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- PREFACE

The work reported herein was performed by personnel from TRC Environmental
Consultants, Inc. (TRC), the GCA/Technology Division (GCA), Agrico Chemical
Company, Blytheville, Arkansas (Agrico), and the U.S. Environmental Protection
Agency (EPA).

The scope of work, issued under EPA Contract No. 68-02-2820, Work Assign-
ment Number 11, was under the supervision of the TRC Project Manager, Mr.
Willard A. Wade III. Mr. Eric A. Pearson of TRC was responsible for summariz-
ing the test and analytical data presented in this report. Sample analysis
was performed at the Agrico, Blytheville, Arkansas plant under the direction
of Ms. Margaret M. Fox, and at the TRC laboratory in Wethérsfield, Connecticut
under the direction of Ms. Joanne M. Marchese.

Stephen K. Harvey of GCA was responsible for monito?ing the process opera-
tions during the emissions testing program. GCA personnel were also respon-
sible for preparing Section 3.0, Process Description and Operations, and
Appendix G of this report.

Personnel of Agrico Chemical Company, Blytheville, Arkansas, whose assist-~
ance and guidance contributed greatly éo the success of ghis emissions testing
program included Mr. Jesse Boggan, Environmental Coordinator, Mr. James
Kilpatrick, Chief Chemist, and Mr. Deryl Beiard, Chemist.

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

Mr. Gary D. McAlister, Office of Air Quality Planning and Standards, Emis-
sion Measurement Branch, EPA, served as Lead Chemical Engineer and was respon-
sible for developing and evaluating the analytical procedures used on this

progranm.

-ij-



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

coordinating the emission test program.
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1.0 INTRODUCTION
1.1 Background

Section 111 of the Clean Air Act of 1970 charges the Administrator of the
United States Environmental Protection Agency (EPA) with the responsibility of
establishing Federal standards of performanée 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. Emission data, collected from
controlled sources in the particular industry of concern, provide a portion of
the data base used by EPA to develop SPNSS.

EPA's Office of Air Quality Planning and Standards (OAQPS) selected the
Agrico Chemical Company urea manufacturing plant in Blytheville, Arkansas, as
a site for an emissions test program. The program was designed to provide a
portion of the emission data base required for SPNSS. 1In addition, emission
samples obtained during this program were used as part of a urea analysis
method investigation. The results of this investigation are presented in the
EPA report 79-NHF-13 “"Development of Analytical Procedures for the
Determination of Urea from Urea Manufacturing Facilities”.

EPA engaged TRC to measure urea, ammonia and formaldehyde in the exhaust
gas of the granulator "C" scrubber at the Agrico urea plant. This report
presents the results of this sampling program conducted under EPA contract

#68-02-2820 and Technical Directives #1 and #2.

1.2 Measurement Program

The measurement program consisted of emissions tests performed by TRC at

the Agrico Chemical Company urea manufacturing facility in Blytheville,



Arkansas, on December 18 and 19,‘1978.

The Agrico plant produces dgranulated urea for industrial and fertilizer
use. The urea is produced by three Spherodizere granulators which operate
continuously 24 hours a day, 7 days a week, as production demands. Each
granulator has its own impingement-type water scrubber. Granulator exhaust
air is ducted through the scrubber and fan and then discharged from a stack.
Air 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 schematié of the granulators' exhaust gas ducting and emission control
system is shown in Figure 1l-1.

The measurement program consisged specifically of the following:

1. Six one-hour emissions tests at the "C" granulator scrubber outlet.
Sampling was performed for urea, ammonia, formaldehyde and insoluble.
particulate in the outlet gas stream.

2. Sampling of the scrubber inlet and outlet liquor at the beginning and
end of each emissions test run.

The scrubber outlet gas stream and scrubber liquor samples were analyzed

within 24 hours for urea and ammonia and within 20 days for formaldehyde and

insoluble particulate. The urea and ammonia analyses of the gas stream
samples were performed by TRC and Agrico, for comparison purposes. Urea
analyses wére performed using the Kjeldahl (with preliminary distillation)
method. |

Two identical sets of twelve urea audit samples were prepared by TRC
according to specific EPA instructions. One set was analyzed by TRC, the
other by Agrico; both analyses took place within 12 hours of sample
preparation. While both analyses were performed using the Kjeldahl total
nitrogen method (without preliminary distillation), the final ammonia content

(from which the urea content was calculated) was determined by nesslerization
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by TRC, and by titration by Agrico.

All sampling and measurements made at this facility were performed during
times of normal urea production process operation, as described in Section
3.0, Process Description and Operations. The urea production rate from the
"C" granulator during these tests was  approximately 400 tons/day. TRC
personnel were responsible for performing the above emissions testing and
sampling. Concurrently, GCA was responsible fo; monitoring and recording
pertinent process operation parameters. During the testing program the plant

was producing fertilizer grade urea.

1.3 Description of Report Sections

The following sections of this report contain the summary of results
(Section 2.0), process description and operations (Section 3.0), location of
sampling points (Section 4.0), and descriptions of sampling and analysis
methods (Section 5.0). Audit sample results are contained in Section 2.0.
Detailed information on methods and procedures, and all field and laboratory
data, are contained in their associated appendices, as noted in the Table of

Contents.
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2.0 SUMMARY OF RESULTS

This section presents the results of the emissions tests performed in
December 1978 at the Agrico Chemical Company urea manufacturing plant in
Blytheville, Arkansas. Testing was performed on the gas stream exiting, and

on the liquor streams entering and exiting, the granulator "C" scrubber.

2.1 Granulator "C" Scrubber Outlet Gas Stream

The data from the granulator "C" scrubber outlet gas stream emissions
tests are shown in Table 2-~1. The urea and ammonia data represent the
analyses performed by TRC at the Agrico laboratory within 24 hours of sample
collection; the formaldehyde analyses were performed at ch within 20 days of
sample collection,

The urea and ammonia analyses included a common preliminary distillation
step during which hydrolysis of some urea to ammonia is known to occur. The
commonly used conversion factor is: 7 percent of the urea converts to ammonia
during this preliminary distillation(l). Tge data in Table 2-1 are
appropriately corrected to account for this conversion, using the 7 percent
factor.

These scrubber outlet gas stream data differ considerably from the data
obtained by TRC during emissions tests on the granulator "A" scrubber at this
facility in October 1978. While the average ammonia gas stream concentration
(grains/DSCF) in December is about 80% that in October, the  urea
concentrations in December are 3 times those of October; and the December

formaldehyde concentrations are 16 times those of October. These differences

may result in large part from differences in the granulators at this Agrico

1) Standard Methods of wWater and Wastewater Analysis, APHA, AWWA, WPCF,
14th edition, 1975 p. 408.




TABLE 2-1a (English)

SUMMARY OF UREA, AMMONIA, AND FORMALDEHYDE BMISSIONS FROM THE C GRANULATOR
SCRUBBER OUTLET AT AGRICO QHEMICAL COMPANY, BLYTUEVILLE, ARKANSAS

Run Number Run 1 Run 2 Run 3 Run 4 Run 5 Run 6
Date 12-18-78 12-19-78 12-19-78 12-19-78 12-19-78 12-19-78
Volume of Gas Sampled (DSCF)ba 34.93 34.44 32.62 33.14 32.41 33.62
Volumetric Flowrate (DSCEM) 55180 54720 51130 52910 51730 53750
Average Gas Temperature (°T) 92 102 104 - 103 105 104
Percent Moisture 6.0 3.8 5.1 4.9 3.1 3.8
Percent Isokinetic 107.2 106.7 108.2 106.2 106.2 106.1
Production Rate (Tons/Hour) 15.46 15.08 15.08 15.08 15.08 15.08
Urea Data ©
Total Sample Weight (Milligrams) 63.0 96.3 36.0 51.5 30.8 50.3
Grains/DSCF 0.02779 0.04306 0.01697 0.02391 0.01464 0.02304
Pounds/Hour 13.14 20.19 7.438 10.85 6.492 10.61
Pounds/Ton 0.850 1.339 0.4932 0.7195 0.4305 0.7036
Ammonia Data d
‘Total Sample Weight (Milligrams) 420.7 324.4 591.5 346.2 320.7 303.5
Grains/DSCF 0.1855 0.1451 0.2792 0.1609 0.1524 0.1390
Pounds/Hour 87.72 68.02 122.36 72.95 67.56 64.04
Pounds/Ton 5.674 4.511 8.114 4,837 44.80 4.247
Formaldehyde Data €
Total Sample Weight (Milligrams) 3.90 4.70 3.30 4.24 2.05 3.14
Grains/DSCF 0.001719 0.002102 0.001558 0.001970 0.000974 0.001438
Pounds/Hour 0.8131 0.9856 0.6827 0.8934 0.4318 0.6625
Pounds/Ton 0.0526 0.06536 0.04527 0.05924 0.02863 0.04393
4 Dry standard cubic feet @ 68°F and 29.92 inches Hg.
b Dry standard cubic feet per minute.
¢ Kjeldahl Analysis method with preliminary distillation, corrected for urea to ammonia conversion.
d Nessler analysis method with preliminary distillation, corrected for urea to ammonia conversion.
e

Chromotropic Acid Analysis Method.

Average

33.53
53237
102
4.5
106.8
15.14

54.7
0.02511
11.46

0.7569

384.5
0.1766
80.57
5.322

3.56
0.001635
0.7460

0.04927
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TABLE 2-1b (Metric)

SIMMARY OF UREA, AMMONIA, AND FORMALDEHYDE BMISSTONS FROM THE C GRANULATOR
SCRUBBER OUTLET AT AGRICO CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

Run Number Run 1 Run 2 Run 3 Run 4 Run § Run 6

Date 12-18-78 12-19-78 12-19-78 12-19-78 12-19-78 12-19-78 Average
Volume Of Gas Sampled (Nma) a b 0.98922 0.97534 0.92380 0.93852 0.91785 0.95212 0.94957
Volumetric Flowrate (Nn3/min) 1562.7 - 1549.7 1448.0 1498.4 1464.99 1522.2 1507.7
Average Gas Temperature (°C) 33 39 40 39 1 40 39
Percent Moisture ' 6.0 3.8 ) 5.1 4.9 3.1 3.8 4.5
Percent.lsokinetic 107.2 106.7 108.2 106.2 106.2 106.1 106.8
Production Rate (Mg/lour) 14.025 13.681 13.681 13.681 13.681 13.681 13.735
Urea Data

Total Sample Weight (mg) 63.0 96.3 36.0 51.5 30.8 50.3 54.7
Grams/Nm3 0.06356 0.09851 0.03883 0.05472 0.03349 . 0.05271 0.05746
Kg/Hour 5.958 9,159 3.374 4,921 2.945 4.813 5.198
Kg/Mg 0.425 0.669 0.247 0.360 0.215 0.352 0.378
Ammonia Data d

Total Sample Weight (mg) 420.7 324 .4 591.5 346.2 320.7 303.5 384.5
Grams/Nm3 . 0.4244 0.3320 0.6389 i 0.3681 0.3488 0.3180 0.4041
Kg/Hour 39.79 30.86 55.50 33.09 30.64 29.05 36.55
Kg/Mg _ . 2.837 2.256 4.057 2.419 2.240 2.124 2.661

Formaldehyde Data €.

Total Sample Weight (mg) 3.90 4,70 3.30 . 4.24 2.05 3.14 3.56

Grams/Nm?3 0.00393 0.00481 0.00356 0.00451 0.00223 0.00329 0.00374
Kg/Hour 0.36882 0.44707 0.30967 .40525 0.19586 0.30051 0.33839
Kg/Mg 0.01315 0.03268 0.02264 0.02962 0.01432 0.02197 0.02464
2 Normal cubic meters @ 20°C, 760 mm Hg.

b Normal cubmic meters per minute.

¢ Kjeldahl analysis method, corrected for urea to ammonia conversion.

d Nessler analysis method with preliminary distillation, corrected for urea to ammonia conversion.

e

Chromotropic Acid analysis method.



plant. The three granulators (A, B, and C) in operation at this facility are
not identical and, according to Agrico personnel, do have different operating
characteristics. In particular, the lifting flights in granulator "C" are
larger than those of "B" and "A". These devices help move the prills along
inside granulators, and the larger ones in éranulator "C" may have contributed
to the noticeably higher plume opgcity from "C" than from "A" and "B", as
noted by Agrico personnel. The higher opacity presumably reflects different
granulator operating characteristics.

The sampling train used during the December tests differed from that of
the October tests ig that the December impingers contained only water, while
water and acid impingers were used in October. As a result, the ammonia
collection efficiency may have been less than optimum during the December
tests. If so, then the actual December ammonia concentrations themselves may
equal or exceed those of October.

In December the ammonia analyses were performed both by direct
nesslerization and by nesslerization with preliminary distillation(l); the
two methods agreed within 10 percent (see Section 2.2). 1In October, direct
nesslerization was used.

The same formaldehyde analysis method was used in December and in October
(chromotropic acid method). A probable reason for the higher December
formaldehyde results is contaminated distilled water. The water used in
December for impinger charging and sample analysis was deionized through a
resin which subsequently was found to contain significant amounts of
formaldehyde.

The urea analysis methods differed between October and December: the

Kjeldahl method was used in December, and the p-dimethylaminobenzaldehyde

method was used in October. The differences between these two methods,

(1) ibid. pp. 407 ff.



however, would not account for more than a very small fraction of the observed
disparity between the October and December urea concentrations.

The insoluble particulate analysis results of the granulator "C" scrubber
outlet gas stream tests are shown in Table 2-2. These data iﬁdicate that the

insoluble particulate content of the outlet gas stream is insignificant.

2.2 Comparison of TRC and Agrico Scrubber Outlet Gas Stream Analysis

The TRC and Agrico granulator "C" scrubber outlet analysis results are
shown together in Tables 2-3 (urea results) and 2-4 (ammonia results). The
TRQ urea data were obtained directly using the Kjeldahl with preliminary
distillation method(l). The Agrico urea data were obtained indirectly

through separate Kjeldahl (total nitrogen)(l)

y (2)

and distillation/titrimetric
(ammonia nitrogen analyses; urea was then calculated by subtracting
ammonia nitrogen from total nitrogen. Both corrected and uncorrected data are
shown in Tables '2-3 apd 2-4 (corrected for conversion of urea to ammonia
during distillation, as discussed in Section 2.1).

The urea data in Table 2-3 show that on the average the Agrico results are
30% higher than the TRC results. Run by run, however, there is no consistency
between the TRC and Agrico data; the Agrico results vary from much higher to
much lower than the TRC results. There is no immediately evident reason for
the differences between the two sets of data. The indirect method of analysis
used by Agrico is susceptible to inaccuracy, since errors in the component
analysis (for total nitrogen and ammonia nitrogen) may be compounded when urea
nitrogen is calculated by subtraction. The Agrico analysis data (Appendix E)

show that relatively small titrant volumes were used in these titration

analyses: the total nitrogen titrant volumes ranged from 5.8 ml to 13.5 ml;

(1) ipbid. pp. 437 ff.
(2)  jibid. pp. 417 ff.
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TABLE 2-2

INSOLUBLE PARTICULATE ANALYSES RESULTS FROM THE
"'C"" GRANULATOR SCRUBBER OUTLET GAS STREAM AT
AGRIOD CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

Run Number Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Average
Date 12-18-78 12-19-78 12-19-78 12-19-78 12-19-78 12-19-78 12-19-78
Volume of Gas Sampled (pscr)? 34,93 34.44 32.62 33.14 32.41 33.62 33.53
Volumetric Flowrate (DSCFM)b 55180 54720 51130 . 52910 51730 53750 53237
Total Sample Weight (Milligrams) 2.08 1.82 0 0.18 0 1.13 0.87
Pounds/Hour . <0.001 <0.,001 0 <0.001 0 <0.001 <0.001

aDry Standard Cubic Feet @ 68°F, 29.92 inches Hg.
l)Dry Standard Cubic Feet per minute.
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Run Number
Date

Volume of Gas Sampled (DSCF)
Volumetric Flowrate (DSCFM)
Production Rate (Tons/hour)

Urea Analysis By:

Total Sample Weight (Milligrams)
Grains/DSCF
Pounds/Hour
Pounds/Ton

Run Number
Date

Volume of Gas Sampled (DSCF)
Volumetric Flowrate (DSCFFD
Production Rate (Tons/hour)

Urea Analysis By:

Total Sample Weight (Milligrams)
Grains/DSCF

Pounds/Hour

Pounds/Ton

TABLE 2-3

TRC AND AGRICO UREA ANALYSIS RESULTS
FROM *'C"* GRANULATOR SCRUBBER OUTLET GAS-STREAM
AT AGRICO CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

Run 1 Run 2
12-18-78 12-19-78
34,93 34.44
55180 54720
15.46 15.08
c ... d .

TRC Agrico TRC : Agrico
Uncorrected Corrected  Uncorrected Corrected - Uncorrected Corrected Uncorrected Corrected
58.9 63.0 175.5 188.7 90.0 96.3 11.8 12.7
0.02597 | 0.02779 0.07754 0.08338 0.04024 0,04306 0.00529 0.00569
12.28 13.14 36.67 39,43 18.87 20.19 2.480 2.667
0.794 0.850 2.372 2.551 1.251 1.339 0.164 0.176

Run 3 Run 4
12-19-78 12-19-78
32.62 33.14
51130 52910
15.08 15.08
TRC © " Agrico d TRC Agrico
Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected
33.6 36.0 26.4 28.3 48.1 51.5 104.8 112.7
0.01586 0.01697 0.01249 0,01343 0,02235 0,02391 0.04880 0.05247
6.951 7.438 5.474 5.886 10.14 10.85 22.13 23.80
0.461 0.493 0.363 0.390 0.672 0.719 1.468 - 1.578

aDry standard cubic feet @ 68°F, 29.92 inches Hg.

bDry standard cubic feet per minute.

CTRC urea analysis by Kjeldahl with preliminary distillation. Corrected = uncorrected * 1,07,

dAgrico urea analysis by total Kjeldahl nitrogen minus ammonia nitrogen = urea nitrogen.

See Section 3.2 for details on data reduction and correction.
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TABLE 2-3 (Cont.)

TRC AND AGRICO UREA ANALYSIS RESULTS
FROM "'C'' GRANULATOR SCRUBBER OUTLET GAS-STREAM
AT AGRICO CEIMICAL COMPANY, BLYTHEVILLE, ARKANSAS

Run Number Run §

Date 12-19-78

Volume of Gas Sampled (DSCF)ba 32.41

Volumetric Flowrate (DSCPM) 51730

Production Rate (Tons/hour) 15.08

Urea Analysis By: TRC © Agrico d

Uncorrected Corrected Uncorrected Corrected

Total Sample Weight (Milligrams) 28.8 30.8 19.7 21.2
Grains/DSCF 0.01368 0.01464 0,00938 0.01009
Pounds/Hour 6.067 6.492 4.159 4,472
Pounds/Ton 0.402 0.430 0.276 0.297
Run Number Average

Volume of Gas Sampled (DSCF)ba 33.53

Volunetric Flowrate (DSCFM) 53237

Production Rate (Tons/hour) 15.14

Urea Analysis By: TRC Agrico

Uncorrected Corrected Uncorrected Corrected

Total Sample Weight (Milligrams) 51,1 54.7 66.4 71.4
Grains/DSCF 0.02347 0.02511 0.03056 0.03286
Pounds/lour 10.71 11.46 13.95 15.00
Pounds/Ton 0.707 0.757 0.921 0.990

apry standard cubic feet @ 68°F, 29,92 inches Hg.
bl)ry standard cubic feet per minute.
STRC urea analysis by Kjeldahl with preliminary distillation., Corrected = uncorrected * 1.07,

Run 6
12-19-78
33,62
53750
15.08
TRC Agrico
Uncorrected Corrected Uncorrected Corrected
47.0 50.3 60.3 64.8
0.02153 0.02304 0.02768 0.02976
9.917 10.61 12.75 13.711
0.658 0.704 0.846 0.910

dAgrit::o urea analysis by total Kjeldahl nitrogen minus ammonia nitrogen = urea nitrogen. See Section 3.2 for details on data reduction and correction.
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TABLE 2-4

TRC AND AGRICO AMMONIA ANALYSIS RESULTS
FROM '"*C"* GRANULATOR STRUBBER OUTLET GAS-STREAM
AT AGRICO CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

Run Number . Run 1 Run 2

Date 12-18-78 12-19-78

Volume of Gas Sampled (nscp)ba 34.93 34.44

Volumetric Flowrate (DSCFM) 55180 54720

Production Rate (Tons/hour) 15.46 15.08

Ammonia Analysis By - T™e © Agrico d TRC Agrico

Dist.-N Dist.-N Dist.-T Dist.-T Dist.-N Dist.-N Dist.-T Dist.-T
DN Uncorrected Corrected Uncorrected Corrected DN Uncorrected Corrected Uncorrected Corrected

Total Sample Weight (Milligrams) 403.7 423.2 420.7 464.1 456.6 332.6 328.2 324.4 484.7 484.2
Grains/DSCF 0.1780 0.1866 0.1855 0.2050 0.2017 0.1487 0.1468 0.1451 0.2172 0.2170
Pounds/Hour 84.17 88.24 87.72 96.98 95.41 69.74 68.82 68.02 101.9 101.8
Pounds/Ton 5.444 5.708 5.674 6.273 6.172 4.625 4.564 4.511 6.75S 6.748

Run Number Run 3 Run 4

Date 12-19-78 12-19-78

Volune of Gas Sampled (DSCF)? 32.62 33.14

Volumetric Flowrate (DSCRM) 51130 52910

Production Rate (Tons/hour) 15.08 15.08

Ammonia Analysis By: TRC Agrico TRC Agrico

Dist.-N Dist.-N Dist.-T Dist.-T Dist.-N Dist.-N Dist.-T Dist.-T
DN Uncorrected Corrected Uncorrected Corrected DN Uncorrected Corrected Uncorrected Corrected

Total Sample Weight (Milligrams) 369.6 592.9 §91.5 381.5 380.4 362.8 348.2 346.2 369.4 364.9
Grains/DSCF 0.1745 0.2799 0.2792 0.1805 0.1800 0.1686 0.1618 0.1609 0.1720 0.1699
Pounds/Hour 76.46 122.65 122.36 79.10 78.9 76.45 73.37 72.95. 78.01 - 77.06
Pounds/Ton 5.070 8.133 8.114 5.245 5.230 5.070 4.865 4.837 5.173 5.110

%ry standard cubic feet @ 68°F, 29.92 inches Hg.

b[)ry standard cubic feet per minute.

“TRC ammonia analysis done by direct nesslerization (DN) and distillation/nesslerization (Dist.-N). Correction is for urea to ammonia conversion.
Corrected = uncorrected - 0.07 * corrected urea/1.765,

d/\g'rico ammonia analysis done by distillation/titration (Dist.-T). Correction is for urea to ammonia conversion. See Section 3.2 for details

Sl v .. . .
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TABLE 2-4 (Cont.)

TRC AND AGRICO AMMONIA ANALYSIS RESULTS
FROM *'C" GRANULATOR SCRUBBER OUTLET GAS-STREAM
AT AGRICO GIEMICAL COMPANY, BLYRIEVILLE, ARKANSAS

Run Mumber Run S Run 6
Date 12-19-78 12-19-78
Volume of Gas Sampled (DSCF),® 32,41 33.62
Volumetric Flowrate (DSCRM) 51730 53750
Production Rate (Tons/hour) 15.08 15,08
Amnonia Analysis by: TR © Agrico d TRC Agrico
Dist.-N Dist.-N Dist.-T Dist.-T Dist.-N Dist.-N Dist.-T Dist.-T
DN Uncorrected Corrected Uncorrected Corrected DN Uncorrected Corrected Uncorrected Corrected
Total Sample Weight (Milligrams) 341.6 321.9 320.7 353.7 352.9 301.5 305.5 303.5 300.7 298.1
Grains/DSCF . 0.1623 0.1530 0.1524 0.1684 0.1680 0.1381 0.1399 0.1390 0.1380 0.1368
Pounds/Hour 71.96 67.81 67.56 74,68 74.51 63.62 64.46 64.04 63,59 63.04
Pounds/Ton 4,772 4,497 4,480 4,952 4,941 4,219 4,275 4,247 4,217 4,181
Run Number Average
Volume of Gas Sampled (DSCF) g 33.53
Volumetric Flowrate (DSCRM) 53237
Production Rate (Tons/hour) 15.14
Ammonia Analysis By: TRC © Agrico d
Dist.-N Dist.-N Dist.-T Dist.-T
m Uncorrected Corrected Uncorrected Corrected
Total Sample Weight (Milligrams) 352.0 386.7 384.5 392.4 389.6
Grains/DSCF 0.1617 0.1776 0.1766 0.1806 0.1793
Pounds/Hour 73.76 81.03 80.57 82.41 81.82
Pounds/Ton 4,872 5.352 5.322 5.465 5.426

2pry standard cubic feet @ 68°F, 29.92 inches lig.

bDry standard cubic feet per minute.

C{RC ammonia analysis done by direct nesslerization (DN) and distillation/nesslerization (Dist.-N). Correction is for urea to ammnia conversion.
Corrected = uncorrected - 0,07 * corrected urea/1.765,

dAgrico ammonia analysis done by distillation/titration (Dist.-T). Correction is for urea to ammonia converstion. See Section 3.1 for details
on data reduction and correction, '



the ammonia nitrogen titrant volumes ranged from 5.4 ml to 11.5 ml. In order
to minimize titration errors, TRC has found that titrant volumes of at least
20 ml should be used. For these reasons, and because the TRC data are more
consistent, the TRC urea data are considered more accurate.

The ammonia data in Table 2-4 show that on the average, the TRC and Agrico
fesults are in close agreement. TRC utilized two analysis methods: direct
nesslerization and nesslerization with preliminary distillation. Agrico

utilized the titration method with preliminary distillation.

2.3 5crubber Liquor Sampling Results

Two samples were collected from both the inlet and the outlet liquor
streams of the granulator "C" scrubber during each emission test run. At the
end of each test run the individual samples obtained during that run were
combined into two composite samples: one inlet sample and one outlet sample.
These were then analyzed by TRC for urea and ammonia at the Agrico laboratory,
and for formaldehyde and insoluble particulate at TRC. The analysis results
are shown in Table 2-5. Procedural difficulties precluded obtaining any
reliable insoluble particulate data. The same analysis methods used on the
scrubber gas stream samples were also used on the scrubber liguor samples.
And the same distillation correction factor was applied to the urea and
distilled ammonia data. Because the urea concentrations in the outiet ligquor
greatly exceed the ammonia concentrations, the "corrected"™ outlet ammonia
concentrations are negative. This result illustrates the potential inaccuracy
inherent in this correction method when it is applied to samples containing

large concentrations of urea.

The urea, direct nesslerization ammonia and formaldehyde data in Table 2-5
generally agree with the data obtained during the October 1978 emissions tests

on the dgranulator "A" scrubber at this Agrico facility. Two exceptions are,

-15-
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TABLE 2-5

*'C'"" GRANULATOR SCRUBBER LIQUOR ANALYSIS RESULTS
FROM AGRICO CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

INLET _(ppm)
Run Number 1 2 3 4 5 6 Average
Date 12-18-78 12-19-78 12-19-78 12-19-78 12-19-78 12-19-78
Urea Data a
Uncorrected 29387 38830 38830 28858 35079 35962 34491
Corrected 31444 41548 41548 30878 37535 38479 36905
Amnonia Data .
Direct Nesslerization 7300 * * 5900 * * 6600
pist. - N (uncorrected)b 8167 6800 7000 6050 6600 6200 6803
Dist. - N (corrected) © 6920 5152 5352 4825 5111 4674 5339
Formaldehyde Data d 18.25 38.00 38.00 14.25 16.89 14.63 23.34
OUTLET (ppm)
fun Number 1 2 3 4 S 6 Average
Date . 12-18-78 12-19-78 12-19-78 12-19-78 12-19-78 12-19-78
Urea lata a
Uncorrected 458900 434630 498610 423600 - 483170 454490 458900
Corrected 491020 46510 53350 453250 516990 486300 491020
Ammonia Data
Direct Nesslerization 2110 x & 2400 * * 2255
Dist. - N (uncorrected) b 14650 10650 8800 11400 9200 8350 10508
Dist. - N (corrected) C ni k% k& RA *A [ 1] £
Formaldchyde Data 9 <0.05 0.21 0.21 0.19 0.30 0.19 0.22

a Kjeldahl with preliminary distillation analysis method. Correction applied for urea to ammonia conversion. Corrected = uncorrected * 1.07.
b Nessler analysis method with preliminary distillation.

