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PREFACE

The work reported herein was conducted by personnel from TRC - The Research
Corporation of New England (TRC), The GCA/Technology Division (GCA), The Agrico
Chemical Company, Blytheville, Arkansas, and the U.S. Environmental Protection
Agency (EPA).

The scope of work issued under EPA Contract No. 68-02-2820, Work Assignment
No. 6 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 TRC labs located in ﬁethersfield, Connecticut under
the direction of Ms. Joanne J. Marchese and at the Agrico Chemical, Blytheville,
Arkansas labs under the direction of Mr. Jesse Boggan.

Mr. Stephen V. Capone and Mr. Stephen K. Harvey of GCA were responsible
for monitoring the process operations during the testing program. GCA person-
nel were also responsible for writing the Process Description and Operations
Section along with Appendix J of this report.

Members of Agrico Chemical, Blytheville, Arkansas whose assistance and
guidance contributed greatly to the accomplishment of the test program, include
Mr. Jesse Boggan, Environmental Coordinator, Mr. James Kilpatrick, Chief Chem-
ist, and Mr. Deryl Beiard, Chemist.

Mr. Eric A. Noble, Office of Air Quality Planning and Standards, Industrial
Studies Branch, EPA, served as Test Process Project Engineer and was responsible
for coordinating the process 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 111 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 back-
ground information, EPA utilizes emission data obtained from controlled sources
involved in the particular industry under consideratiom.

Based on the above criteria, EPA's Office of Air Quality Planning and
Standards (OAQPS) selected the Agrico Chemical Company's urea manufacturing
plant at Blytheville, Arkansas as a site for an emission test program. The
test program was designed to provide a portion of the emission data base re-
quired for SPNSS for the processes associated with the production of urea.

The Agrico Chemical Company's urea manufacturing plant at Blytheville,
Arkansas produces granulated urea for industrial and fertilizer usage. The urea
is manufactured by three Spherodizeréa or granulators which operate continuous-
ly, 24 hours a day and 7 days a week as production demands. Emissions sampling
was conducted on the "A" granulator exhaust emissions while its urea production
rate was approximately 400 ton/day.

Each granulator has its own impingement type water scrubber. The granula-
tor exhaust is ducted through a scrubber and fan prior to being discharged from
a stack. Air flow through the granulator is controlled with a dilution damper

which varies the ratio of dilution air to exhaust gas flowing to the constant

-1~



flow scrubber. A schematic of the granulators'exhaust gas ducting and control
systems are presented as Figurel. Emission sampling was also conducted on the
main exhaust vent atop the urea synthesis tower (see Figure 1). This vent
comﬁines the vérious solution synthesis process gases into one common stack
before exhausting them to the atmosphere.

EPA engaged TRC to measure urea, ammonia and formaldehyde concentrations
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 III, "Process
Description and Operations”.

The testing of the solids formation process was designed to characterize
and quantify uncontrolled and controlled drum granulator emissions as well as
determine the control equipment efficiency.

The synthesis process testing was designed to characterize and quantify
emissions from one of the two newest processes expected to be installed for
future urea solution capacity expansion in the industry.

The measurement program which was conducted at the Agrico Chemical Company
facility in Blytheville, Arkansas during the week of October 9 through October

13, 1978 consisted of the following:

"A" Granulator Scrubber Measurements

1. Urea and Ammonia in Gas Streams: Three repetitions of concurrent
inlet and outlet test runs were performed. The tests were conducted
in accordance with the prescribed EPA method for urea and ammonia
and provided velocity, moisture, ammonia and urea emission data.

2. Formaldehyde in Gas Streams: Three repetitions of concurrent inlet
and outlet test runs were conducted. The tests were conducted in
accordance with the prescribed EPA method for determination of formal-
dehyde and provided velocity, moisture, ammonia, urea particulate,
and formaldehyde emissions data.
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3. Particle Size Distributions in Gas Streams: Three repetitions of
inlet and outlet test runs were conducted. The tests were per-
formed using the prescribed procedures as instructed by the manu-
facturer which are applicable to cascade impactors.

4. Visible Emissions from Stack: Approximately eight hours of visible
observations were recorded on the stack discharge. Observations
were performed in accordance with EPA Method 9 guidelines.

5. Gas Pressure Drop Across Scrubber: Pressure drop measurements were
recorded approximately every 15 minutes during the testing periods.

6. pH, Temperature and Urea, Ammonia and Formaldehyde Content of
Scrubber Liquor: Samples of inlet and outlet scrubber aqueous solu-
tions were collected approximately every 30 minutes during the urea
and ammonia testing. The pH and temperature of each sample was
recorded. The samples were composited into 3 inlet and 3 outlet
samples which were analyzed for urea, ammonia and formaldehyde.

7. Urea, Ammonia and Formaldehyde Content of Product: Single grab
samples of the urea melt, formaldehyde additive, and the granulator
product (unscreened and screened) were collected during the urea,
ammonia, and formaldehyde tests. The formaldehyde additive sample
was retained for future analysis. In addition the product samples
were analyzed for moisture content.

Urea Synthesis Tower Vemnt Measurements

1. Urea and Ammonia in Gas Stream: Three repetitious test runs were
performed according to procedures prescribed in EPA methods for
urea and ammonia and for sampling streams with high moisture content.

TRC personnel were responsible for collecting and measuring the above emis-
sion parameters. Simultaneously, GCA was responsible for monitoring and record-
ing necessary process and control equipment operating parameters.

Most of the test runs were discontinuous due to excessive loading at the
granulator inlet sampling location. These interruptions which also delayed the
simultaneous outlet sampling were encountered throughout the test program as
indicated in Tables 1 through 5 (Daily Summary Logs).

The following sections of this report cover the summary of results, process
description and operation, location of sampling points, and sampling and analy-

tical procedures. Im addition, Appendix N contains the summary of results of
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TABLE 3.

DAILY SUMMARY LOG FOR "A" GRANULATOR SAMPLING ON

OCTOBER 12, 1978 AT AGRICO CHEMICAL COMPANY IN
BLYTLLLVILLE, ATKANSAS

Product%on Stack Pressure
Mean Rate Particle Size Visible Drop
Time (tons/day) Inlet Qutlet Emissions in, H,0
0919 b Started
396 Run 1
0920 Completed
Run 1

0930 16.75
1100 16.75
1109 410°¢ Started

Run 1
1110 16.50
1130 15.75
1200 15.25
1230 15.75
1300 15.75
1330 15.00
1420 14.75
1445 ' Started
1509 410 Completed *

Run 1
1530 Stopped
1629 397 Started

Run 2
1830 15.25
1900 15.25
1930 15.50
2000 15.00
2029 397 Ccmpleted

Run 2
2030 15.00

Inlet test runs production rates.

-11-

aAverage production rate for each test run.
Supplied by GCA/Technology.
COutlet test runs production rates. Supplied by GCA/Technology.




TABLE 4. DAILY SUMMARY LOG FOR "A" GRANULATOR SAMPLING ON
OCTOBER 13, 1978 AT AGRICO CHEMICAL COMPANY IN
BLYTHEVILLE, ARKANSAS

Production Pressure
Mean Rate Particle Size Drop
Time (tons/day) Inlet Outlet in, H,0
0820 16.00
0855 359¢ Started
Run 3
0900 16.50
0915 15.50
0930 T 16.00
1000 15.50
1030 15.50
1100 15.50
1130 16.00
1140 16.00
1200 v 16.50
1230 Y 16.25
1255 359 Completed
Run 3
1300 16.50
1316 b Started
350 Run 2
1317 Completed
Run 2
1330 17.00
1400 16.50
1430 18.00
1500 16.50
1508 Started
b Run 3
1509 371 Completed
Run 3

aAverage production rate value for each test run.
Inlet test runs production rates. Supplied by GCA/Technology.
COutlet test runs production rates. Supplied by GCA/Technology.
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TABLE 5. DAILY SUMMARY LOG FOR SYNTHESIS TOWER VENT SAMPLING ON
OCTOBER 13, 1978 AT AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS

Production® b Process Sample

Clock Rate Urea Formaldehyde
Time (tons/day) Particulates Additive
0930 Started Run 1

1100
0945 Completed Run 1
1030 Started Run 2

1100
1046 Completed Run 2
1130 Started Run 3 Grab Sample

1100 Collected
1145 Completed Run 3

a . .
Production rate, tons/day of 99.5 percent urea solution based on
feed rate of ammonia to synthesis process.

b .
Two trial runs were conducted on October 12, 1978, however, they
were not analyzed for urea and ammonia content.

-13-



cleanup evaluations performed on the sample collectors used for the test
program. The Quality Assurance Audit samples énalysis results supplied by
the EPA are included in Appendix 0. Detailed descriptions of methods and
procedures, field and laboratory data, and calculations are presented in

various appendices, as noted.

—14-



SECTION 2

SUMMARY AND DISCUSSION OF RESULTS

INTRODUCTION

This section presents the results of a testing program conducted during the
week of October 9 through 13, 1978 at the Agrico Chemical Company Facility in
Blytheville, Arkansas. Testing was performed on gas and water streams entering
and exiting the "A" Granulator Scrubber and on the gas stream venting from the
Synthesis Tower.

The inlet gas sampling location for the "A" Granulator Scrubber (designated.
TP-1) was in a 30-foot straight section of horizontal duct. The integrated gas
samples for the urea, ammonia and formaldehyde tests were collected isoki-
netically from 24 traverse points which were determined in accordance with EPA
Reference Method 1.! The gas samples for the particle sizing tests were col-
lected from a single point located at the centroid of the duct's cross sectional
area.

