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PREFACE

The work reported herein was performed by personnel from TRC Environmental
Consultants, Inc. (TRC), The GCA/Technology Division (GCA), W. R. Grace and
Co., Memphis, Tennessee, and the U.S. Environmental Protection Agency (EPA).

The scope of work, issued under EPA Contract No. 68-02-2820, Work
Assignment No. 9, was under the supervision of the TRC Project Manager, Mr.
Willard A. Wade, III. Mr. Reed W. Cass of TRC served as Project Engineer and
was responsible for summarizing the test and analytical data presented in this
report. Sample analysis was performed at the W, R. Grace and Co., Memphis,
Tennessee plant under the direction of Ms. Margaret M. Fox, and at the TRC
laboratory in Wethersfield, Connecticut under the direction of Mr. David F.
Dawson.

Mr. Mark L. Bornstein and Mr. Timothy L. Curtin of GCA were responsible
for monitoring the process operations during the emissions testing program.
GCA personnel were also responsible for preparing Section 3.0, Process
Description and Operations, and Appendix L of this report.

Personnel of W. R. Grace and Co., Memphis, Tennessee whose assistance and
guidance contributed greatly to the success of this emission test program
include Mr. Norman E. Picquet, General Manager, and Mr. George T. Griesheimer,
Manager, Chemical Services Department.

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

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

coordinating the emission test program.
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1.0 INTRODUCTION
1.1 Background

Section 111 of the Clean Air Act of 1970 charges the Administrator of the
United States Environmen&i&rotection Agency (EPA) with the responsibility of
establishing Federal standards of performance for new stationary sources which
may significantly contribute to air pollution. When promulgated, these
standards of performance for new stationary sources (SPNSS) are to reflect the
degree of emission limitation achievable through application of the best
demonstrated emission control technology. Emission data, collected from
controlled sources in the particular industry of concern, provide a portion of
the data base used by EPA to develop the SPNSS.

EPA's Office of Air Quality Planning and Standards (OAQPS) selected the
W. R. Grace and Co. urea manufacturing plant in Memphis, Tennessee, as a site
for an emission test program. This plant produces feed and fertilizer grade
urea, and 1is considered to employ process and emission control technology
representative of modern urea solution formation and fluidized-bed prilling
processes.

EPA engaged TRC to conduct tests designed to characterize and quantify
uncontrolled emissions from the solids production and cooling (prill tower)
processes, and to determine emission control equipment efficiencies. Figure
1-1 shows a flow diagram of the complete urea production process. Emission
tests were performed during August 1979 on the inlets and outlets of two of
the eight prill tower scrubbers during production of both fertilizer and feed
grade urea. In addition, emission tests were performed on the main solution

formation vent on the synthesis tower during the production of feed grade urea.
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1.2 Brief Process Description

Urea is produced in a single production line by reacting ammonia and car-
bon dioxide using the Snamprogetti total recycle process. The urea solution
leaving the sythesis process proceeds to a two-stage evaporator where it 1is
concentrated to 99+ percent urea. A formaldehyde additive is added to prevent
caking of the product. The urea melt is pumped directly to the top of the
prill tower and then sprayed downward against an induced countercurrent of
air. As they fall, the melt droplets solidify. These solid prills are cooled
at the base of the tower by a fluidized bed cooler and are sent through a set
of sizing screens. Correctly sized prills are then conveyed to a bulk ware-
house for bagging or bulk-loading of trucks or railcars.

Eight impingement scrubbers (labelled A through H) located on the roof of
the prill tower control the air flow through the prill tower and fluidized-bed
cooler. The conveyor transfer points and bagging operation are controlled by

a wet scrubber and a baghouse, respectively.

1.3 Emissions Measurement Program

The emissions measurement program was primarily conducted August 13-22,
1979 at the W. R. Grace and Co., Memphis, Tennessee urea manufacturing plant.
In addition, visible emissions observations on the bagging operation baghouse
were performed on December 18, 1979. The measurement program consisted speci-

fically of the following:

Prill Tower Measurements (Fertilizer and Feed Grade)

1. Urea, ammonia, formaldehyde, and insoluble particulate in the inlet
and outlet gas streams of scrubbers A and C.

2. Particle size distributions in the inlet gas streams of scrubbers A
and C.



3. Visible emissions from individual and combined scrubber outlets, ana
from the baghouse controlling the bagging operation.

4. Gas pressure drop across all scrubbers.

5. Urea, ammonia, formladehyde and solids content, temperature and pH of
the inlet and outlet liquors of scrubbers A and C.

6. Bulk density and sieve analysis of the prill tower unscreened product.
7. Volumetric flowrates of the scrubbers not tested for emissions.
8. Ambient air temperature and relative humidity during emission tests.

Urea Synthesis Tower Measurements (Feed Grade)

1. Urea, ammonia and insoluble particulate in the gas stream of the main
vent.

2. Oxygen and carbon dioxide content of the main vent gas stream, using

integrated gaseous bag samples.

TRC personnel were responsible for collecting the above emissions data.
Concurrently, GCA was responsible for monitoring and recording pertinent pro-
cess operation parameters. Concurrent test runs were conducted at the outlet
and inlet on scrubbers A and C. The chronology of these runs and other emis-
sions tests is contained in the Daily Summary Logs in Appendix H. Most inter-
ruptions (labelled as "stop" in the logs) that occurred during the scrubber
test runs were due to scrubber operational procedures or skipping over no-flow
points.

The following sections of this report present the results of the fertili-
zer grade and feed grade emissions tests (Section 2.0), process description
(Section 3.0), location of sampling points (Section 4.0), and sampling and
analysis methods (Section 5.0). Descriptions of methods and procedures, field
and laboratory data, and calculations are presented in the various appendices

as noted in the Table of Contents.



Appendix J.5 contains the results of the cleanup evaluations performed on
the sampling train equipment. The sampling train was assembled and charged as
if ready to perform a test for urea, ammonia and formaldehyde. The unexposed
impinger contents were then recovered, prepared and analyzed according to pro-
cedure in order to establish backgrouna/contamination levels resulting from
the sampling equipment itself.

Appendix J.4 contains the results of audit sample analyses. Urea stand-
ards were prepared by EPA and were then analyzed by TRC in accordance with EPA

instructions in order to assess the accuracy of the urea analysis procedure.



2.0 SUMMARY OF RESULTS

This section presents summary tables of results and narrative on the
emissions testing conducted during the weeks of August 13-17 and August 20-24,
1979, at the W. R. Grace and Co. urea manufacturing facility in Memphis,
Tennessee. Testing was performed on gas and liquid streams entering and
exiting the prill tower scrubbers, and on the gas stream venting from the urea
synthesis tower. One additional day of visible emissions observations was
performed on December 18, 1979.

During the week of August 13-17, 1979, the plant was producing fertilizer
grade urea. The following week the plant was producing feed grade urea.

Urea concentrations were determined with the p-dimethylaminobenzaldehyde
colorimetric (with preliminary distrillation) analysis method. Two methods of
ammonia analysis were used throughout this testing program: the direct
Nessler method and the specific ion electrode method. The direct Nessler
analysis results are presented here as the primary ammonia data. Formaldehyde
concentrations were determined with the chromotropic acid method. All four

analysis methods are discussed in Section 5.0 and in Appendices I and J.

2.1 Prill Tower Scrubber Urea Collection Efficiencies

The calculated urea collection efficiencies for prill tower scrubbers A
and C are shown in Table 2-1. For scrubber A the fertilizer scrubber effici-
ency was consistently slightly higher than the feed scrubber efficiency. For
scrubber C, the opposite was true. Overall, the average combined scrubber
efficiencies were essentially the same foé fertilizer and feed production

(85.6% and 86.6%, respectively).