¢ Correction for urea to ammonia conversion. Corrected = uncorrected - 0.07 * corrected urea/1.765.

d Chromotropic Acid Analysis method.

* Analysis not performed.
** Correction for urea to ammonia conversion yields negative values.

Note: Insoluble particulate measurements were not accurate and are not presented. See Section 3.2 for details.



however, worthy of note:

o Inlet ammonia concentration - in October the average inlet ammonia
concentration was 13900 ppm; the average in Table 2-5 is 6600 ppm
(direct nesslerization).

O Outlet urea concentration - in October the average outlet urea

concentration was 689,400 ppm; the average in Table 2-5 is 458,900
ppm (uncorrected).

The higher outlet gas stream urea grain loading in these December tests
compared to the October tests should be reflected in a higher scrubber liquor
urea concentration. If, however, scrubber "C" is less efficient than scrubber
"A", then the urea data are reasonable. The December and October gas stream
ammonia data are comparable, which would tend to indicate that the liguor
ammonia results should also be comparable. 1If, however, much of the ammonia
in the\liquor comes from the breakdown of urea, then the ammonia liquor data
are reasonable. The inlet and outlet 1liquor ammonia data (direct
nesslerization) also show evidence of ammonia stripping, whereby ammonia in

the liquor is transfered (presumably) to the gas stream.

2.4 Urea Audit Samples - Comparison of TRC and Agrico Analyses

TRC and Agrico each analyzed a different set of twelve urea samples, each
set prepared by TRC according to specific EPA instructions. Both analyses
were performed at the Agrico laboratory within 12 hours of sample prepara-

tion. The TRC audit sample set was analyzed using the total Kjeldahl nitrogen

(1)

method with no preliminary distillation, ending with nesslerization . The

Agrico audit sample set was analyzed using the same total Kjeldahl nitrogen
method, but ending with titration. The results of the urea audit sample

analyses are shown in Table 2-6.

(1) ibid. pp. 437 ff.
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Average

Percent error
E=D* 60/28
Percent error

TABLE 2-6

RESULTS OF UREA AUDIT SAMPLE ANALYSES
PERFORMED BY TRC AND AGRICO
AT AGRICO CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

= (100 * B/I_\) - 100

= (100 * E/C) - 100

* TRC Analysis Ly total Kjeldahl nitrogen method, ending with Nesslerization. No preliminary distillation.
** Agrico analysis by total Kjeldahl nitrogen method, ending with Titration. No preliminary distillation.

TRC Analysis* AGRICO Analysis**
Actual Urea - As a Actual Urea Measured As Equivalent
Sample Weight asured Error Sample Weight Nitrogen Urea Error ©
(mg) (mg) (L) __(mg) (mg) (mg) ®
A B C D E
100.71 94.04 -6.6 100.54 ' 96.3 206.4 105
311.98 288.90 -7.4 292.78 281.1 602.4 106
598.36 568.75 -4.9 598.08 582.4 1248.0 109
5.64 5.44 -3.5 5.26 3.6 7.7 46.
11.60 11.15 -3.9 9.64 11.8 25.3 162
40.40 38.69 -4.2 42.48 38.6 82.7 94.
2.60 2.43 -6.5 2.04 1.1 2.4 17.6
6.84 6.49 -5.1 6.16 5.0 10.7 73.
9.42 8.96 -4.9 9.54 . 9.5 20.4 114
5.40 4.90 -9.3 5.96 5.3 11.4 91.
4,30 3.93 -8.6 4.18 3.9 8.4 101
30.16 27.93 -7.4 31.32 27.4 58.7 87.
-6.0 92.9



The TRC analysis results average 6.0 percent lower than the actual  urea
sample weights, and each sample analysis is less than the actual. It was
initially- thought that the consistently low results were due to the blank
correction. Discounting the blank correction in the analysis calculation
however, yields an overall +5.0 percent error, indicating that factors other
than the blank correction may also be involved in the consistently low (blank
corrected) results.

The Agrico analysis results average 92.9 percent higher than the actual
urea sample weights and the reason for this large error is not immediately
evident. These analyses were concluded with with titration, and the Agrico
analysis data (Appendix E) indicate that very low titration volumes were often
used (seven of the twelve titrations required less than 6 ml of titrant). TRC
has found that larger titrant volumes (at least 20‘ml) are necessary in order
to help minimize errors during titration. A disadvantage of the titration
method is that the entire sample is used for one titration; consequently, if
an error 1is made or if a result is suspect, there is no possibility of
re-analysis.

Because the titration results are reported as mg nitrogen, conversion of
mg nitrogen to mg urea is required and is performed stoichiometrically: 2
moles (28 grams) of nitrogen are contained in 1 mole (60 grains) of urea. The
underlying assumption for using this conversion (and for not using preliminary
distillation, for that matter) 1is that all the nitrogen in the samples

originated as urea.
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“The TRC analysis results average 6.0 percent lower than the actual urea
sample weights, and each sample analysis is less than the actual. It was
.initially thought that the consistently low results were due to the blank
correction. Discounting the blank correction in the analysis calculation
however, yields an overall +5.0 percent error, indicating that factors other
than the blank correction may also be involved in the consistently low (blank
corrected) results.

The Agrico analysis results average 92.9 percent higher than the actual
urea sample weights and the reason for this large error is not immediately
evident. These analyses were concluded with titration, and the Agrico
analysis data (Appendix E) indicate that very low titration‘volumes were often
used (seven of the twelve titrations required less than 6 ml of titrant). TRC
has found that larger titrant volumes (at least 20 ml) are necessary in order
to help minimize errors during titration. A disadvantage of the titration
method is that the entire sample is used for one titration; consequently, if
an error is made or if a result is suspect, there is no possibility of
re-analysig.

Because the titration results are reported as mg nitrogen, conversion of
mg nitrogen to mg urea is required and is performed stoichiometrically: 2
moles (28 grams) of nitrogen are contained in 1 mole (60 grains) of urea. The
underlying assumption for using this conversion (and for not using preliminary
distillation, for that matter) is that all the nitrogen in the samples

originated as urea.
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3.0 PROCESS DESCRIPTION AND OPERATIONS

3.1 Process Equipment

This Agrico wurea manufacturing facility employs three rotary d;um
granulators designed by C&I Girdler as the solids forming devices. A single
urea solution synthesis process supplies all three granulators. A schematic
of the urea manufacturing process is shown in Figure 3-1, showing one of the
three granulators and related equipment.

The concentrated molten urea, referred to as melt, leaves the solution
synthesis process and 1is pumped to the granulators. The molten urea is
sprayed onto a bed of solid urea "seed" particles at the higher end of the
inclined granulator. Lifting flights 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 collection 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 conveyed to a bulk storage warehouse.

The airstream through the granulators entrains significant quantities of
urea and recovery of this material is essential for this solids formation
technique to be economically viable. A Joy Turbulaire "Type D" scrubber is
employed with each granulator to remove most of the particulate from the
granulator exhaust. After passing through the granulator, the air is drawn by

y

a fan through the scrubber and out a stack.

-20-
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This scrubber can be operated at varied pressure drops by adjusting the
scrubber liquor 1level. 1In order to meet particulate emission 1limitations,
this plant operates the scrubbers at a pressure drop in excess of 14 inches
W.G. Cleaned process condensate from the urea synthesis operation is used as
make-up scrubber liquor. The urea concentration of the liquor is maintained
at 45 percent to 50 percent. Scrubber liquor is returned to the solution
synthesis process for urea recovery. A schematic of the scrubber, depicting

air and liquor flow streams, is shown in Figure 3-2,

3.2 Process Operation

Emission testing was conducted by TRC on the exhaust from the "C"
granulator scrubber. During each emission test run, GCA monitored and
recorded process and control equipment operating parameters to ensure that the
‘process operated at representative, steady-state conditions. GCA also
obtained composite scrubber inlet and‘ outlet 1liquor samples from the "C"
granulator scrubber during the test runs.

During the emissions testing on December 18 and 19, 1978, fourteen process
parameters were monitored in order to determine granulator production rate and’
process stability. Relative parameter values, expressed as a percent of the
mean value over the two-day testing period, are shown in Table 3-1. Urea melt
temperature and the "C" granulator inlet and outlet air temperature values are
considered confidential. Appendix G contains all raw data values.

The data in Table 3-1 show that some parameters remained relatively
constant, while others varied considerably over the two test periods. The
paraméters which varied the most are the Urea Solution Tank Level on the 19th,
the Additive Feed Rate on both days, and the Scrubber Liquor Level on both

days. The high value for the Spray Nozzle Pressure was 12.4 and 14.0 percent
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TABLE 3-1

AVERAGE VALUES AND RANGES ROR PROCESS AND CONTROL EQUIPMENT

OPERATING PARAMETERS DURING EMISSION TEST RUNS
AT AGRIOD CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

12/18/78 1:55p-4:10p 12/19/78 9:05a-5:20p

Parameter Symbol Mean* Range* Mean* Range*
Ammonia Feed Rate NH; Teed 98 98-102 101 98-103
Urea Solution Tank Level TK-101 93 91-94 102 91-124
Additive Feed Rate AFR 95 82-106 102 78-116
Urea Melt Temperature UMT + + t t
Granulator Spray Nozzle Pressure GSPC 103 97-109 99 93-106
Granulator Inlet ‘Air Temperature AIGT + + t +
Granulator Outlet Air Temperature AOGT + + + +
Scrubber Liquor Level SLL 104 ‘90-111 98 85-104
Scrubber Fan Amps SFA 100 99-102 100 99-102
Scrubber Liquor Temperature SLT 93 93-94 102 100-107
Scrubber Liquor Feed Rate ISLF $ : : :
Scrubber Outlet Air Temperature A0S 93 89-93 103 100-105

*Values expresses as percentages of overall mean values for both test periods.

tConfidential Readings.

* - - I3
*Readings were inaccurate or monitoring device was broken during test period.



higher than the low reading on the 18th and 19th, respectively. Since melt
throughput is proportional to the square-root of the pressufe drop, the
highest throughputs were only 6.0 percent and 6.9 percent higher than the
lowest throughput for each day.

The recorded values for Urea Solution Tank Level, Additive Feed Rate, and
Scrubber Liquor Levels varied enough to merit further scrutiny. Mean values,
standard deviations, and variation ranges of these three parameters during the
six sampling runs are shown in Table 3-2. Although all three exhibit
significant fluctuations in mean value from run to run, only the Additive Feed
Rate readings varied substantially over the course of a single run (a single
.run lasted 1 hour).

It is important to point out that readings for all three of thesée
parameters are uncalibrated values. In the case of the Additive Feed Rate,
the value 1is followed to maintain steady conditions; for the two 1liquid
levels, the plant attempts to keep the readings at values which they know from
experience correspond to the design levels. It is not known to what extent
fluctuations in the readings reflect variations in the actual parameters. For
instance, does a 10 percent change in the Scrubber Liquor Level reading
reflect a 10 percent change in actual scrubber 1liquor depth or does the
monitoring device scale cover only a fraction of the total depth? 1In this
case, the actual fluctuation in the liquor depth is far 1less than that
depicted by the readings. The extent to which fluctuations in Scrubber Ligquor
Depth readings affect the air passage above the sump, and hence the airstream
velocity, is not known.

Production rate data initially appeared ambiguous. The production
totalizer readings for the "C" granulator, when corrected using the correction

factor developed during tests conducted October 9 to 13, 1978, yielded
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TABLE 3-2

AT AGRICO CHFMICAL COMPANY, BLYTHEVILLE, ARKANSAS

VARIABILITY OF THREE PROCESS OPERATING PARAMETERS DURING EMISSION TESTS RUNS

TK-101 Urea Solution Tank Level

AFR Additive Feed Rate

SLL Scrubber Liquor Level

~ Standard Standard Standard

Run Number Date Time Spanf Mean Deviation Range* Mean Deviation Range* Mean Deviation Range*
1 12/18 1:55p-3:00p - - - 2.8 0.29 82-106 42.2 0.51 107-111
2 12/19 9:05a-10:20a 16.1 0.45 94-100 3.3 011 106-117 39.1 0.19 101-102
3 12/19 11:00a-12:00p 15.3 0.24 95-98 3.2 0.13 106-117 40.0 0.32 102-104
4 12/19 1:10p-2:10p 16.1 0.20 96-99 2.6 0.16 80-97 38.0 0.89 99-106
5 12/1§ 2:55p-3:55p 17.3 0.68 99-112 2.8 0.27 81-108 39.1 0.86 97-103
6 12/19 4:10--5:20p 19.5 0.65 112-124 3.0 0.24 85-106 35.4 1.37 85-95

*Range values are expressed as percentages of the overall average for the entire testing period.

‘rT@me spans are meant to encompass the period when sampling occurred and are not start and finish
times for the actual sampling.



unrealistic production rates. It was evident that the "C" totalizer had been
adjusted since those tests. A new correction factor was therefore developed
for the "C" granulator totalizer (as detailed in Appendix G), and production
rates were recalculated. These calculated production rates appeared to be
more reasonable but were not used because they are valid only if the
correction factor for the "A"™ granulator totalizers 4id not change. Product
totalizers are not considered to be accurate production rate indicators by
plant personnel, who use them mostly to indicate changes in production rétes.
Spray nozzle pressure was then selected as a more valid indicator of
production rate. It 1is a reasonably good method if the physical
characteristics of the urea melt do not change significantly from day to day
and if the characteristics of the spray nozzles do not change substantially

due to wear or urea buildup.

One of the important concepts on which the original correction factors
were based was that the urea melt spray conformed to the orifice equation and
that, therefore, the flow rate through each nozzle was proportional to the
square root of the pfessure drop across the nozzle. Carrying this concept one
step further, and applying the assumptions of constant melt properties and
constant nozzle characteristics, production rates can be calculated using the

simplified orifice equation:

G =K +op (1)

where
G = Melt flowrate, tons/minute
K = Empirical constant, tons/(Minute . psig%}
AP = Pressure drop across nozzles, psig.

The constant K is a function of fluid, nozzle, and flow properties which

are assumed constant for this sytem. The constant K was calculated to be
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0.0434 based on data collected at Agrico during the October 9-13, 1978 tests.

A comparison of production rates as calculated by totalizer readings and
production rates calculated from nozzle pressure readings is presented in
Table 3-3 for granulators A, B and C for the October emissions tests. The
average difference between these production measurement methods was 2.6% for
all granulators and 2.7% for granulator "C".

Assuming that no significant <change occurred in nozzle or melt
characteristics between the October 1978 and the December 1978 test dates, the
value of 0.0434 can be used in Equation (l) to calculate average production
rates for 18 December and 19 December, 1978. The results are shown below:

PRODUCTION RATES OF "C" GRANULATOR DURING DECEMBER 1978 TESTS
BASED ON EQUATION (1)

Average G G
Date Time P, psig Tons/Min. Ton/Day
Dec. 18, 1978 1:55p-4:10p 35.2 0.257 371
Dec. 19, 1978 9:05a-5:20p 33.6 0.252 362

To assure that the scrubber on the "C" granulator was operating properly
during testing, scrubber liguor samples Qere taken during each emission test
run. Agrico preferred that their personnel draw the necessary scrubber liquor
samples. GCA observed the sample collection and took immediate custody of the
samples. Inlet and outlet liquor samples were taken at the beginning and end
of each test run and these samples were then analyzed for urea, ammonia,
formaldehyde and percent solids. The sampling locations are shown in Figure
3-2. The actual times that the samples were collected are 1listed in

Appendix G.
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TABLE 3-3

COMPARISON OF PRODUCTION RATES CALCQULATED BY BQUATION 1
AND PRODUCTION RATES CALCULATED FROM CORRECTED TOTALIZER READINGS
DURING THE 9-13 OCTOBER 1978 EMISSIONS TESTS
AT AGRICO CIEEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

""A"" GRANULATOR "B GRANULATOR ''C'* GRANULATOR
AP aP AP
Gt Spray G* Gt Spray G* G+ Spray G*
(tons/min) nozzles (tons/min)  Error (tons/min) nozzles (tons/min)  Error (tons/min) nozzles (tons/min) Error

(psig) ) (psig) O] (psig) %)
0.270 40.5 0.276 2.2 0.275 41,0 0.278 1.1 0.278 41.0 0.278 0.0
0.273 40.5 0.276 1.1 0.279 40,5 0.276 1.1 0.280 4.0 0.278 0.7
0.270 40,0 0.274 1.5 0.278 39.0 0.271 2.5 0.270 40.5 0.276 2.2
0.276 40.0 0.274 0.7 0.285 40.0 0.274 3.9 0.292 43.0 0.285 2.4
0.277 40.5 0.276 0.4 0.281 40.5 0.276 1.8 0.286 42.0 0.281 1.7
0.294 41.0 0.278 5.4 0.289 42.0 0.281 2.8 0.285 42.0 0.281 1.4
0.248 37.5 0.266 7.3 0.254 35.0 0.257 1.2 0.267 36.5 0.262 1.9
0.270 35.5 0.259 4.1 -- -- -- -- . 0.276 38.0 . 0.268 2.9
0.273 40.5 0.276 1.1 0.265 39.5 0.273 3.0 0.264 40.0 0.274 3.8
0.260 38.0 0.268 31 0.260 3.5 0.255 1.9 0.278 36.5 0.262 5.8
0.247 37.0 0.264 6.9 0.253 33.5 0,251 0.8 0.277 35.5 0,259 6.5
Gt - Production rate based on corrected totalizer readings.
G* - Production rate based on empirical equation using pressure drop across spray nozzles,

(See Equation 1).

*
Error = (gf - 1| X 100



Scrubber operating parameters were_also recorded during the emission test
runs in order to monitor the stability of this device. The variation of these
parameters is shown in Table 3-1. The higher operating temperatures recorded
on December 19 probably reflect the higher ambient air temperature that
occurred that day. The ambient air temperature on December 19 was 15-20°
higher than on December 18. The affect of temperature on collection

efficiency is not known.
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4.0 LOCATION OF SAMPLING POINTS

This section presents descriptions of the sampling locations used. during
the emissions testing program at the Agrico Chemical Company urea

manufacturing plant in Blytheville, Arkansas on December 18 and 19, 1978.

4.1 Granulator C Scrubber Outlet

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
vertically through a steel stack to the atmosphere. The "C" scrubber 60-inch
I.D; outlet stack was fitted with two 4-inch I1.D. pipe-flanged sampling ports
positioned 90 degrees apart in a horizontal plane. The two ports were located
65 feet (13 stack diameters) downstream of the fan outlet, and 20 feet (4
stack diameters) upstream of the stack discharge. Since these port locations
met the "eight and two diameters" «criteria for distance from flow
disturbances, six sampling points were chosen for each axis traverse, for a
total of twelve sampling points as vspecified by EPA Reference Method 1.
Figure 4-1 shows a cross-sectioned view of the duct at the sampling location
and lists the exaﬁ; distance of each sampling point from the outside flange

' edge.

4.2 Scrubber Liquor Sampling Locations

Granulator € scrubber 1liquor samples were collected from the liquor
make-up line (cleaned process condensate from the urea synthesis operation)
and from the return liquor line downstream from the circulating pump. Figure

4-2 shows these sampling locations.
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5.0 SAMPLING AND ANALYSIS METHODS

This section presents general descriptions of sampling and analysis
procedures employed during the emissibns testing program conducted at the
Agrico Chemical Company, Blytheville, Arkansas, urea manufacturing facility
during December 18 and 19, 1978. Details of sampling and analysis procedures

are contained in Appendices C and D.

5.1 EPA Reference Methods Used in This Program

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

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

Thursday, August 18, 1977, pp 41755 ff.

o Method 1 - Sample and Velocity Traverses for Stationary Sources

This method specifies the number and 1location of sampling points
within a duct, taking into account duct size and shape and local flow
disturbances. In addition, this method discusses the pitot-nulling
technique used to establish the degree of cyclonic flow in a duct.

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

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

0 Method 4 - Determination of Moisture Content in Stack Gases

This method describes the extraction of a gas sample from a stack and
the removal and measurement of the moisture in that sample by
condensation impingers. The assembly and operation of the required
sampling train is specified.

o Method 5 - Determination of Particulate Emissions from Stationary
Sources

This method specifies the isokinetic sampling of particulate matter
from a gas stream utilizing techniques introduced in the above three
methods. Sample collection and recovery, sampling train cleaning and
calibration, and gas stream flowrate calculation procedures are
specified.
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5.2 Urea and Ammonia Sampling and Analysis

5.2.1 Sampling

The outlet gas stream of the granulator C scrubber was sampled at points
located in accordance with the relationship, detailed by EPA Method 1, of the
sampling ports to upstream and downstream flow disturbances. The velocity of
the duct gas was measured using S-type pitot tubes constructed and calibrated
in accordance with EPA Method 2.

The sampling train used on this sampling program is shown in Figure 5-1
and is a modification of the standard EPA Method 5 particulate sampling
train. The modifications used were: altered impinger sequence, absence of a
filter, use of a teflon line and maintenance of the probe temperature at about
10°F above stack temperature.

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

The first three impingers each contained 100 ml of deionized distilled
water. The fourth impinger remained empty while the fifth was filled with 200
grams of indicating silica gel to remove any remaining moisture.

Leaving the last impinger, the sample gas stream flowed through flexible
tubing, a vacuum gauge, needle valve, pump, and dry gas meter. A calibrated
orifice‘ and inclined manometer completed the sampling train. The stack
velocity pressure was measured with an inclined manometer and an S-type pitot
tube constructed, calibrated and used in accordance with EPA Reference Method
2. Stack temperature was monitored by a thermocouple attached to the probe

and connected to a potentiometer. A nomograph was used to determine the

-35-



_9€_

/ THERMOMETER

STACK WALL ~~————>—|§§

R

LEGEND
1 - NOZZLE 7 - NEEDLE VALVE
2 - PROBE 8 - PUMP :
3 - TEFLON LINE 9 - DRY GAS METER
4 - ICE BATH 10 - ORIFICE
6 - FLEXIBLE LINE 11 - PITOT TUBE & INCLINED MANOMETER
6 - VACUUM GAGE 12 - POTENTIOMETER

- FIGURE 5-1: MODIFIED EPA PARTICULATE SAMPLING TRAIN
| Mg 1977 , gE R F G 1



orifice pressure drop required for any measured pitot velocity pressure and
stack temperature in order to maintain isokinetic sampling conditions.

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

temperature, and orifice pressure drop.

5.2.2 Sample Recovery and Preparation

At the completion of each test run the train was leak-checked. The
impinger sample volumes were measured and then the nozzle, probe, flexible
tef;on line, the first four impingers and their connecting glassware were
rinsed with distilled deionized water. The impinger samples were combined
with these washes and placed in a glass jar with a teflon-line cap.

At the Agrico laboratory, the silica gel from the fifth impinger was
weighed to + 0.1 g. The combined impinger sample was filtered through a
pre-weighed glass-fiber filter. The filter was rinsed with distilled
deionized water to prevent solids from drying out. The filtrate and filter
rinses were then combined and the total volume was measured in a graduated
cylinder.

Approximately 100 ml of this sample was set aside for formaldehyde
analysis at TRC. Another portion was removed for immediate analysis (within
24 hours of collection) for urea and ammonia at the Agrico laboratory by both
TRC and Agrico. The remaining sample was itself split into two portions;
these latter portions were returned to TRC for additional urea analysis method
investigations. These investigations are described in the EPA Report
79-NHF-13 "Development of Analytical Procedures for the Determination 6f Urea

from Urea Manufacturing Facilities”.
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5.2.3 Sample Analysis

5.2.3.1 Analysis by TRC

A portion of each of the emission tests samples was analyzed for urea and
ammonia by TRC at the Agrico laboratory within 24 hours of sample collection.
The urea analysis was done with the Kjeldahl method (with preliminary
distillation, ending with nesslerization); the ammonia analysis was done by
direct nesslerization and by nesslerization with preliminary distillation.

The preliminary distillation was a step common to the Kjeldahl urea and
distillation/nesslerization ammonia analyses. Sodium borate and sodium
hydroxide were added to a portion of the sample to act as a buffer and to
bring the pH to 9.5 or greater. The sample was then distilled, and the
distillate (containing the ammonia) was collected in a boric acid solution.
To this solution was added the nessler reagent, and after full color
development the absorbance of this solution was measured with a
spectrophotometer. To the distillation residue was added the Kjeldahl
digestion reagent which converts organic nitrogen (urea) to ammonia. This
(converted) ammonia was then distilled into an acid solution and analyzed by
nesslerization as above.

Sample absorption measurements were converted to ammonia concentration
through a calibratioh curve prepared with a series of standard ammonia
solutions. Urea concentrations were calculated by multiplying the organic
nitrogen ammonia concentrations by the stoichiometric factor 60/34.

Direct nesslerization ammonia measurements were made by adding the nessler
reagent directly to a portion of the sample, awaiting full color development,
and taking the absorbance reading with the spectrophotometer. A separate
calibration curve was prepared for the direct nesslerization measurements.

One complication of the preliminary distil;ation step to remove ammonia is

the hydrolysis of urea to ammonia that occurs during the distilltion. It has

-38-



been estimated that about 7 percent of the urea in a sample is converted to
ammonia during the ©preliminary distillation step.(l) Therefore, the
indicated urea concentration multiplied by 1.07 equals the actual urea
concentration. At the same time, the indicated ammonia concentration must be
reduced by a stoichiometrically equivalent amount. Since 2 moles (34 grams)
of ammonia are formed from the hydrolysis of 1 mole (60 grams) of urea, the
ammonia correction equation is as follows:

Aa = Al - (Ua * 0.07 * 34/60)

where Aa = actuai ammonia concentration

Ai = indicated ammonia concentration

Ua = actual urea concentration
If the actual wurea concentration is small relative to the ammonia
concentration, then these corrections are insignificant. However, if urea
concentrations are large (as, for example, in scrubber 1liquor streams)
compared to ammonia concentrations, then the ammonia corrections are
unrealistic, and result in negative'actual ammonia concentrations (see Section
2.3 and Section 5.5).

Because urea was the species of concern in this emissions testing program,
the impingers in the sampling train contained only water. In order to most
efficiently capture ammonia, however, the gas stream should be bubbled through
an acid solution; in a neutral or basic solution ammonia will tend to remain

as a gas and will tend to leave the solution. For this reason, the ammonia

(1) standard Methods of Water and Wastewater Analysis, APHA, AWWA, WPC?,
14th edition, 1975 p.408

i
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collection efficiency of this sampling train may have been less than optimum,
and the ammonia concentrations shown in Sections 2.1 and 2.2 may be less than
the ammonia concentrations that actually existed in the scrubber outlet gas

stream.

5.2.3.2 Analysis by Agrico

A portion of the same samples analyzed by TRC were analyzed for urea and
ammonia by Agrico personnel at the Agrico laboratory within 24 hours of sample
collection, The urea analyses were done with the indirect Kjeldahl method,
ending with distillation and titration; the ammonia analyses were done by
distillation and titration.

For these analyses two equal aliquots of sample were used. The first
aliquot was buffered and distilled into a boric acid solution in the same
manner as was done by TRC. Color indicator was then added to the distillate
solution, and this solution was then‘ titrated with standard 0.02N sulfuric
acid until the proper indicator color was obtained. The sample ammonia
nitrogen (Na) concentration 1is calculated directly £from the volume of
standard acid used in this titration.

The second aliquot was digested with the Kjeldahl digestion reagent to
convert all organic nitrogen to ammonia. This solution was then distilled
into a boric acid solution, and this distillate solution was then titrated and
the total nitrogen (Nt) concentration of the sample was calculated from the
titrant volume, as described above.