The outlet gas sampling locations for the "A" Granulator Scrubber (desig-
nated TP-2) was in the 85-foot vertical stack. The integrated gas samples for
the urea, ammonia and formaldehyde tests were collected isokinetically from 12
traverse points which were also determined from EPA Reference Method 1. The gas
samples for the particle sizing tests were collected from the centroid of the
duct's cross sectional area.

The gas sampling location for the Solution Tower Vent was in the 45-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.

!Standards of Performance for New Stationary Sources, Appendix A. Federal
Register, Vol. 42, No. 160-Thursday, August 18, 1977, pp. 41756-41758.

-15-



The following sections present summary tables of results and narrative on
the testing. The Appendices contain all the pertinent data and information on
the testing. Appendix N contains the results of the analyses of samples of the

pretest cleanup of the sampling train and the deionized distilled water blank.

UREA AND AMMONIA TESTS ON "A" GRANULATOR SCRUBBER

The summaries of the urea and ammonia results at the "A" Granulator inlet
(TP-1) and outlet (TP-2) are contained in Tables 6 and 7. It should be noted
that the Run Numbers and TRC Test Numbers do not coincide. This is because
there were two types of tests performed on the gases entering and leaving "A"
Granulator. One type of test was primarily for urea and ammonia and the other
type was primarily for formaldehyde. The Run Numbers signify the position of
the tests in the sequence for each type of test. The TRC Test Numbers signify
the position of the tests in the sequence of all the urea and ammonia and for-
maldehyde testing on "A" Granulator. TRC Test Number 1 was performed as a
preliminary test to determine the moisture content of the gas streams.

. The calculated urea removal efficiency of the "A" Granulator Scrubber
(Tables 6 and 7) averaged 99.9%. The calculated ammonia removal efficiency of
the "A" Granulator Scrubber (Tables 6 and 7) was always less than zero. A check
of the ammonia concentration of the water solution entering and leaving the
scrubber (Table 13) shows the water entering the scrubber to have a higher
ammonia concentration than that leaving and thus indicates that some of the am-

monia was stripped from the scrubber water, thus increasing its concentration

in the air stream.

-16-
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UREA RESULTS AT "A" GRANULATOR SCRUBBER INLET (?P—l)

A summary of the urea results of the urea and ammonia tests of gases sam-
pled at the "A" Granulator Scrubber Inlet (TP-1) is presented in Table 8.

The urea resulgs are presented based on two methods of analysis. The colori-
metric analysis was performed at the TRC Laboratory in Wethersfield, Connecticut
by TRC chemists and the Kjeldahl analysis was performed at Agrico in Blytheville,
Arkansas by Agrico chemists. Comparison of averages (Table 8) of the urea
results shows the colorimetric results to be 8% higher than the Kjeldahl results.
The average urea mass flow rates at TP-1 as determined by the colorimetric and
Kjeldahl analyses were 5,024 and 4,853 pounds per hour, respectively.

A summary of the urea results of the formaldehyde tests at TP-1 is presented
in Table 9. The average urea mass flow rates at TP-1 was 4,650 pounds per hour.
The approximately 350 1b per hour difference between the urea mass flow rates
measured during the urea and ammonia tests and the formaldehyde tests is most
difficult to explain. The urea production rate averaged 380 tons/day for the
urea and ammonia tests versus 408 tons/day for the formaldehyde tests. This
would indicate that a higher urea mass flow rate should be present during the
formaldehyde tests. The inlet sampling trains were modified for the formaldehyde
tests by removing the H2804 impingers. However, the maximum percent of the
total urea mass collected in the H2504 impingers was only 0.002% for the urea

and ammonia tests, making their contribution insignificant.

UREA RESULTS AT "A" GRANULATOR SCRUBBER OUTLET (TP-2)

A summary of the urea results for the urea and ammonia tests at the "A"
Granulator Scrubber Outlet (TP-2) is presented in Table 10. The outlet urea
results are also presented on the colorimetric analysis and the Kjeldahl analysis.

Comparison of the averages (Table 10) of the urea results shows the Kjeldahl
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results to be 48% higher thanm the colorimetric results.

The average urea mass flow rates at TP-2 (Table 10) as determined by the
colorimetric and Kjeldahl analyses were 3.733 and 5.513 pounds per hour,
respectively.

A summary of the urea results of the formaldehyde tests at TP-2 is pre-
sented in Table 11. The average urea mass flow rate at TP-2 was 3.715 pounds
per hour.

The results show large differences in the urea mass flow rates measured at
TP-2 for both .the urea and ammonia tests (2.523 to 4.723 1b/hr) and the formal-~
dehyde tests (1.571 to 5.860 1b/hr). These differences are believed to have
been the result of the build up and periodic dislodgement of urea on the fan,
breeching and stack walls. Water sprays were used twice a day to remove urea

from the fan to prevent vibration. Testing was delayed for fan wash down.

AMMONIA RESULTS AT "A" GRANULATOR SCRUBBER INLET (TP-1)

A summary of the ammonia results of the urea and ammonia tests of gas sam-
pled at the "A" Granulator Scrubber Inlet (TP-1) is presented in Table §. The
ammonia results are presented based on two methods of analysis. The analysis
by direct Nesslerization was performed at the TRC Laboratory in Wethersfield,
Connecticut by TRC chemists and the distillation/titrimetric analysis was per-
formed at Agrico in Blytheville, Arkansas by Agrico chemists. The distillation/
titrimetric method was done in addition to the direct Nesslerization because
of interferences in the direct Nesslerization method. However, it is documented
in the literature that during preliminary distillation analysis approximately 7
percent of the urea is converted to ammonial. Since there was such a high con-

centration of urea (11.75 gr/dscf) compared to ammonia (0.0896 gr/dscf-by direct

Nesslerization), a small deviation from the 7 percent conversion factor would mean

!Standard Methods, 14th Edition, 1975, p. 408
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considerable change in the amount of ammonia in the sampie. When the values
measured for ammonia by the distillation/titrimetric method were corrected
for the 7 percent conversion of urea, the net ammonia concentrations were
negati&e. Appendix L has additional information concerning conversion of
urea to ammonia and the impact on the ammonia results.

The average ammonia mass flow rate at TP-1 as determined by direct Nes-
slerization was 37.75 1b per hour.

A summary of the ammonia results of the formaldehyde tests as TP-1 is
presented in Table 9. The average ammonia mass flow rate was 32.14 1b per
hour. It was expected that the ammonia which was collected by the formalde-
hvde tests would be less than that during the urea and ammonia tests because
1N H,S0, was not used in the formaldehyde train. However, two water impingers
(100 ml distilled/deionized H,0 each) were used in the formaldehyde train
while only one water impinger (100 ml distilled/deionized H,0) was used in
the urea and ammoni& tests. The differences in ammonia emissions as measured

by both methods is not significant.

AMMONTIA RESULTS AT "A" GRANULATOR OUTLET (TP-2)

A summary of the ammonia results of the urea and ammonia tests at the
A" Granulator Scrubber Outlet (TP-2) is presented in Table 10. The samples
were analyzed by the direct Nesslerization and distillation/titrimetric
methods as explained in the two previous sections. Since the urea in the
sample was low (58.5 mg) compared to the ammonia (2009 mg), the correction
for the 7 percent converstion to urea to ammonia during distillation was small
compared to the amount of ammonia measured and, therefore, did not alter the

results. The average ammonia mass flow rates determined by the direct
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Nesslerization and distillation/titrimetric methods were 128.2 and 151.2 1b
per hour, respectively.

A summary of the ammonia results of the formaldehyde tests at TP-2 is
presenfed in Table 11. Tﬁe average ammonia mass flow rate at TP-2 was 69.75
1b/hr. Again, as described in the previous section, it was expected that the
ammonia measured by the formaldehyde train would be less than that collected
in the urea and ammonia train because the formaldehyde train did not have the
1IN H,50, in the impingers. These outlet ammonia values are effected substantially

by the sampling method as anticipated.

SAMPLING AND ANALYSIS PROBLEMS WITH UREA AND AMMONIA TESTS

The main sampling problem occurred at the scrubber inlet (TP-1l) and was
due to the high concentration and large size of the urea particles. This caused
plugging of both the pitot tubes and the sample probe and nozzle. The problem
of plugging of the pitot tube was alleviated by pumping air through the pitot
tube side facing upstream. This purge line was removed and the pitot recon-
nected to the manometer for velocity readings. The problem of the nozzle
plugging was never eliminated and the system had to be frequently shut down
and the nozzle cleaned. The plugging was minimized by inserting the probe
into the duct with the nozzle facing downstream. The probe was rotated 180°
into the flow stream immediately before the initiation of sampling. The probe
was removed from the duct in the reverse order. To reduce further the risk of
plugging, we used the largest nozzle for which we could still maintain an
isokinetic flow rate. This large nozzle increased sample velocities through

the probe thus reducing agglomeration at the various fittings in the probe

assembly.
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The four major problems which were enountered during analysis were inter-
ferences, sensitivity of analytical instrumentation, conversion of urea to
ammonia and contamination of either glassware and/or sampling and wash water.
The interferencés showed up on the blank wash up of the clean glassware in that
the ammonia samples had high absorbance values but had a green instead of a
yellow color which is expected for the ammonia. During analysis, each sample
was checked to assure that sample color was consistent with that expected
(see Appendix X). Analysis of the water blank found evidence of ammonia con-
tamination at the level of 0.14 mg/l. This was insignificant compared to
sample ammonia concentrations. Some of the measurements were made just above
the limit of sensitivity of the spectrophotometer and, therefore, the error
involved could be substantial. Conversion of urea to ammonia occurs when a
sample containing a large amount of urea and a small amount of ammonia
(in comparison to the urea) is distilled. It has been documented that
approximately 7% of the urea is converted to ammonia. A correction for
urea conversion to ammonia was applied to the results of the Agrico analysis

by distillation and many of the results were calculated to be megative.

