs dry @ 507 EA
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APPENDIX B-1
DISCUSSION OF PARTICLE SIZE TESTING



DISCUSSION OF PARTICLE SIZE TESTING

The problem of probe plugging during the particle sizing scrubber inlet tests
dictated use of a 1/8" L.D. sampling nozzle. The nozzle size, therefore, governed
the sampling rate through the impactor necessary to maintain isokinetic sampling
conditions. If the plugging was not a problem at the scrubber inlet, it would have
been preferable to use a smaller nozzle; this would have allowed a longer sampling
time and a larger range of measured particle sizes.

It was not possible to plot cumulative size distribution curves because 99.9%
of the particulate matter was collected in the cyclone preseparator. Therefore, it
is only possible to conclude that essentially all of the particulate matter collected
had diameters greater than the size cutoff of the impactor.

A Sierra Model 226 multi-stage cascade impactor was operated in its instack
mode and attached directly to the front end of a standard EPA Method 5 train.
Sampling was performed isokinetically, and data was recorded in much the same
manner as for the EPA Method 5 train with the exception that sampling was
performed at only one point {center of the inlet duct).

The impactor unit consists of a cyclone preseparator and six impactor stages
followed by a built-in backup filter stage. All parts are constructed of stainless
steel. The unit is designed to hold seven preweighed radially slotted glass fiber
filters and one glass fiber backup filter.

An impactor with particle collector filters on each stage was used because it
offered low tare weights and caused minimal particle reentrainment (compared to

steel plate collection). The sampled air stream accelerates through four radial



slots on every stage. A particle will pass through each stage until it acquires
sufficient momentum to impact on one of the collector filters. The backup filter is
designed to capture all particulates which do not deposit on a stage filter.

The particle size cutoff for the preseparator is calculated from the
manufacturer's calibration data. The cutoffs of each impactor stage depend en the
operating conditions during a test. The equations used to calculate these impactor

stage cutoffs are as follows:

DP,50 = (Dp,so)r MC P Q

_rprr
m C P.Q
P
Where
Pssq = measured particle dia, um
r = calibration values from impactor manual
n = gas viscosity, micropoise
C = Cunningham slip corréction factor, dimensionless
Pp = particle mass density, gm/cc
Q = volumetric flow rate, acfm
and
pT3/2
L 23
where
B = 1458 pgsec lem™ (k)2
S = 110.4°K
T = K
and
C _ 1 2X(}.257 + 0.400 exp {-1.10d/2)})
= + —d—-
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Where

d = particle diam, um
A = mean free path, um
and
A= 1293 14
where
T = gas temp, K = °C + 273
P = pressure, atmospheres
m = gas molecular wt (wet), g/g-mole.
Note that graviational constant, gc, is not shown
and
Q - Vm_ Ts Pm 1
DGF Ps Tm 3
where
Q = volumetric flow rate through impactor, acfm
Vm = dry gas meter volume, ft3
DGF = dry gas fraction
Ts = stack temp, °R
Ps = stack pressure, "Hg
Tm = meter temp, °R
Pm = meter press., "Hg
t = time, min.
and
DSF = 1 - %H20/100

The cutoff size for the cyclone preseparator was determined from Figure Bl-

1. The actual stack flow rate, Qacfm’ used to determine the cutoff size, was
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calculated by a computer program, whose results are presented in Table Bi-1.

The cascade impactor determines aerodynamic particle size distribution.
Aerodynamic particle sizing differs from geometric sizing in that a mass of
particles containing various shapes and densities is fractionated and collected
according to each particles aerodynamic characteristics. A particle collected on a
given stage is aerodynamically equivalent in size to the unit density sphere (lg/cc)
collected on that stage during calibration.

Particle size distributions are normally plotted cumulatively on log-normal
graph paper. In this format, the mass of particulate collected on a given stage and
all stages of smaller Dp is plotted against the Dp of that stage as a percent of the
total mass of particulate collected on all stages (including the backup filter). The
size is typically represented as an "Equivalent Aerodynamic Diameter": the size of
a spherical particle of density | g/cc which has the same terminal settling velocity
as the sampled particle.

Each of the eight filters was placed in a petri dish and transferred to the
laboratory for analysis. Each filter was dessicated and weighed repeatedly until a
constant weight was obtained. The contents of the cyclone preseparator sample
container were collected in a glass jar, transferred to a pre-weighed beaker,
dessicated, and weighed to a constant weight. Results are reported to the neareest
0.01 mg.

While standard procedures were followed in these tests, a more detailed
sampling method would be required in order to obtain a meaningful particle size
distribution. For example, several points across the duct should be sampled in light
of evidence from the scrubber gas sampling traverses that the particle distribution

across the duct was not uniform. In addition, larger particle size cutoffs would be

needed.
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CASCADE IMPACTOR

’/‘,u‘ 8i-1 * DATA REDUCTION INPUTS/OUTPUTS
Inputs Test #1 Test #2 Test #3
M, mg 1321.99 118, 42 aAlab
Vm, ft3 ¥.59 4.6f %.So
- .n
?]:ar Hg ~ o _?’°_&1__ . 3°'”_ 30'”__ .
Ah, "H,0 -~ 0.28 0.A1 0 -Aba
Tm, °F 80:7 LY 1.7
DGF L L o 0117 04717
Ts, °F 141 pL]  203.3
Ps, "Hy0 -32.5 -a$s -2.8
Time, m;yn 15 - N A|5 \S5
m, g/g-mole 36 336 236
P, glce Lo l-o ho
P, g/ce
“utputs
‘Vm, dscf o 4.52¢ 4643 4419
C, gr/dsct t4%e 3495 0439
Q :;fm . . ..3185  ___6-3a7%_____0.3850
;‘: umcropo se o a.‘q” L 3l$ L &(511
Cyclone jn -~ B 2’ 0810__%?7%‘16___.%3?39—
Cutoff Stage I (p=1.0) pm 1S4
Cutoff Stage 2 (p=1.0) um 9.4 q.a Q4
Cutoff Stage 3 (p=1.0) ym 37 36 3
COtoff Stage 4 (p=1.0) uym a3 PR N A
Cutoff Stage 5 (p=1.0) um t% 1.4 -4
Cutoff Stage 6 (p=1.0) 1m _e% o7 o8
Cy&lone 1322 s 2%
Stage 0 " "% & \.‘:“1
Stage 1 ) 0 “3 vy o 3{
Stage 2 0 N 0-0S 0.3.-4
Stage 3 ""3 N4 'ml..a
Stage 4 'f\.dL n4- 4.
Stage 5 n.4 nA. na.
Stage 6 n.d- n4. né
Filter 0.’ 0:18mg 033y
mg Jotan wr 132199 -xy 2726
%t',Torm. we b 2040 .26 411
¥/ e Comentraron 4,502 37 035




APPENDIX B-2

PARTICLE SIZE FIELD DATA SHEETS
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APPENDIX C
VISIBLE EMISSIONS RESULTS
INCLUDES:

Visible Emissions Summary Tables for Outlet Stack "B" Granulator
Visual Emission Recertification Certificate

Visible Emission Field Data Sheets

Guidelines for EPA Method 9



APPENDIX C-1

VISIBLE EMISSIONS SUMMARY TABLES
FOR

OUTLET STACK "B" GRANULATOR



SIX MINUTE ARITHMETRIC AVERAGES OF JANUARY 17, 18 AND 19, 1979
OPACITY READINGS ON "B" GRANULATOR SCRUBBER STACK AT CF INDUSTRIES, INC.,
: IN DONALDSONVILLE, LOUISTIANA

AVG. OPACITY AVG. OPACITY

TIME FOR 6 MIN. DATE TIME FOR 6 MIN. DATE
12:02 - 12:07 8.2 '1-17-79 12:56 - 13:01 5.0 1-18-79
12:08 - 12:13 6.3 113:02 - 13:07 5.0
12:14 - 12:19 5.8 13:08 - 13:13 5.0

112:20 - 12:25 5.6 13:14 - 13:19 5.0
12:26 - 12:31 5.2 13:20 - 13:25 5.0
12:32 - 12:37 6.5 13:;26 - 13:31 5.0
12:38 - 12:43 6.5 s 13:32 - 13:37 5.0
12:44 - 12:49 6.9 13:38 - 13:43 5.0 |
12:50 - 12:55 8.1 : :
12:56 - 13:01 8.1 99:53 - 09:58 9.3 1-19-79
13:02 - 13:07 8.3 09:59 - 10:04 8.5
13:08 - 13:13 7.9 10:05 - 10:10 7.4
13:14 - 13:19 9.4 10:11 - 10:16 8.3
13:20 - 13:25 7.3 10:17 - 10:22 7.4
13:26 - 13:31 9.4 10:23 - 10:28 8.1
13:32 - 13:37 8.3 10:29 - 10:34 7.1
13:38 - 13:43 7.7 10:35 - 10:40 7.3
13:44 - 13:49% 8.3 10:41 - 10:46 8.5 .
13:50 - 14:55 8.6 10:47 - 10:52 8.5
13:56 - 14:C1l 7.4 - 10:53 - 10:58 9.0
14:02 - 14:07 7.6° 10:59 -~ 11:04 8.2
14:08 - 14:13 8.4 - 11:05 - 11:10 9.6
14:14 - 14:19 8.8 11:11 - 11:16 8.3
16320 - 14:22 9.0 11:17 - 11:22 8.8

11:23 - 11:28. 8.5
15:50 - 15:55 9.6 11:29 - 11:34 8.8
15:56 - 16:01 8.5 11:35 - 11:4C 7.9
16:02 - 16:07 8.5 11:41 - 11:46 7.7 :
16:08 - 16:13 8.2 11:47 - 11:52 7.3 #
16:14 - 16:19 9.3
16:20 - 16:25 7.7
16:26 - 16:31 8.0 r
16:32 - 16:36 9.7 L 4

12:44 - 12:49 9.0 1-18-79

12:50 - 12:55 6.0

* Less than 6 min average
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APPENDIX C-2
VISUAL EMISSION RECERTIFICATION CERTIFICATE
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APPENDIX C-3
VISIBLE EMISSIONS FIELD DATA SHEETS
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\)?\Nﬂ GUIDELINES FOR USE OF HETHCD 9

II.

FOR DETERMIKATION OF LSPS

.To establish basic'pﬁoéedures foﬁ‘visuilly determining the
opacity of emissions for the purpose of attaiping baseline opacity
data for NSPS. These general guidelines are to aid the observer in
ensuring representative data is collected.

Coserver Qualification

«

Prior to performing work for Emission Standards and Engineer-
ing Division, the observer must meet the following qualifications:

]
1. He must have a current certification from a smoke school

- conducied by either the Env1ronrental Protectwon Agency, State air

~ pollution agency or local air po]]utxon agency.

2. He must have attended, at one time, the classroom portion
of the smoke school. ' _
Certificates indicating the above requirements have been

met, will be submitted to the Emission Measurement Branch and filed.

.General

1. The procedures set forth in Method 9.shall be followed.

2. The data should ke recorded on the attached forms. Note that
observations are made and rgéSFded_gt 15 second intervals. It is sug-
gested a digital clock be used for éf&ﬁkeeping. Use of a stopwatch is
helpful fpr exactly timing short perio&s of peak emissions such as dur-

ing rapping, §oot-b1dwing, bag cleaning, etc.

3. Each observer should monitor only one emission source at a time.

DRAFT COPY

C-25

DRAFT copv

AN



Company Hame

RECORD OF VISIBLE EMISSIONS

Plant Address

Stack Location

Weather Conditions

Date

Obﬁewer

Observer'ﬁ
Location

TIME

COMMENTS

HR

TN RAHDE

00 1 15

45

09

Q

02

03

04

0s

06

07

08

Q9

10

1

12

13

14

15

16

17

18

19

20

21

23

2!

25

26

27

28

29

C-26




Company HName

RECORD OF VISIBLE EMISSIONS
Date .

. Plant Address

Observer

Stack Llocation

Observer's

Veather Conditions

Location

TINE

HR

MIN

SECCHUS

COMMENTS

00

15 30

45

e en

Sopm &

T C-27



SUEARY _
RECORD GF YISIZLE EMISSIONS

Type of Plant ___ Date
‘Company Mame ] ‘ Hours of Observation
Plant Address . " oQObserver

Type of Discharge STACK OTHER

" Discharge Location

Height of Point of Discharge
Observer's Location:

Distance to Discharge Point

Height of Observation Point

" Direction from Discharge Point

Background Descristion

Weather: Clear Overcast Partly Cloudy Other Color

Wind Direction Wind Velocity mf/hr
Plume Description: '
Detached: Yes No
Color: Black White Other
Plume Disbersion Behavior: Looping Coning Fanning

Lofting Fumigating Other

Estimated Distance Plume Yisible

Summary of Observaticns:

Opacityv Agareagata Time 8 QOpacitv Onacity Agoreazte imz A Ooacity

0- min. sec. 55

5 . : 60
0 . .. . 65
15 S 70
20 75
25 .80
Kt} . £s
35 99
40 a5
45 - 100
50 -
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APPENDIX D
FIELD DATA SHEETS FOR "B" GRANULATOR TESTING
INCLUDES:
Field Data Sheets for:

D-1 Scrubber Inlet Location (TP-1)
D-2 Scrubber Qutlet Location (TP-2)



APPENDIX D-1

SCRUBBER INLET LOCATION (TP-1)
FIELD DATA SHEETS



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

\' PLANT C F Tndustries Ine., Devaldsomuille sLovisiana,

DATE Hulzq

SAMPLING LOCATION Sranulator "R* Scrubber \nlet
INSIDE OF FAR WALL TO oo

OUTSIDE OF NIPPLE, (DISTANCE A) _ 5372
INSIDE OF NEAR WALL TO

1
OUTSIDE OF NIPPLE, (DISTANCEB) %~ __
STACK 1.D., (DISTANCE A - DISTANCE B) 44 /4"

NEAREST UPSTREAM DISTURBANCE 17!
NEAREST DOWNSTREAM DISTURBANCE ____ &' :
CALCULATOR_<- RIR2EC o TRC SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIFFLE
NUMBER OF STACK L.D. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
| o014 tql/y" P q" s _
2 0-D4Yy 2%’ 6"
3 0.015 3" 7Yy
Y o-109 53" q 3"
s o-146 7N WA
6 0. 183 Q Yy 13 Y%
1 0-236 \ Sp" s %"
8 0.296 T |8 %"
19 0.33 g% 22%"
10 0618 30 %" 3454
\ o-104 347" 387"
P 0.164 377 Y17
13 0.312 Yo %" Yy 'y
\4 0-354 Ga'ly” Ye e
IS 0.89] Yy ‘" 43 '8’
1A 0.9a5 Ys 3" 4q 3/,
\7 6.956 4n 33" 5 "
| 8 0.98¢ Y 48" M Sa'f”
EPA (Oun 232 ‘
412 D-3



* & - ‘ _J
| | 17

DILUTION >
AIR !

SCRUBBER

TRAVERSE PQINT
TRAVERSE DISTANCE FROM OUTSIDE
POINT NUMBER | EDGE OF FLANGE, INCHES

1 s*

2 6 1/’3 "
3 7y,
4 9%;"
5 11,
6 134,
7 15% "
8 18 ¥ "
g 227"
10 el
il 38 7"
12 41 7% "
13 343,
14 a6/, "
15 aglj v
16 493"
17 A
18 s2i,

LOCATIONS OF "B" GRANULATOR SCRUBBER INLET
TEST PORTS AND POINTS AT CF INDUSTRIES INC.,
DONALDSONVILLE, LOUISIANA

D-4
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'NOMOGRAPH DATA

PLNT _CF Tndustvies Tney Donaldsennnlle, Lovrsiana

DATE th17{7q

SAMPLING LOCATION Qrarulater ' 8" Scrubber nlet

CALIBRATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. H,0 aHg (.38

AVERAGE METER TEMPERATURE (AMBIENT + 20°F),°F Tnyg |~ TO°F
PERCENT MOISTURE IN GAS STREAM BY VOLUME Bp |~4U47%
BAROMETRIC PRESSURE AT METER, in. Hg Pa 30.39
STATIC PRESSURE IN STACK, in. Hg
(P ¥0.073 x STACK GAUGE PRESSURE in in. Hy0) Pg 30.21

PS

RATIO OF STATIC PRESSURE TO METER PRESSURE /Pa | 0.994
AVERAGE STACK TEMPERATURE, °F Tsm ~\45
AVERAGE VELOCITY HEAD, in. H,0 80y, |~1115
MAXIMUM VELOCITY HEAD, in. H,0 Appax. |~ 130
C FACTOR 0.97
CALCULATED NOZZLE DIAMETER, in. 0.at"
ACTUAL NOZZLE DIAMETER, in. 0.1376"
REFERENCE 4g, in. Hy0 |.g0

EPA (Dun) 234
472 D-5




VELOCI'TY TRAVERSE

DATA ottt

Velocity, Vs

28.84

20 92
= .* * ] - & e ¥
v, 2.90.% F_* ATFT * / === #

—

Volume, standard conditions Ts

3

cd
. - * A% * * -
‘- .Q Vo FARGO *T /TR *P_/29.92

S

M
s

°R

SCT

D-6

Tdent _CE A Toua,, — Seack Ident. No. Alweb oot Stack I.D.. 4 e, VoA b
“neation M{ LA' Pitot Ident. No. Uf%: Stack O.D. Ft. J‘.
M. . el - Test by __ dfk Pitot Cal. No., F, L
Jarometric Pressure, Py %0-20 g )
. Run \ Run ‘ %
’ort|Poing “Xio "Islio ‘f§ 'fif VP*Tp' Il Poce| Poine "'::12,0’ ."ISII;O ‘fg fg [\T_; B
L] oK o Al loag. lit, -—*
* 1035 160 L josg t ey ~
3 1106 16 2 |0t 6% | O _
4 |20 ull v | 08¢ N2 5
S |l 13 5 o 14 S
¢ |\ ¥ b |0 14  ;
7 {\ag 1s ¢ |13 Y o
g |l \\e € | l4o b 6
3 R s 9 | w0 (W D
L il | e s lo | \60 ne °
it | 1es g l o | -2 | Ne!. °
JZ | |70 175 1> | \18 176 -
3 1110 1S (3 11120 6 o
i€ | 110 1N € |10 \16 5
1S | &S 175 (s |lyg g S
e |l |7¢ (o | (4o Ml 1o
/7 1 1S5 s 17, | o Db 0
"grpta‘icp b P>) ‘T~;‘r&1 To 0 _
. ~Average Average _
: Overall Average _
Absolute Stack Pressure, P ' ¥ WrSoitinafile
P, = Py +SP/13.6 = + - oo bo WM

L

M = molecular weight of
stack gas (wet basis)

A\ =
S

PSS

* 60 *
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APPENDIX D-2

SCRUBER OUTLET LOCATION TP-2
FIELD DATA SHEETS
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT CF Trdustries Ine:, Donaldsemulle o LouiSiawa

DATE ___ ‘17|72
SAMPLING LOCATION _Qranwlator "R SCvulbber sutlet
INSIDE OF FAR WALL TO B
OUTSIDE OF NIPPLE, (DISTANCE A) ___6 &
INSIDE OF NEAR WALL TO "
OUTSIDE OF NIPPLE, (DISTANCE 8) 2 _
STACK 1.D., (DISTANCE A - DISTANCE B) A o
NEAREST UPSTREAM DISTURBANCE Yo d
NEAREST DOWNSTREAM DISTURBANCE {o 4
CALCULATOR __S: Richavdson SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION , COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK 1.0. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
| 0.04¢ 60" 25/80' 4" qS/s
< 0. 146 83" 104"
3 0.296 ) 173" 19 34" _
t 0.10¢4 ya ' Y4y Yy
5 0.35¢ 514" 53'/4
6 0.956 v 51 3," Y 593/
EPA (Dun) 232

472 D-17
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'NOMOGRAPH DATA

PLANT CF Tndusivies Tme. s Dovialdsenuulle , Lovtsiana
DATE 1172

SAPLING LOCATION Qranalaker “8" scrubber ouHet

CALIBRATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. H,0 AHg l-8
AVERAGE METER TEMPERATURE (AMBIENT +20°F), °F Towe |~ TO°F
PERCENT MOISTURE IN GAS STREAM BY VOLUME 1 By [~4%
BAROMETRIC PRESSURE AT METER, in. Hg Py 30.4

STATIC PRESSURE IN STACK, in. Hg

(Pg£0.073 x STACK GAUGE PRESSURE in in. Hy0) P 3037
RATIO OF STATIC PRESSURE TO METER PRESSURE Ps/P.,. 0,999
AVERAGE STACK TEMPERATURE, °F T’m ~|00°F
AVERAGE VELOCITY HEAD, in. H,0 APy, [#0°5"T
MAXIMUMN VELOCITY HEAD, in. H,0 Appg, | ~0.09
C FACTOR 0-88
CALCULATED NOZZLE DIAMETER, in. 0.4%6
ACTUAL NOZZLE DIAMETER, in. 0.45175
REFERENCE Ap, in. Hy0 | 0.48
EPA (Du) 234
412