The sample urea concentration was calculated by subtraéting the ammonia
nitrogen concentration from the total nitrogen concentration, and converting
this difference (organic nitrogen) to urea stoichiometrically. The

calculation procedure, including corrections for the conversion of urea to
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ammonia during distillation, is as follows:

N = N, - N, = mg urea nitrogen (uncorrected)

A
*

60/28 = mg urea (uncorrected)

(e
[}

(Nu * 60/28) (1-k) = mg urea (corrected)
where k = 0.07

and 60/28 = stoichiometric factor.

N_ * 17/14 = mg ammonia (uncorrected)

>
U}

(Na * 17/14) - (k * U/1.765) mg ammonia (corrected)
where 1.765 = 60/34 = stoichiometric factor.
The factor k represents the standard 7 percent correction for urea to ammonia
conversion during distillation.
As was noted in ‘Section 2.2, the titrant volumes used by Agrico were
relatively small (ranging from 5.8 ml to 13.5 ml for the total nitrogen
analyses and from 5.4 ml to 11.5 ml for ammonia nitrogen). Larger titrant

volumes (at least 20 ml) are recommended in order to minimize titration errors.

5.3 Formaldehyde Sampling and Analysis

The same samples collected, recovered and prepared as described in
Sections 5.2.1 and 5.2.2 were analyzed for formaldehyde as well as urea and
ammonia. ' The sample portions set aside for formaldehyde measurement were
analyzed at TRC within 20 days.of sample collection using the chromotropic

acid method.

5.4 Insoluble Particulate Sampling and Analysis

The combined impinger samples (probe and glassware rinses and impinger

contents) were filtered through a pre~-weighed glass-filter at the Agrico
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laboratory. The filters were returned to TRC in sealed petri dishes. They
were then desiccated for at least 24 hours and then weighed to a constant
weight. Constant weight is defined as two consecutive weighings, taken at
least 6 hours apart, which agree within 0.5 mg. This analysis took place

within 20 days of sample collection.

5.5 Scrubber Liquor Sampling and Analysis

5.5.1 Sampling, Sample Recovery and Preparation

During each of the six emissions test runs performed on the granulator C
scrubber outlet, scrubber liquor inlet and outlet samples were collected in
glass jars with teflon-lined caps. The jars were half-filled about 15 minutes
into a test run, and then the remaining half was filled about 15 minutes
before the end of the run.

Because of time constraints, only samples from test runs 1 and 4 were
filtered (to remove all undissolved solids) and analyzed for urea and ammonia
at the Agrico laboratory within 24 hours of sample collection. All samples
were then returned to TRC, and the samples from test runs 2, 3, 5, and 6 were
filtered and analyzed for urea and ammonia with 72 hours of sample collection.

A portion of each sampleiwas set aside for formaldehyde analysis; these
analyses were performed along with the formladehyde analyses of the scrubber
gas stream samples within 20 days of sample collection.

A change in the work assignment scope of work resulted in there being an
insufficient supply of pre-weighed glass-fiber filters to filter all the
samples as quickly as possible after saméle collection. In some cases,
therefore, inlet and outlet 1ligquor samples were filtered through the same
filter; filtrates were kept separate and these twice-used filters were rinsed

thoroughly between sample filtrations. Samples 3, 5, and 6 were filtered in
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this way. The exact volume of each filtered sample was not measured, so

solids concentration calculations were based on the approximate volume of the
sample jars (about 400 ml). For these reasons little confidence is placed in
the measured insoluble particulate concentrations of the scrubber 1liquor

samples.

5.5.2 Sample Analysis

The scrubber liquor samples were analyzed for |urea, ammonia and
formaldehyde in the same manner and with the same analysis methods as the
scrubber outlet gas stream samples (Sections 5.2 and 5.3). Much larger
dilutions were required for the liquor samples, however, because of the much
greater ammonia and urea concentrations in the liquor than in the gas stream
(see Appendix D for dilution factors). Consequently, errors or inaccuracies
inherent in the analysis procedures may be magnified in the liquor sample
analyses.

Because the urea concentrations in the outlet liquor samples are much
greater than the ammonia concentrations, the corrected ammonia concentrations
(corrected for conversion of wurea to ammonia during the preliminary
distillation step) for the outlet samples are negative. This result indicates
that the 7 percent correction factor (as discussed in Section 5.2) is
inappropriate for high concentration urea samples. The actual rate of
hydrolysis of urea may be a function of the absolute urea concentration or of
the relative urea to ammonia concentration. Further investigation of this

problem, over a wide range of urea concentrations, is needed.
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5.6 Urea Audit Samples - TRC and Agrico Analyses

Two sets of twelve urea audit samples, each set ranging from about 2 mg to
about 600 mg, were weighed at TRC in tared vials on a S5-place analytical

balance and then brought to Agrico for analysis during the December 1978
emissions test program. TRC and Agrico each analyzed one set of the sample
sets. The TRC analyses were performed with the Kjeldahl method ending with
nesslerization; the Agrico analyses wére performed with the Kjeldahl method
ending with titration. In both cases, no preliminary distillation was
performed since the only source of nitrogen in the audit samples was urea.

The analyses were performed within 12 hours of dilution of the urea
samples. In each set, the first six samples were diluted with 400 ml
distilled, deionized water; the last six were diluted with 250 ml 1IN sulfuric
acid. This was done to simulate the water and acid impingers normally used in

a urea particulate sampling train.

5.6.1 Analysis by TRC

The TRC audit sample set was prepared and analyzed at the Agrico
laboratory during the December 1978 field program. Kjeldahl digestion reagent
was added to an aliquot of each audit sample solution, converting all organic
nitrogen to ammonia. The ammonia was then distilled into a boric acid
solution, nessler reagent was added and the absorbance of the distillate
solution was measured in a spectrophotometer. Absorbance was converted to
ammonia concentration with a calibration curve prepared from the absorbances
of standard ammonia solutions. A reagent blank was analyzed in the same
manner as the audit samples.

The measured ammonia concentrations were converted to urea concentrations
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as follows:

urea (mg) = ammonia (mg) * 60/34,
utilizing the stoichiometric relationship between moles of ammonia and moles
of urea.

As noted in Section 2.4, the TRC analysis results agreed with the actual
audit sample weights within 6 percent, on the averagé. The measured urea
contents were all less than the actual contents, ranging from 3.9 percent to
9.3 percent lower. Eliminating the blank correction brought the average error
to +5 percent, ranging from -5.9 percent to +22.3 percent. The blank
correction 1is therefore considered appropriate. There 1is no noticeable
difference between the analysis results of the first six samples (water
diluted) and the last six (acid diluted). A breakdown of each sample analysis

is shown in Appendix E.

5.6.2 Analysis by Agrico

The Agrico audit sample set was prepared and analyzed at the Agrico

laboratory on January 4 and 5, 1979. The Agrico analyst diluted each sample
to one liter with the appropriate diluent (water and acid). The Kjeldahl
digestion and distillation was performed in the same way as the TRC analysis.
Final total nitrogen content was determined by adding a color indicator to the
distillate solution and titrating with gtandard acid. The indicated mg
nitrogen were thep converted to mg urea as follows:

mg urea = mg nitrogen * 60/28,
utilizing the stoichiometric relationship between moles of nitrogen and moles
of urea.

The Agrico results averaged 92.9 percent higher than the actual audit

sample urea content, ranging from 17.6 percent higher to 162 percent higher.



These results could reflect errors in several areas, including standardization
of the titration acid and contamination during digestion and distillation.
Only one blank was run, and this may not‘ have been representative of the
entire sample set analyzed over 2 days. Seven of the twelve analyses had
titrant volumes less than 6 ml; usually a titration should utilize at least 20
ml in order to minimize the possibility of error. A variation in the
indicated blank titrant volume (1.7 ml) would significantly effect the results

of the low titrant volume samples.
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APPENDIX A.1l

GRANULATOR C SCRUBBER OUTLET



TEST DATA -- UREA, AMMONIA, FORMALDEHYDE == TEST NO 1
TRC PROJECT 82988-01

UNIT TESTED UNIT C

DATE AND TIME OF TEST DEC 18 1978 1500 70 1607

SAMPLING LOCATION SCRUBBER OUTLET

NAME OF FIRHM AGRICO -EPA

LOCATION OF FIRM BLYTHEVILLE ARK

POLLUTANTS SAMPLED UREA AND AMMONIA

3AROMETRIC PRESSURE. IN HG 29 .34

DUCT AREA, SQ FT 18.98

NOZZLE DIAMETER. IN C.185

PITOT CALIBRATION COEFFICIENTS 1 0.839

2 0.000
3 0.000

DRY GAS METER CALIBRATION FACTOR. Y 0.930

FINAL LEAK RATE. CFM C.014

TONS PER HOUR, PRODUCT - g.000

COMPOSITION OF CUCT GAS. % BY VOLUME DRY BASIS
CARBONTDIOXIDE 0 .00
OXYGEN 21 .00
CARBON MONOX IDE 0.00
NITROGEN 79 .00

UREA, AMMONIA, FORMALDEHYDE COLLECTED. MG

UREA AMMONIA-DIR AMMONIA-DIST FORMALDEHYIE
H20 IMPINGERS 0.6040€ 02 8.4037E 03 0.,4232€E Q3 0.3700€ 01
H2S04 IMPINGERS 0.0000E GO 6.000QE CO 0.03000E 0N 0 .0000€E 0Q
TOTAL 0.6040E 02 0.4037E 03 O.4232E 03 0.3300g 01

AMOUNT OF WATER COLLECTED. GRAMS
IMPINGERS 35.0
SILICA GEL : 12.0



TEST DATA -- UREA, AMMONIA, FORMALDEHYDE -- TEST NO
82%88-01

INT TIME VEL HEAD
IN H20
1 5.0 0.9100
2 5.0 0.5400
3 S.0 0.9000
4 5.0 J0.,90C3
5 5.0 0.84GC03
6 5.0 G.6300
1 5.0 0.9600
2 5.0 J.9900
3 Sel 0.9700
4 5.0 0.8600
S 5.0 0.8300
6 5.0 0.6900

FINAL METER VOLUME

TRC PRQJECT

ORIFICE

PRESS
IN H20

1.0500
1.0800
1.0200
1.0200
0.9700
G .8500

1.1000
1.1500
1.1400
1.0100
0.9600
0.8100

METER
INLET
DEG F

53,
S3.
53.
52.
52,

51.

" 54,

54,
54,
su.
53.
54,

TEMPS DUCT STAT DuUCT

EX IT
DEG F

55,
53.
53.
52.
S51.
51.

53.
53,
54,
54,
53,
54,

PRESS
IN H20

-0 .40
-Q .40
-0 .40
-0 .40
-0.,40
-Q .49

-0.48
-0.48
-0.u8
-0.48
-0 448
-0.48

TEMP
DEG F

94,
92,
91,
89.
86.
g6.

g1,
94.
95.
95.
4.
54,

INITIAL P CYC

METER VOL R ANG

Cu FT B.
154.23 1 O,
157.00 1 Q.
159.22 1 Q.
162.20 1 g,
165.56 1 (.
16852 1 Q.
171.18 1 Q.
174,12 1 Q.
177.10 1 Q0.
183.20 1 Q.
182,37 1 Q.
185.76 1 Qo

188,52



TEST DATA -- UPEA, AMMONIA, FORMALDEHYDE -- TEST NO . 1
TRC PROJECT  82988-01

AGRICO -EPA
SCRUBBER OUTLET
DEC 138 1978 1500 TO0 1607

UNIT C

STANDARD CONDITION TEMPERATURE, DEG F eseeeesesesccscses 0.6300E 02
STANDARD CONDITION PRESSURE. IN HG 6000 00 00006 000800 b 0.29926 02
IOTAL SA"PLING TIHE. HINU‘ES 0 & 86000000 0 ¢POOSES OSSOSO SEDSNIOS G.bDIUE 02
AVER AGE SQUARE ROOT VELOCITY HEAD. IN H20 EXP +5 ssseee 0.9300E QO
AVERAGE ORIFICE PRESSURE DI0P. IN H20 evecoccscccsceses O0.1013E 01
AVERAGE METER TEMPERATURE . DEG F eososscosccocassossses Us5304E 02
AVERAGE DUCT STATIC PRESSURE« IN H20 sseecccvcocescsses -0.4400E 0O
AVERAGE DUCT TEMPERATURE s DEG F seeeveccescccscccccscese UsI9175E 02
TOIAL SAMPLE VOLU”EI DACF 9 6 000 8800000600040 0000 08 VOO s 003“29E 02
TOTAL SAHPLE VOLUHE. DSCF LN 2 BN K IR B BN BN S BN BN BN BN BN BN BN BN BN BN BN B NN BY RN AR X B N ) 003'*935 02
HATER VAPOR voLU"E. DSCF ..0....‘...............'..Q.'.. 0.22125 01
MOISTURE CONTENT OF DUCT GASe PERCENT svsceeccecenceses 0e5956E O1
”OLE FRACIION DRY GAS ...‘...I.'Q...'......".'......... OQQKQOQE 00
MOLECULAR WEIGHT - DRY STACK GAS secesosvsoscensssscness D4288H4E 02
MOLECULAR HEIGHT - STACK GAS 0 & 00000000 00O sE T OSSN OSSR PSS 0.2819E 02
AVERAGE STACK PRESSURE. IN HG @6 0080 ¢ 080000200 OCOE BPREOIOSETSNDS 002981E 02
DUCT VOLUMETRIC FLOR. ® 200 0000 GOLINIIOSOEOEOIOROIENIROEOEBOEOSOESETTOS D.blSSE 05
DUCT VOLU"ETRIC FLOH. DSCF" ‘..‘........'..‘I.....'.l... OISSISE 05
AVER AGE DUCT VEL OCIYY. L ....Q......"........‘....... 0.32“’35 Oq
EXCESS AIR. PERCENT 0 00 00 OGO PO CE OO OO OO EOORO O PO OO ee -UQIQSBE 05
AVERAGE DUCT GAS DENSITYe LBS/ACF cececssocscsvscsssses 0.6976E-01
ISOKINETIC FACTOR. PERCENr 0 ¢ ¢ Q0 ¢ &S OO 8OOSO OSSN GRS EOSEPRCE 0.14072E 03
EMISSION DATA
GR/ GR/ L8s/
ACF D SCF HR
UREA IN H20 0.2392E-01 0.2668E~01 0.1262E 02
UREA IN H2SO4 0.0000€ 00 0.0000E QO 0.0000E 0O
TOTAL UREA 0.2392E-01 0.2668£-01 0.1262E 02
AMMON TA-DIRECT-IN H20 0.1599&¢ QO 0.,1783E 00 0.8435€ 02
AMMONTA-DIRECT-IN HZ2SOY4 0.0000E QO 0.0000g QO 0.,3000€£ 0O
TOTAL AMMONIA-DIRECT 0.1599E 0O 0.1783E GO0 0.8435E ©2 04/84u435
AMMONTA-DISTILLED-IN HZ20 0.1676E GO 0.186%E OO 0.8842E 02
AMMONTA-DISTILLED-IN H2SO04 0.000CE QO 80.0000E OO 0.0000E 00
TOT AL AMMONIA-DISTILLED d.1676E 00 0.186%¢ 00 0.,8842% 02
FORMALDEHYDE IN HZ20 8,1545E-02 0.,1723€~02 0.81 48E 0O
FORMALDEHYDE IN HZ2S004 0.000C0E 0OC 0.0000E 00 0.3000€E OO0
TOTAL FORMALDEHYDE 0.1545E-02 0.1723E-02 G.81 48E 00




TEST DATA -- UREA, AMMONIA, FORMALDEHYDE =-- TEST NO
82988-91

TRC PROU

AGRICO -EPA
UNIT C
DEC 18 1978

STANDARD CONDITION TEMPERATURE. DEG C eescecscescnosssce
E« MM HG '

ES S0 0 000000 98 080000 000000

MM H20 EXP .S

STANDARD CONDITION PRESSUR
TOTAL SAMPLING TIME, MINUT

AVER AGE SQUARE RROT VELOCITY HEAD.
AVERAGE ORIFICE PRESSURE DR0P., MM H20
AVERAGE METER TEMPERATURE. DEG C
AVER AGE DUCT STATIC PRESSURE. MM H20
AVERAGE DUCT TEMPERATURE. DEG C

TOTAL SAMPLE VOLUME., DM3

TOTAL SAMPLE VOLUME. DNM3

WATER VAPOR VOLUME. DNM3

AVERAGE STACK GAS PRESSURE. MM HG

DUCT VOLUMETRIC FLOW. -AM3/M

DUCT VOLUMETRIC FLOW. DNM3
AVER AGE DUCY VELOCITY, M/M
VVERAGE DUCT GAS OENSITY,

UREA IN HZ20
UREA IN H2SOy
‘TOT AL UREA

AMMONIA-DIRECT-IN H20
AMMON TA-D IRECT-IN H2504
TOTAL AMMON IA-D IRECT

AMMONTA-DISTILLED-IN H20
AMMONTA-DISTILLED-IN H2SOW4
TOTAL AMMOMNMIA-DISTILLED

FORMALDEHYDE IN H20
FORMALOEHYDE IN H2S04
TOTAL FORMALDEHYDE

ECT

SCRUBBER OQUTLET

15300 T0 1607

0 & 50608 00866088060 0600580000806 060000

IH 0 6 09080060 05000000 0PSO OLESE

L B B BN 2N B AR 2R B B B 2N B IR BN L R IR BN BN IR A BR R 2N N N J

KG/AM3

MG/
AM3

0.5874E
0.0000E
De54TUHE

0.3659E
0.0C0O0E
0.3659E

0.3836E
0.0000¢L
0.3836E

0«3535E
0.0000CE
0.3535E

g2

0g
gz

03
0o
a3

03
oa
03

o1
oo
o1

e e 000 00
66 00 00600 0008 00 80
S8 9000050008000 OTPESE
s00 0006000000 00O
200 C 0 OG0 0L EECEONS OSSOSO B o

@0 0 5000 008600900000 OPOOOSPROPIPOSEITBSTOIETE

&0 0000000000 S8 PEBVYIPSPEEOSIEOEES

00 & 9000 00 0008 0o SO

EMISSION DATA

MG/
DNM3

0.6106E
1.C0303E
0.6106E

0.4081¢E
0.0000¢
d.4081E

0.4278E
C.C000E
0.4278E

043942E
0.0000E
0.3942E

g2
aa
02

a3
cQ
03

03
ao
03

g1
0o
01

KG/
HR

0.3729E
0.3000E
0.5729E

0.3829¢E
0.0000¢E
D.3829E

0.4014E
0.30QCE
C.4014E

0.3699¢E
0.000CE
0.3699E

01
0o
01

02
0o
a2z
0z
ag
g2
a]v]

ol

0.2000€ Q2
0.7600E O3
0.6010E 02
O.4687E€ 01
0.2574E 02
O.116%E Q2
-0.1118€ C2
0.3319€ 02
0.9711E 0O
0.9892¢t OO
0.6265€e-01
0.7571E 03
0.1743E 04
O0.1563E 04
G.9884E Q3
3.1117€ €1

Gel
0.0000
o/iedl
01768
0.0
cd17



TEST DATA -- UREA, AMMONIA, FORMALDEHYBE ~- TEST NO P
TRC PROJECT 82988-01

Ur T TESTED UNIT C

DAE AND TIME OF TESY DEC 19 1978 0905 V0 1011

SAMPLING LOCATION SCRUBBER OUTLET

NAME OF FIRM AGRICO -EPA

LOCATION OF FIRM BLYTHEVILLE ARK

POLLUTANTS SAMPLED UREA AND AMMONIA

BAROMETRIC PRESSURE. IN HG 29 .71

DUCT AREA. SQ FT 18.98

NOZZLE DIAMETER. IN 0.185

PITOT CALIBRATION COEFFICIENTS 1 C.839

2 G¢.0a0
3 0.000

DRY GAS METER CALIBRATION FACTOR. Y 0.930

FINAL LEAK RATE. CFM 0.000

TONS PER HCUR, PRODUCT 0.00c0

COMPOSITION OF DUCT GAS. ¥ BY VOLUME DRY BASIS
CARBON DIOXIDE G.00
OX YGEN 21 .00
CARBON MONOXIDE 0.00
NITROGEN 79 .00

UREA, AMMONIA, FORMALDEHYDE COLLECTED. MG

UREA AMMONIA-DIR AMMONIA-DIST FORMALDEHYDE
H20 IMPINGERS 0.9000E Q2 C.3330E 03 0.3290E 03 0.4700€ 01
H2504 IMPINGERS 0.0000E 00 0.0000€ GO 0.0000E 20 0.0000E OO
TOTAL 0.2000& 02 0.3330E 03 0.3290E 03 C.47008 O1

AMOUNT OF WATER COLLECTED. GRAMS
IHP INGERS 23 o0
SILICA GEL 5.6



TEST DATA -- UREA, AMMONIA, FORMALDEMYDE =-- TEST NO
82988~01

17 TIME VEL HEAD

IN K20

0.97C3
0.95C0
0.9000
0.8400
C.75G3
0.6300

nuuvmmunoo,m
e o % o o
O0o0O00aQ

W W e Ww Mg e

0.$300
0.9500
£.93C00
0.8100
0.7400
C.6900

v'*'c—*!v‘
Ugunumooy o an
o ® o o o »
[on B = B o0 B w0 [ 0 o]

\L METER VOLUME

TRC PROJECT

ORIFICE

PRESS
IN H20

1.1900
1.1500
1.0900
1.0000
0.5100
0.7600

1.1100
1.1500
1.1100
c.9800
C.5000
0.8200

METER
INLET
DEG F

$8.
58.
60.
61,
60.
60.

60.
6l.
62,
61.
62.
60,

TEMPS DUCT STAT DucTt

EXIT
DEG F

59 .
59,
6GC.
59.
59.
60.

59,
60,
61.
6l.
62,
61.

PRESS
IN HZ20

-0 .41
-0 <41
-0 .u4l
-0 .41
-0 .41
-0 .41

-0 .38
-0.38
-0.,38
-0 038
-0 038
-0.38

TEMP
OEG F

98,
102,
103.
102,

101,

100.

1c1.
133,
104,
102.
1oz,
101.

INITIAL
CU FT

193.43
196430
199.31
202.26
205.11
207 .86

213,51
213,39
21 6,44
219 .47
222.36
225.10

227 .85

P CYC
METER VOL R ANG

B

b bt pad bt s o

R R S S

O.
Qe
Qe
Qe
Ooe
Oe

Qe
O
Qe
Qe
O
O



TEST DATA =-- UREA, AMMONIA, FORMALDEHYDE ~-=- TEST NO 2
TRC PROJECT 82988-401

AGRICO -EPA
unIT C SCRUBBER OUTLET
DEC 19 1978 (905 70 1011

STANDARD CONDITION TEMPERATURE. DEG F eeecosscscscecess 046800E 02
STANDARD CONDITION PRESSURE, IN HG oeveosecocsssscssccsees 02992 02
TOTAL SAMPLING TIME. MINUTES eseevecccccosccssscscncsoce 0-6000E 02
AVERAGE SQUARE ROOT VELOCITY HEAD, IN H20 EXP o5 seeeee 0.9149E 00
AVERAGE ORIFICE PRESSURE DROP. IN HZ20 seecvccssessoases D041014E 01
AVERAGE METER TEMPERATURE: DEG F eoseesesssccsesssncesns 0«6012E 02
AVER AGE DUCT STATIC PRESSURE« IN H20 seesecsesscsvreseces ~0.3350F 00
AVERAGE DUCT TEMPERATURE. DEGF ® ¢ 00 08 00 00 0OP O OO OO OSTSPOSCOCEES DolOlﬁE 03
TOTAL SAMPLE VOLUME, DACF secevccccsccrocsessscsessssansce D.3442E 02
TOTAL SAMPLE VOLUME. DSCF seseccsacecssssosscscoscscescorsoss D.KQMHE g2
RATER VAPOR vOLUHE. DSCF 90 0 00000000 00000 COOP S ORESBSIEPOSGES 0.13"6E 01
MOISTURE CONTENT OF DUCT GAS. PERCENT eoevevoccocecossnse 0o3762E Gl
HO%E FRACTION ORY GAS 09 0800 000000000000 0080 0000800 ,e000 C.9624E 0O
MOLECULAR WEIGHT = DRY STACK GAS sesscecovssecssssccossoe C.2884E (02
MOLECULAR WEIGHT = STACK GAS sssessssessessssssssssnsce 0.28u43E 02
AVERAGE STACK PRESSURE. IN HG L B B B B B B B BRI AR B BN R BN BE BN BN BN BN BN BN N N 0.2968[ 02
DUCT VOLUHETRIC FLOH. ACF” ® 6 00 0000000 PO OO Oe S OPREP*OCOCDS 0060965 05
DUCT VOLUMETRIC FLOUI DSCFH 08 00 60 Q0 6O VS OO QOB OR SO OO BODS 005‘“72E 05
AVERAGE DUCT VELOCITY. FPH ® 00080808 080 00 0" OSSO OOEPOPE TSSOSO 0.3212E Gl‘
EXCESS AIR. PEQCENT ..................0.0.'...'.-.'0.... ‘U.quBE 05
AVERAGE DUCT GAS DENSITY, LBS/ACF soseessesccscescssose 0.6882E-01
ISOKINETIC FACTOR‘ pERCENT .....'0............O.'....... 0.1‘067E 03

EMISSION DATA

GR/ GR/ LB8S/

ACF DSCF HR
UREA IN HZ20 . 0.3620E-01 0,4033€-01 0.1891E 02 Coe
UREA IN H2504 0.0600E 0O 0.C000E OO0 0.0000E OO0 O
TOTAL UREA 0.3620E-01 0.4033E~01 0.1891E D2 0
AMMONTIA-DIRECT-IN H20 0.133%9E 0O 0L.1492E OO 0.6998E 02 0.6
AMMONTA-DIRECT~-IN H2SO4 g0.0000E on 0.0000€E 40 0.0000E Q0 0.
TOTAL AMMONIA-DIRECY 0.1339¢& QO 0.1492E 0Q 0.6998FE 02 (0
AMMONTA-DISTILLED-IN H20 0.1323E 00 0.1474E OO 0.6914E 02 C.
AMMONTIA-DISTILLED-IN H2SOW4 0.0000E OO0 0.0000E 20 0.0000E 0O O
TOT AL AMMONIA-CISTILELED G.1323E QO 0.1474E QO 0.6914E Q02 (4
FORMALDEHYDE IN H20 0.1890E-02 0.2106E-02 0.?877E 0O .

o
FORMALDEHYDE IN H2S04 0.0000E GO 0.0000E GO G.0000E Q¢ Ce.
TOTAL FORMALDEH YDE 0.,1890E-02 0.2106E-02 0.?877% 0OC 0



TEST DAYTA -- UREA, AMMONIA, FORMALDEHYDE
TRC PROJECT

ABRICO —EPA
UNIT C
DEC 19 1978

STANDARD CONDITION TEMPERATURE. DEG C

STANDARD CONDITION PRESSUR
TOTAL SAMPLING TIME,

AVER AGE METER TEMPERATURE.

AVERAGE DUCT STATIC PRESSURE,
AVER AGE DUCT TEMPERATURE, DEG C

TOTAL SAMPLE VOLUME, DM3
TOTAL SAMPLE VOLUME. DNM3
WATER VAPOR VOLUME. ONM3

AVERAGE STACK GAS PRESSURE.,
AM3I /M

DUCT VOLUMETRIC FLOW.
DUCT VOLUMETRIC FLOW. DNM3
AVERACE DUCT VELOCITY.
VVERAGE DUCT GAS DENSITY.