FORMALDEHYDE RESULTS AT GRANULATOR "A" SCRUBBER INLET (TP-1)

A summary of the formaldehyde results of gas sampled at the "A" Granulator
Scrubber Inlet TP-1 is presented in Table 9. The average formaldehyde mass flow
rate was 0.122 1b/hr. Examination of the formaldehyde mass flow rates for each
of the three tests reveals that Run #2 had a much lower formaldehyde mass flow
rate than either Run #1 or #3 while the Scrubber Outlet (TP-2) mass flow rates
for Run #2 and #3 were similar with Run #2 having the highest formaldehyde

mass flow rate. However, Run #1 for formaldehyde was voided due to a portion

being lost.
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FORMALDEHYDE RESULTS AT GRANULATOR "A" SCRUBBER QUTLET

A summary of the formaldehyde results of gas sampled at the "A" Granulator
Scrubber Outlet TP-2 is presented in Table 11. The average formaldehyde mass
flow rate was 0.046 1b/hr. The results of the formaldehyde tests are somewhat
questionable because the results of the analysis of the clean impinger samples,
done prior to testing, indicate contamination of the same magnitude as the
concentrations measured during some of the tests. This problem is dealt

with more thoroughly in Appendix N.

SAMPLING AND ANALYSIS PROBLEMS WITH FORMALDEHYDE DESIGNATED TESTS

The only sampling problem encountered was plugging at the scrubber inlet
(TP-1) which has already been discussed in the previous subsection
An analysis problem did occur in that the analysis of a sample of the prewash
of the sampling train glassware indicated contamination of the glassware of
approximately the same magnitude as the amounts of formaldehyde measured at
the scrubber outlet. There was also some formaldehyde in the blank H;0 sample.
The blank value was subtracted from the samples in accordance with the volume

of water used during sampling and wash up.

VISIBLE EMISSTIONS FROM "A" GRANULATOR SCRUBBER STACK

The opacity of the plume from "A" Granulator Scrubber stack ranged from O
to 5 percent. The six minute arithmetic averages are represented graphically in
Figure 2 and are summarized in Tables 12-14. Most of the observations were made
from the synthesis tower with the trees as background because the plume was
white and the sky cloudy or completely overcast. Some readings were made on

October 10, 1978 when the sun was shining and these were made using the
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TABLE 12. SIX MINUTE ARITHMETIC AVERAGES OF OCTOBER 10, 1978
OPACITY READINGS ON "A'" GRANULATOR SCRUBBER STACK AT
AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS

Average Opacity
Time for 6 Minutes

11:15-11:20
11:21-11:26
11:27-11:32
11:33-11:38
11:39-11:44
11:45-11:50
11:51-11:56

(W, NV, RV, IV, IV, RV, )
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TABLE 13. SIX MINUTE ARITHMETIC AVERAGES OF OCTOBER 11, 1978
OPACITY READINGS ON "A" GRANULATOR SCRUBBER STACK AT
AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS

Average Opacity Average Opacity
Time for 6 Minutes Time for 6 Minutes

09:24-09:29 5 14:19-14:24 5
09:30-09:35 5 14:25-14:30 5
09:36-09:38%* 5 14:31-14:36 4,5
09:47-09:52 5 14:37-14:42 2.5
09:53-09:58 5 14:43-14:48 3.2
09:59-10:04 5 14:49-14:54 0.8
10:05-10:10 5 14:55-15:00 0.9
10:11-10:16 5 15:01-15.06 3.2
10:17-10:22 5 15:07-15:12 4
10:23-10:28 5 16:10-16:15 5
10:29-10:34 3.3 16:16-16:21 4.6
10:35-10:40 0 16:22-16:27 5
10:41-10:44% 0 16:28-16:33 1.8

16:34-16:39 3.7
11:27-11:32 3.7 16:40-16:45 1.1
11:33-11:38 3.9 16:46-16:51 .5
11:39-11:44 2.9 16:52-16:57 .3
11:45-11:50 4 16:58-17:03 0
11:51-11:56 2.5 17:04-17:09 0
11:57-12:02 3.3 17:10-17:15 0
12:03-12:08 1.8 17:16-17:21 0
12:09-12:14 3.4 17:22-17:27 0
12:15-12:20 4.2 17:28-17:33 .6
12:21-12:26 4.7 17:34-17:39 .5
12:27-12:32 4.3 16:40-17:45 0
12:33-12:38 4.8 17:46-17:51 .3
12:39-12:43% 5 17:52-17:57 1.5
13:43-13:48 5 17:58-18.03 .7
13:49-13:54 5 18:04-18:09 .5
13:55-14:00 4,2 18:10-18:15 1.3
14:01-14:06 5 18:16-18:21 0.8
14:07-14:12 3.9 18:22-18:25% 0.7
146:13-14:18 4.5

*Averaging time less than 6 minutes.
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TABLE 14. SIX MINUTE ARITHMETIC AVERAGES OF OCTOBER 12, 1978
OPACITY READINGS ON "A" GRANULATOR SCRUBBER STACK AT
AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS

Average Opacity

Time for 6 Minutes
14:45-14:50 1.9
14:51-14:56 1.3
14:57-15:02 0.6
15:03-15:08 2
15:09-15:14 0
15:15-15:20 1.4
15:21-15:26 0

15:27-15:30% 1.4

*Averaging time less than 6 minutes.
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synthesis tower as a dark background. The detailed information on the visible

emission measurements can be found in Appendix C.

PARTICLE SIZING TESTS ON "A" GRANULATOR SCRUBBER

Particle size distribution tests were conducted on the "A" Granulator
Scrubber Inlet (TP-1) and Outlet (TP-2). Summaries of the results from the
inlet and outlet tests are presented in Table 15. In a cascade impactor
the stage which the gas stream enters first has a lower impaction velocity
then the subsequent stage. As the impactor velocity increases, the size
cutoff of the particulate which will be collected deéreases. The aerodynamic
size range is determined by the size cutoffs of stages n and n+l and cor-
responds to the mass of particulate collected on stage n+l. In other words,
stage n collects particles greater than a particular size, stage nt+l
collects particles greater than a second particular size. Therefore,
particles collected on stage nt+l are ? the size cutoff for stage n+l and
the range of sizes of the particulate collected on stage ntl is defined.
The size of the particulates entering the "A" Granulator Scrubber was 1007%
>2.2 um in that essentially all the particulate was collected in the
cyclone precollector. Most of the particulate leaving the scrubber was
also collected in the cyclone precollector (average 77% of total mass
collected). The cumulation size distribution curves for outlet Runs 2 and
3 are depicted in Figure 3. The curve in Figure 3 correspond to the per-
centage of total mass collected which is 2 a particular particle size
expressed in terms of aerodynamic diameter. A straight line on the log

probability graph paper would indicate a normal distribution of particulate.
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FIGURE 3: CUMULATIVE SIZE DISTRIBUTIONS OF PARTICULATE IN THE "A"
GRANULATOR SCRUBBER STACK AT AGRICO CHEMICAL COMPANY
IN BLYTHEVILLE, ARKANSAS
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It was not possible to plot cumulative size distribution curves for inlet
Runs 1-3 (TRC Tests 1, 5, & 6) or outlet Run 1 (TRC Test 2) because more
than 98% of the total mass was collected in the cyclone for these tests.

It was necessary to run the impactors on the inlet at a sampling rate
of approximately one cubic foot per minute to maintain isokinetic sampling
through the 3/16" nozzle. A smaller nozzle was not used because of pro-
blems of nozzle clogging during the urea and ammonia tests. This high flow
rate resulted in a smaller size cutoff for the cyclone than desired. The
high concentration of particulate at the scrubber inlet required a one minute
sampling duration. The short sampling duration necessitated presetting the
impactor flow. Each inlet test was begun by turning the impactor nozzle into
the flow stream and starting the pump. Only minor adjustments were then

required to maintain isokinetic flow.

PRESSURE DROP MEASUREMENTS ACROSS "A" GRANULATOR SCRUBBER

The pressure drop measurements across the "A" Granulator Scrubber were made
with a vertical U tube water manometer which was connected to pressure taps at
the scrubber inlet and outlet. The inlet pressure tap consisted of a stainless
steel tube inserted into the middle of the duct through the dilution air damper.
The tubing was fixed in place so that the open end was perpendicular to the
flow stream. The outlet pressure tap consisted of a hole drilled through the
section of ducting between the scrubber outlet and the inlet to the fan. The
pressure drop across the scrubber was recorded at approximately 15 minute in-
tervals during the tests for urea, ammonia and formaldehyde. The pressure drop
was recorded at approximately 30 minute intervals for the particle sizing tests.