D-19



———

¢
N 7 T T T gepagpuoy oy T Tpuol 19 eIFLs
T - poIrat10D oy T TOdgR TS
. Nz._ 02 . % | e iwz w | % | %o suy, ~yo18g Bujues|) e ey N aved
grsdteuy ajedprdral aydweg Seg wsag SIUSWAINEEIH LVSUQD EWF '
LA SEF !
4 b
B - e — o llA"l —
D 1Al [ Q[ 19
e e 4 7
0|4 Kisl | |92 o1/ I
P 1{kle A9 11|
dlo 9 oL s
1010] g w o271 | 1
- YOA - -_— —y—f— —
72 +
B DD b [ $17
B VUHIEUUN (UL U 44— - ] .
¢ ¢ SV olol4] |1
— ] 1] o .
| g S| b | Ik
o 84 | 1PP oL L LI .
o 1L EREN
joF A0 PIZIE
4 do o | Wy uowcuw..ou e “_. w' @ e .:uu. d c~= o 4, 0 4o U ol 1 o “ Uy
, awdr’ | o xog [at8uy wunjop X9 av wyoy] 1104
Juo) n 9 . | AIVLAS AIVAS R ] By owt ],
%0 2q01d | dwny) n.”%“ﬂ— 193uay | <o) d 1e13301 i d ) 1 IS ELIE-YY
, ‘duag esfzspostisy|vv|evizo|jov]fseivejceize]loc]sz|az|cz]9ozlszivelczlloz) 61 srpstvrcrjciyjor] 6| 8} L 9gsf{v|¢e
M., SHAD Teupd 1821 Aped1 | A uvu.ﬂ—— sug Laq Nuu waay 3ong \ w %‘\\M\i 1231601
s, EILEN) 1818 1991 Ne¥] Bursr08 ‘dwey 121714 TON *IU3pY 19ITTd %N\w\\\ a1
) oujl puj I1sal sduwe 833398 xo3way aqoagy R *ON *ajuapl dqoay T von 300fb01g DUL
i : ! i . .
Wyl 11el§ 183y ‘uge 1¥A103uf Jujoq asiaaral 94, LT-EX R usnl\ﬂugmuuw__::uu:._ Zuyrdueg
Vv 2913720 *upe UoTIRING 183 ___oll dwoy, Yuapgmy \m *oN 382y
_ - TTTTTIuaa133e0) 0354 X 2InJBTOH poumssy 1 »M ‘ON 22]13130 %ﬁ .Nﬁgﬁwl:o:uuo._ Juepg
203084 ) ‘W) i 2 ‘ow a1zzon *o dung B “\. \v awey w1y
ydeadowoy SL3ANS viva a1did ¢

1o ST

D-20



i
T _ S

uo

§rpue) :N__

Tepuoy oy wafLls

n,—, O/ maal0Q Wiaeas 3eay neay

w \*NL owpL pur 389}

cQcl

suys 1awlg 1Way ‘uj

597

L 3
'Y 9973130 "uy

L ——
§ Bufa19g cdwoy 18334
sdwe NvN‘ 3133198 xa3ed)y 2qoag
o

U] )/ ~ teaavaug jujog asaeavay By,

. 77

7S

e

m& W 4 107904 3 *uy
w] fiduaowoy

Juaydyyyao) 0114 X

\W

b X Rt

A

‘\%x *oN -auapy 3931713

Al R ~cw.J : . . - “ paraatien ofn !t-..a.m-l'ﬂi.w.ﬂlz.au L2 AT H
s1skteuy aIwap(dral eydweg Brg aveig —le s ..umﬁ..anmm u.ésw._ T T‘l.ﬁwal..ﬁ.:_ Buyueaty ..INU..NWHMJ.?: i
A
( v e B e i —1-4
\ Y I HAE | Wroertrrri—I—
zoZ| 7727|1677 OF 4728 SERRIHEL % AR AN 2 <E U N LB <R 4D
Zoz| /21[07 O 7 7| < e | N S A | S s i i
77z 705 OF AdIZHESREIACEEI N W71 izl 198121 el | 3
[7Z| 22/[0¢| 09 Z|lol£1¢8] | it/ HAARIAARIGY AU IR U8 N K
coz| 2] 49 09 2|20 | [ 700 T A2 iaeted el b= |
7707 22 IE[ 45 7 GE AR EIECUD - TR WA Wz 2l idag] bls & T
o3| 25485 HIRECLANIICURIR z 2|71 lelelalz | olegl tols| I e |
L2 SU T 53 2|13 1 B T T RN izl gt ol (e
Ny AT AR 2\es7ial A T R R e b |
9| S/ L &5 2\l A28 1181 TS Az T e o a1tz
E72| 2171775 €3 P Bk e =) m..w \ 4z 7 tN&NIOOW‘.;Qlf 71—
A N 7 A T 2 1 W A 2 el
2 angy | e, sesusfucy ..__.uu-a ordu| § seston, 1014 2o o' i | B o' us o't uy IR
r]m““..w 2qo13 ...._..”._. w.“..u:wue.. 2a3woy | a4 “ gﬂ.::- uuﬁmp suﬁa.. R, Hy nv »:u.q.:i owpy F0q] 1304
,%.G&M. “dway es [esfosfJov [ volevfev| tofov] fse)veee|zcfloc| ez sz ¢z| oz)sz|ve|ce] oz[sx|au ]l st]vtlct e |or] 6| 8] [ o] s| o] ¢
B, LUt 1ol 3901 e A 19304 sy 10 M !Ills:\ﬁdqu..x #a1y 10nd T ,.%&ng.__

N Y
Q\N‘N}'@uu "

@@ "oN ‘auepp sq0ad T T-QETLT L -on 19afoag out

Y ders

uopIwing I8aL A,

%% _ dwaj, Juajquy

FANIBYOH pownasy

o d

¥531] avg Nﬁﬂu \wﬂwmuuw.t_.a.uauz._ 2uj (davg

N.q ‘oM 804,

‘oN 9913730 M\\Sd&.\ﬁul: O uopnact urqy

1 ¢ *oM ag220N

. ;

S1A31ts vivd a1dia

x4

o dung

AQ\U omeN gy

D-21



-~ - c

ll.l"t . T T Tuopapuny oF, A -% ,G-.......u. 17 vagyyg

—5— > = S ! T P210at10n oy -.I'I,I@ndﬂ!-ac LRI RET
N oo | % 0 Iy .

L w o0 | oy T s supeagy e
PN drL, apdwig oy Je8a0 Bﬁ.auu: VS0 - w PIvd Buyueopy O- a» \ IRER e ag

s§sfeuy

|

}

[~

!

|
i

i
)

}
L O
1SN

.
*/wfhfbxf'

|

|

]
NN

i~ f—4—F-1

o

SJLTNEY,
A AN
f
Y

i AJ}

i)

2T s

I | N
1 —]— N d .Wl..:sz’ —t— lnl‘ -1 tr—t+—14-1-Hn_i — ] —1 b _ g —_—
I I ENECG 71 Hetolsf7 CEPE B Fts JRBIERI A
S / IO e HH R 1]
Pl 29IA7 ‘ K2
#5[2 7
qE
“

i
T3
VO
\,
|
l
l
f
I
N~
.
|
Sany
!

NI N
AR

i
i

RN
ALS

!
SRIVES
1A NN

‘\KN‘s\\tNtc\u

<
4

Dol &l g
™

]
]

SN
e

|
!

~¢\x;~4{'~\/

D-72

]

|

|
NI
!(\‘44\1

N0/ W™

NS UN .,w 1TA7

NN RS
|
f

el . / D 7
Eduan=2 e ik S HEE L 2 =
7z o cIV s A2 2o st s -

. 44118 A4N 5151 1

7

. £ ——~{-H—3_ |
lga \ B oy 2 | N -— - S sacz.
8% [ % Y IN X 21z 1z BlN713z
b .n—.ﬂh . . 4
. ’ 1 *mo
“dwdy mus.”_. .N._.a?& xog |er3uy vunTop 103:y 4o on de Mo lf 4, w o uy o't ug o
I LI Al BELLT B to53jup v, Aavis, " M hv f113010p P[]0 e
.R_'a
L s lzsod fsy[vw]esfzo] -0 sefveec]zc o d L 44 K £ T Y | I s e Yrfeefioi o) o] ] o] T T% |

LU g 000’ 1°u14 180y yeoq A 310 wuy kg 35~ SEIL] T waay 3ong Y&, 78 e,
fu,, B 7 "ondn 200’0 1arag 3wag qoaq \_ NV Jugp3reg 4wy 1a3ppy “\ VA\ ON “Juapy 1a3ppy JN\\\&\%/SE

VA R o OF 8133395 20300y aqosy &N “wwepy aqory SB7F M 1aferg oy
\Qrﬁ\ RjL 13935 801 cupu QV 1¥A393u; Juyoy LLZELLET T WM...QM T ®Baxg aug NNG u“wwnuw.x::_ 1y Bug pdwng

\ < . n —

%“ \ =<ouu=.55l Q NV UopIvang 3say mo mw -l._lu.-. Juagquy ———— = “on am0y,
Ua1213390) J0134 2 : o1 -

455 N MIRToH pamnssy . "ON 8315139 A .:N\m\wuq?a:ai ueyy

%%.. 103904 9 uy o~ R4 .MN«.JJ.._ ® ‘oM arzzop [/ oH dung l!ll‘lrlaz..\.vu.lro...az wipy

le13omoy : BLAANS ViV a1314

S

o~

e e




- I 3 T \

!
{
|

&
7 T TTTT wepagpuey) olu TTTITTTT T epuayy o o lYs
T T pa1da1on uln -ilo..w ﬂllNll!_ac LEITRES
z H z H 3 7 -
N 0 e 0 ! w 0 09 L e yaIeg Bujuray y— uﬂﬂ T ymen ogeag
sjekyeuy avopidyay aydmug vy verg FIGOMIINKEO] LVSH0 - m\m\.m 204 Supurotd 0- Q.B-I

AT/ |

i
|
!
|
|
|

|
|
!
i

—~
|
|

)
|
|
¥
|
|
!

I BRI
Q27157 75 AL A4 1218 T slol 118121 ek el 1a31<] fals) || 2
o A EUNE Tl Al [ {IOA7[ Aol Bl oI o5 126 o
A ES 2@ 48/ IR ez B Iz e o] (e
B2 [F 55 2lloelsls/|E[97 L PELHAGL ezl ezl L tls |
&oz| Zz7/|O0°8 45 dAAGEUR PR ZRERRUME P ER Shug g g N ER K
4021 22/ 0’| 65 sl A4 TN 4] (oK .o\\wnuwﬁw‘. okl
o2 22][SE IS m?ﬁm\ BB AR AR ZESEINAAENEE R
Y iRZIPX P 2|2 e 2 P e e el s
&o2| Zz/| | &5 82717 WA T T 122 ol e e EIRU P 2112
AR IEE 4 el 13571 11 A7 2 10B#Ie B2 [oEPl 128 21—
EANAVANW ARG zEuElnEry zZ 72kl P 7
20| 2Cf| L2 47 :\\\WJ&\QW Ol Tiog [ 113017 - e vAm|'S loloiz sl Blel |77
....._o. M g, uun:u?_ao ..._..“u-._. 3“..4 m i_...“”a.uwﬁ: » o' ur g %0 4 ) o'n o e~w.<5 IR wgog] 110
sqosa oy ga._aﬂuﬂ_ sseon | "3k | § 113t sy n0vis, Ry R Hv K1po0192 L i
*dwoy tsjzsjospicvvviev] 2] t-jovf fsefve|celee]|oel 6z mz|cz] 9 fse|vz|cz]oz|er|et}]su)otfcrfzi]lor] 6] 8| ] o] s v]| ¢
M, lwlo:.ulnw.%:s_: 189l ywa } _ A 1930y sey Aag M 359727 va1y 1onq .l»lMﬂjNMat%::&
Sit,, TT9HAD ZOO? 11vIs 188L R8N Ww\s\w\ fapaing +dwey 101714 oy \\\w\ *ON ‘JuBpl 103174 %N\\N\\\ Ratl
N\«M\\ .ﬂ@ﬂﬁ pua 12} sdwe =, QN\ 8aj3195 a9jway aqorg %MJ ‘oN *juepp 9qolg lOM”%%N»NN..:z voaford oul
@*l“\ awjl 119§ 193 “uw )/ 19A323uf Jujog asaaaray ¥, %M 02 Bsox} aeg j.«.ﬁuq.mr.r::uu.: Ruj jduoug
$I7 iy 9513130 *ujed 77 vogreang 3saL 4, .%.W dwag, Juajqmy A L
ll!ttmvlm 919133900 10974 X (‘n sin3ejoy pomnBey - Q. . *aN ©373)10 ..INEJ:%&.:ES?.. wegq
Fo’ ._Mu“u“uow ™ -v st T .e”.amﬂ_ms,“.:a ataa v o e ._N 2

~ L4 -
\

2. !



D-24

- . o O B
D ” _ T uogjpuo’) ..w: T (v.-ll._:.:. 1" eOf1Ys
: syskjeuy 21pdyydyay eydweg vy 3meag S1UswaInst o] IVSH0 LA Nz Wirg Bugueay) ‘Qﬂymﬂ-&mfﬂ»..l._nn: i
Al *r
Tz 1olo 7 - -1 “TTTTriH—1—
( 1T T Ietepd 1Bz lo+ [A~IBR I NATEN O T
A ,$M, g Z|eBirle | e A L=
(oA X K| ElBllZiAa ol I L2717l bio! lats
A mmY e S aRRRN ek GOl AR
broz| A los| 7<. AIUEEAAR I EUE A992] 1Oz IOz IoH15T Ibls|™
N.S Ll/lo | 2 z||zleBIE 12| ol 2218 17| 1Pzl 1A D5 I3
wan LS55 z5 HAIEEZH4NId< 4R R APl bzl tolsl 11—
L K= HlzBE2AR|ZZURID) INPEIEGRIEEAR “lod
. | 25 2llgsiie] W42 1 1RIE T (129|271 1Bl ol e bl (e
EVZ21227138 O NAIZ2AUARIZY. B AL E A Bl715 -
MN sanﬂmw Mﬂ IMMWM\ |—4 | — ‘ nnv L _ Mm
2 V5 0% Z|o1227¢ | o9 AdlE &1zl plel 1ol (7
oz s2z/10¢| £ [1Z{#|2l8lofz| |17 16)/ 15V lelaclel|l _Blelg] el (71—
%i.%mwxxmm\ 51 b4 ), £197] |idlal mwmm QQN.N wm-o. - IN\‘:!
PR @7/ | x| S [ 313144/ [ S|/ 19 N%_g oIS 18| (7 Fz
4. *dwo E] 33
.o.n. .._uu.... M 48 | s0uuafuay ncn... o—.a:c § .i..”u.. .“.“f 4 o' vt 4, Mo Il 4, v o%n w oln ug
Necu oqo1g .h..”..__ w._uwzwﬂ_ 1o3wey | *2ky “ " ey W uuﬁ.u.—. scs..m._ z... :... nw »:uu?.» h..“.._. ut04) 120y
*dwog espzsjostisvivviev]zvfv+jovl fsed vef el zc ocjeziezie|ozfszfvz]|cz]jozler|atflstlviletlzt Sa‘asowea
u._..w.wﬁguncf. 1891 yvaq . I3 uuu.o.: sey Kig Y S€2%/ a1y 30nq %Q Y\\% 1331893,
W o wiguzm 1891, yea] %\N\ Bur3ytos -dwoy 19371 &\\\N\. *ON *3uspl 183174 uw,m \N \\Nlﬁs_
€C 7 \ owpL pug 189y sdwe ~.027 8133308 29300y oqoig X2 "ON “auspl sq01y TGP PPLT L o 1aafora oy,
\*lh.\ oWy} 312wlg IsaL “upw Q\ Tva1a3u] 30704 asiaaeay 8y, .MMLQA 8831] avg Ewﬁ;&dz.:eui 8uj pduvg
q%w\\ Yy 513120 ‘upw 027 uofeang IkaL 4 =9 dway juajquy ¢ oM say
mM«w.. Juafafy3ae) Jo3fy ¥ ..“ ®anjetoy pawngey .:VQ ON 93f3fa0 vw\ﬁddj%:-uq_ ety
wivitonon ! & XZFFTIT 3 o e | o w314

813418 viva a1atd

\\4 op dung ,* .\‘H

N



.) ~,

2 wopypuoy oy T poog oy eogtly
: ! — pornarion o' T () =S E 1 s
Nl ol |w o (% | o omyy, — - - e = —yrep a1
sysieuy @jeoyqdgay ordweg fvg jusrg BjUomaINEE LVSHO lM\N\MN‘ WIrg Bupueay) %\.9% HRCH ot .._
\ w —f - — _— |-~ -— b - -]
1t 7
_. G N/ EEnn (AR R AR R N
, [Pl | IEREnE e
Zo7lo7/|57| 55 A S AR U UE A A Hleloll7| [ZIET 3 |71
|19 o2/ |s7] ©= NWQWN Zlo|/1 - dal IS Aol PLLEl kld T 7 |
\Zoz|oT| &z 73 4% EAREEUR AERIERLER N NEEGEZE R AN
| 3o |F?| I35 ABNEEZRHEUR P12 lleEB | 1012 a3 |F
| Zoz| 72/ [ os| 32 2lI€1819812] | [slol/] L ERL L 199/ |Q_w7m‘-,-m1 ol
o7z 7U|GEl 25| | .fNM:NN ARV ARENAY mm\_o_lw olslel o5 1| 1
|72 S7E | #3 Elolziz |27 Iklel7 | |lEEl-[ sl e el (lelslPl PleL 1 |
O72| 4y |&¢| #5 4|SERYEER BEURIR) £ls| il [ E N e a] Bl (1E | R
77| 87|57 BS A AUdELR AN Sl IE2 ez PElg] T P
072 47|37 73 AlJAEEURIEEHURD HERHER EAd 4N ER 2 E LI
AW LAY AW , Z|I[ B EBR (119 s Iz el Zizll TolstsT plsl N 1
972|477 [o'g| 25 W \ZIFe 7B ||Elol B I llerERI elZ12l Pl [ T
2 . 35| 3w ._o-..u?ao ..._““-. :“.2 LM; s...“.u;.“wﬁx A Q«__ " 4. 20 4, U aa__ “ cuuq.: UL utodf 1104
; HMWQ u“_..nn oo w_.-u,uuu seawon | ok | ¥ *Iar] s, Vs, LN W, w K1§019A ouyy g
sqansx| *dway es{zs o sy |vv]cv|zy] v-|ov]fse|ve]cc]ec)joc| 6z|oz|cz|oz]sz|vz]|cz]|oz|s1|mf] sy]vtjctfzufor] 6] o) | 9] <] ] ¢
M, S owio GOp oI H el 1w ; - A 1939 sup Kaq PRl 359/ . ca1y 3190q Iﬁvjmr T ""19389),
n__..dllw.:&uu.dm::a 891 Yw1 :&\\“v\ BurId9g cdwoy 191714 K\\V\ <oN *Iuapy 193114 IIIN%BE
| 272 ] owjl prd 1991 sdwe =, QN\. 9113308 1079 9903 w 2 *on *auapy w0 W’QNNNI.&: Asnfoa oL
| I“\“W O- swfi 1awag 8] upw o7 fearajuf Jujog ouisaeal 9By, Ba94g -an.\ﬂm;mﬁﬁu.u;mﬂl:o_wg:_ fuy [dmeg
._ %w 7 Yiv 9313330 ‘upe Q N\ uojjeang 3I%aL 4 .%lnu dway jusjqwy m \ ‘o Inay
| *M% vTTaue1d1)je0D 10314 X : 5 ®anInjo powngsy 2 Q ‘o 0913130 V\V\quwv\qu;.s:auq_ g,
_. Q ﬂm ) ..w_m“mnuem b - s .o“.smw__,.mo.h...s_ ._,v_”._: / \ o dung o .H\ IU PUEN B4

A



D-26

L N -
..a = ] ﬂ._ T  wepappuoy i e /.5: o vaills
_ e e e e e T B St
syakgeny S-u:.:upcw:_-emc.._a- uwwuc —* 8...., ..mwuw._%osm e Ta'%o%f..ﬂ.:_ Bupueaty »nt@\anm Een e
NI/ -
i Al B B s e
( MQNQ\ alg I~ L7 SN T Bzl 1717
, | 2A[T71751¢ [ HE WCECL T
$2)]| oy/]Q7| F3 AI4AAZER I ZUBIN e 4c w.w_ O 1AV DI Blsi I
4£4/102/10°2] &5 1718 475 |lzlel/] B2l 17 telEBlT izl |49 |7
02| 02/192] L5 Z|ls4cle] |IE|9]7 P ICpl o BB P E el s
VUV, || [0 2|l e BrRE ot 17—
[o21oe/17:¢| (7 Nw_m{ 2 Mo\ Aol 122 [eBEEN Pl ol |7
M.MNN QQN“ MM \m% d \wwmn ol 1PEFI T 19 W.m 1|27 oqLeS %
Lo7| 02/197 15 2 2|14 7Pl A (22 IRl 2| (ol 3a] 13| | ¢
RXARZ AR B Az 24 UARIEEL ) Nwwﬁw Q3[5(2 “omw PM} 1
702 QN\ LSl 02 [4 Wk ZIE NNol7 9~ g o 275 OW@:.:@WIQ O
PRNCULE 75 Z\5IsIoB | I7[ef7 Z ol B!l sl | 71—
S| 72715 o &&\&meﬁs_omn\q\ \ A 1P Nelolztzll blsisl etz 1|
SO 1AEE| P VA A<k a7 T 9 1Bl eB Izl Blbbl ekl il 7|7
“ F] ‘dway | ¢ *33 'm 'R o'n us . LU Ty -
..um“ua“ h“mn. Hm..”.._,. .;-“.wm,m...mw soavon ﬂﬂ% .u i”uwuhmﬁz Xovis, xovis, ’ Hy ’ ~_..._.. ’ ”__q _ »....W_M_“> .“._.__p wjoaf 10y
g fring “dwoy, esjesjos sy | voleofzofi-fov] fsc)vefee|ze} oc ez oz|cz| oz sz veez{fozferfer]lst|wiet]et Jor| 6] of cf ol ¢ o[ ¢
W, g oIIDH G TRl 380 Ae) | A 33304 s Kag 13 99 31 wiv 3 TP T T T " ase
TG ondD OO0'D 11m1g 1891 Neaq \\A\ Bura205 ~dwoy 103174 .\\.\u\ “oN *Iuapp 193174 NN\\\W\\#\ e
77 N\ ougl pu3 u-,u._. sdue IJ\OQN\ ~ 8433398 293w aqoxyg N M1 ‘ON *Iuap] aqoiy NNU.MNN.N;NA:: 1afoxg nl,
W% owyl 11%1§ 183 ‘upw Q\ 1¥AI93U] Jujog osBadAmay By, ssa1g 1eg jaa.ww.. r:..S.m_ fuy 1dung

L.