UREA IN HZ20
UREA IN H2SO0y4
TOT AL UREA

AMMONIA-DIRECT-IN H20
AMMONIA-DIRECT—IN HZ2S04
TOTAL AMMONIA-D IRECT

AMMONTA-DISTILLED-IN H20
AMMONTA-DISTILLED-IN HZ2S504
TOTAL AMMONIA-DISTILLED

FORMALDEHYDE IN H20
FORMALDEHYEE IN H2SO4
TOTAL FORMALDEHYDE

MINUTES
AVER AGE SQUARE RROT VELOCITY HEAD. MM H20 EXP .S
AvERAGE ORIFICE PRESSURE CR0P. MM H20

M/M

o1

-= TEST NO 2
82988-01
SCRUB3ER OUTLET
3935 TO 1011
se s scPe 0B VP ORL 0.2000E ©2
Ee MM HG coevcooscosesscscnce 0.7600€E C3
¢ 0 00 0860000 8OO0 SN O OOPE SO POCPCRDS G.6000E 02
o9 0060 00 G.qbllE Ol
L BN BN B BN NN BN AN BB BN BN BN BN BN N 0025765 02
DEG €C oseveccescsesvsscsccccnce 0.1562E 02
MM HZ20 ono.oo-oo.;aoooooo -0.1003E Q2
LK 2 B B K R BN B BN BN BN BN BN BN NN AN BN B BN AN N ) 0.3866E 02
YO 000000 EP 000 O0CCOCGCPSEIOISIEOROIESOIOSEOEETS 0.9748E QO
L K BN N BN BN N B BN BN B BN BN B BN BN BN AN BN BE B BE N AN BN ) 0.9'752E 00
I.........'.......I...:.....'. O.S‘BIZE-OI
"H HG ® 8 0000 00 000 00 0 g ®e e 0075396 03
..0.0000.0'0OOOOIOO;OOOOOOO G .1726E Ou
/M seecssessvecseseccsracsoase C.1550E Ou4
® 0000000 0000 Py 0000000t Ie 00q790E 03
KG/AMI ceevevesesecccscssnncs G.IID2E 01
EMISSION DATA
MG/ MG/ KG/ KG/
AM3 DNM3 HR MY
/
0.8284E 02 3.9229C 02 0.8587£ 01 0.3783¢€
0.0000E G0 0.0060E GO C.0000£ 00 0.004Q40E
0.8284E 02 0.9229E 02 0.8587E 01 0.3483€
0.3065E 03 0.3415F 03 0.3177€ 02 0.1 400E
0.0C00E OO 0.0000E GO 0.0000E OC C.CuU0E
0.3065E 03 D.3415E 03 C.3177E 02 C./4d0t
0.3028E€E O3 0.3374t 03 0.3139€ 02 0.1383€E
0.0000E OO0 0.0000E QO 0.0000F 00 D.ggggE
0.3028E 03 0e3374E 03 0.2139% 0O< O+.V383E
0,4326E 01 0.4813%E O1 O.44845 QC C.1975¢E
0.0000E 00 0.C000E QOOC 0.0000€ 0OC 0.0080E
0.8326E 0.8813E 01 O.4484% 00 U.lfeSE

02
co
02

03
ca
03

G3
818
03

o1
og

g1



TEST DATA -- UREA, AMMONIA, FORMALDEHYDE -- TEST NO 3
TRC PROJECT 82988-01

UNIT TESTED UNIT C

DATE AND TIME OF TEST DEC 19 1578 1100 710 1205

SAMPLING LOCATIGN SCRUBBER OUTLET

NAME OF FI’M AGRICO -EPA

LOCATION OF FIRM BLYTHEVILLE ARK

POLLUTANTS SAMPLED UREA AND AMMONIA

BAROMETRIC PRESSURE. IN HG 29 .68

DUCT AREA. SQ FT 18,98

NOZZLE DIAMETER., 1IN C.185

PITOT CALI3RATION COEFFICIENTS 1 C.839

2 0.000
3 0.000

DRY GAS METER CALIBRATION FACTOR. Y 0.990

FINAL LEAK RATE, CFM . 0.000

TONS PER HOUR, PRODUCT 0.0COo

COMPOSITION OF DUCYT GAS, % BY VOLUME DRY BASIS
CARBON DIOXIDE G.00
OX YGEN v 21 .00
CARBON MONOXIDE c.00
NITR OGEN 79 .00

UREA, AMMONIA, FORMALDEHYDE COLLECTED. MG

UREA AMMONTIA-DIR AMMONIA-DIST FORMALDEHYDE

H20 IMPINGERS 0.3360E Q2 G.3700E 03 0.5420€ 03 0.3300€ 01
H2S504 IMPINGERS 0.0000E 0O C.0000E GO 0.0000E 0O 0.COC0E CO
TOTAL 0.3360E 02 0.3700E 03 U.5420E 03 0.330CE 01

AMOUNT OF WATER COLLECTED. GRAMS
IMPINGERS ‘ 32.0
SILICA GEL 5.6



TEST DATA -~ UREA, AMMONIA, FORMALDEHYDE -- TEST VO

OINT T IME VEL HEAD

IN H20
1 5.0 0.9400
2 5.0 C.9500
3 5.0 0.8700
4 S.0 0.6800
5 5.0 0.6800
6 S.0 0.,6200
1 5.0 0.7503
2 5.0 0.30C00
3 5.0 0.76C0
4 5.0 0.75C9
5 5.0 0.6800
6 S.0 C.6000

FINAL METER VOLUME

TRC PROJECT 82988-01

ORIFICE METER TEMPS DUCT STAT ODucCT
PRESS INLET EXIT PRESS TEMP
IN HZ20 DEG F DEGF IN H20 DEG F

1.1300 64 ., 64, -0 .43 102.
1.1500 65« 64, -0.43 10S5.
1.0600 65, 65 . -0e43 105.
0.8300 64, 65 . -0 .43 105,
0.8300 6l. 63. -0 U3 1G2.
0.7600 61, 64, -0 .43 102,
0.591C0 65 . 65 . -0.36 103.
0.9600 65, 65 . -0.36 104,
0.93040 65. 65, -0 36 106.
0.9100 65 . 65 . -0.36 106,
0.8300 65. 65 . "0036 1C70
0.7300 65 . 65 . "0.36 105.

INITIAL
Cu FT

227 .34
230.80
233.80
236469
239,35

241 .96

244,62
247,23
250.10
252.78
255,35
253,15

260,85

P CYC
METER VvOL R ANG

B

bbb et et s P

bt Pt Pt Pad Pud P



TEST DATA -~ UREA, AMMONIA, FORMALDEHYCE -~ TEST NO 3
TRC PROJECT 82988-01
AGRICO -EPA
UNIT C ( SCRUBBER OUTLET
DEC 19 1978 1100 T0 1205
STANDARD CONDITION TEHPERATURE. DEG F S0 06060000060 00 090090 00e 0.6800E 02
STANDARD CONDITION PRESSURE. IN HG ecvosovocecscscscsccosca 0.2792€ 02
TOTAL SAMPLING TIME., MINUTES cescevcecsvssacscnscccocccnsce 0.6000E €2
AVER AGE SQUARE ROOT VELOCITY HEAD. IN H20 EXP 45 ceease 0.8676FE QOO0
AVERAGE ORIFICE PRESSURE DROP. IN H20 ceecocoscccsccccass 0.9192€E 0C
AVERAGE METER TEMPERATURE e DEG F eeveevccoccscocsctcncee 0.6437E 02
AVERAGE DUCT STATIC PRESSURE e IN H20 seveseccsscccressses -0.,3950E CO
AVERAGE DUCT TEMPERATURE « DEG F sseesessnsessnsssassses C.1043E 03
TOTAL SAMPLE VOLUME.: DACF seecvceesescnsecsccnccsososnssscae C.3291Lt 02
TOTAL SAMPLE VOLUME: DSCF ascoesecscoassssccscocesvsescsssne 0.3262E 02
WATER VAPOR VOLUME.: DSCF coesccvecsescscscoscsvresssossoncae 0.1770€ C1
MOISTURE CONTENT OF DUCT CASe PERCENT oceevevevsccccrese 0.5147€ O1
HOLE FRACTION DRY GAS ...'..........‘.....'......"...... 0.9'“855 UD
HOLECULAR NEIGHT - DRY ST ACK GAS ..'.......‘....... LN N B Y ) O.ZsauE 02
MOLECULAR WEIGHT - STACK GAS seescccccscccscsvsscosveccsnscoce 0.2828E 02
AVERAGE STACK PRESSURE. IN HG sesesssesscsscccsosscoses 0.2365E 02
DUCT VOLUMETRIC FLou. ® % 8 0 0 00800 V8P S C B TGS GO ES QB e 0.5813E 05
DUCT voLUMETRlc FLou. DSCFH 0009000 00 00 065 000 s Oor Ot o 0.5‘113E 05
AVERAGE DUCT VELOCITY. ®se0ssenc 000 sses e s ss et 0.3063E 04
EXCESS AIR. PERCENT LK BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN OBX BN BN N BN BN B B BN RN BE BN BN N -O.IQSSE 05
AVERAGE DUCT GAS DENSITY s LBS/ACF secscccvceescoccsoscocce 0.6806E-01
ISOKINETIC FACTOR. PERCENI ® 06 008080 80 000800t 00 B e 0o B 0.1‘082E 03
EMISSION DATA
GR/ GR/ L8s/
ACF D SCF HR
UREA IN H20 0.1398E-01 0.1590E-01 0.6965E 01
UREA IN H2S504 0.0000E OO0 0.C00DE QO 0.0000€E 00O
TOTAL UREA 0.1398E~-01 0.1590E-01 0.6965E 01
AMMONTIA-OIRECT-IN HZ20 0.1539¢& 0Q 0.1750€ QQ Q.7670E Q2 Q767
AMMON TA-DIRECT-IN H2SOU4 0.0000E 0O 0.0000g 0O 0.300Q0E OC 0.p0C
TOTAL AMMONIA-DIRECT 0.1539E 00 0.,17508 0Q 0.7670E Q2 04767
AMMONTA-DISTILLED-IN HZ0 D.2255E 0O 0.2564E QO 0.112u4E 03 Cel Y2
AMMONIA-DISTILLED-IN HZ2SO04 0.0000¢& 00 0.0000E 20 0.0000E 0O Dvﬂgé
TOTAL AMMON IA-DISTILLED 0.2255E 0O 0.2564E QOO0 0.11 248 02 0Jd112
FORMALDEHYDE IN HZ20 0.,1373€E-02 0.1561E-02 0.6841E QC 0.684
FORMALOEHYGE IN H2SO00 0.0000E QC 0.0000E QQC 0.0000E 0OCQ C .CAGC
TOTAL FORMALDEH YDE 0.1273E-02 0.1561E-02 0.6841FE 0O ot 84



TEST OATA -- UREA,

AGRICO -EPA
SCRUBBER OUTLET

UNIT C

CEC 19 197§

STANDARD CONDITION TEMPERATURE. DEG C evsesccsscscssesne
STANDARD CONDITION PRESSURE,
TOTAL SAMPLING TIME, MINUTES
AVER AGE SQUARE RROT VELOCITY HEAD.,
AVERAGE ORIFICE PRESSURE DROP. MM HZO0

AVERAGE METER TEMPERATURE. DEG C

AVERAGE DUCT STATIC PRESSURE.
AVERAGE DUCT TEMPERATURE. DEG C

VOTAL SAMPLE VOLUME.

TOTAL SAMPLE VOLUME. DNM3

P60 00 008000 00 00 00 SOOLOSOS OSSPSR DOCLTS
® 9 00 00 OSSOSO 00 PO ISP E OSSO SO S e

® 69 00 600086000 CP s OeBOS SIOLESEBELEOEDSEDIES

WATER VAPOR VOLUME. ONM3

AVERAGE STACK GAS PRESSURE. MM HG

DUCT VOLUMETRIC FLOW. AM3/M

DUCT VOLUMETRIC FLOW. DNM3/M

AVER AGE DUCT VELOCITY. M/M

VVERAGE DUCT GAS DENSITY. KG/AM3

MG/
AM3

UREA IN H2G 0.3199E
UREA IN H2SO4 0.0000€E
TOTAL UREA 0.3199E
AMMONIA-DIRPECT-IN H20 0.,3523E
AMMONIA-D IRECT~IN H2S504 0.000GE
TOTAL AMMONIA-D IRECT 0.3523E
AMMON IA-DISTILLED-IN H20 0.5160E
AMMON TA-DISTILLED-IN H2SO04 0.0000EF
TOTAL AMMON IA-D ISTILL ED 0.5160E
FORMALDEHYDE IN H20 ' De3142E
FORMALDEMYDE IN H2SO04 0.0000E
TOTAL FORMALDEH YOE 0.3142E

MM HG
00 90000 ¢ 00000 2088508060600 00 s

MM H20 EXP,.S

0 86006 00 000 es o b O OO

02
oo
02

03
0o
o3

a3
3 10]
g3

o1
oo
01

82988-01

1100 70 1205

AMMONIA, FORMALDEHYDE -- TEST NO
TRC PROJECT

o0 00000
e 8 0060 G600 20 08000
Q..l.......l..;l.....l
MM H20

3

EMISSION DATA

MG/
DNM3

0.3637E
0.C000E
0.3637E

0.4005E
0.0000¢€
0.4005E

0.5868E
0.00G0E
0.5868E

D.3572E
0.0000E
0.3572E

g2
oo
Q2

03
go
03

03
go
03

01
go
01

KG/
HR

0.3162E
0.0000¢€
0.3162E

0.3482E
0.0000E
0.3482E

0.5101E
0.0000E
0.5101CE

0.3106E
0.3000E
0.3106E

01
0o
01

02
ao
02

o2
0o

<

(3]¢]
0o
on

0.2000€ G2
0.7600E 03
0.6000€E 02
C.4373E 01
0.2335E 02
0.1799E 02
-0.1003E C2
0.4019E 02
0.9320E 0O
0.9227E 0O
0.5012€E-01
G.7521¢ 03
0.1646E 04
0.1448FE C4
0.9336E 03
0.1090E N



TEST DATA -- UREA, AMMONIA, FORMALDEHYDE -- TEST NO 4
TRC PROJECT 82988~01

UNIT TESTED UNIT C

DATE AND TIME OF TEST DEC 19 1978 1300 TO 1412
SAMPLING LOCATION SCRUBBER OUTLET
NAME OF FIRM AGRICO -EPA
LOCATION OF FIRM BL YTHEVILLE ARK
POLLUTANTS SAMPLED UREA AND AMMONIA
BAROMETRIC PRESSURE. IN HG 29 .68
DUCT AREA., SO FT 18.98
NOZZLE DIAMETER., IN 0.185
PITOT CALISRATION COEFFICIENTS 1 0.839
' 2 C.C0N0
3 0,000
DRY GAS METER CALIBRATION FACTOR. Y 0.930
FINAL LEAK RATE. CFM 0,000
TONS PER HOUR, PRODUCT 0,000
COMPOSITION OF DUCT GAS. X BY VOLUME DRY BASIS
CARBON DIOXIDE £ .00
OX YGEM 21,00
CAREB ON MONOX IDE 0.C0
NITR OGEN 79 00

UREA, AMMONIA, FORMALDEHRYDE COLLECTED. MG

UREA AMMONIA-DIR AMMONTA-DIST FORMALDEHYDE
H20 INPINGERS 0.4810E 02 0.3630E (3 0.3490E 03 C.4240t 01
H2S504 IMPINGERS 0.0000E QO 0.00C0E @O0 0.0C00CE 0O 0 .0000E 00
TOTAL 0.4810E 02 G.3630E C3 0.3490€8 03 0.4240g O1

AMOUNT OF WATER COLLECTED. GRAMS
IMPINGERS 3G.0
SILICA GEL 5.9



TEST DATA -~ UREA, AMMONIA, FORMALDEHYDE -—- TEST NO 4
TRC PROJECT 82938-01

OINT TIME VEL HEAD ORIFICE METER TEMPS DUCT STAT DucCT INITIAL P CYC
PRESS INLET EXIT PRESS TEMP METER VOL R ANG

IN H20 IN H20 DE6 F DEG F IN H20 DEG F Cu FT B
1 5.0 0.6100 0.7300 68, 68, -0 .42 103, 261.,0C 1 O.
2 5.0 0.78040 0.9200 68, 68. ~0.42 106, 263,35 1 g
S 5.0 0.7300 C.8700 64, 66. -0.42 99. 271,74 1 QO
1 5.0 €.9300 1.0900 6T . 68, ~0.u48 103, 217.06 1 O
2 5.0 0.9800 1.,1500 67 . 62, -0.u48 104, 2719.94 1 0.
3 5.0 009600 1.1400 67. 68. -G.HB 10“0 283001 l 0.
5 5.0 0.8000 0.9400 67 . 67 . ~-C.48 165, 289.0C 1 @
6 5.0 0.7400 C.8800 67. 67, -0.48 103, 291.78 1 Q.

FINAL METER VOLUME

294,61



UNIT C

TEST DATA -- UREA, AMMONIA, FORMALGCEHYDE -- TEST NO
TRC PROJECT 82388-01

AGRICO -EPA
SCRUBBER OUTLET
DEC 19 1978 1300 10 1412

y

STANDARD CONDITION TEMPERATURE. DEG F eesasesssscocscee 0Oe6800FE 02
STANDARD CONDITION PRESSURE. IN HG sesevecesesccecscces (e2992E 02
TOTAL SA"PLING TIHE. HINUTES e 0 5 00 0 08 000 20 000 PSSO 0 0O 006000E 02
AVERAGE SQUARE ROOT VELOCITY HEAD. IN H20 EXP 4S5 eeesee (+89%48E 0O
AVERAGE OR IF ICE PRESSURE D0P ¢ IN H20 eeeveccoceccesnes 0s9517E 0O
AVERAGE METER TEMPERATURE . DEG F sececesocccccccccessase 0Je6TCHE 02
AVERAGE DUCT STATIC PRESSURE e IN H20 sececcsccccsnccees ~0.45C00F 0O
AVER AGE DUCT TEMPERATURE s DEG F ecesesvsccscsecccscsscsnee 0.1032E 03
TOTAL SAMPLE VOLUHE. DACF 20 0 000 086090 00 00 00000009 00 PO BOES 003361E 02
TOTAL SAHPLE VOLU"E. OSCF l.l...."..QOOOOOQ....0..0.-.. 0'331"’{ 02
UATER VAPOR VOLU"E. DSCF L3N BN BN BN BN NN BN BN NN BN BN BN BN BN BN BN NN BN BN BN BN BN NN BN BN BN W M ] 0.1690E 01
MOISTURE CONTENT OF DUCT GASe PERCENT cescecasvscecnseses O0.4851E 01
HOLE FRACTION DRY GAS .l.........l.....‘.....O..’.‘..... 0.9‘5155 00
MOLECULAR HEIGHT - DRY STACK GAS LI BE B BN B AN BN BN B BN BN BN BN N BN BN BN BN NN AN N ] DOZBSQE 02
HOLECULAR HEIGHT - STACK GAS LN BN O BN BN BN BN BN BN BN BN BN BN BN R BN B BN BN BN BN BN BN BN N 1 0.2831E 02
AVEPAG‘E STACK PPESSL‘RE. IN HG ¢ 5 0 000 60 08 00 ¢ 0P SO O 0 o0 002;65E 02
DUCT VOLUHETRIC FLOH' ACFN * ® 000 0O &0 60O OO SO0 OS OE S S e e 005987E 05
DUCT VOLUHETRIC FLO“. DSCFH ...0.........QO..O..’....... 005291E 05
AVERAGE DUCT VELOCITY. FPH I0'........00’..00'..O’l".... COBISqE Cq
EXCESS AIR. PERCENT .'l........lO....l..‘.....OO".l.‘... -0'1“.‘585 05
AVERAGE DUCT GAS DENSITYI LBS/ACF LK X 2N BN BN BN BN BN I BN BN BN BN BN BN BN BN AN AN W ) 0068265-01
ISOKINETIC FACTOR. PERCENT‘ @ 0 0600 50 8000 00 0000 0008 00 B 0.1062E 03
EMISSION DATA
GR/ GR/ LBS/ LB
ACF DSCF HR o
UREA IN H20 0.,1979E-01 0.223%E-01 0.1015€ 02 0.1/01°
UREA IN H2SO04y 0.0C00E 00 0.0000E 0O 0.0000F 00 0.000
TOTAL UREA 0.,1979E-01 0.223%€E-01 0.1015€ 02 04101
AMMONTA-DIRECT-IN H20 0.1494E 00 0.16%90E OO 0.7664E 02 C.766
AMMONIA-DIRECT~IN H2SO4 0.0000E 00 0.0000F GO 0.0C0CE 00 0.000
TOTAL AMMONIA-D IRECT 0.14%4E 00 0.1690E 0O 0.7664F 02 066
AMMONIA-DISTILLED-IN H20 0.1436E 0O 0.1625E 0O 0.7368E 02 0.736
AMMONIA-DISTILLED~IN H2S04 0.0000E 0G 0.0000€E QG 0.00Q0E 00 C.400
TOTAL AMMONTA-DISTILLED 0.1436E GO 0.1625€E 0O G.7368E 02 cX73¢
FORMALDEHYDE IN HZ20 0.1745€-02 0.197T4E-02 0.8951E 0O 0;24;
FORMALDEHYDE IN H2S04 0.0000E 0O C.GOCCE OO 0.0000E 00 0,00
TOTAL FORMALDEH YDE 0.1745€-02 0.1974E-02 0.8951E 0O 0.895



TEST DATA

AGRICO -EPA
SCRUBBER OQOUTLET

UNIT C

DEC 19 1978

STANDARD CONDITION TEMPERATURE. DEG C eesccoccosvocenanas
STANDARD CONDITION PRESSURE.
TOTAL SAMPLING TIME, MINUTES
AVER AGE SGUARE RROT VELOCITY HEAD.
AVERAGE OR IFICE PRESSURE OROP.
AVERAGE HETER TEHPERATURE. DEG C .l.....‘............l..

MM HG
MM H20 EXP .S
MM HZ20

AVERAGE DUCT STATIC PRESSURE. MM H20

AVER AGE DucCT
TOTAL SAMPLE VOL UME.
TOTAL SAMPLE VOL UME.

WATER VAPOR VOLUME. DNMZ
AVERAGE STACK GAS PRESSURE.
AM3I /M
DUCT VOLUMETRIC FLOW. DNM3I/M
AVER AGE DUCT VELOCITY.

DUCT VOLUMETRIC FLOW.

TEMPERATURE . DEG C

M/M

P06 ¢ 6000000000580 8 500G eHSSSTDPSEOOEDS
0 000000 0008500000000 00 OO

0 & 60600800606 0000000 C¢H0 S OSNSPOE O

MM HG

VVERAGE DUCT GAS DENSITY, KG/AM3

UREA IN HZ20
UREA IN H2504
TOTAL UREA

AMMONTA-DIRECT-IN H20
AMMONTA-OIRECT-IN HZ2SO4
TOTAL AMMONIA-DIRECT

AMMONIA-DISTILLED-IN H20
AMMONIA-DISTILLED-IN HZ2SO4
TOTAL AMMONTA-DISTILLED

FORMALDEHYDE IN HZ20
F ORMALDEHYDE IN HZ2S04
TOTAL FORMALDEHYDE

MG/
AM3

O.4529E
0.,0000E
0.4529E

0.3418E
0.0000QE
0.3418E

0.3286E
0.0000¢E
0.3286E

0,3992¢E
0.0000E
0.3992E

8 2 000 00 80800 D OG0 OO

g2
8o
c2

a3
o]
03

g3
00
03

o1
0o
01

82988-01

1300 70 1412

-=- UREA, AMMONIA, FORMALDEHYDE =-- TEST NO
TRC PROJECT

® 600 8600 00 00000 0¢ 00 00 B

® 0 00000000005 0000000 00O SOES
S ¢ 00008 00008 0000008 0000 080000
@ 60006000 0000 00 CSCHP PSSO S DSOS TPSLE

EMISSION DATA

MG/
ONM3

0.5124E
0.0000E
0e5124E

0«3867E
0.0000E
0.3867E

0.3718E
0 .0000E
0.3718E

O.4517¢E
0.0000E
0.4517E

02
oo
a2

a3
0o
a3

03
oo
a3

01
0o
g1

KG/
HR

C.4610E
0.000QE
O.u4610E

C.3479E
0.0000E
0.3479E

0.3345E
0.0000¢F
0.3345€C

D.4064E
0.0000E
S.4064F

C.2000E 02
0.7600E 03
0.6000& 02
0.4510E 01
0.2417E 02
Go.1747E 02
-0.1143E 02
0.3958E 02
J3.9518E 0O
0.9387£ 0O
0.4786E£-01
0.7530g 03
0.1695E Ou
0.1498€E 04
0.9614E 03
0.1093E Q1




TEST JATA -- UREA, AMMONI1A, FORMALDEHYDE -- TEST NO 5
TRC PROJECT 82988-01

UNIT TESTED UNIT C

DATE AND TIME OF TEST DEC 19 1978 1450 TO 1553

SAMPLING LOCATION SCRUBBER OUTLET

NAME OF FIRMm AGRICO ~EPA

LOCATION OF FIRM BLYTHEVILLE ARK

POLLUTANTS SAMPLED UREA AND AMMONIA

3AROMETRIC PRESSURE. IN HG 29 «63

DUCT AREA. SQ FT 18,98

NOZZLE DIAMETER. IN ‘ 0.185

PITOT CALIBRATION COEFFICIENTS 1 0.839

2 C.000
3 0.G0O0

DRY GAS METER CALIBRATION FACTOR, Y 0.990

FINAL LEAK RATE. CFHM C.002

TONS PER HOUR, PRODUCY 0.000

COMPOSITION OF DUCT GAS, 2 BY VOLUME DRY BASIS
CARBON DIOXIDE 0.00
OXYGEN 21 .00
CARBON MONOXIDE D.00
NITR OGEN 79 .00

UREA, AMMONTA, FORMALDEHYDE COLLECTED. MG

UREA AMMONIA-DIR AMMONIA-DIST FORMALDEHYDE
H20 IMPINGERS D.2840€ Q2 0.3420E C3 0.3230E 03 0.205 0t Q1
H2S04 IMPINGERS 0,.,0000E QO 0.0000E QO 0.0000E 0O 0.,0000E 0O
TOTAL 0.2840E 02 0.3420E 03 0.3230E 03 0.2050 01

AMOUNT Of WATER COLLECTED. GRAMS
IMP INGERS 18.0
SILICA GEL 3.9



TEST DATA -- UREA, AMMONIA, FORMALDEHYDE —-- TEST NO

JINT TIME VEL HEAD

IN H20
1 5.0 C.9400
2 5.0 0.2200
3 5.0 C.8500
4 5.0 0.6200
) 5.0 0.5900
6 5.0 0.5008
1 5.0 0.7000
2 5.0 0.7800
3 5.0 - D.%100
Y4 5.0 0.8200
) 5.0 0.77043
6 5.0 0.6300

FINAL METER VOLUME

TRC PROQJUECT 82988-01

ORIFICE METER TEMPS DUCT STAT DUCT
PRESS INLET EX1IT PRESS TEMP
IN H20 DEG F DEG F IN H20 DEG F

1.1100 67, 67 « -0 .39 105,
1.0900 67. 67 . ~0439 10S8.
1.0000 - 67 . 67 . -0 437 105.
C.7400 67 . 67 . -0.39 1Cy4.,
0.70C0 67, 67 . -0.37 105.
C.6000 67 . 67 . -0 e33 103.
C.83CQ 68, 69 . -0.42 1G5.
009200 69 . 65 . -0 .42 105.
1.0800 69, 69 . ~0.42 105.
0.9700 69 . 69 . -0.42 106,
0.9200 69 . 69 . . -0s42 106,
0.7400 69 . 69 . -0.42 104,

INITIAL
CU FT

294.70
297 .58
300.60
303.5C
306.10
308.55

310.%6
313,49
316.25

319.22

322.10
324,91

327.68

P CYyC
METER VOL R ANG

B8

b Dot Pt b pud Pt

S pud it i ped e

O
Ce
O
0.
Qe
Coe

O
O.
Oe.
Oe
Ce
Qe



TEST DATA -- UREA, AMMONIA, FORMALDEHYCE -- TEST NO
82988-01

TRC PROJ

AGRICO -EPA
UNIT C
DEC 19 1978

STAMDARC CONDITION TEMPERATURE, DEG F

STAMDARD CONDITION PRESSUR
TOTAL SAMPLING TIME. MINUT
AVER AGE SQUARE ROOQOT VELOCI
AVERAGE ORIFICE PRESSURE D
AVERAGE METER TEMPERATURE.

AVERAGE DBUCT STATIC PRESSURE.