Run Number

Product Grade

Date

Scrubber Tdentification

Scrubber Efficiency
(Percent)

Averape Efficiency
(Percent)

* These values do not represent exact averages of the individual rm efficiencies., As noted on Tables 2-2 through 2-5, sample weights were averaged;
then from these average sample weights, average mass flow rates and efficiencies weve calculated.

TABLE 2-1

SUMMARY OF UREA SCRUBRING EFFICTENCY OF SCRUBBRERS A AND C
DIRING EMISSTONS TESTING AT
W.R. GRACE AND €O, MEMMITS, TENNESSEE

1

Run 1 Run 2 Run 3 Average * o
Fertilizer Feed Fertilizer Feed Fertilizer Feed Fertilizer Feed
08-15-79 08-20-79 08-16-79 :08-21—79 08-17-79 08-22-79
A ¢ A ¢ ACc A ¢ L L O
93.7 88.9 93.5 92.7 88.2 72.8 86.7 84,2 90.7 78.6 82.7 82.6 .6 80,6 871 86.2
91.3 93.1 80.0 85.5 84.7 82.7 85.6 86.6

Conversion factors and rounding methods may

yield minor discrepancies between average efficiencies calculated this way and averapes calculated from the individual run efficiencies,



2.2 Prill Tower Emissions Test Results

Tables 2-2 (Scrubper A) and 2-3 (Scrubber C) present the urea, ammonia ana
formaldehyde results for the fertilizer test runs. Tables 2-4 (Scrubber A)
and 2-5 (Scrubber C) present the same data for the feed test runs. Both inlet
and outlet data are on all these tables, and only the direct Nessler ammonia

data are shown. The average scrubbing efficiencies are as follows:

Collection Efficiencies (percent)

Fertilizer Feed
Scrubber Urea Ammonia Form. Urea Ammonia Form.
A 90.6 0 96.6 87.1 53.3 76.6
B 80.6 0 93.2 86.2 46.1 73.1

Why the ammonia scrubbing efficiency for both scrubbers is less than zero for
the fertilizer test runs is not evident. The major differences between the
fertilizer and feed products are that the feed product is smaller in size and
more formaldehyde is .added to the feed production process. Ammonia stripping
by the scrubbing liquor was initially suspected. The scrubber liquor analysis
data (Section 2.9), however, show no evidence of ammonia stripping.

Tables 2-6 through 2-9 show the fertilizer data for both scrubbers, with
the individual inlet and outlet data on separate tables; Tables 2-10 through
2-13 show the feed dgta. The insoluble particulate data and the results of
both ammonia analysis methods are shown on these separated inlet and outlet
tables.

As is discussed in Sections 2.6 and 5.1, cyclonic flow was evident in all
the prill tower scrubber inlets; no cyclonic flow was evident in the outlets.
Maintaining isokinetic sampling under cyclonic flow conditions is difficult at

best. This difficulty is reflected in the calculated percent isokinetics (I)



TABLE 2-2a (English)

SUMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDENYDE TLSTS
OF GASES ENTERING AND EXITING PRILL TOWER SCRUBBER A
ON AUGUST 15-17 1979 AT W.R. GRACE AND CO., INC.
MEMPHIS, TENNESSEE

RUN NUMBER Fertilizer 1 Fertilizer 2 Fertilizer 3 Averape®
DATE 08-15-79 08-16-79 08-17-79
LOCATION Inlet OQutlet . Inlet Outlet Inlet Outlet Inlet Outlet
VOLUME OF GAS SAMPLED (DSCE)"’l 99.14 109.2 104, 1. 106.4 95.94 105.9 v49.71 7.2
STACK GAS FLOWRATE (DSCEM) 65630 62180 68880 60510 70130 60530 08230 01073
STACK TEMPERATIRE (OF) 113 90 112 90 116 84 11 o0
PERCENT MOISTURE 2.382 3.655 1.881 3,556 1.844 3.677 2.030 3.033
PERCENT ISOKINETIC 108 .0 98.4 106 .4 98.5 97.8 98.1 1041 u8.3
PRODUCTION RATE {TONS/HOUR) 43.5 43.5 45.8 45.8 45.5 45.5 RRIRY} RRIRY]
UREA DATAC
Total Sampling Weight (milligrams) 449 33.0 622 85.4 502 59.7 524 U]
Grains/NSCF 0.0699 0.00465 0.0922 0.01236 0.0807 0, 00808 (.08, (0,00853
Pounds/Hour 39.35 2.478 54.43 6.410 48 .51 4,503 a3 1400
Pounds/Ton 0.905 0.0570 1.188 0.1399 1.006 0. 0990 1,050 00045
Collection Efficiency (percent) 93.7 88 .2 90.7 .6
AMONIA DATAY
Total Sample Weight (milligrams) 182 745 253 821 236 683 224 750
Grains/DSCF 0.0283 0.1051 0.0375 0.1188 0.03R0 (. 0993 0.0317 U. 77
Pounds/Hour 1503 56.01 22.14 61.61 22.84 51.51 20,20 56,37
Pounds/Ton 0.366 1.287 0.483 1.345 0.5m2 1.132 0,452 1..255
Collection Efficiency (percent) <0 <0 -0 -0
FORMALDEIYDE DATAS
Total Sample Weight (milligrams) . 1.31 0.0578 1.92 0.0706 1.75 0.0761 106 0082
Grains/DSCF 0.000204 0.0000082 0.000285 0.0000102 0.000281 00000111 0000257 0 0000098
Pounds/lour 0.1148 0.00437 0.1683 0.00529 0.1639 0.00570 0.1503 1H.00513
Pounds/Ton 0.00263Y  0.0001005 0.003675 0.0001155 0.005712 0. 0001 260 TR CA TR TITTE W I
Collection Efficiency (percent) 96.2 96,9 : 6.0 RIINE

Dry standard cubic feet @ 68°F and 29.92 inches Ilg

Dry standard cubic feet per minute

r-dimethylamino benzaldehyde colorimetric {with preliminary distillation) analysis method
Direct Nessler analysis method.

Chromotropic acid analysis method

* 0O N T o

Only sample weights from all three Tuns were averaped, and then mass flow rates and efficiencies weve calculated from these average sample weichts
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Run Number
ate
location

Volume of Gas Sampled (Nm3 a)h
Stack Gas Flow Rate (Nm3/min ')
Stack Temperature (°C)

Percent Moisture

Percent fsokinetic

Production Rate (Mg/Hour)

Urea Data ¢

Total Sample Weight (Milligrams)
Grams/Nn3

Kg/Hour

Kp/Mg

Collection Efficiency (Percent)
Ammonia Data d

Total Sdmple Weight (Milligrams)
Grams/Nm3

Kg/Hour

Kg/Mg

Collection Efficiency (Percent)

Formaldehyde Nata ¢

Total Sample Weight (Milligrams)
Grams/Nin3

Kg/llour

Kg/Mg

Collection Efficiency (Percent)

o

Normal cubic meters per minute.

=

Direct Nessler Analysis method.

*QO SO

TABLE 2-2b (Metric)

SUMMARY OF RESULTS OF UREA, AMMONIA, AND TFORMALDRIVDE TESTS
ON GASES ENTERING AND EXITING PRILL TOWER SCRUBBERA

Normal cubic meters @ ZOOC, 760 nm Hg.