557

\WM&? ud}ag

Vaé 9213330 “ujw

>27

uojjeaIng Isay aolo

32

dwo}l juajquy W ‘ofy 00y,

7300) 10334 ¥

2 )2 +}

g’

\|dwadouoy

=

1013mg 5 ruyT T JUBTTT LA LIV IR 3 Con aprzon

van3sfoly pounsey

>~d

“oN @31)510 .“\Ngwu‘iaoq“:c:auo._ jun(y

SLAAUS VIva a141A

Y4

‘o dung ..!l!l..!-lN/UI.iuz magy



M I oy appuey ol )y TTT T T oy oy eod 1S
. 1 T T b3t 109 0°N TUTT T ey e
sysruy auco”"..:uhcwzla“caan wau: i 2 ] .=M.mu..=amwm ._.<m~_w=:._. - . W3Ing Bujuentd T ween o
i — — - b+ 1| ——
I T - S (. . . N Y ' N | S
( _ - B R | D
, | - [NAREE
— — —-4—-4-1-¢---ll—-F—
: - —1- ¢4 |-
. - - L | U O DU N WY O YN
‘ e TH
5T 57 gl [ Hel [T O 2
97 P HECIC T (L DR R Bl =
2) R LTl 2D R 2 -.Q..n.t )
e Te7 ZEEARIPLL 3P [2 E\ 196 T
T 97 Si aﬁmﬂ-l m AL el Helel 11 | Gkl o”m
nl m SiUgrde] LI 1PRIBEE olell G
ol | 07 Rl el WL TN ol g [&4 T1otEl =1
.omo .._um.n. muasf uoa:u?ou .““._. o—“.i w‘ e!..u.ui.w.mﬁt o cu__ N 4. 30 4. c«__ " ouw_q.: UIH uj04] 1104
o 4] oqoad .:_....” n_..wﬂ..uﬂ_ 1e00p | *240 u 1e§3sug wvs, V1S, My R, uv PR -
1 “dway, tslzsfocklsy|yvlevlevfr-jovflce]ve|cezc}lot] ez eziez]oz]sefvzlcz}loz]su|ar|}st)vr|cejzrffot] 6] af £| 9] 5| 7] ¢
™, lv.\ BHAD =1 Q) Tvuld 1831 Ned] z 4 Y ..uu.u.: svy £aq Nuu ualy 9ng . %&4 18380),
W, G\ OWIGQ ) 1aeas 831 3Rl Suj119g ‘dwoy 191714 ON juapy 123114 [ARCARE el
w Ao owyl pug 3s9) sdue 3431395 193e3Y IYoI4g TON TIUIPL AOId oy — 3FLTS o 399foad Dul
‘ W_\.:. ewfl 11¥IS 183y ‘ujw b 1eA123u] Iujog asioaway By, wsa1g 1vg lll.ltl‘ﬂw\ﬁa._u.::::uq_ fug pdueg
w Vi 9513130 "upw A Im uopIeang 382 4 dway, uca_...ﬂeﬁﬁmélgsﬁlléz 180},
_ Juay913)90) 0314 X 2aniejoy pownesy *oN 2013130 ﬁgdgézai quegy
“ 103904 ) ‘N ‘#id 9 coN apzzoN oneN w1f4

ydwaBowoN $1390s viva d'1atd

‘o dung FZH ~H o

D-27



APPENDIX E

FIELD DATA FOR
MISCELLANEOUS SAMPLES AND OPERATIONS

INCLUDES:

1 Scrubber Water Data (Inlet-Outlet)
2 Scrubber Pressure Drops
-3 Process Samples Analysis Data

4 Relative Humidity and Ambient Air
Temperature Measurements



APPENDIX E-1
SCRUBBER WATER DATA (INLET AND OUTLET)
INCLUDES:

Collection Times, pH, Temp.
and Laboratory Analysis Results



e e g

SUMMARY OF JANUARY 17 AND 18, 1979 pH AND TEMPERATURE
MEASUREMENTS ON INDIVIDUAL SAMPLES OF SCRUBBING LIQUID
ENTERING AND EXITING "B" GRANULATOR SCRUBBER AT
CF INDUSTRIES, INC., DONALDSONVILLE, LOUISIANA

Scrubber Inlet— ~ -~ - Scrubber Outlet—
_ ‘ Sample Sample

Sampling ' °
Run No. Date Time pH 3 pH F
1 01-17-79 1215 9.50 135 8.15 126
1255 9.25 154 3.10 124
1331 9.15 164 3.10 124
1416 9.10 152 7.95 120
2 01-17-79 1550 9.7 166 . 8.3 129
1620 9.5 183 8.2 128
1655 9.2 - 174 8.2 129
1725 9.2 167 8.1 128
1800 9.0 172 8.0 129
3 01-18-79 0455 9.2 180 8.30 128
1030 9.3 B3F2)17% 8.25 126
1105 - 9.3 177 3.25 129
1140 9.3 - - 173 3.20 127
1215 9.2 173 8.20 124




Project No. CFT  Donuh-DSonvive s

Sl ML o,

Book No. TITLE
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APPENDIX E-2
SCRUBBER PRESSURE DROPS




SUMMARY OF JANUARY 17 and 18, 1979 "B" GRANULATOR
SCRUBBER PRESSURE DROP MEASUREMENTS AT CF INDUSTRIES, INC.
IN DONALDSONVILLE, LOUISINA

CLOCK - CLOCK
DATE « TIME 4P, "B0 DATE TIME AR, "H,O
1-17-79 ’ : o . 1644 20.2
: 1207 21.8 1-17-79 1658 20.4
1212 21.6 1703 . 20.4
1217 21.5 1708 20.4
1222 209 T 1713 . 20,2
1227. 20.7 - 1718 20.3
1232 20.7 1723 20.4
1237 - 20.7 1728 20.6
1242 21.1 11733 20.6
T 1247, 21.1 1738 20.6
1252 20.7 1743 20.4
1257 20.5 1748 20.4
1-17-79 - -1321- 20.5 1753 - 20.2
. 1326 20.7 - _
133%- - 20.9 .- . 1-18-795" 0946 .- 21.6..
1336 - 20.9.- ’ 095L_ - 21.2.
1341 20,7 . _ 0956 -. 21.0.-
T 1346 < 20.7 .- : 1001- - 21.1
- 1351:. 20.7 - 1006 - 21.0 -
1356 20.9 ) 1011 21,2
14013 20.7 1016 - 21.0
1406 20.5 1021 20.7
1411 - 20.5 : 1026 20.5
T 1416 20.5. 1031 20.7
1 =17-79 1549 20.2 1036 20.6
1554 20.2 ’ 1041 20.7
1559- 20.2 . 1-18-79 - 1122 20.5
. 1604 . 20.8 1127 20.5
1609 . - 20.9° 1132 20.4
1614 . 20.9 1137 20.6
1619 : 20.7 1142 20.3
1624 20.8 1147 20.3
1629 20.9 - 1152 20.2
1634 21.0 1157 20.1
1639 21.0 : 1202 19.8
1207 20.0
1212 19.7
1217 19.5



APPENDIX E-3

PROCESS SAMPLES ANALYSIS DATA




i.

2.

Details Specific to the Analysis of the Scrubber Liquid Samples:

a. Urea

A five ml. aliquot of the scrubber inlet and outlet water sample was
digested and distilled to 250 ml. The inlet sample was analyzed in this state,
while the outlet scrubber sample distillate was diluted 100 fold, and a 2 ml.
aliquot of this was taken for nesslerization.

b. Ammonia

The inlet scrubber waters from Test 1 and 2 were cloudy after the
addition of nessler reagent to the distilled samples. Visual estimation of
color intensity against the standard solution color intensity yielded
"estimated" ammonia concentrations.

The outlet scrubber waters from all three tests were very cloudy when
analyzed by the direct nesslerization method, precluding either instrumental
or visual determination of ammonia concentrations.

C. Formaldehyde

Dilutions of the liquid samples was not required. The samples were
analyzed directly by colorimetric analysis.

The three outlet scrubber water sample concentrations were below the
limit of detection for formaldehyde (<0.05 ug/ml.)

Analysis of the Process Samples:

A. Chemical Analysis

Two solid samples were received for analysis. Samples for analysis were

prepared by weighing approximately 1 gram of sample to the nearest 0.1 mg. and

then diluting it to 100.0 ml. with deionized distilled water. Aliquots of these

solutions were taken for the analyses which were carried out without problems

from interferences for ammonia and urea. A problem with the formaldehyde

analysis is described in Appendix J.

The laboratory results were reported as the percent of each component

present in the sample.



B. Bulk Density Analytical Procedure

The bulk density of the unscreened product was determined using a graduated
cylinder and platform balance.

The sample was passed through a riffle and a 300-350 ml portion was
obtained. The tare weight of the graduated cylinder was determined. The sample
was then passed into the graduated cylinder until it overflowed the cylinder. The
sample was then leveled with the top of the cylinder. The cylinder and contents
were then reweighed and the bulk density was then determined as a weight of

material per unit volume.

C.  Sieve Analysis Analytical Procedure

The particulate size of the product was estimated by means of a sieve
analysis. This analysis employed a sieve shaker, timer, balance, sample splitter and
sieves (sieves 6, 8, 10, 12, 14, and 16 and a pan were used).

A small amount (about 250 grams) from each of the three unscreened product
samples was weighed to the nearest 0.2 gram. The sieves were then arranged in
numerical order with the smallest sieve number on top and a pan on the bottom.
The sample was poured into the top sieve while tapping the stack of sieves. The
stack was next vigorously shaken in a rotary horizontal motion for one minute. The
sieves were then inserted in the shaker and shaken for five minutes. After shaking,
the contents of each sieve and bottom pans were weighed.

The percent in each sieve was calculated as follows:

% Retained = (Weight of material x 100)
(Total Weight)
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APPENDIX E-4

RELATIVE HUMIDITY AND AMBIENT AIR
TEMPERATURE MEASUREMENTS
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SUMMARY OF JANUARY 19, 18 AND 19,

RELATIVE HUMID
FOR "B" GRANULATOR AT

ITY AND BAROMETRIC PRE

1979 .AMBIENT TEMPERATURE," .

SSURE MEASUREMENTS

CF INDUSTRIES, INC. DONALDSONVILLE, LOUISIANA

Sampling Ambient Relative Barometric
Time Temperature Humidity Pressure
Date ~__°F % Inches Hg
0-17-79 1230 69 76
' 1245 69 76
1306 69 76 30.40
1320 69 76 30.40
1356 69 79 30.39
1443 70 74 - 30.39
1523 . 69 79 30.39
1635 67 &5 30.39
1715 63 30 30.39 -
1815 66 &5 30.33
01-13-79 0945 62 9 30.39
1005 62 94 30.39
1020 64 90 30.39
- 1040 64.5 87 30.38
1055 66 32 30.33
1115 67.5 &5 30.36
1140 67 - &3 30.36
1200 63 ~ &5 30.36
1435 69 35 30.23
1500 71 77 30.28
- 1525 73 73 30.27
1540 71 77 30.27
01-19-79 1000 63 90 30.17
020 63 20 30.17
1040 70 36 30.17
1100 70 26 30.17
1120 70 86 30.14
1140 75 70 30.12
1200 77 66 30.10
1230 73 73 30.10
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APPENDIX F
SYNTHESIS TOWER SAMPLING DATA
INCLUDES:
F-1 Draft Method for Testing Ammonium Nitrate Facilities

F-2 Field Data Sheets for Synthesis Tower Sampling
F-3 Synthesis Tower Test Results Calculations



APPENDIX F-1

DRAFT METHOD FOR TESTING
AMMONIUM NITRATE FACILITIES




DETERMINATICN OF PARTICULATE (AMMCNIUM NITRATE)
EMISSIQONS FROM AMMONIUM NITRATE PLANTS
1. Principle and Applicability ’

1.1 Principle. Particulate emissions are assumed to be ammonium
nitrate. A portion of the emission is withdrawn isokinetically from fhe
source using a sampling train. The ammonium nitrate is collected in the
impinger water and on the final filter of the sampling train. The total
weight o? ammonium nitrate collectad is calculated from the determination
of nitrate ion concentration using a specific ion electrode methad.

1.2 PMplicability. This method is applicable for the detarmination
of particulate (ammonium nitrata) emissions from neutralizers, evaporators
and prilling towers in ammonium nitrate production facilities only when
specified by the appropriats test procedure for detarmining compliance.

2. Range and Sensitivity

2.1 Range. Tne range of the procedurz is 1imitéd only by the lcwer
detection limit of nitrate concentration using a specific ion slectrode.

A typical linear measurement range is 6 x 10'6 to 1.0 M (gm moles/liter)
nitrate ion. This converts to a particulate emission concantration range
of about 2.5 x 10°4 to 43 grains per standard cubic foot, using a SC percant
watar vapgor stream for calculation basis.

2.2 Sensitivity. The sensitivity of the technique will vary depending
on the particular combination of electrode and readout metzar. The manufzcturer
specifications should be consulted wnen an estimats is required.

3. Intarfersncas

Tne {ollowing fons concantrations are reportad by cne vender to causa

) . -3 . ) .
a2 10 rercent error when mezsuring a 10 "M nitrata ccncentrat1on:]

1 . . . ; . -
Analytical Methods Guide, Orion Research, May 1975.
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7 5 -4

2

€10,7; 6 x 107%r; 4 x 1073 Hs™, o

T oac.

1510
NO2 ; 4 x 10

107°M Cl0,7; 107
2 x 1073 HCO,™, €175 10
4. Precision, Accuracy, and Stability

A Statistica11y valid estimate has not been made for the preciéion
of the.tota1 technique. However, using a limited amount of data collected
during the initial demonstration tests resultad in a precision based on a
95 percent confidence interval of 19.7 percent. No standard reference
materials are available to form a basis for the determjnétion of accuracy.
Samples collected during the demonstration tests were stored for a period
ot about 30 days with no apparent degradation of the nitrats ion concen-
tration.

5. JMpparatus ‘

5.1 Sampling train. See Figure 1. Many of the design specifications
of this sampling train are described in APTD-0581.

5.1.1 Nozzle--Stainless Stael (316) with a sharp, tapered leading
. edge.

5.1.1 Probe--Borosﬂicate1 glass or stainless steel (316) with a
heating system capable of maintaining a gas temperature of about 121°C
(250°F) at the exit of the probe when it is desired to preventlﬁondensa-

ion in the probe. -

5.1.3 drifice flow-meter--Stainless steel (316) constructed and
calibrated such that sampling rates can be monitored and adjusted as
required. Additional information regarding the construction,calibration,
and usa of this type meter can be obtained from: Emissicn Measurement
Branch, Emission Standards and Engineering Division, Envircnmental

Protection Agency, Research Triangle Park, North Caroiina 27711.

F-4




5.1.4 Pitot tube--Type S, or equivalent, attached to probe to monitor-
stack gas velocity.

5.1.5 Impingers--Five impingers connected in series as shown in
Figure 1 with ground giass vacuum tight fittings. The first, second,
fourth, and fifth impingers are of the Greenburg-Smith design, modified
by replacing the tip with a 1.25 em (1/2 inch) inside diameter glass tube
eﬁtendﬁng to 1.25 em (1/2 inch) from the bottom of the flask. The third
imf:inger is of the Greenburg-Smith design with a standard tip.

5.1.6 Filter holder--Borosilicate glass with a glass frit filter
support and a silicone rubber gasket. The holder design shall provide a
positive seal against leakage from the outsida or around the filter.

5.1.7 Filter heating system--Capable of maintaining the filter nolder
at about 121°C (250°F). The filter heating system is required only when
necessary to prsvent condensation on the filtar media.

5.1.8 Metering system--Vacuum gauge, lesak-frae pump, thermometars
capable of measuring temperature to within 3°C (~3°F), dry gas meter with
2 percent accuracy at the required sampling rate, and related squipment,
cr equivalent, as required to maintain an isokinetic sampling rate and to
determine sample volume.

5.1.9 Barcmeter--To measure atmospheric pressure to #2.3 mm Kg (C.1 in.}.

5.2 Sample Recovery

5.2,1 Probe brush--At least as long as the probe.

5.2.2 Wash bottle--Glass or polypropyleane.

§.2.3 Sample storage containers--1 litsr, polypropylene, wide mcuth,

with Teflon cap liner.
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5.3 Analysis

§.3.1 Glass or polypropylene beaker; 5000 mi.

5.3.2 Balance--Triple beam or dual pan, 1500 gram capacity to
measure +0.5 gq.

5.3.3 Nitrate ion activity sensing electrode.

§.3.4 Reference e1ectr6de--$i]ver/silver chloride. Saturated
Calomel electrode, or equivalent, suitable for use with the nitrate
electrode and electrometer used.

5.3.5 Electrometer--a pH meter with millivolt scale capable of
#0.5 mv resolution, or aspecific ion meter made especially for specific
ion usea. o

5.3.6 Magnetic stirrer and TFE flourocarbon coatad stirring bars.
6. Reagents

6.1 Sampling

6.1.1 Filters--MSA 11088BH glass fiber,or equivalent, to fit filter
holder.

6.1.2 Silica gel--Indicating type, 6-16 mesh, dried at 175°C (350°F)
for two hours.

6.1.3 Water--Distilled.

6.1.4 Crushed ics.

6.2 Sample recovery

§.2.1 Water--Distilled, from same container as 6.1.3.

6.3 Analysis

6§.3.1 Methyl red indicator.

€.3.2 Water--Distilled, from same container as 6.1.3.

€.3.3 Dibasic potassium phosphate (ACS reagent grade).

-
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6.3.4 Sulfuric acid, 25 percent. Add 143 ml concentrated sulfuric
acid to 857 ml distilled water. Cool.

§.3.5 Ammonium hydroxide, concentrated reagent grade.

6.3.6 Ammonium nitrate standard solution, 0.100 M--Weigh 8.005 grams
of ACS reagent}grade ammonium nitrate. Tne ammonium nitrate should be
dried prior to weighing according to standard laboratory practices to
eliminate the presence of water. Add to a 1000 ml volumetric flask,
dissolve, and dilute to volume.

7. Procesdure

7.1 Sampling

7.1.1 Select the sampling sita and the minimum number of sampling
points; determine the stack pressure, temperature and range of velocity
head as described in Methods 1, 2, and 3 (Federal Register, Vol. 36, Mo. 247,

Tnursday, December 23, 1977).

7.1.2 Preparation of sampling train--Place glass fiber filtar into
filter holdar. Weigh approximatsly 200 gm. of silica gel to the nearest
gram. Place 100 ml of distilled water in each of the second and third
impingers; leave the first and fourth impingers smpﬁy, and place the pre-
weighed silica gel in the fifth impinger. Assemﬁle the train as shcwn
without the probe in Figure 1, with the filtar between the fourth and
fiTth impinger.