AVERAGE DUCT TEMPERATURE.
TOTAL SAMPLE VOLUME, DACF
TOTAL SAMPLE VOLUME. DSCF
WATER VAPCR VOLUME. DSCF

MOLE FRACTION DRY GAS
MOLECULAR WEIGHT =~ DRY STA
MOLECULAR NEIGHT - STACK &
AVERAGE SYACK PRESSURE, IN
ODUCT VOLUMETRIC FLOW. ACFM
ODUCT VOLUMETRIC FLCW. DSCF
AVER AGE DUCT VELOCITY., FPM
EXCESS AIR . PERCENT

ISOKINETIC FACTOR., PERCENT

UREA IN H20 \
UREA IN H2S04
TOT AL UREA

AMMON IA-DIRECT-IN H20
AMMONTA-DIRECT-IN H2S04
TOTAL AMMON TA-D IRECT

AMMONTIA-DISTILL ED-IN H20
AMMONTA-DISTILLED-IN H2S04
TOTAL AMMONIA-DISTILL ED

FORMALDEHYDE IN H2O0
FORMALDEHYDE IN H2S04
TOTAL FORMALDEHYDE

ECT

SCRUBBER OUTLET

1450 TO 1553

E. IN HG

ES L IR B A B BN B BN BEBY BN BN BN AN BU BE BN BN BN BN BN BNBN N N 3

TY HEAD. IN

0P . IN H20
DEG F
IN H20

DEG F

0 060080060 ¢ 0000 850 606000000 oo

CK GAS

AS eeeceveseecvrsocssossnnssse
HG oo.oo'-ouoonoocooo.o.o.o-o
00 0P e0eNOEOOGOLIOSIOIOLOIOILOIOEDROIOETIOOROGES

M sceecvecosocesssoscescccscssosne

® 0608000060808 0000000002000

GR/
ACF

0.,1212E-01
0.0000FE GO
0.1212E-01

0.1459E 0O
G.0000E 0O
0.1459E 40

0.1378E 00
0.0000E ad
0.1378E 0O

C.8748E-03
0.0C000€ @O
0.8748E-03

L I B K I N BRI IR BN BK BN I BN R BN NY Y N )

H20 EX? 5

5 55 PO 8OO HOOSPSDINEOODIS
008 060050608005 06000 0909009
oo DO OBIBOEDL OO PSNOLEDNOPODS

® 9 9 0 000 g B ¢ 000 ¢ O o e O

MOISTURE CONTENT OF DUCT GAS. PERCENT '

S 6 9 OO 009 0B OEEOS NG OOSL OSBRSS TS POESTDSDS

® 828 60040 008000080 0000 baar

...'......'.......'..'...l..“.....

AVER AGE DUCT GAS DENSITY, LBS/ACF

6 06600 60 000600000 850000

EMISSION DATA

GR/
DSCF

0.1352E-01
0.0000E 0O
0.1352€-01

0.1628E 0O
0.C000f 0O
0.1628E 0O

0.1538t QO
0.C0Qc0E ac
C«1538E 0GC

0.9760€-03
0.0000E 00
0.9760E-03

L8s/
HR

0.5995¢E
0.0000¢E
0.,5995¢E

0.7220E
0.90006E
0.7220E

0.6819¢
0.300GE
0.6819¢E

0.43 28E
0.0000E
O.4328¢C

C.68C0E
0.2992€
0.6000E
0.8637E
0.8317E
C.&6796E
-0.,4050€E
0.1048E
C.3298E
0.3241E
G.1031¢
0.3083E
0.9692E
0.2884E
0.2851€
C.2960E
0.5772E
0.5173€
0.3081CE
-0.1458E
0.6842E~-01
0.1062E 03

C1
00
01

02
0o
02

02
ao
ge

aa
oo
oo

02
g2
02
no
COo
02
GO
03
g2z
02
a1
C1
co
g2
2
02
c5
cs
Cy
0s

LB:
TO!

0.599¢
0.000¢
04539¢

0.772¢
C.#00!
0/7220
o.égas

04000t
6818

Ceys2¢
C.000¢
gesu32t



TEST DATA -- UREA, AMMONIA, FORMALOEHYDE =- TEST NO
82983~01

TRC PROJ

AGRICO —-EPA
UNIT C
DEC 19 1978

STANDARD CONDITION TEMPERATURE. JEG C
Es MM HG

ES 80 060 000000 806060800600 00 8¢9 0e

MM H20 EXP.5

STANDARD CONDITION PRESSUR
TOTAL SAMPLING TIME, MINUT

AVER AGE SQUARE RROT VELOCITY HEAD.

AVERAGE ORIFICE PRESSURE DROP. MM H20

AVER AGE METER TEMPERATURE. DEG C

AVER AGE DUCT STATIC PRESSURE. MM H20

AVERAGE DUCT TEMPERATURE. DEG C

TOTAL SAMPLE VOLUME. DM3

TOTAL SAMPLE VOL UME. DNM3

WATER VAPOR VOLUME. DNM3

AVERAGE STACK GAS PRESSURE. MM HG

DUCT VOLUMETRIC FLOW. AM3/M

DUCT VOLUMETRIC FLOW. DNM3

AVERAGE DUCT VELOCITY. M/HM

VVERAGE DUCT GAS DENSITY. KG/AM3

MG/
AM3

UREA IN H20 0.2773E 02
UREA IN H2SO04 0.0C0CE 00
TOTAL UREA 0.2773E 02
AMMONTA-DIRECT-IN H20 0.3340E 03
AMMON IA-DIRECT-IN H2S04 0.,0000E 0O
TOTAL AMMONIA-D IRECT 0.3340E 03
AMMON TA-DISTILL ED-IN H20 0.3154F 03
AMMONIA-D ISTILLED-IN H2SOU4 U.0000E 0O
TOTAL AMMON IA-D ISTILLED 0.3154E 03
FORMALDEHYDE IN H20 0,2002E 01
FORMALDEHYDE IN H2S0%4 0.0000€E 0O
TOTAL FORMALDEH YDE 0.2002E 01

£ECT

SCRUBBER OUTLET

1450 TO0 15532

0 5 000800 O PO OSOSOOE SO PNE PSS DS TPOE

I" 0 0600 00 8000 00 0008000 65 a0l

® S 0600000000900 ,y064e00 08008 000900

0 06690 08
® ¢ 0060000000 0SSO e
® 08 08 00 00 O0SBOGOE OO SPOBNOIES
® @9 80000 ¢ a0 00 SO OOS
® 0 00 0000 09 SO0 O 00 S g0 gt

® 9080005 05 008 PRSBSOS OO DS DSOS

EMISSION DATA

MG/
ONM3

0.3094F
0.0000E
0.3094E

Oe3726E
0.0000E
0.3726E

0.3517E
0.0000E
0.3513E

0.2234E
0 +0000E
0223 4E

g2
g0
c2

03
631]
03

03
0a
a3

01
g0
01

KG/
HR

0.2722€
0.0000E
0.27 22E

0.3278E
0,.,0000E
0.327¢E

0.3096E
0.0000E
0.3096E

0.1965€E
0.,0000¢c
0.1965E

01
0o
01

02
ao
0z

02
go
g2

0o
oc
0o

0.2000E 02
C.7600E C3
0.6000F 02
C.4353E C1
8.2265E 02
U0.1998E 02
-0.1029E 02
0.40486E 02
0.9340E 0O
G.9178€ 0O
0.2919E-01
Ce7518E 03
U.16358 Oy
0.1465E 04
C«9269E ©3
0.1096E (1




TEST DATA -- UREA, AMMONIA, FORMALDEHYDE -- TEST NO 6
TRC PROJECT 82988-01

UNIT TESTED UNIT C
DATE AND TIME OF TEST DEC 19 1978 1608 TO 1715
SAMPLING LOCATION SCRUBBER OUTLET
NAME OF FIRM AGRICO -EPA
LOCATION OF FIRHM BLYTHEVILLE ARK
POLLUTANTS SAMPLED UREA AND AMMONIA
3AROMETRIC PRESSURE. IN HG 29 .63
DUCT AREA. SQ FT 18.98
NOZZLE DIAMETER., IN 0.185
PITOT CALTIBRATION COEFFICIENTS 1 0.839
' 2 0.000
3 C.000
DRY GAS METER CALIBRATION FACTOR. Y 0.990
FINAL LEAK RATE. CFM 0.000
TONS PER HOUR, PRODUCT 0.000
COMPOSITION OF DUCT GAS. T BY VOLUME DRY BASI1S
CARBON DIOXIDE C.CO
OX YGEN 21 .00
CARBON MONOXIDE 0.00
NITROGEN 79 .00

UREA, AMMONIA, FORMALDEHYDE COLLECTED. MG

UREA AMMONTIA-DIR AMMONTIA-D IST FORMALDEHYDE
H20 IMPINGERS 0.4700€ 02 0.3023€ 03 0.3060€E 03 0.3140E 01}
H2S04 IMPINGERS ‘0.0C000E Q0 0.0000E GO 0.0000E 0O 0.0000€E QO

TOTAL 0.4700E 02 0.3020E 03 J0.3060E 03 0.,3140E 01

AMOUNT OF WATER COLLECTED. GRAMS
IMPINGERS 23 .0
SILICA GEL 55



TEST DATA -- UREA,

PUINT TIME VEL HEAD
IN H20
1 5.0 J.97C0
2 5.0 C.5400
3 5.0 0.5100
4 S.0 0.7200
5 5.0 C.6500
6 5.0 t.6100
1 5.0 0.9500
2 ‘5.0 8.5400
3 5.0 0.9800
4 5.0 0.8100
5 5.0 G0.720C0
6 5.0 0.6100

FINAL METER VOLUME

CRIFICE

PRESS
IN H20

1.1500
1.1100
1.0800
0.8600

0.8100

0.7300

1.1200
1.1100
1.1600
0.95600
0.8600
0.7300

AMMONIA,
TRC PROJECT

METER
INLET
DEG F

68,
67 .
67.
67,
67,
66,

66,
66.
66,
66,
65 .
65,

82988-01

FORMALDEHYDE —-- TEST NO

TEMPS DUCT STAT GucCT

EXIT
DEG F

68
68.
68,
67 .
67 .
66.

66
66.

66¢

66,
66,
65,

PRESS
IN HZ20

-C.44
-C.l44
-C oty
-0 .44
-0.4y4
~0elu

-0.43
~0.43
-0 .47
-0 43
-0 o49
-0 eu49

TEMP
DEG F

103.
105,
106.
105.
104,
103,

104,
105.
105,
106.
105.
103.

INITTIAL
CU FT

328,00
330.72
333.70
336.82
339,60
342,30

344,82
347,77
350.82
353.30
356.80
359.50

362.11

P CYC
METER VOL R ANG

B

[

bt et Pt gt s Pt

U
Q.
Qe
Qe
Coe
O

0.
Ce
O
Oe
Qe
Oe



TEST DATA -- UREA, AMMONIA, FORMALDEHYDE -- TEST NO 6
TRC PROJECT 82988-01
AGRICO -tPaA
UNIT - C SCRUBBER OUTLET
DEC 19 1978 1608 10 1715
STANDARD CONDITION TEMPERATURE. DEG F evevesasevconcses 0.6800E
STANDARD CONDIYION pRESSURE. IN HG 9 8608 0600800000 00 008 00 0‘2992[
IOIAL SAHPLING TIME. MINU'ES 5 0 060609 0060009006000 48600¢ 000000 UI&OGDE
AVERAGE SQUARE ROOT VELOCITY HEADs IN H20 EXP o5 ssvees De9027E
AVE,RAGE ORIFICE pRESSURE D?OP. IN Hzo ®® 060000 GOGS BBE TS GO 0.97336
AVERAGE HETER rEHPERATURE. DEG F ® 0 0 080060085 0680060000 00000 0.66“6[
AVERAGE DUCT SIATIC PRESSURE. IN HZO -oo‘oo-ooccooo.oo.o -OoqbsOE
AVERAGE DUCT TEMPERATURE e DEG F ceesevoccecosssecssones 0s1042E
TOTAL SAMPLE VOLUME. DACF “esssvecsccccacsocosssvsscsccsssoe O.3411E
TOTAL SAMPLE VOLUME . DSCF sessessscsnsssonssssssssnssoss 0«3362E
HAYER VAPOR VOLUHEQ DSCF ..............'...‘....'....... 0'13“1E
MOISTURE CONTENT OF DUCT GAS, PERCENT esecevevscesceeer C3837E
MOLE FRACTION DRY GAS .too.t.00'8000.000t.'ooo.;toooo.b G.9616E
MOLECULAR WEIGHY — DRY STACK GAS ccceevscescccsscococes 0s2884E
MOLECULAR WEIGHT — STACK GAS sececesesesccesesvncnsccnes [a2842F
AVERAGE STACK PRESSUREs IN HG ceoesececssctcsnsccscsesee 0,27960E
DUCT VOLUMETRIC FLOW. ACFM ocooocooooooaooooooo;ocoooo- 0.,6035%E
DUCT VOLU"ETRIC FLOH. OSCF“ 98 0 0000 0000000000 00 00 NSNS 0.537SE
AVERAGE JUCT VELOCITY, FPM o--vto.oovooooo'oooo;noo-o.o 0.3182E
EXCESS AIR. pERCENT L B B B B K NN BN IR IR B B N BN I L BN AN BN BN B BN BN B N BF BN BN BN BN BN BN N J -Gil‘qssE
AVERAGE DUCT GAS DENSITY. LBES/ZACF seasevssonvccccscsesne 0-6828E‘
ISOKINETIC FACTOR . PERCENT eevesvescessessescsccsesessseces U0a1061E
EMISSION DATA
GR/ GR/ LBS/
ACFH D SCF HR
UREA IN H20 0.1920£-01 0.2157E-01 0.?937€ 01
UREA IN H2S04 0.3000E OO 0.0000E 0O c.00c00E @0
TOTAL UREA D.1920E-01 0.,2157E-01 B.?937E M
AMMONIA-DIRECT-IN H20 0.1234E Q0 0.1386E OO 0.6385E 02
AMMONIA-DIRECT-IN H2SO0Y 0.3000E QO 0.C0C0F 0O 0.0000F£ QO
TOTAL AMMONIA-D IRECT 0.1234E QO C.1386E 0O 0.6385E 02
AMMONTA-DISTILLED-IN HZ2O 0.1250F Qo G.1404E QOQ 0.6470E 02
AMMONTA-DISTILLED-IN HZ2SO04 0.0000€E QO 0.0000E QO 0.0000E 0Q
TOTAL AMMONIA-DISTILLED 0.1250F QO O.1404E OO0 0.6470E 02
FORMALDEHYDE IN H20 0,1283E-02 O0a.1441E-02 80.6639E QG
FORMALOEHYDE IN HZ2SOH 0.0C00E 4o 0.0000E CO 0.0C00E Q0
TOTAL FORMALDEHYDE 0.1283E-02 O.1481E-02 0.6639E QO

g2
02
02
Go
co
02
0o
c3
02
g2
o1
C1
go
02
02
02
05
G5
04
Cs
01
g3



TEST DATA -- UREA, AMMONIA, FORMALODEHYDE -- TEST NO 6

TRC PROJECT 82988~01

AGRICO -EPA
SCRUB3ER OUTLET
DEC 19 1978 1608 10 1715

UNIT C

STANDARD CONDITION TEMPERATURE. DEG C eevevescsccsssase 0.2000E 02
STANDARD CONDITION PRESSURE. MM HG L3R 2 BN BN N B BN BN BN BN BN I N BN BF BN N N J 0.7600E 03
TOIAL SAHPLING TIHE' MINUTES .'.'.............’........ 0.6000£ 02
AVER AGE SQUARE RROT VELOCITY HEAD. MM H20 EXP 5 seseese 0.4550F 01}
AVERAGE ORIFICE PRESSURE DR0P. MM H20 ecesessscescvsses 0.2472E 02
AVERAGE METER TEMPERATURE. DEG C seosvsvcaccsvsovsscees 0.1714E 02
AVERAGE DUCT STATIC PRESSUQE. HM Hzo ............“..I... -GOIlBIE 02
AVERAGE DUCT TEMPERATURE . DEG C coesossssennsnsscssnsss 0.4014E 02
TorAL SAMPLE VOLUHE. DM3 00 06008 000059 08 00 000089808 0o 009660E 00
TOTAL SAHPLE VOLUME. UN"B ..'.......‘............l....... 0.9521E 00
HATER VAPOR vOLU"E. DN"3 L0 ] ............l............... 0.3‘799E-01
AVERAGE STACK GAS PRESSURE. H" HG o6 08680060 0000 000 4 0 g0 0.7517E 03
DUCT VOLUMETRIC FLO“. AH3/H I...l..........l‘...‘...'.O. 0.1710E Oq
DUCT VOLUMETRIC FLOH. DNH3/H & 60 0059008 068000 20 e oo 0.1522[ Ou
AVERAGE DUCT VELOCITYI MIH ? ¢ P BSOS OO SIS 0000 00 s el 0.9698E 03
VVERAGE DUCT GAS DENSITY. KG/AM3 cecescsscccosssvsscans 0.1094E 01
EMISSION DATA
MG/ MG/ KG/ Kt
AM3 ONM3 HR ol
UREA IN H20 0.4394E 02 0.4936E 02  0.4512E 01 013
UREA IN H2SO0Y4 0.0000E 00 O0.GOOCE 00  0.0000E 00  0.040¢
TOTAL UREA 0.4394E 02 0.4936F 02 0.4512E 01 Ol
AMMONTA-D IRECT-IN H20 0.2823E 03  0.3172E 03  0.2899E 02  G.1271
AMMONIA-DIRECT~IN H2SO04 0.0000E 00 0.00CO0E 00  0.J000E 0D 0.(1*
TOTAL AMMONTIA-D IRECT 0.2823E 03  0.3172E @3  0.2899E 02 0412
AMMONTA-DISTILLED-IN H20 0.2861E 03  0.3214E 03  0.2937E 02  0.129:
AMMONIA-D ISTILL ED-IN H2SO4 0.0000E 00  0.0000E 00  0.0C0CE 0O o.ﬂl
TOTAL AMMONIA-DISTILLED 0.2861E 03 0.3214E 03 0.2937€ 02 0,‘
FORMALDEHYDE IN H20 0.2935E 01  0.3298E 01  0.3014E 0C  O.l
FORMALDEHYDE IN H2S04 0.0000E 00  0.0000E 00  0.C000% 0C 0.0
TOTAL FORMALDEH YDE De2935E 01  D.3298E 01  D0.3014E 0C  D.13

F$Q0l1 STOP 0GCGCC goO0Qaoge



APPENDIX A.2

SAMPLE EQUATIONS AND EXAMPLE CALCULATIONS



EMISSION CALCULATION SY2ZOLS

La - Allowable leak rate, cfim

\ - Total meter sample volume, ft3

m
total

Ttotal - Total sampling time, min

Lp ~ Final leak rate of sampling traim, cfm

vmctotal - Total volume sampled corrected for excessive leakage, ft

Y - Dry gas meter calibration factor, dimensionless

. o
Tstd ~ Standard temperature, F

™~

o
mavg ~ Average dry gas meter temperature, F

- "
Pbar Barometric prassure, "Hg

AHavg - Average orifice pressure drop, "H,0

p - Stardard prassure, 'Hg
“std : ’ S

VI - Volume of liquid collected in impingers, ml

VSG - Volume of liquid collected im silica gel, grams

M, - Molecular weight of stack gas, 1b/lb-mole

ZCO2 - Percent CO2 by volume (dry basis), Z

»e

7Cco Percent CO by volume‘(dry basis),

[

zxz Percent Nz by volume (dry basis), 2

<

A 2"— Percent 02 by velume (dry basis),
3

EX]

o
|

Average duct gas density, lbs/ft
Ps - Average duct static pressure, "HZO
(=4

o
Ts-vg - Average duct temperature, F
a

EA - Excess air, 7
Vs'— Average duct velocity, ft/min

CD - Pitot tube coefficient, dimensionless

X

| - . s X
(YAP)avg - Average squara root of velocity head, V"sz

- - . . 2
As - Cross=-sectional arza of duct, ft °



EMISSION CALCULATICN STX30L3 (cout'd)

Q - Duct volumetric flow rate, acim

Q

std Duct volunmetric flow rate, corrected to dry standard donditions, dscfa

D, - Nozzle diameter, inches

n
F - F factor, DSCF/¥M BTU
#H - Percent by weight of hydrogen in fuel
<C - Perceﬁc by weight of carbon in fuel
ZS - Percent by weighﬁ of sulfur in fuel
ZN - Percent by weight of nitrogen in fuel
0 - PercentAby wéight of oxygen in fuel
[ ors -'Gross calorific value of fuel, BTU/lb.
C - Actual particulate concentration, grain§/acf
Cg - Particulate concentratiom, grains/dscf
ER - Particulate emission rate, lbs/hr
E - Particulate emissions, lbs/M¥ BTU
Cs @ 12z CO2 - Particulate concentration, grains/dscf @ 127 CO2
Cg @ S0% EA - Particulate conceatration, grains/dscf @ 507 EA
iclb - Particulate concentratios, 1bs/1000 duct gas
cLb e lZZC02 - Parciculate concentration, 1lbs/1000 lbs @ 127 CO

CLb @ 507 TA - Particulate concentratiom, lbs/1000 lbs @ 507 =A

Mn - Total particulate collected, ag



Collioadom

1. Allowable Leak Rate

La = 0.02 cfm or O.

0.04 vm total _

N .
N Q?ffrsﬁ No, 2 quxu (Mo (owf&?_
‘ ' Nacomtoc 19, 1%7%

04 Va total whnich ever 1s less.
T
total

0.04 x 34-4*

Tc°cal

La =

2.

Lp = 0.000 cim

Y

if Lp > La use ‘mc

ecuations,

v
mc total

"NA

v
mc total

o 20

0.0

cim

Correcrion for Excessive Leak Rate

v

total in place of Ym total in all subsequent

v

o - (Lp -Lla) T

total total

-( ft

3. Volume of Sample Measurad by Dry Gas lfeter, Corrected to Standard Conditions

Tord + 26 bar + “faa‘ép
vm total (std) vm total Y TStd - 0 Da?P' -
‘m avg + 460 std A
ol ]
v 68 + 460\ | 17/ +13.6 b
~ = 3442 = M2 ¥ 1010
: m total (std) = 3441 x (}O.%+ 465) 59.92 b
vﬁ total (stcd) = 478 dsef
4, Moisture Content of Duct Gas
= v v
Z HZO = 3.04707 (Y1 + VYSG) £ 100
m total (std) + 0.04707 (VI + VSG)
=’, [y 'vb )
yA E20 0.04707 (23.0+ 5/%) __ x 100
- 24.78 +-0.04707 C3e+ 5, )

E == £~ da ol g

-l A



Ms

-

. 8.

(0.44

(0.44 x O

5. olecular Vielght of Stack Gas

)+(0.28 x O

% 7 C0p)+(0.28 x % CO)+(0.28 x X

)+(0.28 x 79 )+(0.32x 2|

\2) (O 32 “w X 02)

/,“:.\/;\

Ms =2%:%37 1b/lb-mole

Average Duct Gas Density

tar + 13.6

= 0.0458 % s (P
st

= 0,0458 x

2971 + 136

Ps avg)

Ts avg + 460

~6.40
x 2937

Dst

- tot. b + 460

D =

NA

7202 - 0.5

006347 1bs/it>

0.264 Z N,

- 0.5

co
(T 6, - 0.5% CO)

.264 x

Average Duct Velocity

~

v
s

<
]

5129.4 c (/‘P)ava

= 5129.4 x 0-939 xo.ﬁl‘{\i/

( - 0.5 x )]

s ave + 460

/(bar' savg) Ms
1

6

1ol b + 460
-0, 40
(?ﬁ a2 03.6) Mg

v, = 215 S| fr/min

’)

10

F).
<
P

0

>T 0.18 ( % ¥50

>+ 0.18 ( 3.7

24
b}

J




9. Duct Volumetric Flow Rate
=V x A
Q s s
Q =3255x (8.98

Q = b[OlOf{acfm

10. Duct Volumerric Flow Rate, Corrected to Dry Standard Conditionms

-~

Ps_ave
Q =Q (;_ z 20 (Tstd + 460 (Pbar + 13.6
std 100 ) Ts avg + 460 PStd

-0 .Hs
1372 68 + 460 2971 4+ 13,6
Q4" Gle3ed 100 [ol- L, + 460 29.92

Qstd = §479L.8 dscfm

s

11. ZIsokinetiec Factor

_5.67 (Ts ave + 460) ("m_std)
P 7 B0 2
L savg\ V_ =x T 1 2 (On)“ x 0.7854
(Pbar ' 13.6) s = toral (‘ 100 144

[ 2 5:67 (1b1b + 460) (3478 )
(ﬁn/ +{-°-%))3zcs.>’x 060 (1 373 )((.:as’)z x o.7854)

I

13.6 100 144

= 107k 4

e

12. F - Factor ON
NMA

r=10%(3.64Z B+ 1.532 C + 0.572 S + 0.142Z N - 0.46%7 0)
ooV

'sf
I

F= DSCr /MM BTU

106(3.64 X +1.53 x +H.57 x +0.14 x -0.46 x




VRE A

13. :‘:ctual/\f’arti:ula te Concentration

¢ . 0:01543 » 1o (ngd + aecﬁ(caﬁ. 75‘3:—5)(
std( s avg + A60>
. c - 0.01543 % %-’3(68 + 460)(7,‘1 s 13 6) (l )

34.78 (lot., + 460) (29.92)

£ o=¢.%38 ¢ grains/acf

~

14, Particulate Concentration, Corrected to Dry Standard Conditioms

-

C =0.01543 x ¥n
s v
m std
C = 0701543 x L&
s 3478
Cs =047 grains/dscf

15. Particulate Fmission Rate

ER = 0.008571 x C. x Q_ 4
ER = 9.008571 x 0.0427 x §YN 5.9
ER = 20.0% 1bs/hr.

//':3
16. Particulate Fmission - NA"

~ E = 0.0001420 C x F {——20:2
¢ s 20.9 - 202
' 20.9
E = 0.0001429 x x (ZTQ——:_——_)
E = 1bs/MM BTU

17. Particulate Conocentration Corrected to Dry Stzandard Conditiorns and 1232 €O,

VA
c, @~12,. €O, = oo xC

. R2

]
[
~

M

Cs @ 127 C02

-

CS @ 122 CO2 grains/dscf @ 127 co,




18.

18.

20.

21,

Particulate Concentration Corrected to Dry Standard ConZitions
and 507 Excess Air

C_ @ 507
]

C @ so%
-

T @ so7
S

Particulaﬁe

CLb

]

=

0.1429 x

c . -
. NA
st avg .

-
.

0.1

EA =

EA =

E4 =

Z EA + 100 x C ('ili,’
150 (]

+ 100
150

grains/dscf @ 507 EA

Concentration Based on Duct Gas Weight

429 x

1bs/1000 1bs duct gas (uncorrect

ed)

Particulate Concentration Based om Duct Gas Weight Corrected to 12% CO2

cLh

@

12%

CLb @ 12/:

CLb @ 122

Co

co

co, =

2

2=

Cs @127 coy x 0.104 (Tsed + 460)

‘x 0.104 (528)

2 7 (0.44 x % COp) + (0.28(% CO + ZN,)) + (0.32 x 203)

(0.44 x ) + (0.28¢( +

1bs/1000 1bs dry corrected to 12Z CO,

)) + (0.32 x

)

Particulate Concentration RBased on Duct Gas Weight Corrected to 507 Excess Air

Cib

Lb

Lb

Q)

50%

50Z

50%

EA =

EA =

Cs @ 507 EA x 0.104 (Tstd + 460)

(0.44 x ZC07) + (0.28(ZCO + ZNj)) + (0.32 x Z03)

x 0.104 (528)

NA

(0.44 x )+ (0.28¢( +

1bs/1000 1lbs dry @ 507 EA

)) + (0.32 x

)

RSP R TS
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FIELD DATA SHEETS
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=
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APPENDIX C

SAMPLING AND ANALYSIS PROCEDURES

Includes:

C.1 Urea Procedures
C.2 Ammonia Procedures
C.3 Formaldehyde Procedures
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UREA PROCEDURES
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VAPPENDIX A - REFERENCE TEST METHOD

* * * * . *

METHOD 28 - DETERMINATION OF PARTICULATE (UREA)
EMISSIGNS FROM UREA PLANTS

1. Applicability and Principle

1.1 Applicability. This method appliés_io the“determination of '
particulate emissions as urea from urea manufacturing facilities.