Chromotropic Acid Analysis method,
Only sample weights from all three runs were averaged, and then mass flow rates and efficiencies were caleutated from these

ON AUGUST 15-17, 1979 AT W.R. GRACE AND CO., MIMIITS, TENNESSEE

Fertilizer 1

Fertilizer 2

Fertilizer 3

08-15-79 08-16-79 08-17-79
Inlet Qutlet Inlet Qutlet Inlet Outlet
2.8076 3,0925 2.9481 3.0133 2,7170 2.94991
1860.1 1760,94 1950.7 1713.64 1986, 1 1714.21
45 32 44 32 47 32
2.382 3.655 1.881 3.556 1.844 3.677
108.0 98.4 106.4 98.5 97.8 08,1
39.46 39.46 41.55 41,55 41,28 41,28
449 33.0 622 85.4 502 590.7
0.1599 0.01064 0.2110 0.02828 0.184065 0.01986
17.849 1.124 24.689 2.907 22,004 2,043
0.4525 0.0285 0.5940 0.06995 0,5330 0.0495
93.7 88.2 90,7
182 745 253 821 236 683
0,06475 0.24048 0.08580 0,27183 0.08695 0.22721
7.226 25.406 10,043 27.946 10,360 23,365
0.1830 0.6435 0.2415 0.6725 0.2510 0,560
<) <) <)

1.31 0.0578 1.92 0,0706 1.75 0.0761
0. 000467 0.0000188 0.000652 0.0000233 0,000643 0.0000254
0.05207 0.,001908 0.07634 0.00240 0.07661 0,.00261
0.001320 0. 00005025 0,001838 0.00005775 0, 001856 0. 0000633
96.2 96.9 6.6

p-dimzthylamino benzaldehyde colorimetric (with plellmlndly distillation) analysis method,

Averape *
infer Qutlet
2.8243 3.0350
1952.3 1720.59
EIN 32
2,030 3.633
104.1 8.3
10,73 40,75
524 59,1
0,18556 (0. 01952
21.514 2.020
00,5828 0, (LTOR
90,6
22 750
0.07990 0, 21643
9,204 25.509
0,2260 0,.6275
“(}
|.00 0, 0682
0. 000688 0011738
0,06818 0, 00233
0001674 00000571
RIEW

©osample weights,
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TABLE 2-3a (English)

SUMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDEHYDIL TESTS
ON GASES ENTERING AND EXITING 'RME PRILL TOWER SCRUBBER C
ON AUGUST 15-17, 1979 AT W.R.GRACE AN CO. T TNC.
MEMPUHES, TENNESSLE

RUN NUMBIR Fertilizer 1 Fertilizer 2 Fertilizer 3
DATE 08-15-79 08-16-79 08-17-79
LOCAT [ON Inlet Outlet Inlet Outlet Inlet Outlet
VOIUME OF GAS SAMPLED (I)SCE)a 101.1 99,84 82.54 98.08 87.38 109.4
STACK GAS FLOWRATE (DSCPM) 62360 56220 53660 56450 59050 62110
STACK TEMPERATURE (OF) 113 86 111 80 116 82
PERCENT MOISTURE 2.029 3.314 1.395 3.371 1.371 1.012
PERCENT [SOKINETIC 120.1 99.8 121.3 97.6 114.3 98.5
PRODUCTION RATE ('TONS/HOUR) 43.5 43.5 45.8 45.8 45.5 45.5
UREA DATAS
Total Sample Weight (Milligrams) 304 37 217 67 275 70
Grains/DSCF 0.0464 0.00571 0.04C6 0.01052 0.0486 0. 00985
Pounds/llour 24,80 2.750 18.67 5.089 24,60 5.270
Pounds/Ton 0.570 0.063Z 0.408 0.1111 0.541 0.1158
Collection Efficiency (Percent) 88.9 72.8 78.6
AMONIA DATAY
Total Sample Weight (Milligrams) 135 167 127 255 173 245
Grains/DSCF 0.0206 0.0258 0.0237 0.04004 0.0306 0.03449
Pounds /lour 11.01 12.41 10.90 19.37 15. 49 18.45
Pounds/Ton 0.253 0.285 0.238 0.423 0.340 0.405
Collection Cfficiency (Percent) <0 <0 <0
FORMALDEIYDE DATA®
Total Sample Weight (Milligrams) 0.849 0.041 0.582 0.068 0.790 0.00625
Grains/NSCF 0.0001296 0.0000063 0.0001088 0.0000107 0.000139% 0.0000088
Pounds/llour 0.06927 0.003047 0.05004 0.005165 0.070006 0.004706
Pounds/Ton 0.001592 6.0000700 0.001093 0.0001128 0.001553 0.0001034
Collection Efficiency (Percent) 95.6 8.7 93,3

a Dry Standard Cubic Feet @ 68°F and 29.92 inches lig.

b Dry Standard Cubic Feet per minute.

¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method.
d Direct Nessler analysis method.

e (hromotropic acid analysis method.

Only sample weights from all three runs were averaged, and then mass flow rates
and efficiencies were calculated from these averaged sample weights.

PPN
Averuge

Inlet tut tet
ap., 34 2.4
SR357 S8300
113 83
1.598 3.5606
8.6 ug.o
44.9 BRI
265 S8
(. 0455 0, 00872
22.00 1.3063
0,505 0,0u72
S0
115 222
0.0248 1y, 03334
12.11 16.70
0,276 0,372
<
0.744 0,067

0.0001201 0. 0600080
0. 006323 U, 1287
O.00H08  0,0000955

95, !
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Run Number
Date
location

Volune of Gas Sampled (Nm3 a)l
Stack Gas Flow Rate (Nm3/min "
Stack Temperature (C)

Percent Moisture

Percent Tsokinetic

I'roduction Rate (Mg/Hour)

)

Urca Data ©
Total Sample Weight (Milligrams)
Grams/Nin3
Kg/tlour
Kg/Mg
Collection Efficiency (Percent)

Ammonia Data d

Tota) Sample Weight (Milligrams)
Grams/Nmn3

Kg/Hour

Kg/Mg

Collection Efficiency (Percent)

Formaldehyde Dlata €

Total Sample Weight (Milligrams)
Grams/Nm3

Kg/ilour

Kg/Mg

Collection Lfficiency (Percent)

a Normal cubic meters @ ZOOC, 760 mm Hg.

b Normal cubic meters per minute.

Direct Nessler Analysis method.

*0 Lo

Chromotropic Acid Analysis method.
Only sample weights from all three runs were averaged, and then mass Clow rates and efficiencies were calcutated from these averapge <ample neiphts,

TABLE 2-3b (Metric)

SUMMARY OF RESULTS OF UREA, AMDNTA AND FORMALDENYDE TESTS
ON GASES ENTERING AND EXITING THE PRILL TOWER SCRUBBER C
ON AUGUST 15-17, 1979 AT W.R. GRACE AND CO., MEMPITS, TENNESSEE

Fertilizer 1

08-15-79
Inlet Outlet
2.86315 2.82747
1776.0 1592.2
45 30
2,029 3.314
120.1 99.8
39.46 39.46
304 37
0.10617 0.01307
11.249 1.247
0,285 0.0316
88.9
135 167
0.04713 0.05903
4,994 5.629
0.127 0.1425
<0
0,849 0.041
0.0002965 0.0000144
0.031421 0.001382
0.000796 0.000035
95.4

Fertilizer 2

08-16-79
Inlet Qutlet
2.33753 2.77763
1519.7 1601.2
44 27
1.395 3.371
121.3 97.6
41.55 41,55
217 67
0.09290 0.02407
8.469 2.308
0.204 0.0556
72.8
127 255
0.05423 0.09161
4,944 8.786
0.119 0.2115
<0
0.582 0.068
0.0002489 0,0000245
0.022698 0.002343
0.000547 0,000056
88.9

p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method.