Leak check the sampling train at the sampling sit2 by plugging the
inTet to the train and pulling a 380 mm Hg. (15 inch) vacuum, or the
maximum vacuum that is expectad t9 occur during the tast }un, whichever
is greatar. A leakage rate not in excass of 0.00037 m3/min (0.02 ft3/min)

at a vacuum of 380 mm Hg. (15 inch) is acceptable. Atfzch the probe 2nd
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adjust the probe heater to provide a gas temperature of ahout 121°¢C (250°F)
at the probe outlet. Place crushed jce around the impingers. Add more

ice during the ryn to keep the temperature of the gases leaving the lTast
impinger at 21°¢ (70°F) or less.

7.1.3 Train operation--For each Tun, record the data required on the
example sheet shown in Figure 2. Take readings at each sample‘point at
least every five minutes, and when Ehangés in stack conditions
necessitate additiona] adjustments in»f10w rate. To beg}n §amp1fﬁg; -
position the.nozzTe at the first traverse point with the tip pointing
directly into the gas stream. Immediate?y start the pump -and adjust the
Tlow to isokinetic conditions. Sample for the same amount of time at
each traverse point. Maintain isokinetic sampling throughout. Turn off
the pump at the conclusion of each run and record final readings. Remove
the probe and nezzle from the stack and seal for transport.

7.2 Sample recovery. Move the impinger train to the cleanup area.

T the sample analysis is to he performed in the field, transfer the train
contants directly to the analysis beaker. If samples are to be transported,
transfer the impinger contents to the sample storage bottles as Tollows:

7.2.1 Container T-<Record the container tare. A sample cleanup form
is given in Figure 3. Add the contents of the first four impingers to 4he
container if Possible. Record weight aither when filled +g capacity or
when a1} impinger contents have been added. Cap and seal. If additionaj
impinger conients remain, Procead to container 2.

7.2.2 Container 2-~kecord the container tare. Transfer any remaining
impinger contents and recard weight. . With distilled water, rinse aj] sample

€Xposed surfacas three times. Rinse and brush the probe threa times alsq.
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Add all rinses into contafner. Disassemble the filtar holder and rinse the
front half three times and add rinses to container. BRecord final weight.
Now add glass fiber filter to washes in container 2. Cap and seal. If
rinses have not been completed before the container is filled procezed to
use 2 third container, rescording the tare and final weight.

7.2.3 Silica gel container--Transfer the silica gel frem the fifth
impinger to this container. .Cap and sezl.

7.3 Analysis. Treat the contants of each example container as described
below:

7.3.1 Containers 1 and 2 (plus any other impinger watar or train rinse
container)--Quantitatively transfer the contents of =ach sample and rinse
container to a larger mixing container of sufficient voiume to hold the entirs
sample. Record the total volume of transfer rinse watar in order to determine
the total sample and blank corraction volumes.

7.3.2 Silica gel container--Weigh the spent silica gel and rspori to
the néarest gram.

Note: I concentration analysis is to be performad at the sample racovery
site, the transfer Steps to storage containers can be omitted. The impinger
contents and rinses can be placad directly into a large voiume mixing container.
The appropriats weights of impinger contents and rinses should ke recorded as
described in 7.2.1 and 7.2.2. The mixed sampie shouid be allowed to stand
for at least one-half hour to allow dissolution of the filtar catch.

7.3.3 Detzrmination of concaentration--Remove thrae 100 ml aTiquots~ffcm
the sample mixing container and places in separata 250 ml beakers. AdS one or
twe drops of methyl red indicator t0 22ca beaksr. If sampie is yellow, add

2% percent H,30, drogwise until First red. To the red solution add concantrazad



agua ammonia dropwise ©0 first yellow. Add 0.20 grams of dibasic potassium
phosphate and stir to dissolve.

The sample should be at the same temperature as the calibration standards
when measurements are made. If ambient  1ab temperatura fluctuates more than
+2°C from the temperature at which the calibration standards wers measured,
condition samples and standards in 2 constant temperature bath before meaéure-
" ment. Stir the sample with a magnetic stirrer during measurément to minimize
electrode response time. If the stirrer generates enough heat to change
solution tzmperature, place a piece of temperaturs insulating matarial such
as cork, between the stirrer and the beaker.‘

Insert the nitrata and reference electrodes jnto the solution. When a
steady millivolt rsading is obtained, record it. Determine the concentration
from the calibration curve. Between electrode measursments rinse the
electrodes with distilled water and wipe dry; Report the average of the
three aliquot determinations as the sample nitrzte concentration in gram moles/
liter (molarity). .

7.3.4 Blank determination--Treat three 100 m] a]iquots 6f the distilled
water usad for sampling and sample recovery as in 7.3.3. Report the average
blank concentration in molarity.
8. Calibrations

8.1 Sampling train. Use methods and equipment which have bean approved-
to calibrate the orifice meter, pitot tube, dry cas meter, and temperature
sensars. .

8.2 fnalytical apparatus.

8.2.1 Sstimats the approximate concentration ot tne samples to be
analyzad by using a previous or manufacturer's suppliad calibration with

a trial aliguot tresated as in 7.3.3.

F-10



8.2.2 Prepars standardizing solutions that closely bracket this range
and provide at least two calibration points between the end points. These
can be prepared by appropriate dilution of the 0.1 M standard solution.

8.2.3 Zero and standardize the electrcmeter according to the manufac-
turer's instructions using the standards in 8.2.2, treated as in 7.3.5.
Begin with the most concentrated and proceed to the most dilute. Reverse
_.tbe order and repeat the millivolt datermination. Record the readings tor
each concentration. Prepare a calibration curve by plotting the millivolt
reading on the linea scale of semi-logarithmic graph paper versus thé
concantration on the log scale. Calibrates the nitrate electrode daily and
check nourly. |
8. Calculations

8.1 Average dry éas mater temperétura:' saa data sheet, Fiéure 2.

9.2 Semple gas volume at standard conditiocns: Calculate the volume
of gas sampled on a wet basis at standard conditions (7G°F, 29.92" Hg.)

using eguation 9-1.

) = 13:21—!é-29- + 0.0474 W Equation 9-1

ss T -0474 W, | quation
Whera:

Vss = Volume of gas sampled at standard conditions

Vm = Yolume measured by dry gas meter

‘Pb = Dry gas meter pressure (barometric) in. Hg.
Tm = Average dry gas metar temperaturz, °R
Hc = Weight of water condensed in tha sampling trzin and collected

in the silica gel, grams
. = Q
17.71 = Conversion to standard conditions, Eg%é%wgga.
0.0474 = Conversion factor, Ft/gm at 70°F, 29.92" Hg.
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9.3 Weight of ammonium nitrate collectad: Calculate the total

weight of ammonium nitrate collected in the sample by Equation 9-2.
g .

W, = 0.08 [vtct - vbcb] Equation 89-2
Where:

wn = Weight of ammonium nitrate coITected, grams

v, = Total volume of mixed sample, ml

Ct = Nitrate molarity of mixed sample, gm moles/liter

v, *© Total volume of water initially placed in train p]us'all

rinse volumes, ml
Cb = Nitrate molarity of blank water, gm moles/liter
0.08 = Conversion factor: gram-litars/mli-gm mole
9.4 Emission concentration. Calculate the particulate (ammonium
nitrate) emission concentration at wet standard conditions by Equation ¢-3.
15.43 wn

cns = — fquation 9-3
ss

Wnere:
Cns = Particulata (ammonium nitrate) emission concentration at wet
standard conditions, grains/SCF
15.43 = Conversion factor, grains/gram

wn = Weight of ammonium nitrate collectad, grams

8.5 Isokinetic variation. Calculate the average isokinetic variation
by Equation 9-4.

1032V _ T
21 = 23,5 : Equation §-4
Vo P Dt
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-~~~ Whera:
%l = Isokinetic variation
1032 = Conversion factor
Vss = Total sample volume at standard conditions, SCF
T. = Average stack tampérature, °R
Ty, = Average stack velocity, fpm, from gquation 2-2, Method 2,

Federal Registsr, Vol. 36, No. 247, Decamber 23, 1971

P, = Stack pressure, in. Hg. absoluta

[w ]
[]

Nozzle diametar, inches

ot
i

= tast time, minutes
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SAMPLE RECOVERY DATA

Plant: Comments

Date:

Sampling location:

Sample Type:

Run Number:

Sample Box I.D.:

Cleanup Cperator:

Container 1 Container 2 Container 3

Sample Number

1. Container Tare

2. Weight after adding impinger contents

3. Weight after adding washes

Net liquid weight = (3-1)

Met impinger contants weight = (2-1)

A. Total Net Liquid Weight:

B. Total Impinger Contents:

C. Initial Impinger Contents:

D. Met Condensate: = (B-C)
E.* Sample Transfer Rinss Volume:

F. Final Silica Gel Weight:

G. Initial Silica Gel Weight:

H. Net Silica Gel Weight Gain: = (F-C)
I. Total Water Collectad: = (D+H)
J. Tctal Sample Volume: = (A+E)
K. Tetal Blank Volume: = (A-B+C+E)

* . - \
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APPENDIX F-2
FIELD DATA SHEETS FOR SYNTHESIS TOWER SAMPLING
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT _ C F Twdustvies

DATE -1@-19

SAMPLING LOCATION _SQtuUTIoN TPwER VENT

INSIDE OF FAR WALL TO .
OUTSIDE OF NIPPLE, (DISTANCE A) 14

INSIDE OF NEAR WALL TO

OUTSIDE OF NIPPLE, (DISTANCE B) —
STACK 1.D., (DISTANCE A - DISTANCE B) L

4/12 F-18

NEAREST UPSTREAM DISTURBANCE le "( 13.7 Dia ) O
NEAREST DOWNSTREAM DISTURBANCE _~30' (~ 1.6 Dia.)
CALCULATOR _S: Licharolion, SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCAT)O
POINT FRACTION COLUMNS 2 AND 3 ~ FROM OUTSIDE OF NIP 'E
NUMBER OF STACK I.D. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 4)
7]
l 0.067 14" " - |
L] 1)
A 0-250 3 '/.1 ' -_ 3%
k] 0-750 lo 4" - lo/a
4 0.933 3" _ 3"
EPA (Dun) 232
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APPENDIX F-3
SYNTHESIS TOWER TEST RESULT CALCULATIONS
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Synthesis Tower Data Analysis

The impinger catch for these synthesis tower test runs consisted of water mass
and ammonia mass; the masses of urea and formaldehyde were negligible. The ammonia
mass was therefore subtraced from the total impinger catch to yield the mass of water
collected. This water includes both collected condensed vapor and collected liquid
water droplets. As discussed in Section 5, the existence of liquid water droplets in the
gas stream was confirmed by observation and by the moisture data. As is shown in the
following data and calculations, the volume of water collected exceeded the volume

that would be carried by a saturated gas stream at the stack temperatures:

Condensed Water Vapor (1b) Actual Water

Run (Saturated Conditions) collected (lb)
1 0.479 0.65
2 0.339 0.77
3 0.437 0.80

The following pages show the procedure used to calculate urea, formaldehyde and

ammonia emissions.
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APPENDIX F-4

IN-STACK ORIFICE DEVELOPMENT
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The standard EPA-5 particulate sampling procedure requirss the isoki-
netic collection of a stack gas. The moisture in the wet stack gas is
removed in a condenser/dryer after particulate removal. The dried sample
stream then passes through a pump, a gas meter for volume measursment,
and then finally through an orifice meter for continuous sampling rate
measurement and control. The orifice meter differential pressure required
to achieve isokinetic conditions at the sampling nozzle, expressed as a
functicn of the pitot tube pressures differential, is:

' M P 1 4
th -(847.8 sz (1-3)2 AE, T (l~3)d+ 1837/ Bi) () = o, Ap
LM 83\ g s

where:
Ah = orifice meter differential pressure, inches HZQ
847.8 = units conversion factor

C. = pitot tube coefficient, dimensionless

(o))
[]

stack gas moisture content, volume fraction

>
v
w
[}

standard orifice metar calibration coefficient
Md = stack gas dry molecular weight, 1b/1b mole
P. = absoluta pressure of stack gas, inches H

Pm = absolute pressure of sample stream at orifice meter, inches Hg

m temperature of sample stream at orifica metar, °2

T. = temperature of stack gas, R

L )
[]

‘nozzle diametsr, inches

1>
R
1]

pitot tube pressurs differential, inches ",0
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In order to use this relationship, it is necassary to know prior to sampling
 the follawing variables:
(1) pitot tube coefficient, Cp
(2) standard orifice calibration coefficient, aHy
(3) nozzle diaméter, 0,
(4) stack gas pressure Ps
(5) sample gas temperature and pressure at the orifice, Tm and Pm
(6) stack gas dry molecular weignt, My
(7) stack gas temperature, Ts
(8) pitot tube pressure differsntial, ap
(9) stack gas moisture content, B
Variables (1) to (3) are detsrmined by the particular combination of pitot
tube, orifice meter and nozzle used for sampling. Variables (¢) to (6) ars
usually constant or can be estimated with confidence from a preliminary
measuramant. Variables (7) and (8) are continuously monitored during tast-
ing. This Teaves the stack gas moisturs contant as the remaining variable.
In the majority of sampling situations sncountsrad, the stack gas
moisture contant can be measurad or estimatad to an adequats degree of con-

fidences so that isokinetic sampling can be easily achieved. This is the

case when the moistura contant is less than about 40 percent bty velume and
is relativelv¥ constant.

However, in thosa cases wherz the moisture éontent is greatar than
&0 percent, or wnen the content varies significantly, a single averags
value is usually an inadaquate estimats. Sinca the moisturs centent is
not & linear variable in the isckinetic sguaticn, the estimaticn error that

is tolerable dacrsases zs tha 2osolutz value of moisture coniant incrsasas.
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There have been two different types of sampling situations rescsntly
ancountared wnere the moisture contant was very high (40 to 20 percent) and
highly variable.

In the first of these cases, the sampling location was aftar a scrubber
where the gas temperature was less than 212°F, psychometric charts could be
used tc estimate saturation contents, and the essentially instantaneous
moisture content values were used to solve the isokinetic eguation. At a
facility where the moisture contant was 45 percent, this prccedure for
estimation of moisture was adequate while at the higher moisture content
location-it was not. In either case, the tachnique was cumbersome and
marginally reliable.

In the second type of situation, ths sampling location was after an
aqueous rz2actor where the vent stream was essentially water vapor at
temperatures grz2ater than 212°F. The moisture contents range from 60 to
8¢ percent by volume. In thesa ranges, thers is no prccadure available to
adequately estimate *the moisture content with the accuracy necessary. A
sacend complication at this type source is that aftar condensation of moisturs
in the sample stream there is an inadequate amount of dry gas left to enable
accurats sample fiow ratz measurement of the orifice meter.

In order to enable accurate reliable isokinetic sampling at thase types
of sources, an in-stack crifica metar systam was daveloped in which the
sampling rate is measured at stack conditions prior to any moistura condensa-
vion. The develcpment, specifications, calibration and operation of this

type metar is discussad balow.
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A. Meter Desian Cevelopment

Three potential systems were evaluated for use in the measurement of
sampling rate prior to moisture condensation. These wer2 (1) the null-
balance probe, (2) venturi metars, and (3) orifice meters.

The primary factors consideresd were:

(1) difficulty of fabrication

(2) calibration requirements

(3) interchangibility with standard EPA-5 equipment

(4) wusability with standard three-inch sampling ports.

The null-balance probe approach was not usad because of the requirement
that it be calibrated at each individual scurce and also because of the large
size of most designs.

This laft venturi or orifica meters as the potantial altarnatives. An
orifice metar approach was chasen based on.the conclusions that an orifice
is easiar to construct, and that its measurement range can be =sasily changed
by varying the orifica opening.

The first design proposed for the metsr assembly is shown in Figurs Al.
While this assembly was directly mountable on the EPA-5 probe, it was found
that it was not usable in three-inch pofts. Calibration using this first
orctotype did confirm that the orifics metar 2pprcach was valid and that
sampling ratas could be controlled as desirad.

The sacend generation design was fabricatad so that the orifice meter
body and the nozzle were not combinad into ong unit. In}this dasign, the
orifica was locatad betwesn the gooseneck nozzle and the prebe and-union.
This allowed usa of tha assembly in a 3-inch port. The design alsc allcwed

Tor the installaticn oF the orifics in the vertical sacticn 2etween the nozzls
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tip and the goosenack when stack accaess ports ars available to accommodate
that ccnfigur?tion. This metar was fabricatad from solid stock with the
orifice plate machined permanently. This design was found to operata very
satisfactorily. The prime disadvantage with this design was that a
complete orifice body had to be machined to cbtain a different measurement
range.

To overcome this-time-consuming and expensive problem, a third-generation
prototype was fabricatad-wheraby the metar body was separable at the c;ifice
plate and range changing is acccmplished by simply installing a washer with
a diffaerent hole size. This design is illustratad in Figure A2. Tais entire
assembly, including the pressure tap lines, is constructed of stainlass steel.
This is necassary tc maintain an inert surface for sample centact and to
prevent erosion and corrosion ¢n the outer surfacas.

B. Orifice Calihraticn

The standard orifice equation relating volumetric flow rata to orifice

prassure dirfersntial_is:
’Ah Tm
Qm = Km\fﬁi?ﬁi

whers
gm = volumatric flowrata, actm
Kn = orifica calibration coefficient
sn = grifice pressure diffarantial, inches H,0
Tm = gas temperature, %2 )
Pm = gas absoluta prassure, inches Hg

Mm = gas average molecular weight, 15/1b mole

Durirg the development of the in-stack orifics, two apgroaches were takan
to deternine the arifice coefficient. First, the nozzle/metar assamdly was
attached %o a standard EPA-5 prots, umbilical cord, and metar tex, and still

rocm air was drawn through the crifice. In the seccnd, case, 2 condensar
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train was added after the probe and the calibration was carried out in a
flowing stream. In the flowing stream, it was possible to perform calibra-
tions at several temperatures.

Calibration calculations were developed based on the combinations of
standard equipment used for the procedures described above. These are pre-
sented in Figures A3 and A4. A sample of the data sheet developed for
calibration studies is shown in Figure AS. )

The calibraticn procadure is essentiélly identical to that usad for
the standard orffice in an EPA-S train. The systam is cperatad at saveral
Ah settings over the range 6.5 to’'8 1in. HZO and the average Xm is calculatad
from the individual Km values.

During calibrations, the linear operating rangs of each arifice should
be determined. This can be accomplished by comparing the individual metar
coefficients at each pressure differential to the average or midrange value.

In order to achiave 100 A 10 percent isokinetic ccnditions, the maximum
allowable deviation in the orifica calibration factor would be S0 percant,
assuming no arrors in any other measuresments. Tnerefors, the maximum 1inear
range of the orifica would be those pressurs differentials wnere the individual
meter coefficients are within the range of S0 to 110 percant Gf the average.

It should te recagnized that if the metar operation will te near aithar axtrame
of the linear range, it is potentially poésible tc excaed the allewabla
isakinetic variation. In those cases it is morz approgriata to uss the
calibration factor {or that end of the range. This can be avoided if desirzd
by establishing the linear range of tha metar at scme lzvel lass than 2

- . . . . . L ams s
- 10 percant variatign in the metar calibration csafficiznt. For example,
2 Wierancs ¢f - 3 percsnt in the metar czlibraticn coefficiant weuld yiald
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CALIBRATION EQUATION:

< Vitq U
J.dt

TaM
An Pm

vd = dry gas mecer volume,
Td = dry gas metar ta2mperaturs,
P5 = dry zas meter pressure,

r

t° = tizme, inom ) SN
. e S
T = orifice metar tecperatura, °R “_“\-.____,~4<\~/1\;>
/ Y
?nZ = orifice meter pressure, "Eg . Tj

¥ = gas molacular wr.

. - " SRIFICE o/
ih = orifice warar pressurs diffsrantizl, HZO PREATLRE el

Figure A-3. Calibzration Configuraticn Using Ory Gas
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CALIBRATION EQUATION

1 Vde 1 TaM
= — + 0.002676W) -
< Id A Pm

T = gize, minutes

Vd = dry gas matar volune, acf Ah = orifice metar Thes
Id = dry gas metar tecperature, °R pressurs diffarential, "EZO
w = weignt of watar colleczad, ol or g= Pn = orifice ceter prassurs, "Eg

Ia = oriiice =zater temperaturs, °X
¥ = gas molacular weight

fd = dry gas mezar pressure, "Eg -

L]
ey
(s ]

ura A-4. Calibration Configuration Using et Ga
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IN-STACK ORIFICE CALIBRATION

Run No: Water collected: ml
Data: Ambient Temp: °F
Barometric Pressure: “Hg Nozzle Iden.:
Time Volume Gas metar temp. &h Tm
Inlet Qutlet
NOTES:

Figure AS. Orifice Calibration Data Sheet

F-45



a safety factor of 2, but at the same time would decrease the linear operat-
ing range. CEither alternative can be used so long as the assumptions-involved
wfth selecting an average meter ccefficient are recognizad.