1.2 Principle. A gas samp]é is extracted isokinetically from
the stack. The ammonia 1s'removed from the sample by boiling, and
the particulate emiésiégs are determined as urea by a colorimetric
procedure. :

2.  'Apparatus - - )

2.1 Sampling Train; A schematic of the sampling train used in
this me;hod»is shown in Figure 28-1; it is simi]ar_in construction to
Method 5. The sampling train consists of the fo]lowing components.

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

2.1.2 Impingers. Five impingers connected in series as shown
in Figure 28-1. For the second and third impinger, the tester shall
use the Greenburg-Smith design with standard tips. For the fi%st, .

fourth, and fifth impingers, the tester may use the Greenburg-Smith

design, modified by replacing the tips with a 1.25 cm (0.5 in.) ID




glass tube extending to 1.25 cm (0.5 'in.) from the bottom of the
flask. Similar co11gction systems, which haye been approved by
the Administratof; may be used.

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 Containers, and Rubber Policeman.
Same as Method 5, sections 2.2.1, 2.2.5, 2.2.6, 2.2.7, respectively.

2.2.2 MWash Bottles. Glass wash bottles are recommended;
polyethylene wash bottles may beAused at the option of the tester.

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

2.2.4 Funnel. Glass or Polyethylene.

2.3 Analysis. For analysis, the following equipment'is needed.

2.3.1 Pipettes. Volumetric type, 0.5-ml, 2-ml, 5-ml, 8-ml,
10-m1, 20-m1, and 25-ml. |

2.3.2 Volumetric Flasks. 25-mil, IOO-ml. 250-m1, 500-mi, and
1000-m1. |

. 2.3.3 Graduated Cylinder. 100-ml.
- 2.3.4 Distillation Apparatus. — _

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

2.3.4.2 Hot Plate. ,Capéb]é of heating the distillation f}asks
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
q#hefwise specified.
3.1 Sampling and Sample Recovery. The reagents used in
sampling and sample recovery are as follows:
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 organié matter may be omitted wheﬂ
high conéentra;ions'of organic matter are not expected to be
Presgnt. -
. 3.1.3 Sulfuric Acid, 1 N. Slowly add 28 ml of concentrated

sulfuric acid to 800 ml of deionized distilled water in a ]-Titer

flask and dilute to exactly 1 liter with deionized distilled water.

3.2 Analysis. The reagents need for analysis are listed
below:
. 3.2.1 Mater. Same as 3.1.2.
" 3.2.2 Sodium Hydroxide (NaOH), 10 N. Dissolve 40 g of MNaOH
in a 100-m]1 volumetric flask and dilute to exactly 100 ml with

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

3.2.4 Sodium Hydroxide, 1 N. Dissolve 40 g pf NaOH in 800 ml
of dejonized distil]ed water in a 1-Jiter flask and dilute to exactly
1 liter with dejonized distilled water. .

3.2.5 Sodium Hydroxide, 0.1 N. DiTute 100 m1 of 1 N NaOH to
exactly 1 liter with deionized distilled water.

3.2.6 Bora;e Buffer. Dissolve.z.s g of sodium'tetraborate
(Na28407) or 4.8 g of the decahydrate (Na28407 . 10 HZO) in 500 ml
qf deionizgd disti]led water in a J-liter volumetric flask. Add 88 ml
qf’o;] N NaOH so]utioA: and dilute to exactly 1 liter with deionized
distilled Qater. | |

13.3.7 Sulfur'i: Acid,. 1 N. §ame as 3.1.3.

3.3.8 Ethyl Alcohol, 95 percent. |

3.3.9 P-dimethy]aﬁinobenza]dehyde.

3.3.10 Hydrochloric Acid, Concentrated.

- 3.3.11 Urea Soiution, 2.5 mg/ml. Oissolvé 2.500 g of urea in
500 m1 of defonized distilled water in a 1-liter flask and dilute to
exactly 1 liter with deionized distilled water.

3.3.12 Urea Color Reagent. Dissolve 2.000 g of
p-dimethy]aminobgnza]dehyde in a mixture~of 100 m] of 95 percent

ethyl'alcohoi and 10 m1 of concentrated 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.

4.1.2 Preliminary Determinations. Follow the general procedure
given in Method 5, section 4.1.2.

4.1.3 Preparation of Sampfing Train. Follow the general
procedure given in Method §5, secﬁion 4.1.3, except place 100 ml of '
dejonized distilled water in each of the first three impingers, place
100 m1 of 1 N H2504 in tﬁe.fourth impinger. and place the preweighed
silica gel in the fifth impinger. Assemble the train as shown in
Figure 28-1. ~ .

4.1.4 Leak Check Procedures. Follow the )eak-check procedures
given in Method‘s, secfions 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 éenera] procedure
given in Method 5, section 4.1.5. For each run, record the data -
required on a data 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 Sample Recovery. Begin proper cleanup procedure as soon
as the probe is removed from the stack at the end of the sampling

period. Allow the probe to cool.
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. 'Nhen the probe can be séfe]y handled, wipe 6ff all external
particulate matter near the tip of the ﬁrobe nozi]e, and place a
cap over it to prevent losing or gaininglparticu1ate matter. Do
| not cap off the probe tip tightly while the sampling train is
cooling down as this would create a vacuum, thus drawing water from
the impingers into the probe. ”
| Before moving the sampling train to the cleanup site, remove
thg probe from the sample train, wipe off the silicone grease, and
- cap the open outjet of the probe. Be careful not to lose any
condensate thatAmight be present. Wipe off the silicone grease from
;he impinger inlet where the probe was fastened and cap it. Remove
;he umbilical cord from the last impinger and cap the impinger. If
a f]exible line is used between the first impinger or condenser and
thg probe, disconnect the Tine at the probe ahd let any condensed
water or 1iquid drain into the impingers or condenser. Either
ground-élaés stoppers, plastic caps, or serum caps may be usad to
close these openings. |
Transfer the probe-impinger assembly to the cleanup area. This
area shqu]d'be clean and protected from the wind so that the chances
qf contaminating or losing the sample will be minimized.
Inspect the train prior to and during disassembly and note any
abnormal conditions. Treat the samples as follows:

4.2.1 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:

Carefully remove the probe nozzle and clean thé insfde 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
waper in a simi]ér 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
-lower end into thefs;mple container. A funnel (glass or pblyethylene)
may bg used to aid in tran;ferring liquid washes to the container.
Follow the water rinse with 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;
hq]d a sample container underneath the lower 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 until
no visible particulate matter is carried out with the water or
until none remains in the probe liner on visual inspection. With
stéin]ess'steei or other metal probes, run the brush'through in
tﬁe above prescribed manner at least six times since metal probes

haye small creyices in which particulate matter can be entrapped.



Rinse the brush with water, and quantitatively collect these
washings in the'sample container. After bruéhing, make a final
water rinse of the probe as described above.

It is recommended that two peob]e‘c1ean the probe to mfnimize
sample losses. Between sampling runs, keep brushes clegn and
protected from contamination.

4.2,2 Container No. 2. Mark the liquid level of the container

to determine later if leakage occurred during'shipment. Cap and
seal the containers and.identify. Measure to the nearest + 1 mT and
record the volume of the first three impingers. Then tfansfer the
- contents to the container. Rinse the first three impingers and the
coﬁnecting glaséware with water, énd add the rinse Water to the |
" container. Mark the level of the liquid on the container and identify
the sample container.

4.2,3 Impinger No. 4. Measure to the nearest + 1 ml and record
the volume of the fourth impinger. Discard the quufd.

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

gel to determine if it has been completely spent and make a notation
of {ts condition. Transfer the silica gel from the fifth impinger
to its original container and seal. The tester may use a funnel

and rubber policeman as aids in transferring the silica gel. 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 1iquids'to transfer the silica gel. If a balance




is available in the field, the tester may follow the procedure for
container No. 3 in section 4.3.2.

4.2.5 Yater Blank. Save a portion of the deionized distilled
water used for cleanup as a blank. Take 200 ml of this water directly
from the wash bottie being used and place it in a glass sample
con§a1ner Jabeled “water blank."

4.3 Analysis. Record the data reqdired on a ;peet such as the
one shown in Figure 5-3 of Method 5. Handle each sample container

as follows:

4.3.1 "Containers No. 1'and 2. Note the Tevel of 1iquid and
confirm on the analysis sheet whether or not leakage occurred during
transport. If a noticeable amount of.ieakage has occurred, éither
void the sample or use methods, subject to the approval of the
,Administrator,-fo correct the final resuTts; Measure the liquid
either yo1umetr1§é11y to + 1 ml or gravimetrically to + 0.5 g, and
record on the data sheet. Combine the contents of both containers
in a 500-m1 volumetric flask, and dilute to exactly 500 ml with
deionized distilled water. Distill the sample following the
procedure in 4.3.4. ' |

4.3.2"Coniaiﬁer:No; 3. Weigh the spent silica gel (or silica
gel plus impinger) to the nearest 0.5 g usinga balance. This step

may be conducted in the field.
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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. |

4.3.4.1 Preparation of Sample. Pipette.a 100-m1 aliquot

of samp1eAinto‘a 1-Titer flask or beaker, and add 400 ml of
defonized distilled water. Then add 25 ml of borate buffer, and
adjust the pH to 9.5 with 6N NaOH using short-range pH paper to
mgaéure the pH. Heat the flask to boiling and boil until the
volume is reduced to about 75 m]. (Caution: Conduct this step
ynder a hood. )} Tréns%ér the remaining sample to a 100-ml
volumetric flask and dilute to exactly 100 ml with defonized

”

distilled water. _

4,3.4.2 Analysis. Treat the sample and blank as follows:
Pipette 10 m into a 25-m] yolumetric flask and add 1b ml of the
urea color reagent. Dilute <o exactly 25 ml with deionized
disti11ed water. Mix well and allow to stand for at least
10 minutes for full color deVelopment. Measufe the absorbance of
- the solution of 420 nm using the blank soJution as a zero referehcé.
If the absorbance exceeds that of the 5.00-pg/m] 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 Gauée (5.5);
Leak-Check of the Metering System (5.6); and Barometer (5.7).

5.2 Determination qf Spectrophotometer Caljbration Factor K.
Add 0.0, 1.0, 5.0, 10.0, 15.0, 20.0 and 25.0 ml of the standard urea
solution to a series of six 250-m1 volumetric flasks. Then follow
the distillation and analysis procedures described for the samples
in section 4.3.4 of this method. Each standard at the time of
analysis will contain 0, 0.100, 0.500, 1.00, 1.50, 2.00, and 2.50 mg
respectively. The calibration procedure must be repeated each day
that samples are analyzed. Calculate the spectrophotometer calibration

factor as follows:

3t 'ISA4 + 20A5 + 25A6
2 2

AA] +.5A2 + 10A
K. = 0,100
1

+ A22 + A+ Ay~ + A52 + As2
Where: .

K. = Calibratisn factor.

A, = Absorbance of the 0.100 mg standard.

Az = Absorbance of the 0.500 mg standard.

A3 = Absorbance of the 1.00 mg standard.

A4‘ = Absorbance of the 1.50 mg standard.

.AS = Absorbance of the 2.0 mg standard.

Ag = Absorbance of the 2,50 mg standard.



6.. Calculations

: '6.1- Average Dry Gas Meter Temperature and Average Qrifice
Pressure Drop, Dry Gas Volume, Volume of Water Vapor, Moisture
Content, Isokinetic Variation, and Acceptable Re§u1ts. Using
data from this test, same as Method 5, sections 6.2, 6.3, 6.4,
6.5, 6.11, and 6.12 respectively.

6.2 Mass of Urea. Calculate the total weight of urea

.

collected in the sample by Equation 28-1.

‘B v '
~s0ln v
m= K (A 2L-A ) Eq. 28-1
c Vs Vi W Vb ;

Where: |
m = Mass of ufea collected, mg.
: Kc .= Spectraphotqqgter calibration factor.
As = Absorbance of sample.

A, = Absorbance of the water blank.
Vay - = Volume of sample aliquot analyzed, ml.

v = Total volume of solution in which the sample is

soin
- contained, mj.
6.3 Particulate Concentration: Calculate the particulate

(urea) concentration as follows:

. m =3

10 Eq. 28-2
m(std)

C"'Kz



Where:
¢ ° = Particulate (ureé) 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, dsem (dscf).

K2 = 1,0 for metric units.

| 0.4370 for English units.
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Method 351.3 (Colorimetric; Titrimetric; Potentiometric)
STORET NO. 00625

1. Scope and Application

Il This method covers the determination of total Kjeldahl nitrogen in drinking, surface and

saline waters, domestic and industrial wastes. The procedure converts nitrogen

_ components of biological origin such as amino acids, proteins and peptides to ammonia,
but may not convert the nitrogenous compounds of some industrial wastes such as
amines, nitro compounds, hydrazones, oximes, semicarbazones and some refractory
tertiary amines.

1.2 Three alternatives are listed for the determination of ammonia after distillation: the
titrimetric method which is applicable to concentrations above 1 mg N/liter; the
Nesslerization method which is applicable to concentratxons below 1 mg N/liter; and the
potentiometric method applicable to the range 0.05 to 1400 mg/1.

1.3 This method is described for macro and micro glassware systems.

2. Definitions :

2.1 Total Kjeldahl nitrogen is defined as the sum of free-ammonia and organic nitrogen
compounds which are converted to ammonium sulfate (NH,),SO,, under the conditions
of digestion described below.

2.2 Organic Kjeldahl nitrogen is defined as the dxfference obtained by subtracting the free-
ammonia value (Method 350.2, Nitrogen, Ammonia, this manual) from the total
Kjeldahl nitrogen value. This may be determined directly by removal of ammonia before
digestion.

3.  Summary of Method :

3.1 The sample is heated in the presence of conc. sulfuric acid, K,SO, and HgSO, and
evaporated until SO; fumes are obtained and the solution becomes colorless or pale
yellow. The residue is cooled, diluted, and is treated and made alkaline with a hydroxide-
thiosulfate solution. The ammonia is distilled and determined after distillation by
Nesslerization, titration or potentiometry. -

4.  Sample Handling and Preservation

4.1 Samples may be preserved by addition of 2 ml of conc. H,SO, per liter and stored at 4°C.
Even when preserved in this manner, conversion of organic nitrogen to ammonia may
occur. Preserved samples should be analyzed as soon as possible.

5. Interference

5.1 High nitrate concentrations (10X or more than the TKN level) result in low TKN
values. The reaction between nitrate and ammonia can be prevented by the use of an
anion exchange resin (chloride form) to remove the nitrate prior to the TKN analysis.

Approved for NPDES .
Issued 1971
Editorial revision 1974 and 1978
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Apparatus

6.1

6.2

Digestion apparatus: A Kjeldahl digestion apparatus with 800 or 100 m! flasks and
suction takeoff to remove SO, fumes and water.

Distillation apparatus: The macro Kjeldahl flask is connected to a condenser and an
adaptor so that the distillate can be collected. Micro Kjeldahl steam distillation
apparatus is commercially available.

6.3 Spectrophotometer for use at 400 to 425 nm with a light path of 1 cm or longer.
Reagents - . : L
7.1 Distilled water should be free of ammonia. Such water is best prepared by the passage of

7.2

- acid (10.0 ml conc. H,SO, : 40 ml distilled water) and dilute to 100 ml with distilled

7.3

7.4
7.5
7.6

7.7

7.8
7.9

7.10

distilled water through an ion exchange column containing a strongly acidic cation

-exchange resin mixed with a strongly basic anion exchange resin. Regeneration of the

column should be carried out according to the manufacturer’s instructions.
NOTE 1: All solutions must be made with ammonia-free water.
Mercuric sulfate solution: Dissolve 8 g red mercuric oxide (HgO) in 50 ml of 1:4 sulfuric

water. .

Sulfuric acid-mercuric sulfate-potassium sulfate solution: Dissolve 267 g K,SO, in 1300
ml distilled water and 400 mli conc. H,SO,. Add 50 ml mercuric sulfate solution (7.2) and
dilute to 2 liters with distilled water.

Sodium hydroxide-sodium thiosulfate solution: Dissolve 500 g NaOH and 25 g

Na,$,0,+5H;0 in distilled water and dilute to 1 liter.

Mixed indicator: Mix 2 volumes of 0.2% methyl red in 95% ethanol with 1 volume of
0.2% methylene blue in ethanol. Prepare fresh every 30 days.

Boric acid solution: Dissolve 20 g boric acid, H;BO,, in water and dilute to 1 liter with
distilled water. _

Sulfuric acid, standard solution: (0.02 N) 1 ml = 0.28 mg NH;-N. Prepare a stock
solution of approximately 0.1 N acid by diluting 3 ml of conc. H,SO, (sp. gr. 1.84) to 1
liter with CO,-free distilled water. Dilute 200 ml of this solution to 1 liter with CO,-free
distilled water. Standardize the approximately 0.02 N acid so prepared against 0.0200 N
Na,CO; solution. This last solution is prepared by dissolving 1.060 g anhydrous Na,CO,,
oven-dried at 140°C, and diluting to 1 liter with CO,-free distilled water.

NOTE2: An alternate and perhaps preferable method is to standardize the
approximately 0.1 N H,SO, solution against a 0.100 N Na,CO, solution. By "p_roper
dilution the 0.02 N acid can the be prepared.

Ammonium chloride, stock solution: 1.0 m! = 1.0 mg NH,-N. Dissolve 3.819 g NH,Cl
in water and make up to 1 liter in a volumetric flask with distilled water.

Ammonium chloride, standard solution: 1.0 ml = 0.01 mg NH;-N. Dilute 10.0 ml of the
stock solution (7.8) with distilled water to 1 liter in a volumetric flask.

Nessler reagent: Dissolve 100 g of mercuric iodide and 70 g potassium iodide in a small
volume-of distilled water. Add this mixture slowly, with stirring, to a cooled solution of
160 g of NaOH in 500 ml of distilled water. Dilute the mixture to 1 liter. The solution is
stable for at least one year if stored in a pyrex bottle out of direct sunlight.
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NOTE 3: Reagents 7.7, 7.8, 7.9, and 7.10 are identical to reagents 6.8, 6.2, 6.3, and 6.6
described under Nitrogen, Ammonia (Colorimetric; Titrimetric; Potentiometric-
Distillation Procedure, Method 350.2).

8.  Procedure ‘

8.1 - The distillation apparatus should be pre-steamed before use by distilling a 1:1 mixture of
distilled water and sodium hydroxide-sodium thiosulfate solution (7.4) until the distillate
is ammonia-free. This operation should be repeated each time the apparatus is out of
service long enough to accumulate ammonia (usually 4 hours or more).

~ 8.2 Macro Kjeldahl system
8.2.1 Place a measured sample or the residue from the distillation in the ammonia
' determination (for Organic Kjeldahl only) into an 800 ml Kjeldahl flask. The
sample size can be determined from the following table:

Kjeldahl Nitrogen Sample Size
in Sample, mg/1 mi
0-5 . 500 .
5-10 T 250
10-20 100
20-50 50.0
50-500 " 25.0

Dilute the sample, if required, to 500 ml with distilled water, and add 100 ml
sulfuric acid-mercuric sulfate-potassium sulfate solution (7.3). Evaporate the
mixture in the Kjeldahl apparatus until SO, fumes are given off and the solution
. turms colorless or pale yellow. Continue heating for 30 additional minutes. Cool the
residue and add 300 ml distilled water. }

8.2.2 Make the digestate alkaline by careful addition of 100 ml of sodium hydroxide -

thiosulfate solution (7.4) without mixing.
NOTE §: Slow addition of the heavy caustic solution down the tilted neck of the
digestion flask will cause heavier solution to underlay the aqueous sulfuric acid
solution without loss of free-ammonia. Do not mix until the digestion flask has
been connected to the distillation apparatus.

8.2.3 Connect the Kjeldahl flask to the condenser with the tip of condenser or an
extension of the condenser tip below the level of the boric acid solution (7.6) in the
receiving flask.

8.2.4 Distill 300 ml at the rate of 6~10 ml/min., into 50 ml of 2% boric acid (7.6)
contained in a 500 ml Erlenmeyer flask.

8.2.5 Dilute the distillate to 500 ml in the flask. These flasks should be marked at the 350
and the 500 ml volumes. With such marking, it is not necessary to transfer the

. distillate to volumetric flasks. For concentrations above 1 mg/1, the ammonia can
- bedetermined titrimetrically. For concentrations below this value, it is determined
colorimetrically. The potentiometric method is applicable to the range 0.05 to 1400

e mg/1.
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8.3

8.4

Micro Kjeldahl system

8.3.1 Place 50.0 ml of sample or an aliquot diluted to 50 ml in a 100 ml Kjeldahl flask
and add 10 ml sulfuric acid-mercuric sulfate-potassium sulfate solution (7.3).
Evaporate the mixture in the Kjeldahl apparatus until SO, fumes are given off and
the solution turns colorless or pale yellow. Then digest for an additional 30
minutes. Cool the residue and add 30 ml distilled water.

8.3.2 Make the digestate alkaline by careful addition of 10 ml of sodium hydroxide-
thiosulfate solution (7.4) without mixing. Do not mix until the digestion flask has
been connected to the distillation apparatus. : ‘

8.3.3 Connect the Kjeldahl flask to the condenser with the tip of condenser or an
extension of the condenser tip below the level of the boric acid solution (7.6) in the
receiving flask or 50 ml short-form Nessler tube.

8.3.4 Steam distill 30 ml at the rate of 6~10 ml/min., into 5 ml of 2% boric acid (7.6).

8.3.5 Dilute the distillate to SO ml. For concentrations above 1 mg/1 the ammonia can be
determined titrimetrically. For concentrations below this value, it is determined
colorimetrically. The potentiometric method is applicable to the range 0.05 to 1400
mg/1.

Determination of ammonia in distillate: Determine the ammonia content of the distillate

titrimetrically, colorimetrically, or potentiometrically, as described below.

8.4.1 Titrimetric determination: Add 3 drops of the mixed indicator (7.5) to the distillate
and titrate the ammonia with the 0.02 N H,SO, (7.7), matching the endpoint
against a blank containing the same volume of distilled water and H,BO, (7.6)
solution.

8.4.2 Colorimetric determination: Prepare a series of Nessler tube standards as follows:

ml of Standard

1.0 ml = 0.01 mg NH;-N ‘ mg NH;-N/50.0 ml

0.0 0.0

0.5 : 0.005
1.0 0.010
2.0 . 0.020
4.0 0.040
5.0 0.050
8.0 0.080
10.0 0.10

Dilute each tube to 50 ml with ammonia free water, add 1 ml of Nessler Reagent
(7.10) and mix. After 20 minutes read the absorbance at 425 nm against the blank.
From the values obtained for the standards plot absorbance vs. mg NH;-N for the
standard curve. Develop color in the 50 ml diluted distillate in exactly the same
manner and read mg NH,-N from the standard curve.

. 8.4.3 Potentiometric determination: Consuit the method entitled Nitrogen, Ammonia:

Potentiometric, Ion Selective Electrode Method, (Method 350.3) in this manual.
8.4.4 Itis not imperative that all standards be treated in the same manner as the samples.
It is recommended that at least 2 standards (a high and low) be digested, distilled,
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and compared to similar values on the curve to insure that the digestion-distillation
technique is reliable. If treated standards do not agree with untreated standards the
operator should find the cause of the apparent error before proceeding.
Calculation
9.1 If the titrimetric procedure is used, calculate Total Kjeldahl Nitrogen, in mg/1, in the
original sample as follows:

TKN, mg/1 = A= BN >§ F x 1,000

where:

A = milliliters of standard 0.020 N H,SO, solution used in titrating sample.

B = milliliters of standard 0.020 N H,SO, solution used in titrating blank.

N = normality of sulfuric acid solution.

F = milliequivalent weight of nitrogen (14 mg). : X
S = milliliters of sample digested. BN

If the sulfuric acid is exactly 0.02 N the formula is shortened to:

TKN, mg/l = L‘i:i?'s__)xzs_o.

9.2 If the Nessler procedure is used, calculate the Total Kjeldahl Nitrogen, in mg/1, in the
original sample as follows:

TKN, mgn = AX 100 B

where: : ' -
A = mg NH;-N read from curve.

B = ml total distillate collected including the H,BO;.

C = ml distillate taken for Nesslerization.

D = ml of original sample taken.

9.3 Calculate Organic Kjeldahl Nitrogen in mg/1, as follows:
Organic Kjeldahl Nitrogen = TKN (NH;-N.)
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9.4 Potentiometric determination: Calculate Total Kjeldahl Nitrogen, in mg/1, in the
original sample as follows:

o

TKN,mg/l:B X

_ Where:
A = mg NH;-N/1 from electrode mcthod standard curve.
‘B = volume of diluted distillate in ml.
D = ml of original sample taken. ",

10. Precision
10.1 Thirty-one analysts in twenty laboratories analyzed natural water samples containing
exact increments of organic nitrogen, with the following results:

Increment as Precision as N Accuracy as
Nitrogen, Kjeldahl Standard Deviation Bias, Bias,
mg N/liter mg N/liter _71_ mg N/liter
0.20 0.197 +15.54 +0.03
0.31 0.247 + 545 +0.02
4,10 1.056 + 1.03 +0.04

4.61 - 1.191 - 1.67 -0.08
(FWPCA Method Study 2, Nutrient Analyses)
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NITROGEN, AMMONIA

Method 350.2 (Colorimétric; Titrimetric; Potentiometric -
Distillation Procedure)

STORET NO. Total 00610
Dissolved 00608

1. Scopeand Application

‘1.1 This distillation method covers the determination of ammonia-nitrogen exclusive of total
Kjeldahl nitrogen, in drinking, surface and saline waters, domestic and industrial wastes.
It is the method of choice where economics and sample load do not warrant the use of
automated equipment.

1.2 The method covers the range from about 0.05 to 1.0 mg NH;-N/1 for the colorimetric
procedure, from 1.0 to 25 mg/1 for the titrimetric procedure, and from 0.05 to 1400
mg/1 for the electrode method. N '

1.3 This method is described for macro glassware; however, micro distillation equipment
may also be used.

2. Summary of Method

2.1 The sample is buffered at a pH of 9.5 with a borate buffer in order to decrease hydrolysis
of cyanates and.organic nitrogen compounds, and is then distilled into a solution of boric
acid. The ammonia in the distillate can be determined colorimetrically by nesslerization,
titrimetrically with standard sulfuric acid with the use of a mixed indicator, or
potentiometrically by the ammonia electrode. The choice between the first two
procedures depends on the concentration of the ammonia.

3.  Sample Handling and Preservation
3.1 Samples may be preserved with 2 m] of conc. H,SO, per liter and stored at 4°C.
4.  Interferences

4.1 A number of aromatic and aliphatic amines, as well as other compounds, both organic |
and inorganic, will cause turbidity upon the addition of Nessler reagent, so direct
nesslerization (i.e., without distillation), has been discarded as an official method.

4.2 Cyanate, which may be encountered in certain industrial effluents, will hydrolyze to
some extent even at the pH of 9.5 at which distillation is carried out. Volatile alkaline
compoundé, such as certain ketones, aldehydes, and alcohols, may cause an off-color
upon nesslerization in the distillation method. Some of these, such as formaldehyde, may
be eliminated by boiling off at a low pH (approximately 2 to 3) prior to distillation and
nesslerization.

4.3 Residual chlorine must also be removed by pretreatment of the sample with sodium
thiosulfate before distillation.

Approved for NPDES
Issued 1971
Editorial revision 1974
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5.1
5.2

5.3

5.4

Apparatus

An all-glass distilling apparatus with an 800-1000 m! flask.

Spectrophotometer or filter photometer for use at 425 nm and providing a light path of 1
cm or more. .

Nessler tubes: Matched Nessler tubes (APHA Standard) about 300 mm long, 17 mm
inside diameter, and marked at 225 mm +1.5 mm inside measurement from bottom.
Erlenmeyer flasks: The distillate is collected in 500 ml glass-stoppered flasks. These
flasks should be marked at the 350 and the 500 ml volumes. With such marking, it is not
necessary to transfer the distillate to volumetric flasks.