Fertilizer 3

08-17-79
Inlet OQutlet
2.47460 3.09821
1672.3 1767.5
47 28
1.371 4,012
114.3 98.5
41.28 41,28
275 70
0.11120 0.022538
11,159 2.390
0.271 (0579
78.6
173 245
0.07002 0.07892
7.026 8.3069
0.170 0.2025
f.ﬂ—
0.790 0.0025
0.0003194 0,0000201
0.032051 0.002135
0.000777 0.,000052
92.8

Average *

Jﬂlﬁl Outlet
2.558813 2.80997
1652.7 1652.7
16 28
1.598 3.500
118.6 98, 0
40,73 J0.73
265 58
0, 103065 0, 019498
10,279 1,970
0.253 00186
81, 6
145 22
0, 05674 0, 07040
S.6209 7.575
.138 0,186
-0
0,740 0,059

0,00 280 a.000n1a7
0, 028081 0.001945
. 000701 0, 000018

028
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Run Number
Iite
Location

Volume of Gas Sampled (DSCFba)
Stack Gas Flowrate (DSCIM )
Stack Temperature ()

Percent Moisture

Percent lsokinetic

Production Rate {Tons/lHour)

Urea Data ¢

Total Sample Weight (Milligrams)
Grains/DSCE

Pounds/lour

Pounds/Ton

Collection Efficiency (Percent)

Ammonia Data d

Total Sample Weight (Milligrams)
Grains/DSCK

Pounds/Hour

Pounds/Ton

Collection Lfficiency (Percent)

Formaldehyde Data ¢

Total Sample Weight (Milligrams)
Grains/DSCF

Pounds/Hour

Pounds/Ton

(Collection lifficiency (Percent)

e

Direct Nessler Analysis method.

0 GO

Chromotropic Acid Analysis method.
Only sample weights from three runs were averaged, and then mass flow rates and efficiencies were calculated {rom these average sample weights,

TABLE 2-4a (English)

SUMMARY OFF RESULTS OF UREA, AMMONIA AND FORMALDEMYDE TESTS

ON GASES ENTERING AND EXITING PRTILL TOWER SCRUBBER A

ON AUGUST 20-22, 1979, AT W.R. GRACE AND CO., MEMPITTS] TENNESSEE

Feed 1
08-20-79
Inlet OQutlet
75.79 90.18
51720 49750
189 106
2.731 5.472
106.0 101.6
47.2 47,2
380 30.4
0.0774 0.00519
34.31 2.213
0,727 0.0469
93.5
512 293
0.1043 0.05004
46.24 21.33
0.980 0.452
53.9
0,409 0.133
0.0000833 0.0000227
0.0369 0.00968
0.000782 0.0002052
73.8

Wry standard cubic feet @ 680F, 29.92 inches Hg.
bry standard cubic feet per minute.
p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method,

Feed 2
08-21-79
Inlet Outlet
77.72 76.09
51720 42270
189 103
3.416 5,201
108.1 100.9
47.4 47.4
590 94.0
0.1172 0.01902
51.96 6.892
1.096 0.1454
86.7
570 292
0.1132 0.05910
50.18 21.41
1.059 0.452
57.3
0.622 0.178
0.0001235 0.000360
0.0547 0.01305

0,001154 0.0002753

76.1

Feed 3
08-22-79
Inlet Outlet
77.92 88.89
53010 S01390
182 a7
2.509 5.377
106.6 08.9
45.9 45.9
534 111
0.1058 0.01923
48.07 8.305
1.047 00,1809
82.7
636 300
0.1260 0.06757
57.25 29,18
1.247 0. 6306
49,0
0.644 0,166
0,0001275 0. 0000288
00,0570 0.01242

0,001261 4, 0002706

78.5

0.000112
0, 05000 000171
fn,001070

Averape ¥

Inlet Vutlet
77.14 85.05
52150 17470
184 102
2,885 5.380
16,0 1005
46.8 Jo.8
501 78.5
01002 001421
44,79 5.782
0,957 U, 1230
87.1
574 328
0,1148 1 058K
51.32 23,01
1,097 0,512
S3.3
0,558 0,154

0, 000288

0, 0002503

To.o
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Run Number Feed 1 Feed 2 Feed 3 Average*

Date 08-20-79 08-21-79 08-22-79

Location Inlet Outlet Inlet Mtutlet Inlet Outlet Inler utlet
Volume of Gas Sampled (Nm3 ﬂ)h 2.14637 2.55390 2,20103 2.15487 2.20670 2.51736 2. 184100 2 0802
Stack Gas Flow Rateo(Nm3/min ) 1464.7 1408.9 1464.7 1197.1 1501.2 1427.0 1176.9 1344,
Stack Temperature (C) 82.2 11.1 87,2 39.4 83.3 36.1 814 3800
Percent Moisture 2.731 5.472 3,416 5.291 2.500 5.377 2.885 5.380
Percent Isokinetic 106.0 101.6 108.1 100.,9 106, 6 98.9 106,09 100,5
Production Rate (Mg/Hr) 47.2 47,2 47 .4 47 .4 45.9 45,9 16.8 6.8
Urea Data ¢

Total Sample Weight (Milligrams) 380 30.4 590 94,0 534 111 S01 T8.S
Grams/Nm3 0.17710 0.01188 0.26817 0.04352 0.24208 0.,04400 0, 22927 003251
Kg/lir 15.563 1.0038 23.569 3.126 21.805 3.767 20,517 2,023
Kp/Mg 0.3635 0.0235 0.5480 0,0727 0.5235 0., 0005 00,4785 0,06]8
Collection Lifficiency (Percent) 93,5 86.7 82.7 87.1

Mmonia Data d

Total Sample Weight (Milligrams) 512 1293 570 202 636 3m 574 325
Grams/Nm3 0.23865 0.11450 0.259M 0.13523 0,28830 0.15401 0,26267 013005
Kg/Hr 20.974 9.67S 22.762 9.712 25.969 13.230 23.279 10,859
Kg/Mg ) 0.4900 0.226 0.5295 0.226 0.6235 0.318 6. 5185 0. 250
Collection Efficiency (Percent) 53.9 57.3 49,0 53.3
Formaldehyde Data €

Total Sample Weight (Milligrams) 0.409 0.133 0.622 0.178 0,644 0. 100 0,558 0, 154
Grams/Nm3 0.000191 0.00005)9 0.000283 0.0000824 0,000292 0, 000065 0, 000250 0, 0000650
Kg/Hr 0.01674 0.00439 0,02481 0.00592 0,02626 N, 00503 n.n2271 0531
Kg/Mg 0.000391 0.000103 0.000577 0.000138 0, 000631 0, 000155 0, 10N535 0. 000125
Collection Efficiency (Percent) 73.8 76.1 78.5 N

TABLE 2-4b (Metric)

SIMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDEHYDE TESTS
ON GASIES ENTERING AND EXTTING THE PRILL TOWER SCRUBBER A ON AUGUST 20-22, 1979
AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

a Nomal cubic mecters @ 2()0(‘., 760 mn Hg.

b Normal cubic meters per minute.

¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method,

d Direct Nessler Analysis method. )

e Chromotropic Acid Analysis method.

* Only sample weights from all three runs were averaged and then mass flow rates and efficiencies were calculated from these averape sample weight s,
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TABLE 2-Sa (English)

SUMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDEHYDE TESTS
ON GASES ENTERING AND EXITING THE PRILL TOWER SCRURBER C
ON AUGUST 20-22, 1979, AT W.R. GRACE AND C0., MEMPTTS, TENNESSEE

Run Number Feed 1 Feed 2 Feed 3 Averape*

Date 08-20-79 08-21-79 08-22-79

Location Inlet OQutlet Inlet Qutlet Inlet Qutlet Iniet Outict
Volume of Gas Sampled (uscr-h“) 64,53 83.59 69.63 83.39 68.85 91.57 67.67 80,18
Stack Gas Flowrate 0(l)SCI’M ) 44150 46270 48880 45160 46920 50470 JO650 47300
Stack Temperature ( F) 184 104 179 103 174 99 179 1ol
Percent Moisture 3.041 5.833 2.863 6.388 2.493 0.160 2,799 0,127
Percent lsokinetic 105.7 101.5 104.8 103.8 105.3 102.0 105.3 1024
Production Rate (Tons/Hour) 47.2 47.2 47.4 47.4 45.9 45.9 16.8 RITN
Urca Data ©