The pressure drops across the "A" Granulator Scrubber ranged from 14.0 to

20.5 inches of vertical water column and are presented in Table 16.
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TABLE 16. SUMMARY OF OCTOBER 10, 11, 12, 13, 1978 "A'" GRANULATOR
SCRUBBER PRESSURE DROP MEASUREMENTS AT AGRICO CHEMICAL
COMPANY IN BLYTHEVILLE, ARKANSAS

Clock v Clock
Date Time AP, "H,0 Date Time AP, "H,0
10/10/78 1130 18.25 10/12/78 0930 16.75
1145 17.75 1100 16.75
1200 17.25 1110 16.50
1215 17.25 1130 15.75
1230 17.25 1200 15.25
1245 17.25 Dilution Damper Closed Down 1 Notch
1300 17.25
1315 18.00 1230 15.75
1330 18.75 1300 15.75
1345 20.50 1330 15.00
1400 18.00 1420 14.75
1415 17.00 1830 15.25
1900 15.25
10/10/78 1500 16.25 1930 ©15.50
1515 16.25 2000 15.00
1530 16.25 2030 15.00
1545 16.25
1600 16.25 10/13/78 0820 16.00
1615 16.25 0900 16.50
1630 16.25 0915 15.50
1700 16.25 0930 16.00
1000 15.50
10/11/78 1020 15.50 1030 15.50
1035 15.50 1100 15.50
1050 15.50 1130 16.00
1115 15.50 1140 16.00
1200 16.50
10/11/78 1120 15.00 1230 16.25
1140 15.00 1300 16.50
1200 15.00 1330 17.00
1220 14.60 1400 16.50
1235 14.60 1430 18.00
1500 16.50
10/11/78 1340 14.00
1355 14.00
1420 14.00
1440 14.00
1455 14.40
1518 14.20
10/11/78 1615 15.00
1630 15.50
1645 14.50
1735 14.00
1800 14.00
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UREA, AMMONIA AND FORMALDEHYDE IN SCRUBBING LIQUOR ENTERING AND EXISTING "A"
GRANULATOR SCRUBBER

Samples (500 ml) of the scrubbing liquor streams entering and leaving
(after the pump) the "A" Granulator Scrubber were collected at approximately
15 minute intervals during the urea and ammonia tests. The solution temperature
was measured immediately after each sample was collected. The pH of each sample
was also measured. The individual samples were composited into one inlet and one
outlet sample and the pH was measured. The composited samples were analyzed
for urea, ammonia and formaldehyde. Table 17 presents a summary of the measured
urea, ammonia and formaldehyde concentrations in the scrubber liquor. Table
18 contains the pH and temperature readings of each of the individual samples.
The urea concentration for the inlet ranged from 21,680 to 49,360 mg/?2
and averaged 36,590 mg/2. The concentration for the outlet ranged from 506,
200 to 1,012,000 mg/% and averaged 689,400 mg/%.

The ammonia concentration for the inlet ranged from 7,420 to 22,780 mg/ %
and averaged 13,900 mg/2. The concentration for the outlet ranged from 1,350
to 2,550 mg/% and averaged 1,800 mg/%.

The formaldehyde concentration for the inlet ranged from 1.52 to 36.8
mg/? and averaged 21.2 mg/%. The concentration for the outlet averaged
0.0275 mg/2.

Assuming that the scrubber liquid flows intc and out of the scrubber are
equal, the results of the analysis of the scrubber liquids shows the average
urea concentration of the outlet solution to be 18.8 times the inlet solution
which would be expected because the urea is being scrubbed out of the gas stream

entering the scrubber. The average ammonia concentration of the outlet solution

-38-



JHL

HHD Chl aoymaoag pogao) oo sopdues E:‘:.

g e .::.c

1100 30p ucc—.

UG 100 F 00t Ju Spa e ppoumt] poansea 9306 odie g jdups um.Z.;:;

apdmes o) psodmos qo :...

1
400§ bl sweadty)g —___:

———a AT ERTTITTOTTI T T ITITIIITIT h.‘HNH oy Il i ion s I.| - PR — H. LT TS L . - ST —\2:_ o e
( -

JUN N
0L 61 67 hL 62 He 43 0y 2, dmvaodung,
VN VN 9'i o ub'g 10l [T} 06 ;i
. . . W i 4 PIHG 3 aplapyeno
6L20'0 (AN L0 [A7 G 89t ==z Ly L/dn fuopicatooney aplpapieutoy
00g*1 00611 0nst 0Fs‘1l 042 onLtee 05ty 6zy'e (IR U B TN BTV R Wy FTITY
00Y' 649 065 N 000044 090y 000210} [IrAaa Y 007 908 ICCRR KA G o e naoneg ey
-- -- 8gL/it/ol QLo geiot/ol gL/0t/04 w0/ w//uL/01 sy
JoIng Juuy 3I1I3W) I 1IN0 Jafuy 10 InQ 1jug MO Ity
oduvaaay (¢ I8aL) g wny (Z 1saL) ) (Aoqungy guo), ;z: 13qunuN uny

SVSNVNIV ‘HTITAXHIATE NI ANVAHOD
TVOTWEHO ODI¥DV 1V ¥HLIA¥OS MOLVINNVYO ,,V,, ONILIXA aNV ONTYTLNA 40N0I1 ONIFLNYDS
NO SINAWIANSVAN JAXHAATVWIOL ANV VINOWWV ‘VIEN §/61 ‘TT ANV 0T 4790100 40 AVHHNS /7 EMELAN

-39-



TABLE 18. SUMMARY OF OCTOBER 10 AND 11, 1978 pH AND
TEMPERATURE MEASUREMENTS ON INDIVIDUAL SAMPLES
OF SCRUBBING LIQUID ENTERING AND EXITING "A"
GRANULATOR SCRUBBER AT AGRICO CHEMICAL COMPANY
IN BLYTHEVILLE, ARKANSAS

Scrubber Inlet Scrubber Outlet
Run No. Sampling Sample Sample

(TRC Test No.) Date Time - pH °C pH °C
1 (2) 10/10/78 1135 9.85 40 8.90 32
1200 9.91 40 8.90 30

1215 9.90 40 8.91 31

1235 9.88_ 40 8.90 32

1310 9.79 40 8.84 33

1330 9.92 40 8.95 33

2 (3) 10/10/78 1455 10.05 40 8.90 30
1510 10.10 36 8.90 29

1525 10.10 38 8.95 29

1540 10.10 38 8.85% 29

1600 10.10 38 8.90 29

1620 10.082 37 8.91 28

1650 10.08 38 8.92 29

3 (7) 10/11/78 | 1608 9.90 40 8.60 29
1620 9.95 40 8.50 29

1640 9.95 38 8.55 29

1650 9.80 38 8.55 29

1710 9.85 38 8.65 29

1720 9.98 38 8.65 29

1740 9.95 39 8.60% 29

1800 9.94 38 8.61 28

1810 9.95 38 8.62 28

1825 9.95 39 8.60 28

apH drifting.
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was 0.13 times the inlet solution which indicatéé that the ammonia is

being stripped from the scrubber liquor (the measurements on the inlet and
outlet gas streams indicated this -- See Table 6). The average formaldehyde
concentration of the outlet solution was 0.0013 times the inlet solution
which indicates that the formaldehyde was reacting with the urea since there
was no evidence of formaldehyde stripping by the measurements on the inlet
and outlet gas streams (see Table 7). The lower pH measured in the scrubber
outlet solution is consistent with the lower ammonia concentration and the
lower temperature of the oq;le; solution is indicative of the dissolution

of urea into the scrubbing media, which is an endothermic reaction.

"A'" GRANULATOR PROCESS SAMPLES UREA, AMMONIA, AND FORMALDEHYDE COMPOSITION
Process samples were taken of the urea melt, the urea product before
screening, the urea product after screening and the formaldehyde additive.
The urea melt, product before screening and product after screening was
analyzed for urea, ammonia and formaldehyde. The formaldehyde additive
sample is being retained for possible future analysis. The results of the

analysis of the process samples are summarized in Table 19.

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 20. The average urea and ammonia

mass flow rates were 0.0713 and 1283.5 pounds per hour, respectively.
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TABLE 19. SUMMARY OF OCTOBER 11, 1978 UREA, AMMONIA AND
FORMALDEHYDE MEASUREMENTS ON THE "A" GRANULATOR
UREA MELT, PRODUCT BEFORE SCREEN AND PRODUCT AFTER
SCREEN AT AGRICO CHEMICAL COMPANY IN BLYTHEVILLE,

ARKANSAS
Urea Urea Product Urea Product
Melt Before Screen After Screen
Date 10/11/78 10/11/78 10/11/78
Sampling Time 1510 1850 1850
Urea Percent by Weight 98.77 93.98 100.0
Ammonia Percent by Weight 0.00 0.00 0.00
Formaldehyde Percent by Weight 0.15 0.50 0.23
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Five tests were conducted on the synthesis tower Main Vent, however,
the first two were not used because of evidence of ammonia passing through
the Sampling syétem. This problem was alleviated by the use of additional
impingers in the sampling train and by using 10N HySO4. The Sampling
and Analysis Methodologies Section 5 explains in detail the changes which

were made to the sampling train.
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SECTION 3

PROCESS DESCRIPTION AND OPERATION

FACILITY DESCRIPTION:_

I. PROCESS EQUIPMENT

Urea is produced by reacting liquid ammonia (NH3) with carbon dioxide
(CO,) at elevated temperature and pressure. The reaction is exothermic and
Spontaneous and results in formation of liquid ammonium carbamate (¥H, CO,

NHy). The liquid ammonium carbapate is subsequently decomposed to urea
(CO(NH;);) and water. The resulting solution of urea in water is concentra-
ted to 98+ percent urea when it will be subsequently solidified.

The Stamicarbon CO, Stripping Process is the urea synthesis method
employed at this facility. There are three continuous vents and one intermit-
tent vent from this process which have been combined into one tall stack. The
continuous vents are: medium pressure absorber, low pressure scrubber and the
flash tank condenser from the vacuum evaporators. The intermittent vent 1is
from the carbamate condenser steam drum. Approximately 25 percent of the time
50 psig steam from this steam drum is vented through the common stack because
it is not usable elsewhere in the plant.

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&I Girdler, as the solids forming

devices.
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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 molten 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 coocling section of the granulator.