Initial calibration results using the first orifice design indicated
a differenca in coefficients depending on whether calibration was conductad
using still room air or a flowing stream. The specific cause for this effect
could n9t be identified, but it is probably due to the relative closeness
of the orifice to the nozzle entranca in that design. Comparative calibrations
using the latar designs indicate that there is 1ittle difference between
results using the two procedures. | ‘

Calibrations were also performed at temperatures ranging from 80 to
329°F. The results of these tasts showed that the orifice coefficient did not
change with tamperature.

The results of calibration studies with various orifice opening sizes
are summarizad in Figures A6 and A7. The flow measurement range versus
orifice pressure differential is shown in Figure A6. The variation of Ka
with orifice cpening is shown in Figure A7. These carrelaticns are presanted
Tor general information since the specific calibratian will degend on the
meter design. However, it has been found that duplicate metars of the same
design will nave essentially identical calibration ccefficients for the same

size orifice opening.

L. Meter Operation

The cperating isckinetic squation for an in-stack orifica metar can be
derived frem the general EPA-S cperating equation given sarlier by substiituting

the following conditions.
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1. Since the orifice meter is locatad in the stream, the stack tampera-
ture, pressure and molecular weight will equal the meter tamperature, prassure,

and molacular weight, therefore,

Ps Tm (1-8)2 Md M
—_— ], — =1, - =1
Pm Ts My(1-B) + 188 Mm

2. The more convenient form for the meter coefficient is used -
0.923
AH@ =
mh

Making these substitutions, the operting equation beccmas
¢ 2 on* ap
ah = 782.502(#

As can be saen, the only indapendent variable for any one combination of
equipment is the pitat tube pressure differential. A1l of the other variables
are removad by placing the orifica in-stack and metaring the sample stream

at stack conditions. It is necasssary, howeaver, to kncw the approximata stack
gas temperature and moisturs cantent in order to croperly size the orifice-
rozzle combination requirsd.

The standard £PA-S procadure specifies sampling ratas of 0.3 to 1.5 dry
standard cubic fast per minute at the orifics metar. For most situations
where the use of an in-stack orifice is rsquired, this specification is
impractical to achieve. For example, if the moisture contant is 50 percant by
volume and the stack tamperature is 300°F, a sampgling rata ¢ 2.35 acfm at
tha nozzla weuid Se required for a rata of 0.73 dscfm. 7Thne multiplicaticn

Tactor Cecomes aven mors as the moistura contant incraasas.
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A more practical approach is to establish a range of sampling rates
2t the nozzle. For most casas, 2 range of from 1.0 to 3.0 acfm will result
in adequate total sample volumes. This range will also be compatible with

commonly encountered stack velocities. For extremely high velocities, it

may be necassary to have a metar with 2 range as high as 5.0 acfm.

The recommended range of nozzle sizes is from 0.20 to at least 0.325
inches. Tnis range of nozzles combined with cne or-more orifica ranges
should allow sampling in the majority of cases.

The reccmmended procedure for the selection of an appropriate coembination
of orifice meter size and nozzle size is as Tollows: |

(1) Determine from preliminary measurements the stack parameters
nacassary to caTculéte the averages actual stack velocity. The range of pitot
tube differential pressures should also be recorded.

(2) Choose a nozzle size and multiply by the average stack velocity
to obtain the average sampling rate necessary. Usually, for first trial
purposes, a nozzle size of about 0.25 inches is apprcpriate For stack velccities
commonly encountered (2500-3000 fpm). On the basis of these caiculaticns,
salect the orifica size necessary to plac2 the requirad sampling rate at
approximately the middle of the metar's linear operating ranga. The field
calculations nacessary in this stap ars 2liminatad if a chart is prepared
aTter initial calibrations that express each availabie orifice meter's linear
ranga in tarms of orifice pressure differential {(ah}, flowrate (Q), and the
acplicatie stack velocity range for each nozzle size that is available.
Tne stack velocity range is cbtained by dividing the upper and lower flowrate

1imits by the available nozzla arezs.

F-50



(3) Use the metar calibration coefficient Km, and the nozzle sizes as
selected above with the pitot tube coefficient to calculate the proportion-

ality constant in the isokinetic equation:

‘rep 12 .
ah = 782.50 ETGE-} Dn Ap

As a final check, insert the maximum and minimum velocity pressure dif-
ferential obtained during the preliminary traverse to ascertain that the meter
will not be operating outside its linear range. Also, the sampling rate at
the dry gas meter should be estimated using the stack moisture and
temperature, and an estimate of the dry gas metsr tamperature. This rate
should nct exceed the capacity of the meter, which is approximataly 2.5 cfm
in most cases. After the appropriate orifice size has been salectad, all
parts should be tharcughly cleaned and assembled. The orifice metar-nozzle
assembly can then be attached éc a standard EFA-5 probe sheath. A leak check
should then be perfonﬁed by attaching the umbilical cord directly to the
probe. A leak rats of zero is attainable at 15 inches Hg vacuum when 2
metal probe liner is usad. However, if a glass liner is usad this critaria
may not te achievable at vacuums greatar than 2-5 inches Hg. In all cases,
it must te insured that there are ng leaks in the oressure differential
Tines. The rest of the train assembly and testing ars performed similarly

tc that used in EPA-S.

-y

inere are several specific arsas that are unique to sampling w{th this
aquipment canfiguration and require corment. Thesa ars:

(2) In some sampling cases, thers will be a measurable prassure differ-
ential across the final orifics in the standard squigment cenviguration. In
order T2 corract the dry gas metar pressura 3 standard conditions, this

a4

-t

Terential sheuld te racordad. Sinca this would requirs 2n extr2 mancretar
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and data entry, it is more convenient if the final orifice is replaced with
a straight piece of pipe. The second manometer in the meter box can then be
used for the instack orifica and the dry gas meter prassure is then ambient
or barometric. .

(b) In the configuration described, the orifice meter assembly will
be out of the stack flow for points located about seven inches or less frocm
the near stack wall. The port should be insulated and/or heated to as near
the stack temperature as possible. since it is assumed that the orifice meter
tamperature is equal to the stack temperature. A general guideline is that
the two temperatures expressed in absolute (°R) terms must be within about
20 percent of each other, assuming all other vairables are measured with no
error, to achieve 1o percent of isokinetic conditions.

{¢) In many cases, the pressure differantial tops can beccme plugged -
with condensate. This is usually indicated by a reduced pressure differential,
2 sluggish variation, or no response to flow control valve changes.

Sampling should be intsrruptad and thé manometer lines should be momentarily
backflushed. Backflushing during sampling is undesirable since the air then
beccmes part of the gas sampled.

(d) In cases where the moisture content is very high and high sampTiné
rates are required, it may be necessary to add an additional fine metering
valve to the pumping systam prior to the coarse valve commoniy used in ZPA-3
systems. Additional metering control is necessary due to the small fraction
of dry gas flow that remains after condensation. Since the flow is very
small, the coarses valve by-pass combination does noct allow an accurate
regulation of vacuum. This extra neediz vaive can be conveniently installed

gt the quick-correct fitting for the umbilical cord sample hose.
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(e) Ouring sampling, the cperating equation may be solved by using
a slide rule, calculator, graph, etc., sinca it is simply a constant multi-
Plication. The EPA-5 operating nomograph can also be used if desirad. In
this case, all scales except the sh and ap are ignored. The-factor

~ Cp\ 2
Z—mz.soz[‘ on*/1s aligned on the ah scale with 1.0 on the ap scale
to set the pivot point.

rd

Tter a sampling run has been completed and the train has been trans-
portad to the cleanup area, the orifice-nczzle assembly should ba removed
from the probe for cleanup purposes. All openings on the assambly should
be plugged and the outar surfacs should be tncroughly cleaned prier to recovery
of the sample fracticn. The metar body can then be separatad at the orifica
plata and rinsing with the apprepriate solvent and brushing can be performed

on the +two halves of the assambly.
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APPENDIX G-la

SAMPLING ORIFICE CALIBRATIONS
‘ FOR
GRANULATOR TESTING



DATE 12727778 ORIFICE NO D6 NAME C EXROTH

S INLET , TNLET PARTICLE SIZING
BAROMETR1IC PRESSURE 30.03 IN HG DRY GAS HMETER NO 6

'*###t###**###*####***#*##*#*##?*##tt##*#*#####*#‘###*#####*#######*##*###*######$!

CRIFICE GAS VOLUFE TEMP ERATURE
MANOMETER WET TCST DRY GAS WET TEST URY GAS METER o
SETTING METER METER METER INLET OUTLET AVERAGE  TIME
IN WATER CU FT CuU FT F F F F MIN RATIO GHO

##‘*8’*##*###&##**##4***#####*##t#**##tt###**#*###t##*‘**##########**#######3##*#‘

£.5 S .0 S .03 70.4 73.0 74%.0 73.5 12.7 1.00 1.80
1.0 5.0  S.03  70.5 72,0 72.0 T2.0 9.2 099 1.89
2.0 10.0 _ 10.C5 70.2 74,0 75.0 74.5 13.0 1.00 1.88

3.0 1c.0 10.08 70.0 75.0 75 .0 75.Q 10.8 0.99 l1.54

FREFBEISFXFEB L A RA R R XEN R AR RRI X R R R R R AR AF BRI IR N LR XA AR XY FRI AR IR B AR ISR B R RN % &

AVERAGE 1.00 l1.88

XA BEREAE X I L XL IR ER R RB AR LR RS R AR AR IR AR IR I E XA S IR R IR AR ARG XE R AT XF BEBA AR S
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DATE 1/€3/79 GRIFICE NO DS HANE T £0L0UC

ovTLET
B AROMETIIIC PRCSSURE 29.70 IN HG CRY GAS METER NO &

:::t##*#tt##aﬁﬂtt:#$u#:usnnas##gus##"$#=$$*==ﬂu:**xtn¢3¢:*=:ﬁ:a=+=za*aﬂtizztﬁtéa=i’

CRIFICE GAS VOLUPE TEP ERATURE 7
MANOMETER WET TEST DRY GAS WET TEST CRY GAS METER
SETTING METER METER METER INLET OUTLET AVERAGE ~~TIME
IN WATER CUFT CU FT F F F F *IN RAT IO GHO

::st*s##tt#s##a:#t:##u#:**:*t=aa$=v:¢n*$4=$=t¢#¢*#:::##:n*v¢a:::a**v#t*##¢*¢*n4¢tir

Ce5 5.0 4.9%6 73.0 89.0 6% .0 69 .11 11.9 1.90 1.61

1.0 € .0 4.95 70.0 72.0 72.3 72.3 8.6 1.31 1.67
2.0 . 15.C 9.52 70.0 71.3 72.9 71.5 12.3 1.01 1.71
3.0 10.0 S.%3 70.0 71 .0 72.0 71.5 19,1 1.0N0 1.72

##*3*3833:Jaﬂ$$$’#$=#3*#2:#3*#33m¢::nni*?#&:ﬂ#ﬁsﬁ#:gu*ﬂ:h#anuas:;*;##2#8&:#!#3*#3#7
AVERAGE 1.931 l1.6¢

#t#a#:##:##s:*#:n$##$#u#$*:a*#*=g=:===4=a#v=a$#$#=¥ax:?t##::#::%*#=4=ﬁxt*t#$#*$#A,=
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APPENDIX G-1b

SAMPLING ORIFICE CALIBRATIONS
FOR
SYNTHESIS TOWER TESTING
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APPENDIX G-2a
NOZZLE MEASUREMENTS

FOR
GRANULATOR TOWER TESTING
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APPENDIX G-2b

NOZZLE MEASUREMENTS
FOR
SYNTHESIS TOWER TESTING
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APPENDIX G-3a

PITOT TUBE CALIBRATIONS
: FOR
.  GRANULATOR TESTING



AR RT EAREFARXEXI TR XX S AAERXE AR UBFAEE LT R IR T XN XEZR sAZPRc RIS R ET ATy XY Xk !
§
1HE WESCARCH COrPCRATION OF 4SW ZHGL AHD =

CLIENT =PA
CHARGE NO0. 32938 TESTER T 130LDJC =

* # % o # B

*######*##**###*##*z###*?###***#1##¥¥$#¥*$$¢?*#*#*4##3l¢?¥*¢4¥4#$#3*39#¢*$

.= >
x CAL IERATION DATA =
x TYPE S PILOT Tudt

%

= QATE 01710779 TEHP L (F)}Z S3.0 BARO.PRES(IMLHG) = J.IC *
%*

* STANDARD PITOT NC. CE-1 SER [AL 0. 4u  INLET

F -##:‘x*'k###:k*##-;#-tt’stﬁz:~=$s=4=.=¢rka##«'¢*-+’:##néanz-ss##'x##a-vtu#::*:atat-.‘:## =
3 -
= ST ANT ARD TYPE S COEFFICIENT

% NOo OF SCREENS CZLTA P ** W.Co DELTA P *°* 4d.Co +IP(S) ®
= &
x 1 0.C51 G.378 C.221 :
* 2 C.128 CeluS C.822

x 3 0.293d J+288 C,329 =
= L) 0.314 Go4ul J.831 ’
= 3 C.420 DeS99 U829 :
* 6 C.500 Je71C 0.831 x
* 7 C.610 74265 0331 =
=

» AVER \2Z CP(S) £.82% -
3 x
x FEVERSE (S) FPITOT ANE RERUN 1sST

*

* 1 0.CSS C.081 C.516 *
* 2 £.123 153 C.812 -
x 3 c.2N1 Ce29% Cecl17 ’
= 4 L4290 geu3S C.322 x
x 3 0.395 CeSTC ueE2t x
= 7 €595 Ce£57 4 D.225

P EY
* AVER AGE CPC(Z) 0.,52C

B ew e - ————-——— -

x + CPUSYZSN.ISSORTIGILTA PCSTANDARDY 7 DELTA FLS)) =
K

AR IR B IT AR IR IT AR ALZTR AL FRX TARAFE XX XTI AR XI XX IF ER ARII LR AL AR R XA TRER

FeO0 ELIT
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XS PR AEX A EF LA G AT AR AR AL ST S AAUI R Ay AT 2T Ak 22 I AR IR KV XV SH I EA AR FR A RS KA XN AN 2

o=

* THE RESEARCH CNRPOIATION OF JEW ZNGL AND

%

® CLIENT EPA

* cHARGE NJe. 82938 TISTER T doLpuc

b

AEEFEFIITARTRIE AL XX ARG ARXE IR IR FLXF IR IR XK LETIINF LB IR IZ XXIXR N AFIFIEFRIRF IR AR 623
*

* CTALIBRATION DATA

% TYPS S PILOT TUdE

»

* DATE Q1710779 TEMP.LFY= S3,.0 BARDLPRES(UIMJHI) 233,.0C
=

* STANDARD PITOT NO. CE-1 SERTIAL 0. 3% lNLET?Am%qu
x B AU U AR IEFTRAXT IR RXEXR AR LI XTIV IS XA IAIS LR S I TR R X RX AT X
b ST ANDARD TYPE S COEFFICIENT
= 10, OF SCREENS CELTA P *' Y.Co. ccLTa P ** w.C, +CP(%)
=

= 1 0.1003 D.158 C.73¢
= 2 2.275 2300 C.21°¢
* 3 0.400 €550 C.E37
* 4 0.595 C.825 C.cul
* 5 0.795 1.135 C.EnC
* 7 1.299 1.67C C.E29
*x

* AVER AGE CP(S) 0,629
>

2 REVEZRSE (S) PITOT AD RERUN T 7ZST

=

* 1 0.1135 Ce165 C.79¢C
* 2 0.230 t.310 C.79¢
= 3 3405 £.60C C.813
= 4 J.40J 0.875 0.82C
* 5 C.837 1.15% C.228
= 6 1.019 1.45C LeEZH
* 7 1.235 1.75¢C Ce.E22
x

* AVER AGE CF(S) C.E13
¥ cmemm e —————

= + CPUS)IT0.09SQRT(DZLTA PLSTAUDARD) 7 DILTA PS))

E

SR R R EE L L R LR e 2 R i B2 Bt T2 Y S e P PN L Ly I I I R I L P R ]

Fedo ExIT

G-17

R K TR N IR TR R 2 R R R R AR NE R N L B B B B R B R BN R IR B B R

%=
=
¢
®
*
=
=
=



LR ERELE LS L EE NS E Rl Rl HE R N R N e P TN Y Y 2 Rl R I R IR IRy

L% *
*x THZ RESEARCH CORPCRATION OF NTW ENGL AND
x
* CLIENT ¢EPA
* CHARGE NOJ. 32538 TESTER EOQLOULC
*
AT B A RXERE RS IAIEREIFT IARR IR EA T SR LR I UR PR AP Y RS X I 2% ), SR 2k iy K2 2 Hh e
% .
* CALIBRATIJN ODATA
= TYPE S 2ILCT TUBE
*
* DATE DQ171G/793 TEMPLIFrz 53.G ZAROLRESJUIN.G)Z 2,00
*
= STANDARD PITOT HO. CE-1 SERIAL NO. 38 OUTLET
E 3 ERRBIEF IR FELUZ IR IR XBZARERE IS LSS IS XA LI AT A XXX ITRRIT R XS R
-
* STANDARD TfPE S CCEFFICIENT
2 NO. OF SCTREENS DELTA P ** 4.C. CELTA P ** ¥.C. +CPLS)
*® ¥
= 1 G.CS3 C.CT¢ G.793 *
* 2 C.190 Celué C.El4 *
* 3 0.195 C.275 C.E34 *
> 3 G.297 G826 G.B23 »
* 5 0.435 Ce.57C 0.£328 %
* 5 C.5Q05 0.70% C.E3E *
. x 7 0.595 - E.83G 00832 b
* »
T AVERAGE CI(S) C.526 *
ax *
x REVZIRSE (5) PITOT ARD RERUIN TEST ¥
* 2
* 1 OODSD C.C7% LeENE ¥
* 2 C.105 L.l14t C.E34 »
= 3 5.195 Le27¢C Ceg4l »
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* 3 C.439 C.E5¢C Ce54u =
a 5 J.495 Te5SE Ce&3S #
* 7 J.€15 C.245 L.£3¢ =
x E-3
* AVEF AGE CF(L) (.54 *
B I e el L T pp—— a
* + CP(S)ZT.993GRT(OTLTA PLSTANGARDY 7 DCLTA FL<)) =
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APPENDIX G-3B
PITOT TUBE CALIBRATION
FOR
SYNTHESIS TOWER
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R AB XA AR AL AS IRIL AL XS AL AL IR XS RSB AS T AE SIS ST B SR ER SE LA FALH AR BT R FH AR LT AT 4B X 3R

.
# [HE RESEARCH CORPOUILIION OF WEW CNCL AND *
* N
= CLIENT <SPA :
= CHARSE NDJ. B2G6&L TESTER T 8CLDUC s
»
a*:#:##*###*##tt:t:##stt:#44#####:#:###:##=¢¢¢$#$$$n:t7##;#:¢t:==;t*¢¢==z*
X - ¥
% CALJERATION DATA ° : =
* TYPE S PILOT TU3E
&« ]
& DATE 01710779 TEMP J(FI= 53.73 S3ARN.LPRISCINGHEN=3D,0C *
x
& STAYDARD PI7T0T NO. CE-1 SERILL Vl. SC SoLuTnw TOWER
- *#3*:###:*3*4##3#8###*#s#t##*#w$t$$$¢$$$t###3*48#:##2*#$%$#¢1#$ =
. i
* ST ANJARD TYPE S COEFFICIENT
% NQC, oF SCREE:‘S DELTA P e HQCO DELIA P LI "o:o +CP( L) =
x
= 1 0.122 . GeluE Je822 4
* 2 0.290 228G C.E37 =
* 3 0.395 C«55C C.323 *
* 4 0.600 C.230 T.E42
* S Ca772 1.295 Ce242
* 6 1 .35 1.295 Ge.24C *
= 7 1.200 1.580 CeE37
%
*x AYZR AGZ CP(S) Z.837
x
= REVERSE (S} PITAOT AND RERJUN TZST
x
* 1 £.120 ' C.145 5.822
* 2 £.235 Ce23C Ce832
= 3 C.422 C +35% Z.243
= 4 0.636 325 Jef4E
& 5 CL.577 1.335 Je357
* 6 Ce9735 1.255 T .24
= 7 1.232 1.545 Ue24E
-]
= AVERA3Z CFR(S)Y  C.241
B P .
= o+ TPUSITILHSSCRTMOILTS PESTAITARD))Y / JZILTA 2(32)) ' *
x

#t#=$$*8$3$‘4t3#1su:?¢t$==t$ﬂ4t::::#::xx&$«:=:&t=au==ax*gz:z:4:4;:lt:n#:;t

Fs2C £<1IT
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APPENDIX H

DAILY SAMPLING LOGS
H-1 Sampling Task Logs

H-2 Field Laboratory Logs
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APPENDIX H-1

SAMPLING TASK LOGS
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APPENDIX I
PROCESS OPERATION DATA
This entire Appendix is confidential. See Item 9 - Confidential Addendum, Contact

Eric Noble, EPA (919) 541-5213



APPENDIX J
TRC LABORATORY ANALYTICAL DATA
INCLUDES:
J-1  Analytical Log w/ Discussion

J-2  Sample and Analysis Results Logs
J-3  Laboratory Data Sheets
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APPENDIX J-1
ANALYTICAL LOG WITH DISCUSSION
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APPENDIX K-1

EPA PROCEDURES FOR UREA



-
DONOTQUOTE ORCiTE

DETERMINATION OF PARTICULATE, AND UREA ])=11-%D
EMISSIONS FROM LREA PLANTS

1. Principle and Applicability

1.1 Principle. A gas sample is extracted isokinetically from
the stack. The ammonia is removed from the sample by boiling,
and the urea is measured by a colorimetric procedure.