Total Sample Weight (Milligrams) 411 37 425 87 463 100 433 75
Grains/DSCF 0.0983 0.0n682 0.0942 0.01610 0.1038 0.01682 0.0087 0,013
Peunds/tHour 37.20 2.703 39.47 6.232 41.75 7.274 30,47 5,433
Pounds/Ton 0.788 0.0573 0.833 0.132 0.910 n_ 1585 n.843 0.1161
(ollection Efficiency (Percent) 92.7 84.2 82.6 80.2

Ammonia Data d

Total Sample Weight (Milligrams) 540 322 480 288 483 408 501 334
Grains/DSCE 0.1291 0.05932 0.1064 0.05330 0,1083 0, 06862 0L S 0, 0607
Pounds/Hour 48.86 23.52 44,58 20,63 43,56 29,08 45.70 24,01
Pounds/Ton 1.035 0.498 0.941 0.435 0,949 0,647 0.976 0.520
Collection Efficiency (Percent) 51.9 53.8 3.8 do0.1
Formaldehyde Data €

Total Sample Weight (Milligrams) 0.419 0.131 0.563 0.182 0.440 0.108 0470 0. 1oo
Grains/DSCF 0.0001002 0.,0000241 0.0001248 0.0000337 0. 00009806 0.0000283 0,.0001081 0, 0000287
Pounds/llour 0.03792 0.009570 0.05229 (. 013045 0.039065 0,012221 (.03322 . nLloesn
Pounds/Ton 0.000803  0.0002028 0.001103 0,0002752 0.000864 0,0002602 0.0000924 0. 0nn2 e
Collection Lfficiency (Percent) 74.7 75.0 60,2 Sl

a Dry standard cubic feet @ 68017, 29,92 inches Hg.

b Dry standard cubic (cet per minute.

¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method.

d Direct Nessler Analysis method,

e Chromotropic Acid Analysis method,

* Only sample weights from all three nms were averaged, and then mass flow rates and efficiencies were calculated from these average sample weeipghts,
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Run Number
Date
location

Volume of Gas Sampled (Nm3 )
Stack Gas Flowrate (Nm3/min ")
Stack Temperature (°C)

Percent Moisture

Percent Isokinetic

Production Rate (Mg/tlour)

Urea Data ¢

Total Sample Weight (Milligram)
Grams/Nm3

Kg/iHr

Kg/Mg ,
Collection Efficiency (Percent)

Ammonia Data d

Total Sample Weight (Milligram)
Grams/Nm3

Kg/lir

Kg/My

Cojlection Efficiency (Percent)

Formaldehyde Data e

Total Sample Weipht (Milligram)
Grams/Nm3

Kg/tir

Kg/Mg

Collection Efficiency (Percent)

a  Normal cubic meters @ 20°C, 760 mn Hg.
b Normal cubic meters per minute.

TABLE 2-5h (Metric)

SUMMARY 0OF RESULTS OF UREA, AMMONIA AND FORMALDEIYDE TESTS ON GASES
ENFERING AND EXITING THE PRILL TOWER SCRUBBER C ON AUQUST 20-22, 1979 AT

W.R. GRACE AND CO., MEMPITIS, TENNESSEE

Feed 1
08-20-79
Inlet Qutlet
1.827 2,367
1250.3 1310.4
84.4 40
3.041 5.833
105.7 101.5
42,820 42,820
411 37
0.22492 0.01560
16.874 1.226
0.394 0.0287
92.7
540 322
0.29539 0,13573
22.163 10.669
0.518 0.249
51.9
0.419 0.131
0.000229 0.0000551
0.017201 0.004341
0.0004015  0.0001014
74.7

leed 2
08-21-79
Inlet Outlet
1,972 2.362
1384.3 1278.9
81.7 39.4
2.863 6.388
104.8 103.8
43,001 43,001
425 87
0.21554 0.03684
17.904 2.827
0.417 0.0660
84,2
480 288
0,24345 0.12196
20,221 9,358
0.471 0.218
53.8
0.563 0.182
0.000286 0.0000771
0.023719 0.005917
1.0005515 0.0001376
75.0

p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analyvsis method.

C
d  Direct Nessler Analysis method.

e Chromotropic Acid Analysis method, .

*  Only sample weights From all three runs were averaged, and then mass flow rates and efficiencies were caleulated from these

Feed 3
08-22-79
Inlet Outlet
1.950 2.593
1328.8 1429.3
78.9 37.2
2.493 6,160
105.3 102.0
41.640 41,640
463 100
0.23750 0,03849
18.938 3,299
0,455 0.0793
82.6
483 408
0.24780 . 15701
19,759 13.463
0.475 0,324
31.8
0.440 0.168
0,000226 0. 0000648
0.017985 0.0058543
(1.0004320 0.0001331

69,2

Averape®

!lef tutlet
1.916 2041
1321.1 1339.5
8&1.7 389
2,794 0.127
105.3 fo2. 4
12,457 42,457
433 75
0, 22584 0.03060
17,901 2,464
0,122 0.0581
86,2
501 339
0,26153 0. 13884
20,730 11,163
0).-188 0,263
do.
0,479 0, 1o0

0n,000297
019605
0000462

0. 000065

0,005278

w.anal s
3.1

averape sample weiphts



Run Number
bate

Volumc of Gas Sampled (DSCE d)
Stack Gas Flowrate 6115(1”] )
Stack Temperature (F)

Percent Moisture

Percent lsokinetic

Production Rate (Tons/llour)

Urea hata ¢

Total Sample Weight (Milligrams)
Grains/DSCE
Pounds/iour
Pounds/Ton

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

Formaldehyde Data

‘fotal Sample Weight (Milligrams)
Grains/DSCF
Pounds/Hour
Pounds/Ton

Insoluble Particulate Data

Total Sample Weight (Milligrams)
Pounds/Hour

TABLE 2-6

SIMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDEIVDE TESTS
ON GASES ENTERING THE PRILL TOWER SCRUBBER A

ON AUGUST 15-17,

1979

AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

Fertilizer 1
08-15-79

99.14
65680
113
2.382
108.0

43.5

449
0,0699
39,35
0,905
we o osES
182 174
0.0283 0.0271
15.93 15.26
0.366 0.351

1.31
10.000204
0.1148
0.002639

Dry standard cubic fcet @ GROF, 29.92 inches Hg.

b Dry standard cubic feet per minute.
¢ p-dimcthylamino benzaldehyde colorimetric (with preliminary distillation) analysis method.

d Direct Nessler Analysis method.

¢ Specific Ton Electrode Analysis method.
f Chromotropic Acid Analysis method.

Fertilizer 2
08-16-79

104.1
68880
112
1.881
106.4

45.8

622
0.0922
54.43
1.188

253 217
0.0375 0.0322

22.14 19,01

0.483 0.415

1.92
0.000285
0.1683
0.003675

Fertilizer 3
08-17-79

95.94
70130
116
1.844
97.8
45.5

502
0.0807
48,51
1.066

oW stE
236 215

0.0380 0.0346
22.84 20,80
0,502 0,457

1.75
0.000281
0.1689
0.003712

0
0

Average

99,71
68230
114
2.036
tod.1

44,9

524
0.0811

47,43

1.056

N st

224 202
0,0347 0,0313

20,20 18,31

0.452 0,408

1.06
0, 000287
0,1503
0,003347

0
0
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Run Number
Nate

Volume of Gas Sampled (DSCE )
Stack Gas Flowrate SDS(IIN b)
Stack Temperature (F)
Percent Moisture

Percent Isokinetic

Production Rate (Tons/Hour)

Urea Data ¢

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

Anmonia Data
Total Sample Weight (Milligrams)
Grains/DSCE
Pounds/Hour

Pounds/Ton

lornaldehyde Data !