Cooled granules leaving the rotary drum granulator are screened. Over-
size granules are crushed, combined with under;ize 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 conveyed to a bulk storage warehouse.

This facility does mot coat the product urea granules. Instead, a
formaldehyde-based additive is added to the molten urea before it is sprayed
in the granulator.

At this facility, emissions result from various vents in the solution
synthesis process and from the granulator cooling air exhaust. The solution
synthesis process vents are combined into one stack before exhausting to ambient.
The granulator cooling air passes through a scrubber and fan before being ex-
hausted out a stack. Scrubber liquid is returned to the solution synthesis
process for urea recovery.

This facility employs three parallel granulators, each with its own
screens, scrubber, fan, and stack, for solid production. A single solution
synthesis process supplies all three granulators (Figure 4).

Plant persomnel provided a process drawing during the testing which
EPA was allowed to retain. It is entitled:

Utility Flow Diagram
1000 ST D Urea Plant
Agrico Chemical Company

Blytheville, Arkansas
1320-1-50-15
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II. EMISSIONS AND EMISSIONS CONTROL EQUIPMENT

The Stamicarbon CO, Stripping urea synthesis process at this plant
incorporates emission reduction and energy recovery techniques in its standard
design.

The high and low pressure scrubbers at this facility are typically
employed in this process to reduce ammonia losses to the exhaust streams that
are necessary for inerts removal from the system. The medium pressure absorber
is employed only in those instances when the overheads stream from the reactor
has a high enough hydrogen content to make total ammonia removal in the high
pressure scrubber unsafe. The exhausts at this facility from the medium pres-
sure absorber and the low pressure scrubber should therefore contain very
little ammonia by design. In addition, the process design should result in
practically no urea in these exhausts.

The exhaust from the steam jet ejector vacuum system on the evaporators
should also contain mostly inerts, very little ammonia, and little urea by
design. The procedure employed to condense the steam used in this system acts
as an emission reduction device.

The steam drum in this process is employed as a heat recovery device.
It uses 'dirty" process condensate to produce 50 psig steam for use in the
process when needed. However, when not usable in the process this ''dirty" steam
must be vented to atmosphere. Because the production of this steam is an inte-
gral heat removal step in the overall process, its production cannot be ceased
when there is no demand. When vented, this steam can be expected to contain
approximately 100 ppm of ammonia and carbon dioxide and traces of urea.

This plant has combined the above four exhausts into a single tall

stack before release to the atmosphere.
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The granulators employed at this plant for solids production are
typically controlled by scrubbers. These scrubbers must be used on the granu-
lators to reduce the product losses resulting from the cooling air passing
through the grénulétor. This airstream entrains significant quantities of urea
as it passes through the granulator and, if exhausted untreated, would signi-
ficantly effect the economic viability of this solids production technique.

The Joy Turbulaire "Type D" impingement scrubbers normally employed can be
operated at varied pressure drops by adjusting scrubber liquid level. This
plant maintains a pressure drop in excess of 14 in. W.G. to satisfy particulate
emission limitations. Cleaned process condensate from the urea synthesis
operation is used as make-up scrubber liquid. Specific gravity is monitored

to maintain the liquor at 45 to 50 percent urea in the scrubber. Liquor blow-
down is returned to the synthesis operation for urea recovery. The designers
of the granulation process guarantee emissions of urea particulate to no more
than 10 1b/hr from the scrubber exhaust. Some ammonia can be expected in the
additive into the urea melt before solidification, formaldehyde may also be

present.

FACILITY OPERATION DURING TESTING:

GCA monitored and recorded process and control equipment operating para-
meters during sampling of the solution and granulation processes by TIRC to
ensure that samples were collected only during representative, steady-state
process operation.

Table 21 presents a list of 30 parameters monitored during testing. The
raw data are presented in Appendix J of this report along with summaries of
the parameter values.

Table 22 presents a summary of the test runs conducted by TRC, indicating

the date and times of testing, the time period over which the process and control
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TABLE 22. SUMMARY OF TESTING AT AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS

Process No. of daca
Sampling paramecer points in Test
Test ctype Dace period averaging averaging designaction
period period
Urea particulate Inlecr 10/10/78 1130 co 1415 1130 to 1410 17 UP-1-1
Run 1 Outlet 10/10/78 1131 to 1336 1130 to 1340 14 Up-1-C
Urea particulate Inlet 10/10/78 1500 to 1700 1500 to 1700 13 Up-2-1
Run 2 Outler 10/10/78 1531 to 1737 1530 cto 1730 13 uP~-2-0
Urea particulate Inlec 10/11/78 1616 to 1832 1620 o 1820 13 ur-3-1
Run ) Outlec 10/11/78 1616 co 1832 1620 to 1820 13 UP~3-0
Formsldehyde Ianlec 10/11/78 0920 to 1640 0920 to 1030 8 F-1-1
Run 1 Outlec 10/11/78 0918 co 1028 0920 cto 1030 8 F-1-0
Formaldehyde Inlec 10/11/78 1120 o 1242 1120 to 1240 9 F-2-1
Run 2 Outlet 10/11/78 1129 co 1237 1130 to 1240 8 F=2-0
Formaldehyde Inlec 10/11/78 1335 to 1516 1325 to 1515 11 F-3-1
Run 3 Outlec 10/11/78 1348 to 1515 1345 to 1515 9 F=3-0
particle size Inler 10/12/78 0919 to 0920 0915 to 0932 2 PS-1-1
Rua 1 Ouclet 10/12/78 1109 to 1509 1059 co 1500 9 PS-1-0
Particle size i Inler 10/13/78 1316 to 1317 1300 to 1325 2 PS-2-1
Run 2 Qutlet 10/12/78 1629 ro 2029 1630 to 2030 9 PS-2-0
Particle size Ialet 10/13/78 1508 to 1509 1500 to 1515 2 PS-3-1
Rua 3 Outlec 10/13/78 0855 to 1255 0915 co 1300 9 PS-3-0
Ures synchesis cover ouclec 10/13/78 0930 to 095 0971 to 0945 2 ST-1-0
Urea synchesis COVT Guclec 10/13/78 1030 to 1046 0955 to 1057 2 ST-2-0
Ures syuthesis tower
Run 3 Oucler 10/13/78 1130 to 1145 1125 ro 1143 2 $T-3-0
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equipment parameters were averaged, and assignment of test designations.

Table 23 is a summary of the data monitored and indicates the variations
of the parameters during each of the test runs. The columns titled "Maximum
Value % Deviation" and "Minimum Value 7% Deviation' present the difference
between the highest and lowest values observed and the average value of the
parameter for that run, expressed as a percent of the average value.

Table 24 presents the variation of the average value of each parameter
between tests as a percent deviation from the overall average of that parameter
for all test runs of the designation.

The average values of each parameter are presented in Appendix J.

I. GRANULATOR PARAMETERS MONITORED

Of the 30 parameters monitored, items 1 through 9 and 12 through 20
in Table 21 were recorded specifically as indicators of the granulator pro-
duction rate, process stability, and possible, emission fluctuation during
testing. The third column of Table 21 designates what each parameter indicates.

In addition to the instrument data recorded by GCA, TRC collected samples
from various portions of the granﬁlation facility, whose analysis should aid
in characterizing the process operation. These samples include: a grab sample
of the molten urea feed to the granular for analysis of temperature, pH, percent
urea, percent ammonia, and percent formaldehyde; a grab sample of the product
leaving the granular for analysis of temperature, moisture, percent urea,
percent ammonia, and percent formaldehyde; a second grab sample of the product
leaving the granulator for sieve size analysis, and; a grab sample of the
additive retained for future analysis.

As indicated by the data in Tables 23 and 24 the granulator ran
quite steady during each test run and showed little variation when parameters

are compared between runs.
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The plant personnel indicated that the factor which had the greatest
influence on quantities of "dust" entering the scrubber was the additive to
urea ratio. The data indicates some variance in this ratio and therefore the
dust loading into the scrubber is expected to be somewhat higher when the

ratio is smaller.

II. CONTROL EQUIPMENT PARAMETERS MONITORED

Of the 30 parameters monitored, items 10, 11 and 21 through 23 in
Table 21 were recorded specifically as indicators of the granulator scrubber
operation during testing.

In addition to the instrument data recorded by GCA, TRC collected
samples from various portions of the scrubber solution, whose analysis should
aid in characterizing the process operation. These samples include: composite
samples of the scrubber solution entering and leaving the scrubber for analysis
of urea, ammonia and formaldehyde content and the pressure drop across the
scrubber.

As was the case with the granulator, the process parameters listed in
Table 21 for the granulator scrubber showed little variation during or between
runs. The only significant change was the rate of liquor fed to the scrubber
during test PS-1-I. As requested in Table 16, the scrubber pressure drop did
vary considerably during each test. This was probably due to variation in
scrubber liquid level, however, this could not be confirmed by the recorded

process data.

III. SOLUTION PROCESS
Items 24 through 30 in Table 21 were monitored during testing of

the solution process vent as indicators of process stability and rate.

No significant changes in the parameters during or between tests 1is

discernable from the data.
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IV. PRODUCTION RATE DETERMINATION

This plant is typical of the industry in that it does not determine
"instantaneous' production rates. A calculation of daily production is made
each day by applying conversion factors to the quantity of ammonia consumed
by the urea synthesis plant for a 24-hour period. All solid urea is weighed
as it leaves the plant. Thus, a rough comparison between what should have
been produced and what was actually shipped can be obtained. This comparison
is sufficiently accurate to satisfy the company's requirements.