6. Réagents

6.1

6.2

6.3

6.4
6.5

6.6

6.7

6.8

Distilled water should be free of ammonia. Such water is best prepared by passage
through an ion exchange column containing a strongly acidic cation exchange resin
mixed with a strongly basic anion exchange resin. Regeneration of the column should be
carried out according to the manufacturer’s instructions.

NOTE 1: All solutions must be made with ammonia-free water.

Ammonium chloride, stock solution: 1.0 ml = 1.0 mg NH;-N. Dissolve 3.819 g NH,Cl
in distilled water and bring to volume in a 1 liter volumetric flask.

Ammonium chloride, standard solution: 1.0 m! = 0.01 mg. Dilute 10.0 ml of stock
solution (6.2) to 1 liter in a volumetric flask.

Boric acid solution (20 g/1): Dissolve 20 g H,BO, in distilled water and dilute to 1 liter.
Mixed indicator: Mix 2 volumes of 0.2% methyl red in 95% ethyl alcohol with 1 volume
of 0.2% methylene blue in 95% ethyl alcohol. This solution should be prepared fresh
every 30 days.

NOTE 2: Specially denatured ethyl alcohol conforming to Formula 3A or 30 of the U.S.
Bureau of Internal Revenue may be substituted for 95% ethanol.

Nessler reagent: Dissolve 100 g of mercuric iodide and 70 g of potassium iodide in a small

"amount of water. Add this mixture slowly, with stirring, to a cooled solution of 160 g of

NaOH in 500 ml of water. Dilute the mixture to 1 liter. If this reagent is stored in a Pyrex
bottle out of direct sunlight, it will remain stable for a period of up to 1 year.

NOTE 3: This reagent should give the characteristic color with ammonia within 10
minutes after addition, and should not produce a precipitate with small amounts of
ammonia (0.04 mg in a 50 ml volume).

Borate buffer: Add 88 ml of 0.1 N NaOH solution to 500 ml of 0.025 M sodium
tetraborate solution (5.0 g anhydrous Na,B,0, or 9.5 g Na,B,0,10H,0 per liter) and
dilute to 1 liter.

Sulfuric acid, standard solution: (0.02 N, 1 ml = 0.28 mg NH;-N). Prepare a stock
solution of approximately 0.1 N acid by diluting 3 ml of conc. H,SO, (sp. gr. 1.84) to 1
liter with CO,-free distilled water. Dilute 200 ml of this solution to 1 liter with CO,-free
distilled water.

NOTE 4: An alternate and perhaps preferable method is to standardize the
approximately 0.1 N H,SO, solution against a 0.100 N Na,CO, solution. By proper
dilution the 0.02 N acid can then be prepared.
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6.9

6.8.1 Standardize the approximately 0.02 N acid against 0.0200 N Na,CO, solution.
This last solution is prepared by dissolving 1.060 g anhydrous Na,CO,, oven-dried
at 140°C, and diluting to 1000 m! with CO,-free distilled water.

Sodium hydroxide, 1 N: Dissolve 40 g NaOH in ammonia-free water and dilute to 1 liter.

6.10 Dechlorinating reagents: A number of dechlorinating reagents may be used to remove

residual chlorine prior to distillation. These include:
a.  Sodium thiosulfate (1/70 N): Dissolve 3.5 g Na,S,0,°5H,0 in dlsnlled water and
dilute to 1 liter. One ml of this solutnon will remove 1 mg/l of residual chlorme in

500 ml of sample.
b.  Sodium arsenite (1/70 N): Dissolve 1.0 g NaAst in distilled water and dilute to ]
_ liter.
Procedure
7.1 Preparation of equipment: Add 500 ml of distilled water to an 800 ml Kjeldahl flask. The

7.2

7.3

7.4

addition of boiling chips which have been previously treated with dilute NaOH will
prevent bumping. Steam out the distillation apparatus until the distillate shows no trace
of ammonia with Nessler reagent. ‘

Sample preparation: Remove the residual chlorine in the sample by adding
dechlorinating agent equivalent to the chlorine residual. To 400 ml of sample add 1 N
NaOH (6.9), until the pH is 9.5, checking the pH during addition with a pH meter or by
use of a short range pH paper.

Distillation: Transfer the sample, the pH of which has been adjusted to 9.5, to an 800 ml
Kjeldahl flask and add 25 ml of the borate buffer (6.7). Distill 300 ml at the rate of 6-10
ml/min. into 50 ml of 2% boric acid (6.4) contained in a 500 m! Erlenmeyer flask.

NOTE 5: The condenser tip or an extension of the condenser tip must extend below the
level of the boric acid solution.

Dilute the distillate to SO0 ml with distilled water and nesslerize an aliquot to obtain an

approximate value of the ammonia-nitrogen concentration. For concentrations above 1

mg/1 the ammonia should be determined titrimetrically. For concentrations below this

value it is determined colorimetrically. The electrode method may also be used.

Determination of ammonia in distillate: Determine the ammonia content of the distillate

titrimetrically, colorimetrically or potentiometrically as described below.

7.4.1 Titrimetric determination: Add 3 drops of the mixed indicator to the distillate and
titrate the ammonia with the 0.02 N H,SO,, matching the end point against a blank
containing the same volume of distilled water and H;BO, solution.
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8.

7.5

7.4.2 Colorimetric determination: Prepare a series of Nessler tube standards as follows:

m! of Standard

10 ml = 0.01 mg NH,-N 'mg NH,-N/50.0 ml

0.0
0.005
0.0!
0.02
0.03
0.04
0.05
0.08
0.10

cCooOoDOoOOWLMO

COULELWN=OO

Dilute each tube to 50 ml with distilled water, add 2.0 ml of Nessler reagent (6.6)
and mix. After 20 minutes read the absorbance at 425 nm against the blank. From
the values obtained plot absorbance vs. mg NH;-N for the standard curve.
Determine the ammonia in the distillate by nesslerizing 50 ml or an aliquot diluted
to 50 ml and reading the absorbance at 425 nm as described above for the
standards. Ammonia-nitrogen content is read from the standard curve.

7.4.3 Potentiometric determination: Consult the method entitled Nitrogen, Ammonia:
Selective Ion Electrode Method (Method 350.3) in this manual.

It is not imperative that all standards be distilled in the same manner as the samples. It is

recommended that at least two standards (a high and low) be distilled and compared to

similar values on the curve to insure that the distillation technique is reliable. If distilled

standards do not agree with undistilled standards the operator should find the cause of

the apparent error before proceeding.

Calculations
8.1 Titnmetric
mg/I NH, — N = AX o.zgx 1.000
where:
A = ml0.02 N H,S0, psed.
S = ml sample.
8.2 Spectrophotometric
: _ A x 1,000 B
mg/lNH,—N-———D——— X C
where:

" A = mg NH;-N read from standard curve.

B = ml total distillate collected, including boric acid and dilution.
C = ml distillate taken for nesslerization. ' .
D = ml of original sample taken.
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8.3 Potentiometric

mg/I NH, — N =5—39 x A

where: :
A = mg NH,-N/1 from electrode method standard curve.

D = ml of original sample taken.

9.  Precision and Accuracy
9.1 Twenty-four analysts in sixteen laboratories analyzed natural water samples containing

exact increments of an ammonium salt, with the following results:

Accuracy as

Increment as Precision as .
) Nitrogen, Ammonia Standard Deviation Bias, Bias,
- mg N/liter mgN/liter %o mg N/liter
0.2t 0.122 -5.54 -0.01 ™~
0.26 0.070 -18.12 -0.05
1.71 0244 +0.46 +0.01
1.92 0.279 -2.01 -0.04

(FWPCA Method Study 2, Nutrient Analyses)
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ISCKINETIC DETERMINATION OF POLLUTANT LEVELS
I THE EFFLUENT OF FORMALDEHYDE MANUFACTURING FACILITIES
1. Principle:

i.] 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 glsss bomb
is_conpected—after—the Scrutbimo—impingers—and—before—the-sitica—ge)
so,;ﬁai.anx_nan;condensib4e—ve%%vtant%*may—be*tn?#ected*+n—a~grab—sam-
pre

1.2 Formaldehyde: The analysis consists of reacting an aliquot
oF tne impincer solution with chircmotronic --sulfuric acid reagent to
form a purple chiromogen, This resulting sclution is analyzed colorime-

tricaily using a spectrophotometer at 580 nm; the absortance of the

coloved colution g
solution,

1.3 Hethanol: An aliquot of the'scrubber solution is reacted with
potassium uermanganate oxidizing all methanol present to formaldehyde.
The total formaldehvde is then determined colorimetrically. The back-
grourd formaldehyde content as determined by (1.2) is then subtracted
out and the methanol content determined.

1.4 Dimethyl ether: An aliquot of the scrubber solution is analyzed
for dimethyl ether using a gas chromatograph with a flame jonization de-
tector.

1.5 Grab sample: Using a Hamilton syringe, 20 ml of water is in-

jected into the glass bomb. The bomb is shaken and the 1iquid removed
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2
and analvzed for methanol, formaldehyde, ard dimethyl ether to check
impinger efficiency. A sample of the remaining gas is analyzed feor

dimethyl ether.

2. Aoplicability:

2.1 This method is applicable for the determination of formalde-
hyde, methanol and dimethyl ether in the effluent of formaldehyde mranu-

facturing facilities.
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3. Range:
3.1 Formaldehyde: .05 ug/ml - 2.0 ug/ml; Based on impinger soiution

3

of 600 ml1 and 60 Ft~ gas collected: 6 - 240 ppm; upper limit is easiiy

extended by diluting aliquot taken.
4, Sensitivity: unknown

5. Precision:

5.1 Formaldehyde: + 5%

6. Collection Efficiency:

6.1 Formaldehyde 95%

7. Interferences

7.1 Formaldchyde: This methed is specific for formaldzhyde 2lthough
other hydrocarbons in concentrations in excess of formaldehvde to the
order of 10:1 will give interferences in absorbance readings:

Saturated Aldehydes <.01% (+)

Unsaturated Aldehydes 1 - 2%(+) )
Ethanol, High Alcohols, Qlefins - (-)

Phenols (8:1 excess) 10-20%(-) b
Ethylene, Propylene (10:1 excess) 5-10 (-)

Aromatics (15:1 excess) 154 (-) z
Methanol (10,000:1 excess) -None

Nitrogen Oxides* ) (-)

7.2 Methanol; same as above

7.3 Dimethyl ether; unknown .
-
*Use of Aqueous bisulfite solution as the scrubbing medium wil1l" reduce
interference of nitrogen oxides.
[)L RECT
AVa VI
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8. Apparatus:
8.1 Sampling.

8.1.1 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 Green-
burg -Smith, 1 silica gel

8.1.5 Glass sample tube with side adapter for syringe; 250m},
(Fisher Catalog # 11-134-190)

8.1.6 Metering - Vacuum System as required to maintain an iso-

inetic sampling rate

2.1.7 Motering - Vacuum System ag required to obtain grah cam.
ple.
8.2 Sample recovery .
8.2.1 Probe brush
8.2.2 Mash bottle
8.2.3 Graduated cylinder
8.2.4 Glass.sampIe storage jars
8.3 Analysis '!

8.3.1 Spectrometer capable of measurina absorbance of the color

-

developed solution at 580 nm.

Nvabrm

i
8.3.2 .Hamilton syringe for; removal of sample from grab sample

bomb. | i

4
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8.3.3 Gas chromatograph
8.3.4 Flame ionization detector

8.3.5 Recorder

- | DRAFT
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9. Peagents:
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: Forimaldehyde
= 9.,3,1 Chromotropic acid reagent: Dissoive 0.10 q of 4,5
dihydroxy-2, 7 - naphthalene-disulfonic acid disodium salt (Eastman
Kedak Co. Cat. Mo. P230) in water and dilute to 10 ml. Filter, if
necessarv: store in brown bottle. MNMake fresh weekly. ‘
9.3.2 Sulfuric acid: Concentrated reagent grade
9.3.3 Formaldehyde standard solution “A": () ma/m1). Dissolve
4.4703 q s9giET_jgzmglgshzii_giiglfigg_jEastman PG 450) in distilled
water qnd dilute to 1 liter. Stab]é for one month.

| 9.3.4 Formaldehyde standard solution "B": (1Twa/ml) Dilute 1}

- ml 5? standard solution "A" to 100 ml with distilled water. Make fresh

daily. ﬂ

. . 9.3.5 lodina (0.1 N, approximate): Dissolve 25 g of potassium

iodige in about 25 ml of water. Acd 12.7g of fodine and dilute to 1 liter.
9.3.6 Iodine (0.01 M): Di?ute 100 m1 of the 0.1 N iodine‘solution

{
to 1 liter. Standardize against sodium thjosulfate.
o\
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7
“/5.3.7 Starch solution, 1 percent: Make a paste of 1 g of
soluble starch and 2 ml of water. Slowly add the paste to 100 hl of
" boiling vater. Cool, add several ml of chloroform as a preservative,
and store in a stoppered bottle. Discard when a mold growth is notice-
able.
v/9.3.8 Sodium carbonate buffer solution: Dissolve 80 o of
anﬁydrous sodium carbonate in about 500 ml of water. Slowly add.20 ml
of glacial acetic acid and dilute to 1 liter.
“9.3.9 Scdium bisulfite, 1 percent: Dissolve 1 g of sodium
bisulfite in 100 m} of water. Prepare fresh weekly.
9.4 Analysis: Methanol
0.2.1 Same as formaldehyde analysis (9.3) plus:
9.4,2 Potassium permanganate solution: Qisgo]ve 1 a AR,
potassium permanganate in water and dilute to 100 ml Qith water.
| 9.4.3 Ethanb] solution: Prepare a § perceni (volume) solution
of methanol - free ethanol in water.'
9.4.4 Dilute phosphoric acid: Dilute 25 ml phosphoric acid
- (85%) to ICO ml with water. ‘
9.4.5. Hydrogen peroxide solution: Prepare a solution containing

approximately 1.5 percent w/v Hy0, (5 - volumes péfoxide).

v 9.5 Analysis: Dimethyl ether
— 4

9.5.1 Chromotographic column: 10% triethyl acetyl citrate,

——— e —

\
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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 dis-
tilled water. The third impinger is left dry and the fourth impinger
contains approximately 200 gm silica gel.

3 is collected isokinetically

10.1.2 A minimum sample of €0 Ft
as per EPA Method 5 at a rate of 0.5 to 1.0 CFM.

10.1.3 Halfway through *the sample run the valve to'the alass
bomb is opened and the glass bomb is pﬁrged at a rate of 1 LPM for two
minutes, The stopcocks at both ends of the gas sample tube are éimu1-
taneously closed. The vacuum source to tne sample tube and the valve to
the main sample train are closed off.

10.2 Sample Recovery

10.2.1 The gas sambIe 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. é

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 brobe wash is stored ;eparate1y. .

10.2.4 The weight gain i% the silica gel is recorded.

|
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= 10.3 Analytical: Formaldehyde
;:> 10.3.1 Measure and record the volume of each of the sampie
solutions. -

10.3.2 Pipette a 4 ml aliquot from each of the sampling solu-
tions into glass stoppered test tubes. A blank containing 4 ml of dis-
tilled water must also be run. [If the formaldehyde content of the ali-
quot 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 s]ow]y‘and cautiously € ml of
Loncentiirated suituric actd, The soTution becomes extiéeneiy not Curing
the addition of the sulfuric acid. If the acid is not added slowly, some
loss of sample could occur due to spattefﬁng. .

10.3.5 Allow to cool to room temperature. ‘Read at 580 nm in
a suitable spectrophotometer using a 1em cell. \

10.3.6 Detgrmine the formaldehyde content of the sampling.solu-
tion from a curve previously prepared from standard forma]dehyde'so1ution§.

10.4 Analysis: Methanol ' 1
10.4.1 Pipette 2 4 ml aliquot from ?ach'of the sampling solu-
tions into alass stoppered test tubes. A blank containing 4 ml of distilled

water must also be run. (IFf the methanol content exceeds the 1imit of the

method a smaller aliquot diluted to 4 ml with distilled water is used.



10
10.4.2 Add .5 ml ethanol solution, 2.5 ml potassium per-
manganate soiution, and .5 ml phosphoric acid solution. Mix and allow
to stand for 1 hour,
10.4.3 Add hyd%ogen peroxide solution drop by drop until
the solution is colorless. '
“10.4.4 Proceed with formaldehyde analysis (10.3.3)
10.5 Analysis: Dimethyl ether
10.5.1 Using Hamilton syringe take aliquot of sample solutions
and inject into gas chromatograph.
10.6 Analysis: Gas sampling tube |
10.6.1 Using Hamilton syringe inject 20 ml of distilled water
intn the camnling 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 cne aas, using fhe

Hamilton syringe and analyze for dimethyl ether by qas chromatoaraphy.

{
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1
11, Calibration:
-ff:> 11.1 Standardization of formaldehyde solution

11.7.1 Pipette 1 m] of forma]dehyde'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 m1 of 1 percent sodium bisulfite and 1 ml of
1 percent starch solution.

11.1.3 Titrate with 0.1 M jodine to a dark blue color.

11.1.4 Destroy the excess iodine with 0.05 N sodium thiosul-
fate.

11.1.5 Add 0.01 N iodine until 2 faint blue end point is
reached.

11.1.6 The excess inorganic bisulfite is now completely oxi-
dized td sulfate, and the solution is ready for the aséay of the formalde-
hyde bisulfite addition product. ,

11.1.7 Chill the flask in an ice bath and add 25 ml of chilled ,
sodium carbonate buffer. Titrate the ]ibérated sulfite with 0.01 N iodine,
using a microburette, to a faint blue end point. The amount of iodine 2dded

in this step must be acéurately measured and recorded,

-y

11.1.8 One ml of 0.0100 N iodine i§ equivalent to 0.15 ma of
formaldehyde, Therefore, since 1 m] of formaldehyde standard sclution was
titrated, the ml1 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/mil.

DO NOT

>
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12
1.2 Preﬁaration of standard curve, foéﬁa]dehyde
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 éach standard to 4 ml with distilled water.
11.2.3 Develop the color as described in the analytical pro-
cedure (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 conditions.
P=Pn 530
Vo =V x () x (v52e0)

12.1.2 Calculate concentration of formaldehyde in the sample.

ppn (volume) = %gg X §3%7} (%ﬁQ;S)

V = Volume Sampled, (Liters)
Ve = Volume S.T.P, (Liters)
S.T.P = 70°F, 29.92"Hg
P = Barametric Pressure, "Ha-
Pm = Meter Pressure, "Ha
T = Meter Temp., °F
C = po of formaldehyde in aliauct (from calibration curve)
S = Total ml of sampling solution

A = Ml of aliauot taken from sampling solution
MW = Molecular weight of formaldehvde, 30.03
24,15 = M1 of formaldehyde gas in one millimole @ S.T.P.

———— o tsewmmms et e e, aweee e mommmn s werte B R . . Cam e e e e r e S—— v — S — e —a h m e —
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13
12.2 Methanol
12,2.1 The total pg formaldehyde read from the absorbance
is equal to the formaldehyde originally in the.samp1e p]ug the for-
maldehyde formed from oxidation of methanol. Therefore, from the total
ug formaldehyde in the aliquot, subtract the ug of background formalde-
hyde present in an.aliquot of equal size (previously determined).

This is the pg formaldehyde in the aliquot formed

¥
from the oxidation of methanol. i}?
12.2.2 M= FM (gg 82) )
12.2.3 . . (1) (5) (24.15)
(A) (Vo) ()
vhere: M = Methanol content, ug
Mc = Methanol concentration cf air sample (ppm)
Fm = Formaldehyde from oxidation of methanol, ug
S = Total volume sample solution, mil
A = Aliguot taken from sample solution, m]
Vs = Air sample volume @ S.T.P., liters
Mw = Mo]ecy]ar weight‘of methanol, 32.04
S.T.P = 70°F, 29.92 "Hg
24.15 = ml of methanol gas in one millimole @ S.T.P.
12.3 Dimethyl ether | 4

12.3.1 HNotcompleted yet. ;

|
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D.1 Data Analysis Summaries
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APPENDIX D.2

CHEMICAL LABORATORY NOTEBOOK
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APPENDIX D.3

SCRUBBER LIQUOR SAMPLING TIME



Date

12-18-78
12-19-78
12-19-78
12-19-78
12-19-78

12-19-78

SCRUBBER LIQUOR SAMPLING TIMES

AGRICO CHEMICAL COMPANY, BLYTHEVILLE, ARKANSAS

Run

Sampling Time (CST)

First Sample

1405

0925

1120

1320

1515

1627

Second Sample

1445

1000

1148

1400

1548

1700



APPENDIX E
TRC/AGRICO JOINT ANALYSES
Includes:
E.1 Agrico Field Sample Analysis

E.2 TRC Audit Sample Analysis
E.3 Agrico Audit Sample Analysis



APPENDIX E.1

AGRICO FIELD SAMPLE ANALYSIS
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re required,

solve 134 ¢
wa-free dis-
me H2SO0s.
w prepared
suric oxide,
. Dilute the
ep at atem-
sent erystal-

tor solution.
um thiosul-
NaOll and
imonia-free
11

See Section

‘wme: Place
00-m1 kjel-
smple size
Vv

ple Size
ml

0

50

N0

50.0
25.0

¢ 10 300 ml

\dd 25 ml
1 unul phi
1ss beads or
I ml. I de-
I determince
‘natvely, if
ned I:_y' the
residue in

INORGANIC NON-METALS (400)

the distilling flask for the organic nitro-
gen determination. For sludge and sedi-
ment samples weigh wet sample in a
crucible or weighing botde, transfer the
contents to a kyeldahl flask, and deter-
mine total kjeldahl nitrogen. Follow a
similar procedure for ammonia mtrogen
determination and organic ni(rngcn de-
tcrmmul by diffierence. Determinations
of organic and total kjeldahl nitrogen on
dried sludge and sediment samples are
not accurate because drying results in
loss of ammontum salts.

c. Digestion: Cool and add carcfully
50 ml digestion reagent (or substitute 10
ml conc F2S04, 6.7 g K2SO4, and 1.5
ml mercuric sulfate soluton). If large
quantitics of nitrogen-free organic mat-
ter are present, add an additonal 50 mi
digestion reagent for cach gram of solid
matter in the sample. After mixing, heat
under a hood or with suitable ¢jection
equipment to fumes of SOs and con-
tinue to boil briskly unul the soluton
clears (becomes colorless or a pale straw
color). Then digest for an addinonal 30
min. Let flask and contents cool, dilute
to 300 ml with ammonia-free water,
and add 0.5 ml phcnolphthalun in-
dicator solution and mix. Tilt the flask
and carcfully add sufficient (approxi-
mately SO ml/50 ml digestion reagent
used) hydroxide-thiosulfate reagent to
form an alkaline layer at the bottom of
the flask. '

Conncect the flask to the steamed-out
distillation apparatus and shake the flask
to insurc complete mixing. Add more
hydroxide-thiosulfate reagent in the pre-
scribed manner if a red phenolphthalein
color fails to appear at this stage.

d. Distillation: Distill and collect 200
ml disullate below the surface of 50 ml
boric acid solution. Use plain boric acid
solution when the ammonia is to be de-

IO

-

e oo

NITROGEN (ORGANIC)

termined by nesslerization and use in-
dicating boric acid for a titrimetric fin-
ish. Extend the tip of the condenser well
below the level of boric acid solution and
do not allow the temperature in the con-
denser to rise above 29 C. Lower the
collected distillate free of contact with
the delivery tube and continue dis-
tillation during the last minute or two to
cleanse the condenser. A

e. Final amrmonia measurement: De-
termine the ammonia by cither nessleri-
zation or titration.

1) Nesslerizanon—Mix the distllate
thoroughly and measure a 50.0-ml por-
tion or less. Complete the determination
as described i Nitrogen (Ammonia),
Section 4188 .4h-¢.

2) Turaton—Tiwrate the ammonia
in the distillate as described in Nitrogen
(Ammonia), Sccuion 418D 4¢.

J- Blank: Carry a blank chrough all
the steps of the pr()culuu and apply the
necessary correction to the results.

+ ﬂ;r.co ('ak.

Tasre 421:). Precision aAND Accuracy DaTa For OR(.ANIC NitroGEN

439

5. Calculation

a. Nesslerization finish:

)
mg/lorganic N = AX1.000 X LA
mlsample  C

where A=mg N found colorimetrically,
B=ml total disuillate collected including
the HaBO;, and C=ml disullate taken

for ncwknnnnn

b. Tmmw!m Sinish:

(D-Dx280

mg/torganic N =
ml sample

where D=ml H:SOs ntratvon  lor
sample and E=ml H:S04 utration for
blank.

6. Precision and Accuracy

~Three synthetic unknown  samples
comammb varying - organic  nitrogen
concentrations and other consuents

Relative Standard Deviation Relative Error
Organic Calculation of Caleulation of
No. of INitrogen Tuer- | Total Kjeldahl Turi- | Total Kjeldahl
Labora- {Concen- | Nessler | metric N Minus Nessler | metric N Minus
Sample} tories | tration | Finish { Finish | Ammonia N Fimish { Finish Ammonia N
ug/l % % % % % e
t 26 200 94.8 55.0
29 104.4 70.0
15 68.8 70.0
2 26 800 521 12.5
3t 44.8 3.7
16 §2.6 8.7
3 26 1,500 43.1 9.3
30 54.7 22.6
16 45.9 4.0

emWa(D-E)X oaxl‘/ooo
Ea)) Sample.




APPENDIX E.2

"TRC AUDIT SAMPLE ANALYSIS



s TRC — THE RESEARCH CORPORATION OF NEW ENGLAND
Report of Chemical Analysi:  Non-Routine Samples

E P4

Client: : 4 — Laboratory No: -
Contract No: 2 A7¥B - S| Q;MW Date Received: /=227
Reviewed by: Date Reporied:
Report to: LC) H’CU
Type Sample: Fitter Fuel Oil Sediment impinger Other (Z/Ldau dcco/; ” Sl’c»:ﬂé. ,
—mC /P /),57;h Analysis No. 1 Analysis No. 2 Analysis No. 3 Analysis No. 4 Analysis No. 6
Sample Number . Location TLV
e P e T |
—_ : ; s g (Lla 7 :
Quedih 2k - 7k /);{[AA, ok 3 L] /:é;z“/oc’mm 14 A erjbf
29 9
| )00/ GF.GY % 5.F# /6“
o
A 21498 2059 25Y, 7.40 /o
., b2)
> S 26 S73:3> S 65 Y. 74 /é
va e Lo 59 3.55
s (/&0 12,736 [/ RO 3.45
¢ Ho. %0 Y35 2. B 9.2]
7 2,60 3,/% 2,43 (.59
LS 7, 24 o 5.12
vd %42 77/ 7, 94 .38
/0 590 S S Y50 7.26
/A DO 16 2%.6% 2.9 7.417
mea = 5.93

S.Dev: 192

Analyzed by: 277222 dbO

V -l\(¢-3--.§.