‘Total Sample Weight (Milligrams)
Grains/DSCI

Pounds/Hour

Pounds/Ton

Insoluble Particulate Data

Total Sample Weight (Milligrams)
Pounds/Hour

TABLE 2-7

SUMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDEHYDE TESTS
ON GASES EXTTING THE PRILL TOWER SCRUBBER A

ON AUGUST 15-17, 1979 -

AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

Fertilizer 1

Fertilizer 2

Fertilizer 3

08-15-79 08-16-79 08-17-79
109.2 106.4 105.9
62180 60510 60530
90 90 89
3.655 3.556 3.677
98.4 08.5 98.1
43.5 45.8 45.5
33.0 85.4 59.7
0.00465 0.01236 0.00868
2.478 6.410 4,503
0.0570 0.1399 0.0990
¢ sii© Y st N stk
745 748 821 746 683 634
0.1051 0.1055 0.1188 0.1079 0.0993 0.0922
56.01 56.24 61.61 55.98 51,51 47 .81
1.287 1.292 1.345 1,222 1,132 1.051
0.0578 0.0706 0,0761
0. 0000082 0.0000102 00000111
0. 00437 0.00529 0,00576
0.000101 n.000116 0.000127
0 0 )]
1] 0 0

a Iy standard cubic fcet @ 68°F, 29.92 inches llg.

b Dry standard cubic feet per minute.

birect Nessler Analysis method.

-0 oG

Chromotropic Acid Analysis method.

Specific lon Electrode Anialysis method.

p-dimethylamino bhenzaldehyde colorimetric (with preliminary distillation) analysis method.

Average

107.2
61073
a0
3.633
98.3
44.9
50,4
0,00853
4.468
(), 009
DN SIE
750 704
0.1077 0.1018
56.37 $3,29
L2588 1.180

0, 00682
0, 0000008
000513
0,000114

0
0



TABLI: 2-8

SUMMARY OF RESULTS OF UREA, AMMONTA AND TFORMALDEHYDE TESTS
ON GASES ENTERING THE PRILL TOWER SCRUBBER C
T ON ALIGUST 15-17, 1979 j
AT W.R. GRACE AND (0., MEMPHIS, 'ENNISSEE

Rum Number Fertilizer 1 Fertilizer 2 Fertilizer 3 Average

-6T-

Nate 08-15-79 08-16-79 08-17-79

Volume of Gas Sampled (DSCF a) 101.1 82.54 87.38 90,34
Stack Gas Flowrate (DSCIM h) 62360 53660 50050 58357
Stack Temperature (°F) 113 111 116 113
Percent Moisture 2.029 1.395 1.371 1.598
Percent Isokinetic 120.1 121.3 114.3 118.06
Production Rate (Tons/Hour) 43.5 45.8 45.5 4.9
Urea DNata €

Total Sample Weight (Milligrams) 304 217 275 205
Grains/DSCF 0.0464 0.04006 0,0486 0,0453
Pounds/Hour 24.80 18.67 24,60 \ 22,66
Pounds/'Ton 0.570 0.408 0,541 0.508
Anmmonia Data IN d SIE € N Sik DN SIE N Sl
Total Samplc Weight (Milligrams) 135 132 127 113 173 155 145 |3
Grains/DSCF 0.0206 0.0201 0.0237 0.0211 0.0306 0.0274 0,0248 0,02
Pounds/lour 11.01 10.74 10.90 9.70 15.49 13,87 12.41 1i.:
Pounds/Ton 0.253 0.247 0,238 0,212 n.340 0,308 0,276 0,253
Formaldehyde Data f

Total Sample Weight (Milligrams) 0.849 0,582 0,790 0.740
Grains/DSCF 0.0001296 0.0001088 0,0001396 0,000]1264
Pounds/tour 0.06927 0.05004 0.07066 (06323
Pounds/Ton 0.001592 0.001093 (1. 001553 0,0n1408
Insoluble Particulate Data

Total Sample Weight (Milligrams) 0 0 0 0
Pounds/lour 0 0 0 0

a Dry standard cubic feet @ 680I=, 29.92 inches Hg.

b Dry standard cubic feet per minute.

¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method,
d Direct Nessler anmalysis method.

e Specific lon Electrode Analysis method,

f  Chromotropic Acid Analysis method,
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Run Number

hate ng-15-79 08-16-79 ng-17-79
Volume of Gas Sampled (I)SCE-“) 99,84 a8.08 69,4
Stack Gas Flowrate (NDSCIM D) 56220 56450 62410
Stack Temperature (T1) 86 80 82
Percent Moisture 3.314 3.371 4,012
Percent [sokinetic 99.8 a97.6 9.5
Production Rate (Tons/lHour) 43,5 45.8 45,5
Urea Data ¢

Total Sample Weight (Milligrams) 37 67 70
Grains/DSCIE 0.00571 0.01052 n. 00985
Pounds/lour 2.750 5.089 5.270
Pounds/Ton 0.0632 0.1111 0.1158
Amnonia Data d stg © DN SIE IN SIE
Total Sample Weight (Milligrams) 175 255 230 245 232
Grains/DSCE 0.0258 0.0270 0.0400 0.0361 01,0345 9,0327
Pounds/Hour 12.41 13.00 19.37 17.47 18.45 17.47
Pounds/Ton 0.285 0.299 0.423 0,382 0.405 0.384
lFormaldehyde Data £

Total Sample Weight (Milligrams) 0.041 0.068 0.063
Grains/DSCE 0.0000063 0.0000107 0.0000088
Pounds/Hour 0.003047 0.005165 0.004706
PPounds/Ton 3.000070 0.000113 0.0600103
Insoluble Particulate Data

Total Sample Weight (Milligrams) 0 0 0
Pounds/1lour 0 0 0

TABLE 2-9

SUMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDENYDE TESTS
ON GASES EXITING THE PRILL TOWER SCRUBBER €

ON AUGUST 15-17, 1979

AT W.R. GRACE AND CO., MEMPMIELS, TENNESSEE

Fertilizer 1

a Dry standard cubic (cet @ ()BOF, 29.92 inches lg.

Fertilizer 2

Fertilizer 3

b Dry standard cubic feet per minute.

d

p-dimethylamino bhenzaldehyde colorimetric (with preliminary distillation) analysis method.
Direct Nessler analysis method.

Specific Ton Electrode analysis method,

Chromotropic Acid analysis method.

Average
02,
58360
83
3.506
98.06
44,9
58
0.,00872
4,363
0,0972
DN sl
222 212
0.0334 0,031
16,70 15.95
0,372 0,355
0. 087

0, 0000080
0. 004 287
0. 0006490

0
0
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Run Number
Nate

Volume of Gas Sampied (DSCF 4
Stack Gas Flowrate SDSCFM h)
Stack Temperature (°IF)
Percent Moisture
Percent Isokinetic
Production Rate (Tons/Hour)
Urea Data ©
‘Total Sample Weight (Milligrams)
Grains/bSCF
Pounds/Hour
Pounds/Ton

Amonia Data

Total Sample Weight (Milligrams)
Grains/NDSCE

Pounds/Hour

Pounds/Ton

t'ormaldehyde Data

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

Insoluble Particulate Data

Total Sample Weight (Milligrams)
Pounds/lour

N

512
0.1043
46.24
0.980

TABLE 2-10

SIMMARY OFF RESULTS OF UREA, AMMONIA AND FORMALDEHYDE TESTS
ON GASES ENTERING THE PRILL TOWER SCRUBBER A

ON AUGUST 20-22, 1979

AT W.R. GRACE AND CO., MEMPHIS, TENNESSER

Feed 1

08-20-79

75.79
51720
180
2,731
106.0

47,2

380
0.0774
34.31
0.727

stk ©
467

0.0951
42.16
0.893

0,409
0.0000833

0.0369

0.000782

0.04
<0,001

Dry standard cubic feet @ 680F, 29.92 inches Hg.

b Dry standard cubic feet per minute. ) ) ]
¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method.

d Direct Nessler Analysis method.

Specific lon Electrode Analysis method.
Chromotropic Acid Analysis method.