Plant operators monitor three major parameters which give them an
indication of overall plant rate. These parameters are ammonia feed rate,

70 percent urea tank level, and the spray pressure of the granulator nozzles.

Other instrumentation which is available to monitor production rates
at this plant consists solely of weigh belts. Weigh belts monitor the amount
of unscreened solids leaving each granulator separately, the amount of screened
product leaving each of the three lines separately, and the combined total
amount of screened product from all three granulators being conveyed to the
warehouse.

With the exception of the weigh belt measuring total combined product
to the warehouse, the weigh belt rates were indicated on totalizers as well as
strip charts. The total product weigh belt rate was recorded only on a strip
chart. Production rates recorded during testing are presented in Table 25.

Plant personnel were quick to state that the accuracy of any production
rate calculated from a weigh belt indication could not be assured. The inaccuracy
results from the inherent design of the weigh belt and accumulation of urea
solids which fall off the belt onto the device. Plant personnel cleaned the

accumulated solids off the "A" Granulator weigh belt devices in anticipation of

testing.

-100-



GG¢g 994%7°0 6%°SS O00€T 03 6160 8./€1/01 0-£-Sd 3913INnQ ¢ uny
69€ 09SZ°0 %8°€  GIST ©3 00ST 8L/€T/0T I-£-sd 391Ul 9Z1S 9ToT31Bd
6L o%L2°0 6.°69 0€£0C ©3 0£91 8L/CT/OT 0-¢-Sd 3913IN0 ¢ uny
79¢ 62SC°0 Z€°9 GZET 03 00€T 8L/ET/O0T 1-¢-Sd 397Ul 9ZTs 9T7131ed
80% ¢e82°0 %0°89 00ST ©3 650T 8L/TT/0T 0-1-Sd I97TINQ T uny
L1Y 7687°0 ¥6°%  TE60 ©3 ST60 8L/TT/0T I-1-Sd 397Ul 22 s °1913ied
L1y 8682°0 80°9Z STIST 03 G%tT 8L/T11/01 0-¢-d 397100 ¢ uny
61TY 8062°0 86°TE GIGT 03 GTEI 8L/1T/0T 1-¢-d 197Ul apAyepreumiog
00% 9/12°0 €¥°61 O%CT 03 OLTI 8L/TT/0T 0-¢-4 39TINQ ¢ uny
00Y GLLZ°0 02°2C O%¢T 03 0711 8L/1T/0T 1-¢-4 337Ul apAyapTewIO]
L6T 96/2°0 67°61 0£0T ©3 0260 8L/1T/01 0-1-4 32T3IN0 T uny
L6€ 9¢/7'0 62°6T 0EOT ©3 0260 8L/TT/0T 1-T-4 jorul apAyapreWIO]
06¢e 1€%2°0 81°67 08T 03 079T gL/11/01 0-£-dn 3213INQ g uny
0GE TERC°0 g1°6Z 0T8T ©3 0791 8./11/0T I-¢~-dN jotul @3e[ndfaied eaaq
16¢ 9T/2'0 66°TE€ OFLT 03 0tST 8L/01/01 0-7=-4n 39700 ¢ uny
L8€ G89Z'0 TT'TE O00LT °3 00§1 8L/01/01 I1-z-4dn jaTul @3einoyixed eaaj
rA3% €217°'0 O%'SE Ov¥ET 03 OETIT 8L/0T/0T 0-1-dn 3913INnQ T uny
L6€ %GLT°0 L0°%% OTI%T 03 o¢TT 8.L/01/0T 1-1-dN 3aTul 233jerndorijaed eaap
%N@\COH quCﬂE\cOH suo]j, GOﬁumH:OHmU . COﬂumCWﬂmwv
ajex jo aleQq oo adK3 389}
uogr3ionpoad poTa=ad awy], 189L
SYSNVEV ‘HTTIAAHLATLE NI ZNVAWOD TTVOTWAHO
0D1¥9V 1V DONILSTL ONI¥Na SALVY NOLILONMOdd "G HA'I4VL

-101-



On Wednesday, 11 October 1978, a 1-1/2 hour production rate test was
conducted in an effort to determine the accuracy of the various production
rate measuring methods. This test was conducted between 1300 and 1430. At
1300 all three.granulators were placed on total recycle. The readings on
each of the three totalizers recording screened product from each line to the
warehouse were recorded at that time. When the strip chart for the weigh belt
recording total combined screened product to the warehouse reached zero, the
granulators were returned to normal operation. The reading of zero indicated
a blank space on the product belt.

When the blank space reached the warehouse, an operator diverted the
belt from the warehouse floors such that all subsequent product coming down
the belt was loaded directly into a tared railcar. Until approximately 1430,
all product leaving the granulators was loaded directly into this railcar.
When the railcar approached capacity, the granulators were again placed on
total recycle, totalizer readings recorded, and a blank space on total product
belt generated. When the blank space reached the warehouse, an operator
diverted the product back to the warehouse floor and the railcar was sealed
and weighed. The third test run for formaldehyde on the scrubber inlet and
outlet was ongoing during part of this production test, but testing was sus-
pended while the granulators were being placed on total recycle and returned
to normal operatiom.

The weight of urea granules produced during the production rate check
was found to be 78 tons from the railcar weighings. Thus, the plant's production
rate was 0.8667 ton/minute or 1248 ton/day. During the test the "A" line
screened product totalizer indicated 27.6 tons produced or a rate of 0.3067

ton/minute (441.6 ton/day).
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Fluid mechanics principles indicate that flow through a nozzle is
proportionate to the square root of the pressure drop across the nozzle.
Thus, if all the nozzles in the three granulators were operating and the
pressures were all equal, the flow rate into each granulator would theoretic-
ally be equal. Also, if the pressures at each granulator were not equal then
the production rate of a particular granulator could be determined by multi-
plying the total productionm by the ratio of the square root of the pressure
to all three granulators. This method of apportioning the production assumes
that all the nozzles have identical configurations which may not be the case
because of differing wear rates.

Based on the above discussion the production rate of the "A" Granulator

should be given by the following equation;

GSP-A
TP x = PA
/ GSP-A + /GSP—B + /GSP—C
where; TP = total production of all three granulators during the

given time.

GSP-A = the average nozzle pressure for the subject granulator
during the given time.
PA = production of the "A" Granulator during the given time.

The accuracy of the above equation is influenced by the standard
deviation of the nozzle pressures during the averaging time.

Thus, using the weight produced as determined by the railcar (78 tons)
for TP and the average nozzle pressure for the A, B and C Granulators (41.0,

41.6, 41.7 psig, respectively) for the period from 1300 to 1430, a value for

PA can be calculated; pm——
vy 41.0

78 x — —
¢/41.0 +-‘/41.6 + y/41.7

= PA

PA = 25.85 tomns
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However, the production of the "A" Granulator was indicated to be
27.6 tons by the weigh belt totalizer. Assuming that the above calculation
more accurately determines the actual production rate, a factor (C.F.) can
be-calculated which can be used to correct the "A" Granulator totalizer

readings for any time period;

25.85
0.9366

27.6 (C.F.)
C.F.

The actual production of the "A" Granulator for any time period can
now be determined from the totalizer readings by the equation:
PAr x 6.9366 = PA,

the production in tons for a given time period as indicated by
the "A" Granulator product weigh belt totalizer.

where; PAT
PAp, = the actual production in tons of the "A" Granulator for the
given time period.

PA7 is determined by calculating the difference of the totalizer
readings at the beginning and end of the time period and multiplying this
difference by 0.05 to convert to tonms.

A sample calculation using data for urea particulate, run 1, outlet

on 10 October 1978 is presented below.

Example: (Refer to Table 3-2 and Appendix J)

Test started - 1131

Test ended - 1336

Totalizer reading at 1130% 3976

Totalizer reading at 1340% = 4732

Time between initial and final
totalizer readings = 130 minutes

PAL = (4732-3976) x 0.05 = 37.8 tons

37.8 x 0.9366 = PAA = 35.4 tons

* Data from column designated PWTA in Appendix J.
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35.4 tons

130 minutes - 0.272 téon/minute average

production rate

1440 minutes/day
130 minutes

35.4 tons x = 392 ton/day

Production rates for all test runs are presented in Table 25
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SECTION 4

LOCATION OF SAMPLING POINTS

Testing was conducted on the "A" Granulator and the Synthesis Tower
Vent at the Agrico Chemical Company in Blytheville, Arkansas. This section
presents the detailed descriptions of the sampling locations for the urea,

ammonia, formaldehyde, particle sizing and the opacity measurements.

SCRUBBER INLET, TP-I

The scrubber inlet sampling site was located in a 48-inch I.D. horizontal
section of a steel duct. A schematic of the sampling site including the tra-
verse point sampling locations and duct dimensions is presented in Figure 5.
Two 4-inch I.D. pipe-flange sampling ports positioned 90° apart were located
20 feet (5 stack diameters) upstream of a short-radius, right angle bend.

The distance from the ports to the nearest downstream disturbance (another
right-angle bend) was 10 feet (2.5 stack diameters).

The inlet sampling location did not meet the "eight and two diameters'
criteria as outlined in EPA Method 1; consequently, 12 sampling points were
chosen for each axis traverse for a total of 24 sampling points (as specified
by the method). These points were located as shown in Figure 5. This
figure shows the cross-sectional view of the duct at the sampling loca-
tion and lists the exact distance each traverse point is located from the
outside flange edge. The identifying number sequence and point locations

were the same for all testing conducted at the inlet location.
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INCET PORTS O
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FIGURE 5: LOCATIONS OF "A"™ GRANULATOR SCRUBBER INLET TEST PORTS & POINTS AT
AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS
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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 emission control unit. The fan discharge is directed ver-
tically through a steel stack to the atmosphere.