1.2 Applicability. This method is applicable fo; the
determination of urea from urea manufacturing facilities.

2. Apparatus

2.1 Sampling Train. A schematic of the sampling train used
in this method is shown in Figure 1; it is similar to construction
to Method 5. The sampling train consists of the following
components.

2.1.1 Probe Nozzle, Probe Liner, Pitot Tube, Differential
Pressure Gauge, Metering System, and Barometer. Same as
Method 5, sections 2.1.7, 2.1.2, 2.1.3, 2.1.4, 2.1.8, and 2.1.9
respectively. Stainless steel probe liners may also be used.

2.1.2 Impingers--Five as shown in Figure 1. The second
and third shall be of the Greenburg-Smith design with standard
tips. The first, fourth, and fifth shall be of the Greenburg-
Smith design, modified by replacing the insert with an
approximately 13 millimeter (0.5 in) I.D. glass tube, having an
unconstricted tip located 13 mm (0.5 in) from the bottom of the
flask. Similar collection systems, which have been approved

by the Administrator, may be used.
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2.2 Sample Recovery. The following equipment is needed:

2.2.1 Probe-Liner and Probe-Nozzle Brushes, Graduated
Cylinder and/or Balance, Plastic Storage Container, and Rubber
Policeman. Same as Method 5, sections 2.2.1, 2.2.5, 2.2.6,
2.2.7, respectively.

2.2.2 Wash Bottles--Two. Glass wash bottles are recommended;
polyethylene wash bottles may be used at the option of the tester.

2.2.3 Glass or Plastic Sample Storage Containers. Chemically
resistant, borosilicate glass bottles 500 ml or 1000 ml. Screw cap
liners shall either be rubber-backed Teflon or shall be constructed
so as to be leak-free. (Narrow mouth glass bottles have been found
to be less prone to leakage). Alternatively, polyethylene bottles
may be used.

2.2.4 Funnel, Glass of Polypropylene.

2.3 Analysis.

2.3.1 Pipettes. Volumetric type 0.5-ml, 2-ml, 5-ml, 8-ml,
10-m], 20-ml, and 25-ml sizes.

2.3.2 Volumetric Flasks. 25-ml size, 100-ml size, 250-ml
size, 500-m} size and 1000-ml size.

2.3.3 Graduated Cylinder. 100-ml size.

2.3.4 Distillation Apparatus.

2.3.4.1 Flasks or Beakers. At least two, 800-ml size.

2.3.4.2 Hot Plate. Capable of heating the distillation
flasks to 120°C (248°F).

2.3.5 Spectrophotometer. To measure absorbance at 420

nanometers.




2.3.6 Sample Cells. Two matched absorbance cells to fit
the spectrophotometer.
3. Reagents

Use ACS reagent-grade chemicals or equivalent, unless otherwise
specified. The reagents used in sampling and sample recovery are
as follows: |

3.1 Sampling and Sample Recovery.

3.1.1 Silica Gel, Crushed Ice, and Stopcock Grease. Same as
Method 5, sections 3.1.2, 3.1.4, 3.1.5, respectively.

.3.1.2 Water. Deionized distilled to conform to ASTM
- specification D 1193-74, type 3. At the option of the analyst, the
KMNO4 test for oxidizable organic matter may be omitted when high
conceptrations of organic matter are not expected to be present.

3.1.3 Sulfuric Acid, 1 N. Dilute 28 ml of concentrated
sulfuric acid to 1 liter with deionized distilled water.

3.2 Analysis. The reagents need for analysis are listed below.

3.2.1 Water. Same as 3.1.2.

3.2.2 Sodium Hydroxide (NaOH), 10 N. Dissolve 40 g of NaOH
in a 100-m1 volumetric flask and dilute to exactly 100 ml with
dejonized distilled water.

3.2.3 Sodium Hydroxide 6 N. Dissolve 240 g of NaOH in 800 ml
of deionized distilled water in a 1-1iter flask. Dilute to exactly
1 liter with deionized distilled water.

3.2.4 Sodium Hydroxide 1 N. Dissolve 40 g of NaOH in 800 mi
ot deionized distilled water in a 1-liter flask and dilute to exactly

1 liter with deionized distilled water.
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3.2.5 Sodium Hydroxide 0.1 N. Dilute 100 ml of 1 N NaOH to
exactly 1 1iter with deionized distilled water.

3.2.6 Borate Buffer. Dissolve 2.5 g of sodium tetraborate,
NazB407, or 4.8 g of the decahydrate Na28407 * 10 HZO’ in 500 m1 of
dejonized distilled water in a 1-liter volumetric flask. Add 88 ml
of 0.1 N NaOH solution an& dilute to exactly 1 liter with deionized
distilled water.

3.3.7 Sulfuric Acid 1 N. Slowly add 28 ml of concentrated
sulfuric acid to 800 ml of deionized distilled water in a 1-liter
flask and dilute to exactly 1 liter with deionized distilled water.

3.3.8 Ethyl Alcohol, 95 percent.

3.3.9 P-dimethylaminobenzaldehyde.

3.3.10 Hydrochloric Acid, Concentrated (36.5 - 38 percent by
weight).

3.3.11 Stock Standard Urea Solution. Dissolve 5.000 g of
urea in 500 m] of deionized distilled water in a '1-liter flask and
dilute to exactly 1 liter with deionized distilled water.

3.3.12 Urea Color Reagent. Prepare the color reagent by
dissolving 2.000 g of P-dimethylaminobenzaldehyde in a mixture of
100 m1 of 95 percent ethyl alcohol and 10 m1 of hydrochloric acid.
4. Procedure

4.1 Sampling. Because of the complexity of this method, testers
should be trained and experienced with the test procedure to insure
reliable results.

4.1.1 Pretest Preparation. Follow the general procedure given

in Method 5, section 4.1.1, except omit the directions for the filter.
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4.1.2 Preliminary Determinations. Follow the general
procedure given in Method 5, section 4.7.2.

4.1.3 Preparation of Sampling Train. Follow the general
procedure given in Method 5, section 4.1.3, except place 100 ml
of dejonized distilled water in each of the first two impingers,
place 100 m1 of 1 N HZSO4 in the third impinger, leave the fourth
‘impinger empty, and place the preweighed silica gel in the fifth
impinger. Assemble the train as shown in Figure 1.

4.1.4 Leak Check Procedures. Follow the leak-check procedures
given in Method 5, sections 4.1.4.1 (Pretest Leak Check), 4.1.4.2
(Leak-Check During Sampling Run) and 4.1.4.3 (Post-Test Leak-Check).

4.1.5 sampling Training Operation. Follow the general procedure
given in Method 5, section 4.1.5. For eachrrun, record the data
required on a déta sheet such as the one shown in Method 5, Figure 5-2.

4.1.6 Calculation of Percent Isokinetic. Same as Method 5,
section 4.1.6.

4.2 Ssample Recovery. Proper cleanup procedure begins as soon
as the probe is removed from the stack at the end of the sampling
period. Allow the probe to cool.

When the probe can be safely handled, wipe off all external
particulate matter near the tip of the probe nozzle and place a
cap over it to prevent losing or gaining particulate matter. Do not
cap off the probe tip tightly while the sampling train is ccoling
down as this would create a vacuum in the filter holder, thus drawing

water from the impingers into the filter holder.



Before moving the sampling train to the cleanup site, remove the
probe from the sample train, wipe off the silicone grease, and cap
the open outlet of the probe. Be careful not to lose any condensate
that might be present. Wipe off the silicone grease from the
impinger inlet where the probe was fastened and cap jt. Remove the
umbilical cord from the last impinger and cap the impinger. If a
flexible line is used between the first impinger or condenser and
the probe, disconnect the line at the probe and let any condensed
water or 1iquid drain into the impingers or condenser. Either
ground-glass stoppers, plastic caps, or serum caps may be used to
close these openings.

Transfer the probe-impinger assembly to the cleanup area. This
area should be clean and protected from the wind so that the chances
of contaminating or losing the saﬁple will be minimized.

Save a portion of the deionized distilled water used for cleanup
as a blank. Take 200 m] of this water directly from the wash bottle
being used and place it in a glass sample container labeled "water
blank."

Inspect the train prior to and during disassembly and note any
abnormal conditions. Treat the samples as follows:

Container No. 1. Taking care to see that dust on the outside

of the probe or other exterior surfaces does not get into the sample,
quantitatively recover particulate matter or any condensate from the
probe nozzle, probe fitting, and probe liner, by washing these
components with water and placing the wash in a glass container.

Perform the water rinses as follows:
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Carefully remove the probe nozzla and clean the inside surface
by rinsing with water from a wash bottle and brushing with a Nylon
bristle brush. Brush until the water rinse shows no visible
particles, after which make a final rinse of the inside surface with
water.

Brush and rinse the inside parts of the Swagelok fitting with
water in a similar way until no visible particles remain.

Rinse the probe liner with water by tilting and rotating the
probe while squirting water into its upper end so that all inside
surfaces will be wetted with water. Let the water drain from the
Jower end into the sample container. A funnel (glass or polyethylene)
may be used to aid in transferring 1iquid washes to the container.
Follow the water rinse_wfth a probe brush. Hold the probe in an
inclined position, squirt water into the upper end as the probe
brush is being pushed with a twisting action through the probe;
hold a sample container underneath the Jower end of the probe, and
catch any water and particulate matter which is brushed from the
probe. Run the brush through the probe three times or more unti)
no visible particulate matter is carried out with the vater or
until none remains in the probe liner on visual inspection. With
stainless steel or other metal probes, run the brush through in
the above prescribed manner at Jeast six times since metal probes
have small crevices in which particulate matter can be entrapped.
Rinse the brush with water, and quantitatively collect these
washings in the sample container. After brushing, make & final
water rinse of the probe as described above.
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It is recommended that two people be used to clean the probe
to minimize sample losses. Between sampling runs, keep brushes i
clean and protected from contamination.

Container No. 2. Measure and record the volume of the first

two impingers. Then transfer the contents to the container. Rinse

the first two impingers and the connecting glassware with water

and add the rinse water to the container. Mark the level of the

1iquid on the container and identify the sample container.
Impingers Nos. 3 and 4. Measure and record the volume of

the third and fourth impingers. Discard the liquid.

Container No. 3. Note the color of the indicating silica

gel to determine if it has been completely spent and make a
notation of its condition. Transfer the silica gel from the
fifth impinger to its original container and seal. A funnel may
make it easier to pour the silica gel without spilling. A rubber
policeman may be used as an aid in removing the silica gel from
the impinger. It is not necessary to remove the small amount of
dust particles that may adhere to the impinger wall and are
difficult to remove. Since the gain in weight is to be used
for moisture calculations, do not use any water or other liquids
to transfer the silica gel. If a balance is available in the
field, follow the procedure for container No. 3 in section 4.3.
4.3 Analysis. Record the data required on a sheet such
as the one shown in Figure 5-3. Handle each sample container as

follows:
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4.3.1 Container Nos. 1 and 2. Note the level of liquid

ard confirm on the analysis sheat whether or not leakage

occurred during transport. If a noticeable amount of leakage has
occurred, either void the sample or use methods, subject-to the
approval of the Administrator, to correct the final results.

Measure the 1iquid either volumetrically to + 1 ml or gravimetrically
to + 1.0 g and record on the data sheet. Combine the contents of
both containers in a 500-ml volumetric flask and dilute to

exac;]y 500 m] with deionized distilied water. Distill the sample
following the procedure in 4.3.4.

4.3.2 Container No. 3. Weigh the spent silica gel (or

silica gel plus impinger) to the nearest 0.5 g using a balance. This

step may be conducted in the field.

4.3.3 "Water Blank" Container. Measure water in this

container either volumetrically or gravimetrically and record on
the data sheet. Distill the sample following the procedure in 4.3.4.

4.3.4 Sample Distillation. Treat the combined sample 1 and 2

and the water blank as follows:

4.3.4.1 Preparation of Sample. Pipette a 100-ml aliquot
of sample into a 1-liter flask or beaker and add 400 ml of
defonized distilled water. Then add 25 m1 of borate buffer
and adjust the pH to 9.5 with 6N NaOH using short-range pH
paper to measure the pH. Heat the fiask to boiling and boil until
the volume is reduced to about 75 mi. (Caution: This step should

be conducted under a hood.) Transfer the remaining sample to a
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100-m1 volumetric flask.and dilute to exactly 100 ml with deionized
distilled water.

4.3.4.2 Analysis. Pipette 10 ml of this solution into a
25-m] volumetric flask and add 10 ml of the urea color reagent.
Dilute to exactly 25 ml with deionized distilled water. Mix well
and allow to stand for at least 10 minutes for full color development.
Measure the absorbance of the solution at 420 nm using the blank
solution (section 5.5) as a zero reference. If the absorbance
exceeds that of the 5.00 mg urea standard, prepare another sample
using less than a 10-ml aliquot.

5. Calibrations

5.1 Sampling Train. Calibrate the sampling train components
according to the indicated section of Method 5. Probe Nozzle (5.1);
Pitot Tube (5.2); Metering System (5.3); Temperature Gauge (5.5);
Leak-Check of the Metering System (5.6); and Barometer (5.7).

5.2 Determination of Spectrophotometer Calibration Factor K.
Add 0.0, 5.0, 10.0, 15.0, 20.0 and 25.0 m1 of the stock standard urea
solution to a series of six 250-m] volumetric flasks. Then follow
the distillation and analysis procedures described for the samples
in section 4.3.4 of this method. FEach standard at the time of
analysis will contain 0, 1.00, 2.00, 3.00, 4.00, and 5.00 mg
respectively. The calibration procedure must be repeated each day
that samples are analyzed. Calculate the spectrophotometer

calibration factor as follows:
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AT +2A, + 3A, + 4A4 + 5A5

2 3

b~ 100 A]2 + A22 + A32 + A42 + A52
Where
K. = Calibration factor,
A] = Absorbance of the 1.00 mg standard.

A2 = Absorbance of the 2.00 mg.standard.
A3 = Absorbance of the 3.00 mg standard.
A4 = Absorbance of the 4.C0 mg standard.
A5 = Absorbance of the 5.00 mg standard.

6. Calculations

6.1 Average Dry Gas Meter Temperature and Average Orifice
Pressure Drop, Dry Gas Volume, Volume of Water Vapor, Moisture
Content, Isokinetic Variation, and Acceptable Results. Using
data from this test, same as Method 5, sections 6.2, 6.3, 6.4,
6.5, 6.17, and 6.12 respectively.

6.2 Mass of Urea. Calculate the total vweight of urea

collected in the sample by Equation 1.
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Where:

M = Mass of urea collected, mg.

Kc = Spectrophotometer calibration factor.

As = Absorbance of sample.

Aw = Absorbance of the water blank

Val = Volume of sample aliquot analyzed, ml.

Vb = Volume of water-blank aliquot analyzed, ml.

Vso]n = Total volume of solution in which the sample
is contained, ml.

L Vo]ﬁme of sample returned for analysis, ml.

6.3 Particulate Concentration: Calculate the particulate

(urea) concentration as follows:

M -6
c= T 10 Eq. 2
Kz Vm(std)
Where:
c = Particulate (urea) concentration at dry
standard conditions, g/dscm (gr/dscf).
M = Mass of urea collected, g.

Vm(std) = Volume of gas sample measured by:.dry gas meter,

corrected to standard conditions, dscm (dscf).

~
[

= 1.0 for metric units.

0.4370 for English units.
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APPENDIX K-2

EPA PROCEDURES FOR AMMONIA
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DETERMINATION OF AMMONIA

1.. Principle-and Applicability

1.1 Principle. A gas sample is extracted from the stack and
the ammonia is collected in impingers containing sulfuric acid-solution.
The collected ammonia is reacted to form a colored complex whose

. 1ntenszty 1s measured by a spectrophotometer. '

1.2 This method is applicable for the determ1nat1on of ammonia
emissions from nitrogen fertilizer plants. The minimum detectable
ammonia concentration is 30 ug/1. The upper limit is SOOO_ug/l, but
this may be extended by diluting the sample.

Possible interferences are calcium, magnesium, iron and sulfide.
2. Apparatus

2.1 Sampling. . The sampling train is shown in Figure 1 and
component parts'areidiscussed below.

-7}. )Lx*"“— The tester hee the option of determining NH3 simultaneously with
"f;fvj particulate matter and moisture determination.by replacing the water in

Al

{' LGN 7,a Method 5 impinger system with 1.0 N sulfuric acid.
g o 2.1.1 Probe. Borosilicate g]ass, or stainless steel (other
materials of construction may be used, subject to the approval of
the Administrator), approximately 6-mm inside'diameter, with a heating
system to prevent water condensation and a filter (either in-stack or
heated out-stack) to remove particulate natter, including sulfuric

ey . Kneh -Ja/l/ N-kea/
acid mist. A plug of g]ass wool is a satmsfactory filter.

1
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2.1.2 Impingers. Four 30-m1ﬁmidget.impingerstt The midget
impingers must be connected in series with 1eak;free glass connectors.
Silicone grease may be used, if necessary, to prevent leakage.

Other collection absorbers and flow ratés may be used, but are
subject to the approval of the Administrator.: Also, collection efficency
must be shown to be at least 99 percent for each test run and must be
. dochmented in the report. If the efficiency is found to be acceptable
after a series of three tests,further documentation is not required.

To conduct the efficiency test, an extra absorber must be addeq:zgérves

analyzed separately. This extra absorbef must not coﬁtain more than
1 percent of the total NH3!"‘SS

2.1.3 @Glass Wool. Borosilicate or quartz.

2.1.4' Stopcock'srease. Acetoné-inso]uble.'heat-stable silicone
grease may be used, if necessary. ‘

2.1.5 Temperature Gauge. Dial thermometer, or equivalent, to
measure temperature of gas leaving impinger train to within 1°C'(2°F).

2.1.6 iDrying Tube. Tube packed with 6- to 16-mesh indicating-
type silica gel, or equivalent, to dry the gas sample and to protect
the meter and pump. 'If the silica gel has been used previously, dry
at 175°C (350°F) for 2 hours. New silica gel may be used as received.
Alternatively, other types of desiccants (equ1va1ent or better) may be

used, subject to approval of the Administrator.

2.1.7 Valve. MNeedle valve, to regulate sample gas flow rate.
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2.1.8 Pump. Leak~-free diaphragm pump; or equivalent, to pull
gas through the train. Install a small surge tank between the pump
aﬁd rate meter to eliminate the pulsation effect of the diaphragm
pump on the rotameter. ‘

2.1.9 . Rate Meter. Rotameéer, or equivalent, capable of measuring
flow rate to within 2 percent of the selected flow rate of about 1000
- cc/min. o

2.1.10 Volume Meter. Dry gas meter, sufficiently §ccurate to
measure the sample volume within 2 percent, calibrated at the selected
flow rate and conditions actually encountered during sampling, and
equipped wiﬁh a temperature gauge (dial thermometer, or equivalent)
capable of measuring temperature to within 3°C (5.4°F).

- 2.7.11 Barometer. Mercury, aneroid, or other barometer capable

of measuring atmospheric pressure to within 2.5 mm Hg (0.1 in. Hg). In
many cases the barometric reading may be obtained from a nearby national.
weather service station, in which case the station value (which is the
absolute parometric pressure) shall be requested and an adjustment tor
elevation differences between the weather station and sampling point shall
be applied at a rate of minus 2.5 mm Hg (0.1 in. Hg) per 30 m (100 ft)
elevation increase or vice versa fbr elevation decrease.

2.1.12 " Vacuum Gauge and Votameter. At Teast 760 mm Hg (30 %n. Hg)

gauge and 0-40 cc/min rotameter to be used for leak check of the sampling

train.

2.2 Sample Recovery.
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2.2.1 Wash Bottles. Polyethylene or glass, 500 ml, two.

2.2.2 Storage Bottles. Polyethylene, 100 ml, to store impinger
samples (one per sample). .

” 2.3 Analysis. .

2.3.1 Pipettes. Volumetri¢ type 0.5-ml, 1-ml, 2-ml, §-ml, 8.0-ml,
10.0-m1, 20-ml (one per sample), and 25-ml sizes. |

2.3.2 Volumetric Flasks. 100-ml size (one per sample), 1000-ml
size, and 25-ml size. A |

2.3.3 Graduated Cylinder. 100-ml size.

2.3.4 Spectrophotometer.- To meaéure absorbance at 405 nanometers.

2.3.5 Sample Cells. Two matched absorbance cells to fit the
spectrophotometer.

3. Reagents _ .

Unless.otherwise indicated, all reagents must conform to tﬁe
specifications established by the Committes on Analytical'Reagents
of the American Chemical Society. Where such specifications are not
available, use the best available grade.