Feed 2

08-21-79

77.72
51720
189
3.416
108.1

47.4

590
0.1172
51.96
1.096

570 550
0.1132 0.1092

50.18 48.41

1.059 1.021

0.622
0, 0001235
0.0547
0.001154

Feed 3

08-22-79

77.92
53010
182
2,509
106.6

45.9

534
0.1058
48.07
1.047

N St

636 609
0.1260 0.12006
57.25 54.80
1.247 1.194

0.644
0.0001275
0,0579
0,001261

0
{)

Average

77.14
S2150
184
2.88%
106.9

46.8

501
0. 1002
14,79
0,957

n s

574 512
0.1148 0, 1084

51.32 18.45

1.097 1,035

0,558
. 000112
04, 05006
0001070

0,013
0,00}
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Run Nusuber
hate

Volume of Gas Sampled (ISCE a4
Stack Gas Flowrate (QI)SCI-M )
Stack Temperature ( F)
Percent Moisture

Percent lIsokinetic

Production Rate (Tons/lour)

lirea Data ¢

Total Sample Weight (Milligrams)
Grains/DSCE
Pounds/liour
Pounds/Ton

Anmonia Data
Total Sample Weight (Milligrams)
Grains/DSCE
Pounds/Hour

Pounds/Ton

Formaildehyde Data €

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

Insoluble Particulate Data

Total Sample Weight (Milligrams)
PPounds/Hour

TABLE 2-11

SUMMARY OF RESULTS OF UREA, AMMONIA AND FORMALDEIVDE TESTS
(N GASES EXTTING THE PRILL TOWER SCRUBBER A
ON AUGUST 20-22, 1970
AT W.R. GRACE AND CO., MEMPHIS, TINNESSEL

Feed 1 Feed 2 Feed 3
08-20-79 08-21-79 08-22-79
90.18 76.09 88.89
49750 42270 50390
106 103 97
5.472 5.291 5.377
101.6 100,9 98,9
47.2 47.4 45.9
30.4 9.0 111
0.00519 0.01902 0.01923
2.213 6.892 8.305
0.0469 0.1454 0.1809
o ¢ SIE i st DN su:
293 290 292 279 390 402
0.05004 0.04953 0.05910  0.05647 0.06757  0.06965
21.33 21.11 21.41 20.46 20.18 30.08
0.452 0.447 0.452  0.432 0.636  0.656
0.133 0.178 0.166
0.0000227 0.0000360 0. 0000288
0.00968 0.01305 0.01242
0.000205 0,000275 0,000271
0 0 0
0 0 t}

Dry standard cuhic feet @ 68°F, 29.92 inches lg.

h Dry standard cubic fect per minute.

¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis

d Direct Nessler Analysis method.

¢ Specific Ton Llectrode Analysis method.

{ Chromotropic Acid Analysis method.

method,

Average
I'eed

85.05
47470
102
5,380
100,85

46,8

78.5
0.01421
5.782
0.1236

DN Sk
325 324
0.05885  0.05867
23,0 23.87
n.512 0.510

0,159
0, 0000288
0.,01171
0,000250

0
0
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Run Number
late

Volume of Gas Sampled (DSCF a)
Stack Gas Flowrate (DSCRM b)
Stack Temperature

Percent Moisture

Percent lsokinetic

Production Rate (Tons/lour)

lirea bhata ¢

Total Sample Weight (Milligrams)
Grains/DSCF

Pounds/Hour

Pounds/Ton

Ammonija Data

Total Sample Weight (Milligrams)
Grains/DSCF

Pounds/ilour

Pounds/Ton

Formaldehyde Data f

Total Sample Weight (Milligrams)
Grains/DSCF

Pounds/Hour

Pounds/Ton

Insoluble Particulate Data

Total Sample Weight {(Milligrams)
Pounds/llour

TABLE 2-12

SUMMARY OF RESULTS OF UREA, AMMONTA AND FORMALDEIVDE TESTS
ON GASES ENTERING THE PRILL TOWER SCRUBBER C

AT W.R. GRACE AND C0., MEMPUIS, TENNESSEL
lF'eed 1 Feed Teed 3
08-20-79 08-21-79 08-22-79
64.53 69.63 68.85
44150 48880 46920
184 179 174
3.041 2.863 2.493%
105.7 “104.8 105.3
47.2 47.4 45,9
an 425 463
0.0983 0.0942 0.1038
37.20 30,47 41,75
0.788 0.833 0.910
m e s o s ] st
540 513 480 447 483 476
0.1291 0.122 0.1064  0.0991 0.1085  0.1067
48,86 46.43 44,58 41,52 43.56 42,91
1.035 0.984 0.941 0.876 0,949 0,935
0.419 0,563 0.440
0.0001002 0.0001248 00000986
0.03792 0.05229 0.03965
0. 000803 0.001103 0.000864
1.30 0 0
<0001 0 n

a Dry standard cubic feet @ GSOF, 29,92 inches Hg.

b Dry standard cubic feet per winute,
¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method,
d Direct Nessler analysis method.

e Specilic lon Electrode Analysis method.

f  Chromotropic Acid Analysis method.

ON ATIGUST 20-22, 1979 —

Average

67.07
46650
179
2 799
105.3
16.8

133
0,0987
39.47
0,843

] st
S0t 479
0.1143 0n.1092
45,70 43,066
0.976 0.933

0,474
0.0001081
n,04322

. 000924

0,43
~(r, 00



Run Number
bate

Volume of Gas Sampled (DSCF d)
Stack Gas I'lowrate DSCIM b)
Stack Temperature (°F)

Percent Moisture

Percent isokinetic

Production Rate (Tons/llour)

[
Urea Data

Total Sample Weight (Milligrams)
Grains/DSCE
Pounds/llour
Pounds/Ton

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

tormaldehyde Data f

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

Insoluble Particulate Data

Total Sample Weight (Milligrams)
Pounds/Hour

4

322
0.0593
23.52
0.498

TARLE 2-13

SIMAMARY OF RESULTS OF UREA, AMMONIA AND FORMALDENYDE TESTS
ON GASES EXITING THE PRILL TOWER SCRUBBER C

ON AUGUST 20-22, 1979

AT W.R. GRACE AND CO., MMITIS, TENNESSEE
Teed 1 Feed 2 leed 3
08-20-79 08-21-79 08-22-79
83.59 83.39 91.57
46270 45160 50470
104 103 99
5.833 i 6.388 6,160
101.5 103.8 102.0
47.2 47.4 45.9
37 87 100
0.00682 0.01610 0.01682
2.703 6.232 7,274
0.0573 0.1315 0.1585
320 288 2 408 422
2 0.05895 0.05330  0.05015 0.06862  0,07097
23.37 20.63 19.41 20,68 30,70
0.495 0.435 0.409 0.647 0,669
0.131 0.182 0.168
1.0000241 0.0000337 00, 0000283
0.009570 0. 013045 0.012221
0.000203 0.000275 0. 000266
0 i} 1)
0 0 0

a Dry standard cubic fect @ 68°F, 29.92 inches Hg.

b Dry standard cubic feet per minute,

¢ p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method,

d Direct Nessler analysis method.

e Specific lon Electrode analysis method.

[ Chromotropic Acid analysis method.

Average
860,18
47500

102
6,127
102.4

46,8

75

0.01348
5.462

0.1167
N st
339 338
0.06092  0.06071
24,69 21,02
0,528 0,526
0160

0.0000288
n.011653
0.000249

0
)



shown in Tables 2-2 through 2-6. For scrubbers A and C during both fertilizer
and feed grade tests, the calculated 1 averaged 99.9 percent at the outlets
and 108.7 percent at the inlets. The 1inlet 1isokinetics are consistently
higher than the outlet isokinetics, with the scrubber C fertilizer data (Table
2-3) most conspicuous (averaging 118.6 percent). These latter-test runs also
exhibited the largest average cyclonic flow angles.

The differences between the scrubber A inlet and outlet flow rates during
the fertilizer and feed test runs (Tables 2-2 and 2-4) may also be due to the

inlet cyclonic flow.