The "A" scrubber 60-inch I.D. outlet stack was fitted with two 4-inch I.D.
pipe-flanged sampling ports positioned 90° apart in a horizontal planme. The
two ports were located 65-feet (13 stack diameters) downstream of the fan out-
let, and 20 feet (4 stack diameters) upstream of the stack discharge; See Figure 6.
The port locations met the "eight and two diameters" criteria as delineated in EPA
Method 1.  Consequently, six sampling points were calculated for each axis

t

traverse for a total of twelve sampling points (as specified in the method).

INLET PARTICLE SIZING SAMPLING LOCATION, TP-1

Particle sizing tests were performed in the "A" Granulator Scrubber inlet
gas stream by sampling with an in-stack cascade impactor positiomed in the duct
through the test ports used for the emissions tests shown in Figure 5. The

impactor nozzle was located at the centroid of the duct for each impactor

Trun.

OUTLET PARTICLE SIZING SAMPLING LOCATION, TP-2

The size distribution of the particulate in the "A" Granulator Scrubber
outlet stream was measured with an in-stack cascade impactor positioned in the
stack through the tests ports used for the emissions tests (see Figure 6). The

impactor nozzle was located at the centroid of the stack for each impactor

run.

-108-~



SYSNYMYY “ITTIATHLATE NI ANVAWOD TYIIWIHD 0JITdIV
LY SINIOd B SL¥0d 1S31 LITLNO ¥IGENYIS YOLYINNWYD V. 40 SNOILYIOT 9 NI

S140d 1531 40 NOILYD0T - ¥
NV
. A

SINIOd 1S3l 40 NOILYJ0T - 4

n8/T €9
AL
«8/1 8t
wb/€ €2
wb/€ 1
«8/G 8

439904IS

~_ 0N M < WO W

(SIHONI)
37d4dIN 40 3903 3QISIN0 WOY4 | "ON INIOd ISH3AVHL :
JONVISIA INIOd 3ISY3AVHL

9 /
1S¥3 HLMON

S140d 137100
4209MIDS > o |—

._Q\m mo
1S3M HLYON

tX 6% 9X

f

-109~-



VISIBLE EMISSIONS OBSERVATION LOCATIONS

Figure 7 indicates the relative position of‘fhe two different observation
sites employed to observe the white scrubber stack plume. These locations were
chosen in order to conform to EPA Method 9 guidelines and specifications. The
stack discharge was approximately 100 feet above ground level. The observer was
positioned at distances of 100 to 150 feet from the stack. Heights of the
observation sites ranged from grcund level to about 100 feet above grade. De-
pending upon the sun position and the cloud cover, the observer either posi-
tioned himself on the synthesis tower and used the trees as a dark background or

he stood in a field and used the synthesis tower for a dark background.

SCRUBBER PRESSURE DROP PRESSURE TAPS LOCATIONS

Pressure drop across the "A" Granulator Scrubber was measured with a ver-
tical U tube water manometer which was connected to pressure taps at the scrub-
ber inlet and outlet. The inlet pressure tap consisted of a stainless steel tube
inserted into the middle of the duct through the dilution air damper. The
tubing was fixed in place so that the open end was perpendicular to the flow
stream. The outlet pressure tap consisted of a hole drilled through the section

of 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 "A" Granulator Scrubber (see Figure 8). The inlet sample was tapped
from the line immediately before entering the scrubber. The outlet sample was

tapped from the pump discharge.
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I‘(-— ~100 FT ~150 FT_—“)"I

OBSERVER X (GROUND LEVEL)

SYNTHESIS ® "A"' GRANULATOR SCRUBBER STACK
TOWER

® "B" GRANULATOR SCRUBBER STACK

OBSERVER X (100' ABOVE GRADE)

® "¢" GRANULATOR SCRUBBER STACK

FIGURE 7: LOCATIONS OF SMOKE OBSERVER FOR OCTOBER 10 - 12,1978
OPACITY READINGS ON "A" GRANULTOR SCRUBBER STACK AT
AGRICO CHEMICAL COMPANY IN BLYTHEVILLE, ARKANSAS
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™

"A' GRANULATOR SCRUBBER
INLET TAP

PUMP

OUTLET TAP

FIGURE 8: LOCATION OF SCRUBBER LIQUID COLLECTION TAPS FOR OCTOBER
10 & 11, 1978. TESTS ON "A" GRANULATOR AT AGRICO CHEMICAL
COMPANY IN BLYTHEVILLE, ARKANSAS
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PROCESS SAMPLES COLLECTION LOCATIONS

Throughout the testing program, various process samples were collected
directly from their applicable process units/operations. Included were
saﬁples of ureé melt,Aa formaldehyde-based additive, and the granulator un-

screened and screened products.

UREA SYNTHESIS TOWER VENT LOCATION

The urea synthesis tower sampling site was located in a l4-inch I.D.
vertical section of a heavy gauge stainless steel pipe. A schematic of the
sampling site including the velocity traverse points and duct dimensions is
presented in Figure 9. One 6-inch I.D. pipe-flange sampling port was positioned
approximately 30 feet (25 stack diameters) upstream of a connecting exhaust
vent. The distance between the sampling port and the stack vertex was approx-
imately 15 feet (12 stack diameters). The port location met the EPA Method 1
criteria. However, only a single sampling point located 12 inches .inside the
stack from outside the flange (the centroid of the duct) was used during the
five test runs. This was requested by the Technical Manager, due to the fol-

lowing problems encountered during the testing periods.

1. Excessive moisture content (80 percent).

2. High ammonia concentrations.
(1,300 1b/hour)

3. Extremely high stack gas velocities.
(12,000 feet/minute)

4. Hostile working environment
a. Cold temperature (OOF windchill)

b. High winds (40 to 50 miles per hour)

¢. Raining

5. Plugging of pitot and orifice pressure lines with water.
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FIGURE 9:  LOCATION OF SYNTHESIS TOWER SOLUTION VENT
SAMPLING PORT AND VELOCITY TRAVERSE POINTS
AT AGRICO CHEMICAL COMPANY IN
BLYTHEVILLE, ARKANSAS
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SECTION 5
SAMPLING AND ANALYSIS METHODOLOGIES

This section presents the descriptions of the sampling and analysis
methodologies employed at the Agrico Chemical Company facility in Blytheville,
Arkansas during October 9-13, 1978.

The EPA designated methods are contained in the respective Appendices.
This section presents general descriptions and deviations from the methods

in the Appendices.

UREA AND AMMONIA "A" GRANULATOR SCRUBBER INLET AND OUTLET
Urea and ammonia in the "A" 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 diameters.
The velocity of the duct gas was measured using a calibrated, S-type pitot
tube in accordance with EPA Method 2. Construction and calibration of the
S-type pitot tubes was consistent with EPA Method 2. The complete method
of sampling and analysis for urea and ammonia is contained in Appendix M.
The sampling train is shown schematically in Figure 10 and consists of
a nozzle, probe, filter, Teflon line connector, five impingers, vacuum
pump, dry gas meter, and an orifice flow meter. The nozzle (1) is stainless
steel and is of a buttonhook shape. It was connected to a 5/8" stainless
steel glass iined probe (2) that is wrapped with nichrome heating wire
and jacketed. The probe temperature was maintained at 1600F to prevent
condensation of the sampled gas. Following the probe, the gas stream
impacted on a 4%'" glass filter supported on a coarse fritted glass disc

in a glass filter holder (3). Reeve Angel Type 934 AH filter paper
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was used. Enclosing the whole filter assembly was a heated box (4) to
maintain temperature of the gas leaving the filter at 160°F. EPA Reference
Method specifies a temperature of 2480F * ZSOF, however, urea melts and
readily decompéses to ammonia at temperatured above 200°. The filter and
heated box were not used for outlet run 3 (test #7). An ice bath containing
five impingers(5) was attached to the back end of the filter via a section
of Teflon tubing. The first impinger contained deionized distilled water
(100 ml), the second and third contained 100 ml of 1N H,SO, each, the
fourth was dry and the fifth contained silica gel (200 grams). Leaving

the fifth impinger, the dry sample stream flowed through flexible tubing
(6), a vacuum gauge (7), needle valve (8), pump (9), and a dry gas meter (11).
A calibrated orifice and inclined manometer (12) complete the sampling
train. The stack velocity pressure was measured using a pitot tube (13)

and inclined manometer. Stack temperature was monitored by a thermocouple
attached to the probe and connected to a potentiometer (l4). A nomograph
determined the orifice pressure drop required for any pitot velocity
pressure and stack temperature in order to maintain isokinetic sampling
conditions.

Test data recorded included test time, sampling duration of each traverse
point, pitot pressure, stack temperature, meter volume, meter inlet-outlet
temperature and orifice pressure drop. At completion of each run the probe
was removed from the stack and was purged for 15-20 minutes with ambient
air. This was done so that any remaining ammonia in the train would be

collected in the impingers. A final leak check was then performed.
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The nozzle and probe were then washed and brusﬁéd three times into a glass
sample jar which was sealed with a Teflon-lined cap. The probe washes were
performed on site near the stack. The Teflon line between the filter and
first impinger was rinsed with distilled, deionized water three times into
a second glass sample jar and sealed. The sample jars and impingers were
returned to the sample train prep and clean-up room.

The contents of impingers were transferred to tare weighted sample

jars at the clean-up area. The sample containers were used as follows:

Container #1 Filter

Container #2 - Deionized distilled water wash of nozzle, probe
and all glassware up to the filter.