3.1 Sampling.

3.1.1 Water. Deionized, distilled to conform to ASTM specifica-
tion D1193-74, Type 3. At the option of the analyst, the KMN04 test
for oxidizable organic matter may be omitted when high concentrations
of organic matter are not expected to be present. .

3.1.2 Sulfuric Acid, 1.0 N. Dilute 28 ml of concentrated,

ACS grade sulfuric acid to 1 liter with deionized, distilled water.

3.2 Sample Recovery. ' |

3.2.1 WAter. Dejonized, distilled, as in 3.1.1.

3.2.2 . Sulfuric Acid, 1.0 N. As in 3.1.2.
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3.3 -Analysis.

3.3.1 Water. Deionized, distilled, as in.3.1.1.

3.3.2: Annhydrous Mercuric Jodide (HSIZ)' ACS grade.

3.3.3. Potassium lodide (KI). ACS grade. |

3.3.4" Sodium Hydroxide (NaOH). ACS grade.

3.3.5 Stock Standard Ammonium Chloride Solution. Dissolve 3.14] g
of ammonium chloride (NH4CI) in 1.0N HyS0, in a 1-liter volumetric flask
and dilute to exactly 1 liter with 1.0N HZSO4. Onefmilliliterfof this

solution contains 1.0 mg of ammonia (NH3). \

3.3.6 Working Standard Ammonium Chloride Solution. .Dilute 10 ml
of the stock standard solution to 1} liter w1th 1,0 N H2304 in a 1-Titer

- volumetric flask. One milliliter of th1s solution contains 10 ug of

ammonia (NH5). |

3.3.7 'Sodium.ﬁydroxide,fio N, Dissolve 40 grams of NaOH in a 100-
ml volumetric flask and dilute exactly to 100-m] with deionized distilled
water. 7. |

3.3.8 Nessler Reagent. Dissolve 160 g of NaOH in 500 m1 of deionized
distilled water in a 1-Titer volumetric f]ask. Allow to cool. Dissolve
100 g of mercur1c jodide and 70 g of p0t3551um iodide in a small volume
of de1on1zed distilled water and while stirr1ng add to the sodium hydroxide

solution. Dilute to exactly 1 liter w1th de1onlzed d1st1}led water.
This reagent 1§ stable up to 1 year. '

4. Procedure

\

4.1 Sampiing;-. -
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4.1.1 Preparation of Collection Train. Measure 15 ml of 1.0 N.
sulfuric acid into each of the first three midget impingers. Leave the
final mfdget impinger dry. Assemble the train as shown in Figure 1.
Adjust the probe heater to a temperature sufficient to prevent water
condensation. Place crushed ice and water around the impingers.

4;1.2 Leak-check Procedure. A leak check prior to the sampling
run is optional; however, a leak check after the sampling}run is
mandatory. The Ieak;chéck procedure is as follows: ‘

Temporarily attach a suitable (e.g., 0-40 cc/min) rotameter to
the outlet of the dry gas meter and p]ace.a vacuum gauge at or near
the probe inlet. Plug the probe inlet, pull a vacuum of at Jleast
250 mm Hg (10 in. Hg), and note the flow rate as indicated by the
rotameter. A leAkage rate not in excess of 2 percent of thé average
sampling rate is ﬁcceptable. Note: carefully fe]ease the probe inlet
plug before tUrnihg off the pump. .v

It is suggested (not mandatory) that the pump be Teak-éhecked
separately, eithgr prior to or after the sampling run. If done prior
to the samp]ing'run, the pump 1eék¥cﬁeck shall precede the leak check
of the sampling traiﬁ described immediafely'above; if done after the
sampling run, the pump leak-check shall fo]fow the train leak-check.

To leak check the pumb, proceéd as follows: .Disconnect the drying tube
from the probe-impinger assembly. Place a.vaCuum gauge at the inlet to

either the drying tube or the pump, pull'a.vacuum of 250 mm (10 in.)

Hg, plug or pinch off the outlet of the flow meter and then turn off the

pump. The vacuum should remain stable for at least 30 seconds.
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4.1.3 Sample Collection. Record the initial dry gas meter reading
and varometric pressure. To'begin sampling, position the tip of the |
probe at.the-sampIing point, connect the probe to the bubbler, and start
the pump.. Adjust the sample flow to a constant rate of approXimate]&

1.0 liter/min as indicated by the rotameter: Maintain this constant

. rate (£10 percent) during the entire sampling run. Take readings (dry

gas meter, temperétdres at dry gas meter and at impinger outlet and rate
meter) at 1ea§t every 5 minutes. Add more ice during the run to keep
the temperature of the gasés lTeaving the 1a$t impinger at 20°C (68°F) or
lless. At the conclusion of each run, turn off the pump, remove probe
from the stack, and record the final read{ngs Conduct a leak check as

in Section 4. 1'2 (This leak check is mandatory ) If a leak is foundun
A3 9% od-dly avey Sampliig Fate

/r void the tes run. Use procedures acceptab1e to the Administrator to

adjust the sample volume for the 'leakageé«/«’ 2% / '/“ND Sv-v-'//"- "”é
4,2 Sample Recoyery. Disconnect the impingers after pufging.}

Pour the contents of the midget impingersinto a.leak-free polyethylene
bottle for shipment. Rinse the impingerand connecting glassware with
dejonized distilled water and add the wasﬁingszto the same storage
container. Mark thg fluid level. Seal and.iﬁentify the sample container.

"~ 4.3 Sample Analysis. Note the level of the liquid in the container
and cqnfirm Whethef"or not any sample wastlost during shipment; note
this on the analytical data sheet. If a noticeable amount of leakage

has occurred either void the sample or use methods, subject to the

* approval of the Administrator, to correct the final resu]ts.

/\/07‘& /&./4 ,10'/ ML SUNE Ve Lonr 2
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Quantitatively transfer the contents of the shipping container to a

1-1iter volumetric flask. Rinse the container and cap with several

portions of 1.0N sulfuric acid and transfer_to the flask. Dilute to
exactly 1 Titer with 1.0N sulfuric acid. Pipet 10 ml of the sample Trom
the 1-liter flask into a 500 ml-volumetric flask and dilute to exactly
500 ml with 1.0 N H,S0,. Pipet 20 ml of this solution into a 25-ml

volumetric flask. Add 10 N sodium hydroxide dropwise to the flask until

‘the pH is between eight and ten. Then add 0.5 ml of Nessler reagent and

dilute to exact]y 25 ml with deionized distil]ed water. Mix well and
allow to stand for the same amount of time as the standards used for
calibration. Measure the absorbance at 405 nm using the blank solution

as a zero reference. Dilute the sample and the blank with equal amounts

of deionized distilled water if the absorbdnceuexceeds that of the /+s g

NH, solution.

5. Calibration

5.1 Metering System.

5.1.1 Initial Calibration. Before ité initial use in the field,

- Tirst leak check the metering system (drying tube, needle valve, pump,

rotameter, and dry gas meter) as fo]ﬁows: place a vacuum gauge at the
inlet to the drying tube and pull a vacuum of 250 mm (10 in.) Hg; plug
or pinch off the outlet of the flow meter, and then turn off the pump.
The vacuum sha]f remain stable for at least 30 seconds. CArefully
release the'vacuun gauge before releasing thé flow meter end.

Next, calibrate the meter1ng system (at the samplzng flow rate

specmfied by the method) as .o]lows. connect an appropriately sized
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wet test meter (e.g., 1 liter per revolution) to the inlet «<i the

drying tube. Make three independent calibration runs, using at least
five revolutions of the dry gas meter per run. Calculate the calibra-
tion féctor, Y (wet test meter calibration volume divided by the dry

gas meter volume, both volumes adjusted to the same reference temperature
and pressure), for each run, and average the results. If any Y value
deviates by more than 2 percent from the average, the metering system

is unacceptable for use. 6therwise, use the average as the calibration,_'
factof for subsequent test runs.

5.1.2 Post-Test Calibration Check. After each field test series,
conduct a calibration check as in Section 5.1.1 above, except for the
following variations: (a) the leak check is not to be conducted,

(b) three, or more revolutions of the dry gas meter may be used, and

(c) only two independent runs need be made. If the calibration factor
does not deviate by more than 5 percent from the initial céTibration
factor (determined in Section 5.1.1), then the dry gas meter volumes
obtained during the test series are acceptable. If the calibration
factor deviates by more than 5 percent, recalibrate the metering

system as in Section 5.1.1, and for the calculations, use the calibration
factor (initial or recalibration) that yields the lower gas volume for
_each test run.

5.2 Thermometers. Calibrate against mercury-in-glass thermometers.

5.3 Rotameter. The rotameter need not be calibrated, but should
be cleaned and mafntainéd'according to the manufacturer's instruﬁtion.

5.4 Barometer. Calibrate against a mercury barometer.

. K-27
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5.5 Determination of Spectrophotometer Calibration Factor K. ’

Add 0.0, 1.0, 2.0, 5.0. 8.0, and 10.0 ml of working standard ammonium
chloride solution to a series of six 25-ml volumetric flasks. Adjust
the total volume of solution in each to 20 ml using 1.0 N HZSO4. Adding
10 N NaOH dropwise, adjust the pH to between 8'and 10. Pipette exactly
0.5 ml of Néggler reagent into each flask and filute to exactly 25 ml
 with deionized distilled water. Mix well and allow each to stand for

10 to 30 minutes for color development. Note the time'allowéd for color

development of the standards and use the same time for the samples.
| Measure the absorbance of each standard at 405 nm. The‘caiibration

procedure must be repeated each day that samples are analyzed. Calculate

the spectrophotometer calibration factor as follows:

A] * ZAZ + 5A3 + 81-\4 + 'IOAS

K. = 100
h-2 2 2 2 2
M7H R+ AT+ AT+ A
Where: : ; | : -t
Kc = Calbiration factor.
AT = Absorbance of the 10 ﬁg standard.

A

Absorbance of the 20 ug standard.

>
BOWN

Absorbance of the 50 ug standard. .
A, = Absorbance of the 80_&9 standard.

A5 = Absorbance of the 100 ug standard.

6. Calculation

Carry out calculations, retaining at least one extra decimal figure

beyond that of the acquired data. Round off figures after final

calculation.
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6.1 Nomenclature.

A = Absorbance of sample.

CNH = Concentration of ammonia dry basis corrected to standard -
3 .

condition, mg/dscm (1b/dscf).

n
[ ]

Dilution factor (i.é., 25/5, 25/10, etc. required only if
| sample dilution was needed to reduce the, absorbance into

the range of calibration).

~
"

Spectrophotometer calibration factor.

S
(]

Mass of ammonia in gas sample, ug.

)
(1]

pap ~ Barometric pressure at the exit orifice of the dry gas meter,
mn Hg (in. Hg).
Porg = Stahdard absolute pressure, 760 mm Hg (29.92 in. Hg).
Tm = Average dry gas meter absolute temperature, °K (°R).
Tstd = Standard absolute temperature, 293°K (528°R).

Va = Volume of sample aliquot analyzed, ml.

V, =Dry Qas volume as measured by the dry gas meter, dcm (dcf).

Vm(std)= Dry gas volume measured by the dry gas meter, corrected to
standard conditions, dscm (dscf). |

Vsoln; Total volume of solution in which the ammonia sample is
contained, 1000 ml. |

Y = Dry gas meter calibration factor.

6.2 Dry sample gas volume, corrected to standard conditions:

T P v P
v = yy -std . bar = K.Y m bar
m(std) m Tn Petd ‘1< T
Equation 2
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Where: 13

K] 0.3858 °K/mm Hg for metric units.
= 17.64 °R/in. Hg for English units.

6.3 Total ug'NH3 per sample.

m = 2K AF

c v Equatiog 3

soln

6.4 Sample concentration, dry basis, cqrrected to sﬁandard condition:

e g W
C =K V..

Where:

- 3 mg/m s i
Kz 10 wa/mT for metric:units.

= 6.243 x 10'5 —%é%%— for English units.
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APPENDIX K-3

EPA DRAFT METHOD FOR FORMALDEHYDE
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TENTATIVE METHOD FOR
ISOKINETIC DETERMINATION OF POLLUTANT LEVELS

IN THE EFFLUENT OF FORMALDEHYDE MANUFACTURING FACILITIES

L. Principle:

l.1 General: An air sample is drawn isokinetically through an impinger train
containing water as the scrubbing medium. Formaldehyde methanol and dimethyl ether
are scrubbed from the gas. A glass bomb is connected after the scrubbing impingers and
before the silica gel so that any non-condensible pollutants may be collected in a grab
sample.

1.2 Formaldehyde: The analysis consists of reacting an aliquot of the impinger
solution with chromotropic - sulfuric acid reagent to form a purple chromogen. The
resulting solution is analyzed colorimetrically using a spectrophotometer at 580 nm; the
absorbance of the colored solution is proportional to the quantity of formaldehyde in the
solution.

1.3 Methanol: An aliquot of the scrubber solution is reacted with potassium
permanganate oxidizing all methanol present to formaldehyde. The total formaldehyde is
then determined colorimetrically. The background formaldehyde content as determined
by (1.2) is then subtracted out and the methano!l content determined.

1.4 Dimethyl ether: An aliquot of the scrubber solution is analyzed for dimethyl
ether using a gas chromatograph with a flame ionization detector.

1.5 Grab sample: Using a Hamilton syringe, 20 ml of water is injected into the
glass bomb. The bomb is shaken and the liquid removed and analyzed for methanol,
formaldehyde, and dimethyl ether to check impinger efficiency. A sample of the

remaining gas is analyzed for dimethyl ether.
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2 Applicability:
2.1 This method is applicable for the determination of formaldehyde, methanol and

dimethyl ether in the effluent of formaldehyde manufacturing facilities.

3.1 Formaldehyde: .05 pg/ml- 2.0 pg/ml; based on impinger solution of 600 ml
and 60 Ft3 gas collected: 6 - 240 ppm; upper limit is easily extended by diluting aliquot
taken.

L, Sensitivity: unknown

5. Precision:

5.1 Formaldehyde: + 5%

6. Collection Efficiency

6.1 Formaldehyde 95%

7. Interferences

7.1 Formaldehyde: This method is specific for formaldehyde although other
hydrocarbons in concentrations in excess of formaldehyde to the order of ~10:1 will give

interferences in absorbance readings:

Saturated Aldehydes <.01% (+)
Unsaturated Aldehydes 1-2% (+)
Ethanol, High Alcohols, Olefins (-)
Phenols (8:1 excess) 10-20% ()
Ethylene, Propylene (10:1 excess) 5 - 10 (-)
Aromatics (15:1 excess) 15% )
Methanol (10,000:1 excess) None

Nitrogen Oxides* )

*Use of Aqueous bisulfite solution as the scrubbing medium will reduce interference of
nitrogen oxides.
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7.2 Methanol: same as above

7.3 Dimethyl ether: unknown

8.  Apparatus:
8.1 Sampling:
3.1.1 Stainless steel nozzle
8.1.2 Pyrex probe - heated
8.1.3 Pitot tube: s - type
8.1.4 Glass impingers: 2 Greenburg-Smith, 1 modified Greenberg-Smith, 1
silica gel.
8.1.5 Glass sample tube with side adapter for syringe; 250 ml. (Fisher Catalog
#11-134-190)
8.1.6 Metering - Vacuum System as required to maintain an isokinetic
sampling rate.
8.1.7 Metering - Vacuum System as required to obtain grab sample.
8.2 Sample recovery
8.2.1 Probe brush
8.2.2 Wash bottle
8.2.3 Graduated cylinder
8.2.4 Glass sample storage jars
8.3 Analysis
8.3.1 Spectrometer capable of measuring absorbance of the color developed
solution at 580 nm.
8.3.2 Hamilton syringe for removal of sample from grab sample bomb

8.3.3 Gas chromotograph
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8.3.4 Flame ionization detector

8.3.5 Recorder

9. Reagents:
9.1  Sampling

9.1.1 Distilled water

9.1.2 Silica gel

9.1.3 Crushed ice

9.2 Sample recovery
9.2.1 Distilled water
9.3 Analysis: Formaldehyde

9.3.1 Chromotropic acid reagent: Dissolve 0.10 g of 4,5 dihydroxy-2,
7 - naphthalene-disulfonic acid disodium salt (Eastman Kodak Co. Cat. No. P230) in water
and dilute to 10 ml. Filter, if necessary: store in brown bottle. Make fresh weekly.

9.3.2 Sulfuric acid: Concentrated reagent grade

9.3.3 Formaldehyde standard solution "A"™: (1 mg/ml). Dissolve 4.4703 g
sodium formaldehyde bisulfite (Eastman PG %50) in distilled water and dilute to 1 liter.
Stable for one month.

9.3.4 Formaldehyde standard solution "B": (1 ug/ml) Dilute | ml of standard
solution "A" to 100 ml with distilled water. Make fresh daily.

9.3.5 lodine (0.1 N, approximate): Dissolve 25 g of potassium iodide in about
25 ml of water. Add 12.7 g of iodine and dilute to ! liter.

9.3.6 lodine (0.01 N): Dilute 100 ml of the 0.1 N iodine solution to 1 liter.
Standardize against sodium thiosulfate.

9.3.7 Starch solution, 1 percent: Make a paste of | g of soluble starch and 2
ml of water. Slowly add the paste to 10 ml of boiling water. Cool, add several ml of
chloroform as a preservative, and store in a stoppered bottle. Discard when a mold

growth is noticable.
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9.3.8 Sodium carbonate buffer solution: Dissolve 80 g of anhydrous sodium )
carbonate in about 500 ml of water. Slowly add 20 ml of glacial acetic acid and dilute to
1 liter.

9.3.9 Sodium bisulfite, 1 percent: Dissolve 1 g of sodium bisulfite in 100 ml of
water. Prepare fresh weekly.

9.4 Analysis: Methano!l

9.4.1 Same as formaldehyde analysis (9.3) plus:

9.4.2 Potassium permanganate solution: Dissolve 1 g A.R. potassium
permanganate in water and dilute to 100 m! with water.

9.4.3 Ethanol solution: Prepare a 5 percent (volume) solution of methanol -
free ethanol in water.

9.4.4 Dilute phosphoric acid: Dilute 25 ml phosphoric acid (85%) to 100 ml
with water.

9.4.5 Hydrogen peroxide solution: Prepare a solution containing approximately
1.5 percent w/v H,0, (5 - volumes peroxide).

9.5 Analysis: Dimethy! ether

9.5.1 Chromotographic column: 10% triethyl acetyl citrate.

10. Procedure:
10.1 Sampling
10.1.1 The sample train is assembled as shown in Figure 4. Each of the
two impingers (Greenburg-Smith) is filled with 100 ml distilled water. The third impinger
is left dry and the fourth impinger contains approximately 200 gm silica gel.

10.1.2 A minjmum sample of 60 Ft3 is collected isokinetically as per EPA

Method 5 at a rate of 0.5 to 1.0 CFM.
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10.1.3 Halfway through the sémple run the valve to the glass bomb is
opened and the glass bomb is purged at a rate of | LPM for two minutes. The stopcocks
at both ends of the gas sample tube are simultaneously closed. The vacuum source to the
sample tube and the valve to the main sample train are closed off.

10.2 Sample Recovery

10.2.1 The gas sample tube is removed from the sample train and stored.

10.2.2 The liquid from each impinger is stored in a separate sample
collection jar.

10.2.3 The probe and impingers are sparingly washed with water (It is
important to dilute the sample as little as possible) and the wash from each impinger is
added to the sample collection jar for that impinger. The probe wash is stored separately.

10.2.4 The weight gain in the silica gel is recorded.

10.3 Analytical: Formaldehyde

10.3.1 Measure and record the volume of each of the sample solutions.

10.3.2 Pipette a 4 ml aliquot from each of the sampling solutions into
glass stoppered test tubes. A blank containing 4 ml of distilled water must also be run.
(If the formaldehyde content of the aliquot exceeds the limit of the method a smaller
aliquot diluted to 4 ml with distilled water is used.)

10.3.3 Add 0.1 ml of 1 percent chromotropic acid reagent to the solution
and mix.

10.3.4 To the solution pipette slowly and cautiously 6 ml of concentrated
sulfuric acid. The solution becomes extremely hot during the addition of the sulfuric acid.
I the acid is not added slowly, some loss of sample could occur due to spattering.