£0‘001 2.
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APPENDIX E.3

AGRICO AUDIT SAMPLE ANALYSIS
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Report of Chemical Analysi:  \lon-Routine Samples

s

Veatiancl & llg6

Client: EF7 Laboratory No:
Contract No:_ GRS EE -0/ Q,an/‘,da-/ Date Received: ___/ARA-RR-27
Reviewed by: Date Reported:
Report to: W/W
Type Sample: Filter Fuel Oit Sediment Impinger Other M&Q&Q&(__‘M__ S (=
(\ '%”“‘ 4"“‘)‘”-'- ") Analysis No. 1 Analysis No. 2 Analysis No. 3 Analysis No. 4 Analysis No. 6
Sample Number Location TLV
e e I et ot % ervv ~
Cuad Ut 7 /r? Laea . DL Pt iogun Lwa /é Jn anclysys
l  wo.s¥ 94. 20¢ 104.89 4
yl 292,78 2511 607 JO5. 6 A
3 5 9%.0% 5%, 1296 /08.33%
va 526 3.4 7.7 H4637% |
5 7. ¢4 115 2573, 141 %
&,
6 42,48 3%. 6 2.6 G449 A
2 2,04 », 2.35 /15.20 7
g 6./6 50 /0,7 73,70 70
7 9.5¢ 9.5 £0.3 112,39 %
‘0 5,96 3.3 /3 39.60 /£
i 14 3.9 %3 98,56 %
@
/A LR Av.¢ 58,4 8710 /0
meup = q ‘I SO
<. Dev = 36.00 Analyzed by: B; gty Giiaale

Form CL-0012
’



A e (_‘Z,J:.9_2_4"%9_.0,M~§___?4;$~%’.§.“.,?it},% ¥
Flg A

— SR e - ——— e e e ed

Zf 2 - _-M.__(?‘?fg .‘.;_/;,_74. 2?%53’30 x XKL /&’7/\_ L

i3

I3 — (99"".%). o o S0 _
| T 2T s SO [/, S—

. \ -
7ZZ ) (’/ T (3'?__-_-_i17 /":’EX_’V@G)._L_ Zlé ﬁ/)‘f/_\ B

4
i

ﬂ: < — (Q T =T owmoﬁ.—_/’?pp}«\___,

o e e e

Rpoo 3B, .(e/z' o~
5O

- , LT —

Convansdon LT & Coal Y~ /=07
@LLMWLM;&W | L5 ppm:r";(/,@— MZM}

Ruwtlb o~ pPpm m%mm
Po-emyedoas Unas | i§ wb\:::/% 36;



: __.JIPEK /Y‘?_'?“_?_ 2 /e —

L.\_._. 2
dpb
v - e Pl F

PR R Y S WTS ¥ - R TSR TR

S St e st

L S NS AR YT o N
"



APPENDIX F

SAMPLING TRAIN CALIBRATION DATA
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T UATE 12/11/7¢ . ORIFICE NC G2 NAME SRICHARDSON

BAROMETR1C PRESSURE 30425 IN HG -~ DORY GAS METER NO 3

REAXRA AR BRSNS SRR AR R R R A R SR AR UK R A A AR EE IR KR XSRS IR X XTIy My Ry Rp s 1

.FICE GAS VOLURKE TEMPERATURE
MANOMETZR WET TEST ORY GAS WET TEST ORY GAS METER
SETTING METER METER METER INLET OUTLET AVERAGE TIME

IN WATER CUFT CU FT Fo - F F F MIN RATIC DHO

FURERXBR XX AKX AE XA KR AR R RXER A RERR NI B R XD AR R AR SR AR KRR ARG e ARk Rk R kxmxksk !

0.5 5 «C 4,97 7245 69 .0 67 .0 68.0 12.5 1.00 1.76
1.0 5.0 4,99 7265 68.0 66.0 67.3 9.0 0.99 1.84
2.0 1C.0 997 7245 69 .0 67 .0 8.0 12.9 0.99 1.88.

3.0 10.0 9498 T72.4 70.0 6840 69.0 10.6 0.99 1.88
v#v##vﬁ§###t####*#####*t##*##tt*t#tt*####t#v##########**#t###*##**v##tt######!###
AVER AGE Q.99 1.84
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. ] _ THE RESEARCH CORPORATION OF NEW ENGL AND *
* *
» CLIENT EPA .
* ... — ... _._CHARGE NO, 2988  TESTER T1RONE *
» *
EEREER R R RS NN RN R RS RA R KRR AR R R R RN R KR AR RN G R SR RS R P&
. *
* CAL IBRATION DATA »
* TYPE S PILOT TUBE *
* e - . —— - aea e e ee - . . a PR .. — o . —- . DR - - . - *
* DATE 1271171718 TEMP .(F)= 55.0 BAROLPRESCINHG) =30.52 *
5 . . 3
* _STANDARD PITOT NO. CE-1  SERIAL NO. 44 *
* L I Iy s R Tt 2 e T T ey T »
» - *
* . SYANDARD TYPE S - COEFFICIENT %
* NO, OF SCREENS DELTA P *°* W.C, DELYA P ** W,C. +CPLS) »
* , *
* 1 06100 0,40 0.837 »
* 2 0.200 0280 0,837 *
* 3 0.300 0420 ﬁ . 0.837 *
* 4 ' . Be408 pe460 - 0.923 »
* S 0.500 0695 0,840 %
* ' »
. _ ) o AVERAGE CP(S) D.855 =
* *
* REVERSE (S) PITOT ANO RERUN TEST -
* *
* 1 ) 0.100 T g.lb0 0.837 *
I 2 0.200 : 0.280 0.837 5
» B _3 o 0.300 ; _l. 09410 ) 0.847 *
* 4 0.400 0.450 0.933 »
* S 0.500 0.680 0.849 *
* e - %
* " AVERAGE CP(S) 0.861 *
* cmmemm e —————— »*
* ¢ CP(S)=0.,99SORT(DELTA P(STANDARD) / DELTA P(S)) »
» *
*
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* CL YENT EPA -
* ~ CHARGE NO. 2988 TESTER TIRONE *
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I I T R P e R L R R E eI T e Y I R T L F TS TS Yy
* B . L e *
* % CALIBRATION DATA *
* TYPE S PILOT TuBE &
* *
* DATE 12711778  TEMP.(F)= 55,0  BARO.LPRES.CIN.HG)=30.52 "
* . B
* _ STANDARD PITOT NO. CE-1 SERIAL NO. 37 *
»* I R R Y T R P VY R T I TR TSR Y »
] : : *
* , N o STANDARD 4 CTYPE S ‘ ~ COEFFICIENT =
* NOe OF SCREENS DELTA P *° W.C, DELTA P *°* W.C. +CP(S) P
* B
* 1 0.100 0.139 . 0.840 *
* 2 0.200 0.280 0.837 ®
» 3 0.300 Q.420 0.837 *
¥ ] 4 . 00“00_ o ) - 0.560 0.837 *
* S 0,500 0«690 O0.843 »
* *
» _ AVERAGE CP(S) 0.839 *
* . »*
* REVERSE (S) PITOT AND RERUN VEST *
x \ %*
* 1 " 0.100 . " Del35 ) 0.852 *
* 2 . 0.200 0270 0.852 *
* 3 _ 0.300 _ ~ g.u400 - 0.857 *
* y 0.400 0530 0.860 »
%* S 0.500 0.655 0.865 *
3 *
* " AVERAGE CP(S) 0.857 *
g meremcsccrccnce—- *
* ¢+ CPUS)Z0.99SQRTI(DELTA PISTANDARD) / DELTA P(S}) *
x . x
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APPENDIX G

AGRICO PROCESS OPERATIONS LOG



TK-101
AFR
UMT
GSP-C
AIGT
AOGT
SLL
SFA
SOWTC
PWTC
SLT
ISLF
‘AOS
NH3 Feed

LIST OF PARAMETERS RECORDED DURING TESTING

Urea Solution Tank Level

~Additive Feed Rate

Urea Melt Temperature, OF (confidential)

"C" Granulator Urea Spray Nozzle Pressure, psig
Temperature of '"C" Granulator Inlet Air, OF (confidential)
Temperature of "C" Granulator Outlet Air, °F (confidential)

""C" Granulator Scrubber Liquor Level

"""C" Granulator Scrubber Exhauster Fan Amps

Weigh-belt totalizer for "C" Granulator Outlet Urea
Weigh~belt totalizer for "C" Granulator Product Urea
Granulator Scrubber Liquor Temperature, °F

“C" Granulator Scrubber Liquor Feed Rate, gpm
Temperature of "C" Granulator Scrubber Exit Air, °F

Feed Rate of NH3 to Urea Synthesis Process

GCA/TECHNOLOGY DIVISION @A



Ve NOGIAIG AOOIONHDIL, VOO

. SUMMARY OF PROCESS AND CONTROL EQUIPMENT PARAMETERS

12/18/78 1:55p-4:10p

12/19/78 9:05a-5:20p

Parameter Symbol Units Mean Standard Minimum Maximum Mean Standard Minimum Maxioum
value Deviation  Value Value  Value Deviation Value Value

Urea Solution Tank Level . TK-101 * 15.5 0.15 15.0 15.5 16.9 1.59 15.0 20.5
Additive Feed Rate AFR * 2.8 0.26 2.4 3.1 3.0 0.32 2.3 3.4
Urea Melt Temperature UMT of (-2)+ - (~6)+ (+1)+ (+0.6) - (~&)+ (+3)~*
Spray Nozzle Pressure GSPC psig 35.2 1.21 33 37 33.6 1.35 31.5 36
Granulator Inlet Air Temp. AIGT OF (+0.5)+ - (0)+ (+1)+ (+11.5)t - (+8.5)7 (+1.6)*
Granulator Outlet Air Temp. AOGT o (-12.4)1 - (-18)+ (0)* (-14.5)t - (-28)+ (+3)~
Scrubber Liquor Level SLL * 40.5 2.88 35 43 38.2 1.84 33 40.5
Scrubber Fan Amps SFA amps 68.9 Q.SL 68 - 70 69.0 0.84 68 70
Scrubber Liquor Temperature SLT of 86.7 0.46 86 - 87 95.2 1.10 93 96
Scrubber Liquor Feed Rate ISLF * ¥ ¥ ks ¥ ¥ ¥ ¥ ¥
Scrubber Outlet Temp A0S oF 83.6 1.20 - 80 84 92.3 1.30 90 94
Ammonia Feed Rate NH3 Feed * 8.47 0.115 8.4 8.8 8.65 0.136 8.45 8.9

* Co
Uncalibrated readings, used as check for steady conditions.

. .
‘Confidential rcadings, values listed represent the difference from an arbitrarily
chosen confidential base Figure,

*Readings inaccurate or monitering device broken,during test period.



Sample Calculations
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* Correction factors for "B" and "C" Granulators

The method for determining the correction factor for these two Granulators
was based on the assumption that the correction factor for "A" Granulator was
correct for all test periods during 9 October through 13 October 1978. By
assuming that the correction factor is correct, we have also accepted the
assumptions made in calculating that correction factor; most notably that there
is no significant difference between the spray nozzles in the three granulators
nor in the melt passing through those nozzles. Furthermore, it is assumed that
flow through a spray nozzle is proportional to the square root of the pressure
drop across that nozzle. Based on these assumptions, the production rate for
a single Granulator .can be determined by multiplying the total production rate
by the square root fraction, (SRF) where:
SRF = o LEPX (A-1)
VAP, + /APy + VAP,

AP = pressure drop across noizle
A,B,C (subscripts) = refer to Granulators. "A", "B", and ''C"

x (subscript) = refers to Granulator of interest, "A", "B,
or. !lc"

Assuming that the correction factor for the "A" Granulator is correct,
the total production for a given run can be calculated by multiplying the
production rate for "A" based on corrected totalizer readings by the inverse
of the SRF for "A" for that run, (x = A in Equation A-1l). This total production
rate is then multiplied by the SRF for "B'" and the SRF for "C" to get the actual
production rates for those Granulators during this run. These rates are then
divided by the production rates based on the uncorrected totalizer readings to
yield correction factors for "B" and "C" Granulators. Correction factors,
formulated by this technique, were used to calculate the production rates for
"B" and "C" Granulators from totalizer readings in Table 2.

GCA/TECHNOIOGY DIVISION @A




Copy of Raw Data Recorded
During Emission Tests
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APPENDIX H

PROJECT PARTICIPANTS



PROJECT PARTICIPANTS

Agrico Chemical Company
Blytheville, Arkansas
December 18 and 19, 1978

TIRC

Willard A. Wade III, Project Manager
Reed W, Cass, Project Engineer

Eric A, Pearson, Project Scientist
Stephen F, Richardson, Test Team Leader
Margaret M. Fox, Chemist

Joanne M. Marchese, Chemist

GCA

Steven K. Harvey

Agrico Chemical Company

Jesse Boggan, Environmental Coordinator
James Kilpatrick, Chief Chemist
Deryl Beiard, Chemist

EPA

Clyde E. Riley, Technical Manager
Daniel Bivins

Eric A. Noble

Gary D. McAlister



APPENDIX I

SCOPE OF WORK

Includes:

‘Work Assignments
Technical Directives



" Besearch Triangle Park, N.C. 27711

ENVI2D:iR2NTAL PROTECTION AGENCY

- .. - - .

N : :
- . . .. Tt €PacoNTA s :
WORK ASSIGNMENT - ° & 77 ETETT. "GBACOTZ}QZBZO
. ° CONTRACTOR

TRC of Mew England

. ASSICRMENT hO U

ASSICNMZTNY CHANGE NO. . -

Plant

mite Conduct Emission Test Program at an Urea Hanufactur1ng

N

OATE

5 Deg 15}3 .

O=SCAIPNION

. Company
Location:
Industry:

1

Agrico Chemical ’ .
Blytheville, Ark. '
.Ammonium Fertilizer

Project lo.:

79-NHF =13

Upon.notification of approvaT of the proposed source. test report,’
shall provida 25 copies of the flnal'report uwch appendices. "

the Contractor

The Contractor shall perform an emission test program in accordance with
the basic contract scope of work for the Emission Measurement Branch, and as set
forth .in the attached "Source Samp]lng and Analysis Schedule" at the f0110w1ng site:

The Emission Measurement Branch's Technical Ménager is Clyde E:'RiTey;”

Mai] Orop 13, EMB, ESED 0AQPS, Research Trlang1e Park, North Carolina.27711.

-

T ESTIMATE QF

GOVERNMINT FSTIMATE

. CONTAACTOM SST)hiaTe

LABOA HDUAS " 200 R0 -
SURATION OF WCRK 3 mon.ths 2’ Menihs
FQrimLETIon oAe March 31, 1979 mrw!« 211199
HEUUISTIRS SIGNATURS - ! 1 . 0aG cooz tseeenonz (919 foare -

Clyde E. Riley (L& @,Q:y /1~ 2 3.p7 |ESED/EMB  [541-5243- | 11/30/78
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LTANFIE ETnED //‘ //(//// v——‘g?_ (‘éy'.( //U////‘:} "’/74 4 /// /7

/ - //

AANION G Q(«v\ \ / ,u,r "y oL S 7(_,’
‘-:..-,n_r;r:.-;.-:.-.r;zn K__/ .Z’/"’,»“;v-f/” ‘.é» i”ﬁ ,},f{:';/'—&’:’ /’9‘/"*;"/_’73

NTITRACNNG GFAICER

C Cﬂﬁ—

YA

NaETEIE RETIRY

COMTAARTONS NEAPHES 41' T1vd ACCHOWL SR ENTY
T



' : Figure 1 o
Agrico Co./The Williems Co., Blytheville, Arkanseas

o !
s o
. - Y v TPZ
| TP -
[ N ~! Scrubber
e TR
R
Dilution £

Air

"~ Drum Granulator

~S———— TP7 Urea Formaldehyde ‘ TP

¢ Pecycled Fines

~<————— Solution Urea



DS~GZ=LBLU | f
Lepany hase; . Lokpany tocatian —
. «iiGE SAMPLING AND ANALYSIS SCHEDULE . ~Agrico Chemical _Blytheville, Ark.
Hus Ly Forozess: Contro} Lquipnent:
See Figure | —-- Ammonium Fertilizer -Urea-Granulator - Scrubber --
aspling | Tetal Sample Sampling Sample Hiataum Hinfmum Gas Initial Analvsis _M_alﬂl_i
aiat No. of Type be ticd Collected Samplina Volume Pt -
iqure Semples ‘ . By LTine Sampled “3 ) Type Method by _ Type Yethod
s | g | Urea Modified . Urea | I (EPR)
! Particulate|FPA-5 CIR 60 30 Mass Kjeldahl CTR.  |Ammonia Nessler cT
do ek L ¥ | Urea ' _
Aliquots [shall be coljected from efich of the above 6 jamples Mass jeldahl Agrico
i . .
Saﬁp]e anlalysis shall {be conducted|within 24| hours of |collectioph on each of the HZO-Samplés..r """" -
Afﬂpr calnletion of aalysis remaipning samplles shall pe splift ipto 2 equall portions apd treated with a stgbilizer,
_ Onj portion shall be {reatad with paturated mercuric ¢hloride (japproximatelly 2 ml per| liter of water)
Se@onc portion shall He treated with concenjrated sulfuric acid (approximalely 2 ml ppr liter ¢f water)
Ttho <olitinns shall lbe veturned ta the TRO 1ab and xllauﬁd*iﬂ stand . at rhom temperature for 4 period of {20 days; h(wever'
thay shalll be analyzed by the Kjelflahl urea method once qyery tho days for| urea conteht duringlthis period.
. Scrubber L ‘ Percent N Urea Kjeldahl | CIR
SW=1 6‘ Cnlution 1o Composi. e EPA N. A. N. A, Solids Filtration| CTR s Nec<Ter CTR
- ‘ Scrubber . Percent - - - -
SW-21 6 ) Composite EPA N. A. N. A, : Filtration| CTR Urea Kjeldahl | CTR
) Sotutjon Qut , Solids . MHJ Toccor anm
REMARKS:
1. ‘Sampl "
e

Simyltaneous Sampling Required

3.

Inpingers and analyns of impirger catch will be per the Federa)

Sirl - A * ho. 189, Pare |1 Sdays
.In«“gtoq“{mirw . y“on '“ - - - - -am;ﬂ e ;“ volul

1.

ales

o fa“samo

Register, Volure 3§,

“mc%;@iie PO R



Project ho. 70-111F-13

A. Urea lethod Development Instructions
1. Contractor shall deternmine stébi]ity conditions for the following
Six urea gp]ution concentrations. TRC sha11 use the Kjeldahl urea
method to analyze for urea content and the Nessler method to
determine the amhonia content.
a. 40 mg of urea per 1jter of water
b. 160 mg of urea per liter of water
c. 40 mg of urea per liter of water with 2 ml of-saturated mercuric
chloride solution added
d. 100 mg'of urea per liter of water with 5 ml of saturated mercuric
chloride solution added
e. 40 mg of urea per liter of water with 2 ml of coneentratéd
:sulfUﬁic acid added
f. 100 mg of -urea per.liter of watér with 5 ml of concentrated
suffuri; ;cid added. |
'Tﬁese solutions shall be allowed to stand at room temperature for a
period of 20 days; however, they shall be analyzed once every 2 days
for urea and ammonia content. Questions regarding these instructions
or the uréa and ammonia analysis procedures shall be directed to o

Mr. Gary McAlister at 919-541-5276.

2. Contractor shall prepare two duplicate sets of "dry" urea audit
" samples. Each set shall contain 12 individual urea samples.
Both sets of samples shall be forwarded to the Agriéo Chemical

plant in Blytheville, Arkansas, by TRC personnel. One set of ‘

“samples shall be analyzed by Agrico personnel and the second set

.‘shalf bé‘aﬁalyzed b} IRC;persbnqeigﬁ-i é_"*~“ ;~7~;N: L TE




Agrico audit sample analysis chall be performed according to
methods and procedures employed while analyzing the urca samples

generated during the October 9, 1978, EPA test program.

TRC auditdanalysis shall be performed using the Kjeldahl urea

method as directed by Mr. Gary lMcAlister, EPA.

Contractof shall specify procedures directing Agrico personnel
to dilute the 12 audit samples with solutions of water and/or
1N H2504° Audit sample analyses }hgf;fbe gonducted within 12 hours
after dilution. The 12 audit samples shall be prepared and diluted

as fo]]oﬁs:

Dilute With 400 mls H,0 " Dilute with 250 mls IN H,S0,

No. 1 100 mg urea . ) VNo. Z_ 2 mg urea 3
~ No. 2 300 mg urea N T S'hg-ﬁfeé T

No. 3 600 mg urea No. 9 10 mg urea

No. 4 5 mg urea No.10 5 mg urea

No. 5 10 mg urea ' No.11 4 mg urea

No. 6 40 mg urea Ho.12 30 mg urea

B. Agrico Test Program

1.

Contractor shall collect six urea particulate samp]eé from one of
the operating granulator outlet stacks. Samples shall be collected
using isokinetic sampling conditions for a period of approximately
1 hour. The collection train shall consist of a probe heated to

stack temperature; ‘a flexible teflon line, ahd_fiye jmb%ngefs;"'

The first three impingers shall each be prefilled with 100 mls -




Dist. “ZO’ the fourth shall rcinain empty, and the fifth chall

contain approximately 200 gns of silica gel. The second and

third shall be of the Greenburg-Smith design with standard tips.

The first, fourth, and fifth shall be modified with a 1/2" tube.

Cleanup shall consist of measuring the solution volumes and rinsing
the probe, flex line, and impinger several times (3) with Dist.
HZO' Afterwards the water samples shall be filtered through a

preveighed fiber glass filter using a Buchner funnel and vacuum

pump.

Analysis shall consist of weighing the liquid samples initially.
Afterward two equal aliquots shall be withdrawn. One aliquot shall

be analyzed for urea and ammonia by Agrlco personneT us1ng the K3e1dah1 -

" urea method. - The second a]1quot shall be analyzed for urea and
ammonia by TRC personnel using the Kjeldahl method as directed by
EPA. Sample analysis shall be conducted within 24 hours of collection

of alil samp]esf

After the two analysis aliquots have been withdrawn the remaining
-
sample volumes shall be split into two equal portxons and treated

with a stab1llzer solution. One portion sha}1cbe comb1ned with a

saturated mercuric ch]oride so]ution (approximately 2 m]s per 1iter

of water). The second port1on shal] be combined with concentrated

sulfuric acid (approx1mate1y 2 m]s per 11ter of water)

L T O T
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‘Triangle Park, N. C. 27711. The separate R&D report shall be

These solutions shall bLe returned to the TRC laboratory and
allowad to stand-at room temperature for a period of 20 days;
hoviever, they shall be analyzed by.the Kjeldahl urea method once

every 2 days during this period for urea and ammonia content.

. The preweighed.gTass fiber filters used to filter the water

solutions shall be returned tb the TRC laboratory, dried and

weighed for undissolved solids.

-l
-

Contractor shall sepa}ate and regqfffgll Research and Deve1opmenf
data-iq a separate EPA proposed draft repoft. These method and
evaluation data shall not be included in thé Agrico NSPS Feport.
Contractor shall submit 3 copies of the proposed R&D final report

directly to Mr. J. E. McCarley, EMB, ESED, Mail Drop 13, Research

entitled "Deve]opmentfof Analytical Procedures for the Determination
of Urea from Urea Manufacturing Facilities" and listed under

roject No. 79-NHF-13.




EMISSION MEASUREMENT BRANCH
TECHNICAL DIRECTIVE NO. 1

Project Number -~ 79-NHF-13 - Date  February 16, 1979
Contractor _ - TRC of New England
Contract Number  68-02-2820- Work Assignment Number 11

‘Technical Manager ciyde E. Riley

Verbal Directions Given To  Will Wade -

Directive:

1. The Contractor shall perform formaldehyde analysis on each of the six urea
particulate samples. ~

Clyde E. Riley (.52 0%7 .
Z

Technical Manager, ERB
g

aw .
Section Ch1ef,/§M§
4




EMISSION MEASUREMENT BRANCH
TECHRICAL DIRECTIVE NO. 2

Project Humber  79-NHF-13 o Date March 21, 1979
Contractor - TRC of New England
Contract Number 68-02-2820 Work Assignment Number 1

Technical Manager Clyde E. Riley
Mr. Will Wade

Verbal Directions Given .To

Directive:

See attached pages.

ld £ Bl

Technfcal Manager, EHB//

W £

Sgct1on Chief, EMB/_
/



WOYK mssignieni o0, il

Contractor shall perform the following evaluation analyses:

1. Prepare an urea standard solution containing 2mg urea/ml H,0

Weigh 0.2000g of urea into a 100 m1 volumeteric flask and dilute
to 100 ml with deionized, distilled HZO'

2. Prepare an ammonia standard solution containing 20 mg NH3/m1 H20

Weigh 31.4100g of NH,C1 into a 500 m1 volumeteric flask and dilute
to 500 ml with deionfzed, distilled H,0.

3. Prepare nine samples from the above standards as follows:

Sample Nos. ml of Urea Std. ml of NH3 Std. Total Volume ml
1 5 0 100
2 5 0 200
3 15 0 200
4 10 0 100
5 10 1 200
6 10 5 200
7 5 5 100
8 5 25 100
9 5 50 100

Note: Samples must be analyzed within 24 hours after being prepared.

4. Analyze the nine samples using the colorimeteric (p-aminobenzaldehyde)
procedures. Use samples 1,2,3, and 4 to prepare a standard curve.

5. Calculate the measured Qa]ues for the remaining samples 5 through 9.
6. Data shall be presented in mg urea/ml of solution along with the

standard curve,

If additional information is required please contact Mr. Gary McAlister at

919/541-2237. /L1i) - IC?

cc: Gary McAlister
File: 79-NHF-13



. & , 4
: ‘@ r% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
@4 9 Office of Air Quality Planning and Standards
=2 § Research Triangle Park, North Carolina 27711
] o)
L pROV

February 13, 1980

Mr. Will Wade

TRC of New England

125 Silas Deane Highway
Wethersfield, Connecticut 06109

Reference: EPA Contract No. 68-02-2820, Assignmené No. 11, Agrico Chemical,
Blytheville, Arkansas, EMB Report No. 79-NHF-13

Dear Will:

This correspondence is to document the enclosed Technical Directive
instructions for conducting an evaluation of slope linearity for standard
urea curves. :

It has come to our attention that the standard curve slope may change
with low-urea concentrations. In order to verify this conjecture Mr. Gary
McAlister has requested that curves for two sets of standard samples, be
compared. The first set of standard samples will range from 50 mg urea/liter
to 250 mg urea/liter. The second set will range from 1 mg urea/liter to
30 mg urea/liter. Standard solutions containing the following urea concen-
trations will be used to establish the two curves.

Set No. 1 : Set Mo. 2

1. 50 mg urea/liter
2. 100 mg urea/liter
3. 150 mg urea/liter
4, 200 mg-urea/liter
5. 250 mg urea/liter

1 mg urea/liter
2 mg urea/liter
5 mg urea/liter
7 mg ureajiiter-
0
0

e, s et o o

10 mg urea/liter
. 20 mg urea/liter
Z. 30 mg urea/liter

O UL G N -

TRC shall prepare and analyze the standard solutions as follows.

Samples containing urea and deionized distilled water shall be made
up in 100 m1 volumeteric flasks.

I3



Samples shall be analyzed by the P-dimethylaminobenzaldehyde colorimeteric
procedure. Do not boil off the samples as there should be no impurities
present to interfere with the aalyses,

Establish calibration curve No. 1 using urea results obtained from
Set No. 1 samples.

Determine urea concentrations from calibration curve No. 1 using
measured values obtained from Set No. 2 samples.

Establish calibration curve No. 2 using urea results obtained from
Set No. 2 samples.

Compare the slope of the No. 1 curve to the slope of the No. 2 curve.

Please report your conclusions and recommendations-along with a summary
of the data to me by March 14, 1980. These data will be used to establish
guidelines for the upcoming prill tower test in St. Helens, Oregon.

If you have any questions regarding these instructions or require additional
information, please do not hesitate to contact me.

Sincerely yours,

Clyde E. Riley

Field Testing Section
Emission Measurement Branch

Enclosure

cc: Gary McAlister
Marge Fox, TRC




EMISSION MEASUREMENT BRANCH
TECHNICAL DIRECTIVE NO. . %

Project Number 79-NHF-13 . . pate Feb. 12,1980
Contractor - TRC of'New England

Contract Number 68-02-2820, WHork Assignmént Number 1N
~Technical Manager Clyde E. Riley '

Verbal Directions Given To _ Mr. Reed Cass

Directive:

Contractor shall determine slope linearity for standﬁrd urea curves using the °
following sets of samples. - :

Set No. 1° Set No. 2

1. 50 mg urea/liter 1. 1 mg urea/liter

2. 100 mg urea/liter 2. 2 mg urea/liter

3. 150 mg urea/liter 3. 5 mg urea/liter

4, 200 mg urea/liter “4. 7 mg urea/liter

5. 250 mg urea/liter 5. 10 mg urea/liter e
N = 6. 20 mg urea/liter -
g 7. 30 mg urea/liter -

Contractor shall brebare and analyze samples per instructions presented
in February 12, 1980 correspondence to Mr. Will Wade.

o € Rl 2-)2-70

Technifal Manager, ENZ -

,'ééfié???;iggg,‘ I

&

iséfion Chief, Ef3