Container #3 - Silica gel from the fifth impinger.

Container #4 - Contents of first impinger and deionized distilled
water wash of first impinger, Teflon line and glass-
ware between filter and first impinger.

Container #5 - Contents of second, third, and fourth impingers and
deionized distilled water wash of impingers plus
connecting glassware.

Aliquots of some of the samples were analyzed for urea and ammonia by
Agrico chemists. The remainder of the samples were transported to TRC's
laboratory and analyzed for urea and ammonia. The urea concentration was
measured by adding urea color reagent (see Appendix M) to the samples and
measuring the absorbance of the solutions with a spectrophotometer at 420
nm. The ammonia concentration was measured by adding Nessler reagent to the
samples and measuring the absorbance of the solutions with a spectrophoto-
meter at 405 nm. Calibration curves were drawn from the corresponding

absorbances of standard urea and ammonia solutions. The calibration curves

were used to determine the urea and ammonia concentrations of the samples.
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The sample concentration was multiplied by the éample volume to determine the
total urea and ammonia. It should be noted that a aliquot was removed for analy
sis by Agrico chemists, however, this aliquot volume was included in the sample

volume for calculation of total urea, ammonia and formaldehyde collected.

FORMALDEHYDE "A" GRANULATOR SCRUBBER

The complete method for sampling and analysis for formaldehyde is
contained in Appendix M. Formaldehyde in the "A" Granulator Scrubber
inlet and outlet gas streams was sampled using the methodology and

equipment described in the subsection entitled Urea and Ammonig "'A"

Granulator Scrubber with the following modifications:

i. There were only four impingers used. Impingers one and
two contained 100 ml each of distilled deionized water,
impinger three was dry and impinger four contained 200
grams of silica gel (See Figure 11).

2. The filter and heated box were not used for the outlet
tests.

The contents of the impingers were transferred to tare weighted sample

jars at the clean-up area. The sample containers were used as follows:

Container #1 - Filter (inlet only)

Container #2 - Deionized distilled water wash of nozzle,
probe, Teflon line, filter holder (inlet
only), impingers 1, 2 and 3 and their
connecting glassware, plus the contents
of impingers 1,2, and 3.

Container #3 - Silica gel from the fourth impinger
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The samples were analyzed for urea and ammonia in addition to
formaldehyde. The analyses for urea and ammonia were performed as de-
scribed previously. The analysis for formaldehyde consisted of reacting
an aliquot of the sample solution with chromatropic-sulfuric acid reagent
to form a purple chromogen. This colored solution was analyzed colori-
metrically using a spectrophotometer at 580 nm. The absorbance of the
colored solution is proportional to the quantity of formaldehyde. Standard
formaldehyde solutions were prepared to produce a calibration curve which
was used to determine formaldehyde concentration of the individual sample.
The sample concentration was multiplied by the sample volume to determine

the total formaldehyde in the sample.

VISIBLE EMISSIONS "A" GRANULATOR

The visible emissions measurements were conducted by a certified
visual 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 back-
ground. The dark background was provided by either the synthesis tower

or a row of trees.

PARTICLE SIZE "A" GRANULATOR
A Sierra Model 226 multi-stage cascade impactor was operated in its
instack mode. Sampling was performed isokinetically from a single point

at the center of the scrubber inlet and outlet ducts. Prior to the
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initiation of sampling, the impactor was leak tested and placed in the
flow stream for 20 minutes to allow for heating to duct temperature and
thereby prevent condensation. Sampling was initiated immediately

upon rotation of the nozzle into the flow stream. The brief sampling
time at the inlet necessitated presetting of the sampling 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 for isoki-
netic 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 was brushed and washed with distilled deionized water into a
sample jar and sealed. These samples were returned to TRC and weighed
on an analytical balances to 0.0l mg. The filters were dessicated for
at least 24 hours before the initial weighing. The filters were then
weighed until a constant weight was reached. If constant weight was
not attained, the filters were then redessicated for at least six hours.
The weighing room had an environment where the relative humidity was
less than 50 percent. More information on particle sizing can be found in

Appendix B.

SCRUBBER LIQUID "A" GRANULATOR

Samples (approximately 500 ml) of the scrubbing liquid streams
entering and exiting the "A" Granulator Scrubber were collected at
approximately 15 minute intervals during the urea and ammonia tests.

The sample temperature was measured immediately upon collection.
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The sample was then allowed to reach room temperature and then the
pH was measured with a pH meter.

The individual samples were then composited into one inlet and
one outlet sample for each associated run. The pH of the composite
sample was also measured with the pH meter. The composited samples
were returned to TRC's laboratory and analyzed for urea, ammonia,

and formaldehyde concentration in accordance with Appendix M.

PROCESS SAMPLES "A" GRANULATOR

Grab samples of the urea melt, unscreened and screened product
were collected at their respective locations in the process. A grab
formaldehyde additive sample was also collected and retained for pos-
sible future analysis.

The urea melt, unscreened and screened product samples were pre-
pared for anqusis by dissolving a known weight (approximately 209 mg)
into 100 ml of distilled deionized water. The solution was then analyzed
for urea, ammonia and formaldehyde using the procedures in Appendix M

and Appendix E.

UREA AND AMMONTA SYNTHESIS TOWER MAIN VENT

Urea and ammonia in the Synthesis Tower Main Vent Stack were sampled
from a single point located in the geometric center of the duct. The
velocity of the duct gas was measured using a S-type pitot tube in
accordance with EPA Method 2. Construction of the S-type pitot tube
was consistent with EPA Method 2. The velocity profile across the duct

was found to be flat during the preliminary traverse.
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The sampling train is shown schematically in Figure 12 and consists
of a nozzle, instack orifice, probe, Teflon line, eight impingers, vacuum
pumé and a dry>ga5‘me£er. The nozzle (1) is stainless steel and is of a
buttonhook shape. An instack orifice (3) was used to permit isokinetic
sampling of a stream with a moisture content greater than 50%. The instack
orifice meters the sample at the stack conditions and, therefore, changes
in moisture will not affect isokinetic sampling. The instack orifice
was connected to a 5/8" stainless steel glass lined probe (2). An ice
bath containing eight impingers (5) was attached to the probe via a
section of Teflon tubing. Impingers one through four contained 100 ml
each of distilled deionized water, impinger five was empty and numbers
six and seven each contained 100 ml of 10N H,SO,. The 10N H, S0, was
necessary because of the high ammonia concentration. The smell of
ammonia was noticed in the exhaust of the train during tests 1 and 2
and the silica gel turned purple during these tests indicating in-
complete ammonia collection in the impingers. The eighth impinger
contained silica gel (200 grams). Leaving the eight impinger, the
dry sample stream flowed through flexible tubing (6), a vacuum gauge
(7), needle valve (8), pump (9), and a dry gas meter (11). A cali-
brated orifice and included manometer (12), complete the sampling train.
The stack velocity pressure was measured using a pitot tube (13) and
inclined manometer. Stack temperature was monitored by a thermocouple
attached to the probe and connected to a potentiometer (1l4). A calcula-
tion was made to determine the instack orifice pressure drop required
for any pitot velocity pressure in order to maintain isokinetic sampling

conditions.
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Test data recorded included test time, pitot pressure, stack temperature,
meter volume, meter inlet-outlet temperature and orifice pressure drop. At
completion of each run the train was leak checked, then purged for 15 minutes
to assure complete collection of ammonia. The nozzle and probe were washed
and brushed three times on site into a glass sample jar which was sealed with a
Teflon-lined cap. The Teflon line between the probe and lst impinger was
rinsed three times with distilled, deionized water into a second glass
sample jar and sealed. The sample jars and impingers were returned to the
sample train prep and clean up room for storage and measurement of volume
of liquid collected.

The contents of impingers were transferred to tare weighted sample

jars at the clean up area. The sample containers were used as follows:

Container #1 - Contents of first five impingers and deionized
distilled water wash of impingers, Teflon line,
nozzle and probe.

Container #2 - Contents of impingers six and seven and deionized
distilled water wash of impingers.

Container #3 - Silica gel from eighth impinger.

The samples were transported to TRC's iaboratory and analyzed for
urea, ammonia and formaldehyde. The urea concentration was measured by
adding urea color reagent (see Appendix M) to the samples and measuring
the absorbance of the solutions with a spectrophotometer at 420 nm. The
ammonia concentration was measured by adding Nessler reagent to the samples
and measuring the absorbance of the solutions with a spectrophotometer
at 405 nm. The formaldehyde concentration was measured by reacting an

aliquot of the sample solution with chromatropic-sulfuric acid reagent.
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to form a purple chromogen. This colored solution was analyzed colori-
metrically using a spectrophotometer at 580 mm. Calibration curves were
drawn from the corresponding absorbances of urea, NH3, and formaldehyde
standard solutions. The calibration curves were used to determine the
urea and ammonia concentrations of the samples. The sample concentration
was multiplied by the sample volume to determine the total urea, ammonia
and formaldehyde. Special calculations were performed to determine the
volume of dry gas sampled, percent moisture and molecular weight of duct
gas. The gaseous volume of ammonia collected in the impingers was added
to the volume measured by the dry gas meter to equal the total dry sample
volume. The gaseous equivalent volume of water collected in the impingers
was divided by the total sample volume (H,0 gaseous equivalent volume +
NH3; gaseous equivalent volume + dry gas volume measured by dry gas meter)
to determine the percent moisture in the duct gas stream. The molecular
weight of the duct gas stream was calculated from the percent moisture,
percent ammonia and the percent CCp, Oz, and Ny of the dry gas volume
based on measurements at a similar synthesis tower. Appendix G contains

the complete calculations.
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