10.3.5 Allow to cool to room temperature. Read at 580 nm in a suitable
spectophotometer using a 1 cm cell.

10.3.6 Determine the formaldehyde content of the sampling solution from

a curve previously prepared from standard formaldehyde solutions.
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10.4 Analysis: Methanol
10.4.1 Pipette a 4 m! aliquot from each of the sampling solutions into
glass stoppered test tubes. A blank containing 4 ml of distilled water must also be run.
{If the methanol content exceeds the limit of the method a smaller aliquot diluted to 4 ml
with distilled water is used).
10.4.2 Add .5 ml ethanol solution, 2.5 ml potassium permanganate
solution, and .5 ml phosphoric acid solution. Mix and allow to stand for 1 hour.
10.4.3 Add hydrogen peroxide solution drop by drop until the solution is
colorless.
10.4.4 Proceed with formaldehyde analysis (10.3.3)
10.5 Analysis: Dimethy! ether
10.5.1 Using Hamilton syringe take aliquot of sample solutions and inject
into gas chromotograph.
10.6 Analysis: Gas sampling tube
10.6.1 Using Hamilton syringe inject 26 ml of distilled water into the
sampling tube. Swirl and shake for 15 minutes.
10.6.2 Remove two 4 ml aliquots using syringe and analyze for
formaldehyde and methanol using the already mentioned procedures.
10.6.3 Remove two samples, one liquid and one gas, using the Hamilton

- syringe and analyze for dimethyl ether by gas chromotography.

11. Calibration:
11.1 Standardization of formaldehyde solution
11.1.1 Pipette | ml of formaldehyde standard solution "A" into an iodine
flask. Into another flask pipette 1 ml of distilled water. This solution serves as the blank.

11.1.2 Add 10 ml of 1 percent sodium bisulfite and 1 ml of 1 percent

starch solution.
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11.1.3 Titrate with 0.1 N iodine to a dark blue color.

11.1.4 Destroy the excess iodine with 0.05 N sodium thiosulfate.

11.1.5 Add 0.01 N iodine until a faint blue end point is reached.

11.1.6 The excess inorganic bisulfite is now completely oxidized to
sulfate, and the solution is ready for the assay of the formaldehyde bisulfite addition
product.

11.1.7 Chill the flask in an ice bath and add 25 ml of chilled sodium
carbonate buffer. Titrate the liberated sulfite with 0.01 N iodine, using a microburette,
to a faint blue end point. The amount of iodine added in this step must be accurately
measured and recorded.

11.1.3 One ml of 0.0100 N iodine is equivalent to 0.15 mg of
formaldehyde. Therefore, since 1 ml of formaldehyde standard solution was titrated, the
ml of 0.01 N iodine used in the final titration multiplied by 0.15 mg gives the
formaldehyde concentration of the standard solution in mg/ml.

11.2 Preparation of standard curve, formaldehyde
11.2.1 Pipette 0, 0.1, 0.3, 0.5, 0.7, 1.0, and 2.0 ml of standard solution "B"

into glass stoppered test tubes.

11.2.2 Dilute each standard to & ml with distilled water.
11.2.3 Develop the color as described in the analytical procedure (10.3) ,
11.2.4 Plot absorbance against micrograms of formaldehyde in the color

developed solution.

12. Calculations:

12.1 Formaldehyde

12.1.1 Correct the volume of air sampled to the volume at standard

PPm 530
Vo=V x(29.92) X (T n aso)
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12.1.2 Calculate concentrtion of formaldehyde in the sample.

(C) x (S) x (24.15)
ppm (velume) =51y 3~ W) -

Volume Sampled, (Liters)
Volume S.T.P. (Liters)

70°F, 29.92"hg

Barametric Pressure, "Hg

Meter Pressure, "hg

Meter Temp., °F

ug of formaldehyde in aliquot (from calibrated
curve)

Total m! of sampling solution

Ml of aliquot taken from sampling solution
Molecular weight of formaldehyde, 30.03
M! of formaldehyde gas in one millimole @
S.T.P.

< <
w
ihH

3

U O-HTTY

2
€

24.15

12.2 Methanol
12,2.1 The total ug formaldehyde read from the absorbance is equal to
the formaldehyde originally in the sample plus the formaldehyde formed from oxidation of
methanol. Therefore, from the total ug formaldehyde in the aliquot, subtract the ug of
background formaldehyde present in a aliquot of equal size (previously determined).

This is the pg formaldehyde in the aliquot formed from the oxidation of methanol.

12.2.2
_ 30.03
M = FM (5557
12.2.3
_ (M) _(S) (24.15)
Mc = @) V) W)
Where: M = Methanol content, ug
Mc = Methanol concentration of air sample (ppm)

Fm = Formaldehyde from oxidation of methanol, ug
S = Total volume sample solution, ml

A = Aliquot taken from sample solution, ml

Vs = Air sample volume @ S.T.P., liters

Mw = Molecular weight of methanol, 32.04
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S.T.P.

70°F, 29.92 "Hg

24.15

ml of methanol gas in one millimole @ S.T.P.
12.3 Dimethyl ether

12.3.1 Not completed yet.
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APPENDIX K-4

DISCUSSION OF ANALYTICAL PROCEDURES
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Discussion of Analysis Procedures

Standard Methods for the Examination of Water and Wastewater, l4th edition,

contains the methods followed for direct and distilled ammonia analyses and for Kjeldahl

nitrogen determination. The following is the basic procedure taken from the text with the

modifications included. Example calculations are shown at the end of this appendix for all

the methods.

I Direct Ammonia

1. Pipet an aliquot of sample into a 50 ml. nessler tube.

2. If 1 ml. of nessler reagent is not sufficient to raise the pH to >10, adjust the
pH of the aliquot to 8-10 before diluting to 50 ml. Alternatively, add 2 ml. of
nessler reagent to the sample and standards.

3. To the sample diluted to 50 mi., add | ml. of nessler reagent and mix
thoroughly.

4. Allow the color to develop for a minimum of 10 minutes. Then read the
absorbance on a spectrophotometer at 405 mm.

5. A series of standards is made up in 50 ml. nessler tubes to contain 0, 20, 40,
100, 160, and 200 ug/ml. NHj is made up of 3.141 gNH4A/IH20.

6. A plot of total ugNH; vs. absorbance is prepared from the standards, and
equivalent ug for the samples is read from it.

7. Calculations are listed at the end of this appendix.

1 Ammonia and Kjeldahl Nitrogen Distillation and Digestion for Nesslerization

1.

2.

To a clean Kjeldahl flask, add ~ 300 ml. H20, 25 mi. borate buffer, and a few
ml. of I NN ,OH plus a few glass beads.

Connect flask to distillation apparatus and distill over 100-200 ml. to clean the
set-up.

Meanwhile, pipet an aliquot of sample into a 400 ml. beaker. (Use 25.0 ml. for
the outlet stack samples and 5.0 ml. for the inlet stack samples and the
scrubber water samples.)
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10.

11.
12.
13.
14.

15.

16.
i7.
18.
19.

Add ~ 350 ml. H,0 and 25 ml. borate buffer. Check the pH with pH paper. If
necessary, add | N N, OH to adjust the pH to 9.5.

Prepare a collection volumetric flask by adding 50 ml. boric acid solution to a
250 ml. volumetric flask.

After the distillation apparatus is clean, disconnect the Kjeldahl flask. Place
a delivery tube under the surface of the boric acid solution in the 250 mi.
volumetric flask.

Pour out the water in the flask. Then carefully transfer the sample in the
beaker into the Kjeldahi flask. Connect to the still and turn on the heat.

When ™ 3/4 of the flask is full, raise delivery tube above the surface of the
sample. Continue to distill until it is almost full. Remove the 250 ml.
volumetric flask and shut off the still.

Dilute the sample to 250.0 ml. Use this for the distilled NHj analysis.

Add 50.0 ml. of the digestion solution to the remaining residue in the Kjeldahl
flask.

Digest this solution under a hood for = 1% hours.
Allow to cool.
Carefully add ~ 400 ml. H,0 to the Kjeldahl flask.

Prepare a collection flask as in step 5. Place delivery tube under surface of
the boric acid.

Add 50 ml. hydroxide - thiosulfate solution down the side of the Kjeldahl flask.
Do not shake or stir.

Connect the Kjeldahl flask to the still. Swirl to mix.
Distill over as in step 8.
Dilute to 250.0 ml. Use this solution for the urea analysis.

Follow steps 5-7 under Direct NH3 for the preparation of standards and the
calibration plot.

111 Formaldehyde

The analytical procedure listed in the EPA Method "Isokinetic Determination

of Pollutant Levels in the Effluent of Formaldehyde Manufactnring Facilities" was

followed. A copy of this method is provided in Appendix K-3.
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Calculations:

1. Direct Ammonia

a. stack solutions A-B

= =D ng
total mg NHj; = c* Xx F x 0.001 T

b. scrubber solutions

s_ A-B x0.001 mg
mg/ml NH® = ¥ HE

2. Distilled Ammonia

a.  stack solution B D
total mg NH3 ==¢C X E x F x0.001 mg

3934
b. scrubber solutions
. - A-B D mg
mg/ml NH; = C X E x 0.00l UE

3. Kjeldahl Urea

a. stack solutions A-B

total mgurea = =< x = xF x 1.765 x 0.00l umgﬂ

C E
b. scrubber solutions
_AB D mg
mg/ml urea = C* X E x L.765 x 0.001 g

4, Formaldehyde

a. stack solution
total mg CH20 = % x F x 0.001 umgg

b. scrubber solutions

ug/mg CH.0 = %
Codes:

A = kg of NHj; (or formaldehyde) equivalent to absorbance of sample

(from plot of standards vs. absorbance)
. A Blank
= reagent blank correction = CBlank X Csample
C = aliquot of sample or distillate analyzed, ml.
D = volume of distillate, ml.
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E = aliquot of sample digested, mi.
F = total volume of sample in mi.

1.765

gravimetric factor to convert ugNHs to ug urea.
It is based on the following chemical equation

HzN-E-NH2+H20 ———— 2NH;+CO;

60g urea 34 grams NHj
mole urea 2 moles NH3
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APPENDIX K-5

MOISTURE DETERMINATION PROCEDURE
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Moisture determinations of the scrubber gas stream were straightforward matter at
the scrubber outlet sampling point. Here the impinger weight gain was esentially all due
to water collected during each run.

At the scrubber inlet, however, urea comprised most of the impinger weight gain.
The laboratory sample analysis methodology consisted of determining total urea from
impingers and probe wash while determining impinger weight gain from only the impinger
contents. This methodology precluded simply substracting total urea from impinger
weight gain to obtain water gain. For this reason, and because water was used to clean
nozzles and probes plugged by urea particulate (see Section 5), a separate moisture run
was performed at the scrubber inlet. Urea was excluded from the impinger catch by use
of a simple figerglass plug in-stack filter arrangement. Ammonia collected in the
impingers was a negligible fraction of the water weight collected in this moisture run.

Figure K-1 shows the impinger weight gain data for scrubber gas runs 1 - 3 and
Figure K-2 shows the results of the inlet moisture run. Figure K-3 shows the calculated
collected water volumes for each scrubber inlet run, assuming the inlet gas stream

contained 2.3% water (as determined by the separate moisture run).
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FIGURE K-1: SCRUBBER INLET/OUTLET TESTS

SAMPLE WEIGHT GAIN DATA

Test # Silicagel (S) Final weight

Acid (A) Water (W) (container tare Initial wt., Weight
Inlet (I) Outlet (O) + charge + (container Charge gain,
Container # Key H,0) gm tare), gm wt ., gm gm
Container* 2 4 b] 6
1-8-1 256.43 244, 54> - 11.89
1-A-1 526.35 327.07 204.8 -5.52
1-w-1 604.00 327.70 200 76.3
total 2.67
1-5-0 264.48 242 .45% 22.03
1-A-0O 527.79 325.08 204.8 -2.09
1-w-0 634.64 327.28 200 107.36
total 127.3
2-5-1 256.52 242.68* - 13.84
2-A-1 518.87 327.40 204.8 -13.33
2-W-I 589.00 329.09 200- 59.91
total 60.42
2-8-0 263.89 243.34> - 20.55
2-A-0 530.88 327.66 204.8 -1.08
2-W-0 641.36 328.18 200 113.18
total 132.65
3-8-1 258.88 245 ,.33% - 13.55
3-A-1 475.47 327.83 204.8 -57.16
3-w-1 596 .44 326.25 200 70, 19%x*
total 26.58
3-8-0 261.74 242,88+ -- 18.86
3-A-0 531.72 326.23 204.8 0.69
3-w-0O 534,86 325.29 100** 109.57
total 129.12

*includes 200gm silica gel change
**No H20 in impinger 2 for test 3=0
¥**H250, impinger sample sucked back to H20 impinger
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FIGURE K-2. % MOISTURE TEST

Firm Name CF Industries Test # Moisture TRC Project # 82983-20
Unit Tested Granulator Scrubber Inlet Date 1/18/79 1615-1649

V., (final-initial dry gas meter reading, ft?) = 30.3%
Ppar (barometric pressure, "Hg) = 30.27
AH (average orifice pressure drop, "HZO) = 2.5

Tm (average dry gas meter gas temperature, °F) = 80.5

P ... _AH 30.27 + 2.5
v A 13.6 13.6
m @ STP = 17.65 'm m = 17.65 x 30.34 80.5 + GE0

Vm @ STP = 30.17 £t* corrected to 68°F and 29.92 "Hg.

Vi (total liquid collected in impingers (mI) plus silica gel (gms) = 14.96

v
% H-O = 4.71 1 .71 x 14.96

2"V _@STP+ 0.0471V, = 30.07+0.0471 x I&.5C

% HZO =228 %

CO2 (% CO2 measured by Orsat or Fyrite, %) =
o, (% O, measured by Orsat or Fyrite, %) =
CO (% CO measured by Orsat, %) =

N, (lOO—%COz-%Oz—%CO)% =

© %H.O
Mg = 0.44 (% CO,) + 0.32 (%0,) + 0.28 (%N, + %CO)s (1 - 1—020— + 0.13 (%H,0) )
= 0.44( )4+032( )40.28 ( + ) 1-—r 4+ 0.18 ( )

ioo

Ms
Ms = Ibs/lb-mole
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FIGURE K-3. INLET TESTS VOL. HZO CALCULATIONS FROM MOISTURE RUN

AT CF INDUSTRIES INC., DONALDSONVILLE, LOUISIANA

%O 4.71 (vimp + ng)
2 V_@STP + 0.0471 (vim ot ng)

Test 1 Silica Gel = 11.9g %H.0 = 2.3%
(from moisture run)

W7DV, +11.9)
2.3= imp
6318+ 0.07T (v, 1T9)

4.71 x 4.71 (11.9)

23 = g3 T8 7 0.0671 x s (00470) (11.9)

2.3 (63.18) + 2.3 (0.0471)X + 2.3 (0.0471) (11.9) = 4.71x + 4.71 (11.9)

x 2.3(0.0471) - 4.71 = (4.71) (11.9) - 2.3 (63.18) - 2.3 (0.0471) (11.9)

(4.71) (11.9) - 2.3 63.18 - 0.0471 (11.9)
X = 2.3 (0.0471) - .71

x=19.1 m}

(4.71) (13.8) - 2.3 65.97 - 0.0471 (13.8)
Test 2 X = 2.3 (0.0671) - &.71

x=18.5m!

(4.71) (13.5) - 2.3 66.45 - 0.0471 (13.5)
Test 3 X = 2.3 (0.0471) - 4.71

x=19.1ml
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APPENDIX L

CLEANUP EVALUATION RESULTS



APPENDIX L

Prior to sampling, the impingers used for the scrubber inlet, scrubber outlet, and the
synthesis tower tests at CF Industries, Donaldsonville, Louisiana, were rinsed with
deionized distilled water and then charged with water or acid solution as called for in the
text procedure. These impinger contents were then analyzed for urea, ammonia, and
formaldehyde to determine if there was any contamination from the glassware. A blank
deionized distilled water sample was also analyzed similarly. The results of these
analyses are presented in Table L-1. These results are corrected for the water blank
value. This table shows the absolute level, in milligrams, of each contaminaqt, as well as
the relative level in percent compared to the test result levels.

The associated laboratory summary sheets on the cleanup results are presented in
Table L-2 and Table L-3 of this appendix. Raw laboratory data are contained in

Appendix 3J.
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INLET SAMPLES

BLANK ID

TABLE L-2

INLET

Clean-up Evalution Results

Direct NHj

Distilled NH3

Urea

Formaldehyde

BWI
BAI

BPWI

BWI
BAI

BPWI

BWI
BAI
BPWI

BWI

BPWI

ug/ml
VOLUME CONC.
200 0.20 pg/ml
vis 7.2
200 cloudy
vis 7,
322 cloudy
200 0.60
200 0.50
vis "0
322 cloudy
200 4.24
200 3.09
322 8.39
200 <.05
200 <.05
322 0.075

L-4

TOTAL MG

0.04

o

04

. l.o
o
W

o
p—
o

0.848
0.618
2.70
4.17

OoO|lO
[ Y]
NN
Pt

mg NHa
Direct-Inlet

mg NH3
Distilled-Inlet

mg Urea

mg
Formaldehyde



Outlet Samples

Direct NH3

Distilled NH3

Urea

Formaldehyde

Blank ID

BWO
BAO

BPWO

BWO
BAO
BPWO

BWO
BAO
BPWO

BWO
BAO
BPWO

TABLE L-3

OUTLET

Clean up Evaluation Results

Volume

200
200

259

200
200
259

200
200
259

200
200
259

pug/mi

Conc. Total mg -

0.12 0.024

0.20 0.040

cloudy

vis ~.36

cloudy 0.093
0.157

0.52 0.104

0.60 0.12

1.65 0.43
0.65

2.82 0.564

1.94 0.388

8.47 2.19
3.1%

<.05

<.05

0.088 0.023
0.023

mg NHj
Direct

mg NH3
Distilled

mg Urea

mg
Formaldehyde
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Project Participants

CF Industries, Inc.
Donaldsonville, Louisiana

January 15-19, 1979

TRC

Willard A. Wade, III, Senior Project Manager

" Reed W. Cass, Project Engineer - Crew Chief

John Kirzec, Senior Technical Specialist - Team Leader

Steven Richardson, Senior Technical Specialist - Team Leader

David Ringquist, Environmental Engineer - Project Engineer/Team Leader
Denise A. Kearns, Technical Specialist - Team Member

James Canora, Technical Specialist - Clean Up

Carl S. Ekroth, Senior Technical Specialist - Visible Emissions

Margaret Fox, Assistant Project Scientist - Chemist

GCA

Stephen A. Capone

Tim Curtin

EPA Emission Measurement Branch

Clyde E. Riley, Technical Manager

EPA Industrial Studies Branch

Eric A. Noble - Test Process Project Engineer



APPENDIX N

WORK ASSIGNMENT AND TECHNICAL DIRECTIVES

N-1 Copy of Project Work Assignment
N-3 Copy of Project Technical Directives
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COPY OF PROJECT WORK ASSIGNMENT
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Urea Manufacturing

Plant: C.F. Industri;s, Donaldsonville, Louisiana

Process Step: Drum Granulator

Rationale for Selection:

1. 7his pPlant is representative of other urea drum granulators and is
- state of the art for granulators. : ; T

2. There are seven drum granulators at this facility. Three are located
on one urea solution line and 4 pewer units are located on a second urea
solution line. The first three. units each have seperate stacks. The last
4 are combined so that 2 units are vented through one stack and the remaining
2 units are vented through a second stack. If is preferred that the newer
vents be tested, however if the duct work does not allow for easy sampling,

one of the first three units can be tested. Test only B or C ranulator.
of the first three units. —=— 4 =2 2T L granuiator.

3. Test can be performed in conjunction” with others at this plant.

Commants:

1. Grab samples of the scrubber liquor inlet and outlet should be taken
several times during the test. Temperature and pH readings should be taken
~ at the time the solution is sampled. Analyses on the composite sample should
include Z K43, % urea, a= % sqlids_ﬁa49ﬂa?iff“nl&uttyiu--

T 7.2, Test during maxirmum production rate of the granulator.

3. A grab sample of the refrigerated air should be checked for temperature
and molsture. -

4. All solid samples will be highly hygroscopic.
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APPENDIX N-2

COPY OF PROJECT TECHNICIANS DIRECTIVES
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EMISSION MEASUREMENT BRANCH
TECHNICAL DIRECTIVE NO. 1

Project Number 78-NHF-8 - Date 1-24-79

Contractor __-  TRC of New England
Contract Number 68-62—2820 Hork Assignment Number 10
Technical Manager . Clyde E. Riley |

Verbal Directions Given To Mr. Reed Cass

Directive:

1. Cancel 3 Visible Emission Test g ce gervormed at TP-3 on the
main Urea Solution, Formation, znd Zc-zz-iration tower vent.

2. Cancel 1 Formaldehyde Additive sar#Te to be collected af
TP-7 of the Rotary Granulator Proc=ss.

3. Reduce number of Feed-Melt to Grar.lator samplesat TP-4 from
three to one. Single sample shall be analyzed for pH, percent
urea, ammonia, and formaldehyde.

4. Reduce number of composite Branslz<or irscreened Product
samples at TP-5 from three to one. Ths single sample
shall be analyzed for tempt, percest urez, and formaldehyde.
Percent moisturz and prn date for trz urzcreenad granulator
product testing shall be obtained izily Trom CF Industry
personnel.

cl b ERL.

14

Teiﬁh%;é] ianager, Eﬁg,’

VR P4
Section Chief, EMB
N-10 g
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