2.3 Synthesis Tower Main Vent Emissions Test Results

Table 2-14 shows the results of the urea and ammonia test runs conducted
at the urea synthesis tower main vent. These test runs were performed on
August 22, 1979, during feed grade urea production. The urea concentrations
were at the threshold of detection. The results of the two ammonia_apalysis
methods agreed with each other within 5% in terms of total sample weight.
However, because of the large absolute amounts of ammonia in the gas stream
(about 70% of the dry gas stream was ammonia), the differences between calcu-
lated amounts of ammonia yield appreciable differences in calculated stack gas
volumetric flowrates. Thus, two sets of data are presented: one for direct
Nessler analysis results and one for specific ion electrode analysis results.

Integrated gaseous bag samples were collected during each‘particulate test
run at the synthesis tower vent. These samples were collected directly from
the vent stack using an Integrated Orsat Sampler. The samples were then ana-
lyzed for CO and O using the EPA Reference Method 3 Orsat analyzer

2 2

procedure. Results of these sample analyses are as follows:

-25=



TABLE 2-14

SUMMARY OF RESULTS OF UREA AND AMMONIA TESTS
ON GASES SAMPLED AT ‘IMi: SYNIHUESIS TOWER MAIN VENT
ON AUGUST 22, 1970

AT W.R. GRACE AND CO., MEMPITS, TENNESSEE

Run Number Run 1 Run 2 Run 3 Average
Ammonia Analysis Method: DN a SIE b DN SIE PN SIE DN SIE
Volume of Gas Sampled (DSCF C) 5.07 4.84 5.10 5.17 5.01 4.69 5.06 4.90
Stack Gas Flowrate (DSCFM ) 786.4 761.1 742.4 747.8 740.4 707.6 756.4 738.8
Stack Temperature (") 180 180 181 181 181 181 181 181
Percent Moisture 73.1 74.0 74 .1 73.8 73.9 75.1 73.7 74.3
Percent Isokinetic 124.4 122.7 132.6 133.4 130.7 127.9 1249.2 128.0
Production Rate (Tons/llour) 47.9 47.9 47.9 47.9 49.9 49,9 48.6 48.6
Urea Data

Total Sawple Weight (Milligrams) <28.2 <28.2 <24.4 <24.4 <23.2 <23,2 <25.3 «25.3
Grains/NSCF <0.0858 <0.0899 <0,0738 <0,0728 <0.0715  <0.0763 <0,0770  <0,0796
Pounds/Hour <0.578  <0,586 <0,470  <0.467 <0.454 <0.461 <(},499 <01,504
Pounds/'Ton <0.0121 <0,0122 <0.0098 <0.0097 <0,0091 <0,0092 <0,0103 <0,0104
Ammonia Data

Total Sample Weight (Milligrams) 69439 64773 72296 73836 71218 64774 70984 67704
Grains/DSCF 211.3 206.5 218.7 220.4 219.3 213.1 216.4 213.5
Pounds/Hour 1424.0 1347.1 1391.8 1412.6 1391.7 1292.5 1403.3 1351.8
Pounds/Ton 29,73 28.12 29.06 29,49 27.849 25.90 28.88 27.82
insoluble Particulate Data

Total Sample Weight (Milligrams) 0 0 0 0 0.12 0.12 .04 0.04
Pounds/Hour 0 0 0 0 <0,001 <),001 “{). 001 0,001

Direct Nessler Analysis method, Two sets of data are presented because each analysis method produces a measurably different gascous
b Specific lTon Electrode Analyg.is method.§ anmonia volume and, consequently, a measurably different stack pas flowrate,
¢ bry standard cubic feet @ 68 F, 29,92 inches Hg (including ammonia gas vohume). Ammonia gaseous volume (DSCF) = Sample weight (mg) X 0,0000.100,
d Dry standard cubic feet per minute,
e p-dimethylamino benzaldehyde colorimetric (with preliminary distillation) analysis method.



Run No. Percent CO, Percent O3

1 10.6 11.8
2 33.2 . 9.2
3 14.0 1l1.u

The Run 2 data is the average of three samples. All data were recorded on the

synthesis tower field data sheets shown in Appendix B.

2.4 Visible Emissions

The opacity of the individual plumes from the outlets of scrubbers A and
C, and the opacity of the combined plumes from all operating scrubbers, were
monitored during the two week test period. Observations were made from ground
level and from atop the prill tower by certified smoke observers.

During the period of fertilizer grade urea production (August 15-17, 1979)
scrubber C and combined scrubbers A through H were monitored. The six-minute
average opacities ranged from 10% to 40% for scrubber C and from 10% to 35%
for combined scrubbers A through H. These data are shown graphically in
Figures 2-1 and 2-2,

During the period of feed grade urea production (August 20-22, 1979)
scrubbers A and C and combined scrubbers A through D were monitored. The
six-minute average opacities ranged from 3% to 30% for scrubber A, from 6% to
33% for scrubber C, and f;om 6% to 19% for combined scrubbers A through D.
These data are shown graphically in Figure 2-3 and 2-4.

The opacity of the plume from the bagging operation baghouse was monitored
December 18, 1979. The highest six-minute opacity was 1%; overall the opacity
averaged zero percent. These data were not graphed and are presented in tabu-
lar form in Appendix C along with all visible emissions data.

A description of all visible emission observations locations is shown in

Table 2-15.

~27~
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FIGURE 2-1: SIX MINUTE AVERAGE QPACITY READINGS FOR PRILL TOWER

SCRUBBER C DURING FERTILIZER TESTS
AT W. R. GRACE AND CO., MEMPHIS, TENNESSEE n988-nN2
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AVERAGE OPACITY FOR SIX MINUTES (PERCENT)
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AVERAGE OPACITY FOR SIX MINUTES (PERCENT)
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FIGURE 2-3: SIX MINUTE AVERAGE OPACITY READINGS FOR PRILL TOWER
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TABLE 2-15

VISIBLE EMISSTON OBSERVATION LOCATIONS
AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

Distance To Height Direction From
Discharge Above Ground Discharge Discharge
Point (Feet) (Feet) Point Description
450 -0 SE Prill Tower
40 200 SSE "
450 0 E "
450 0 SE "
450 0 SSW "
40 200 E "
400 0 SW "
500 0 S : - "
400 0 ESS "
5-15 0 S Bag House

-32-



2.5 Particle Size Tests

Particle size distribution tests were performed on the inlet gas stream of
both scrubbers A and C during each of the emission test runs. The tests were
performed with an Anderson cascade impactor with pre-impactor at a single
average flow point in each duct.

The results for the fertilizer tests are summarized in Table 2-16 and are
shown as cumulative size distribution curves in Figures 2-5 (scrubber A) and
2-6 (scrubber C). The feed test results are shown in Taole 2-17 and Figures
2-7 and 2-8. All particle size field and laboratory data are contained in

Appendix D.

2.6 Volumetric Flowrates in the Prill Tower Scrubber Inlets

Velocity traverses were performed at scrubber inlets B, D, E, F, G and H
immediately before and immediately after each fertilizer emissions test run;
similar velocity traverses were made at scrubber inlets B and D before and
after each feed test run. The calculated flowrates resulting from these velo-
city traverses and from the scrubbers A and C emission tests are shown in

Table 2-18.

Cyclonic flow caused by the axial flow fans in each duct was evident to
some degree in all eight scrubber inlets. The cyclonic flow angles were
measured at each traverse point in inlets B, D, E, F, G and H before the velo-

city traverses and in inlets A and C before the emission tests. The average
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TABLE 2-16

SUMMARY OF INLET PARTICLE SIZING TEST RESULTS
ON SCRUBBERS A § C
DURING FERTILIZER GRADE URFA PRODUCTION
AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

Particulate Aerodynamic Mass In
Sampling Test Test Concentration Size Range Size Range Cunulative
Test Number Location Date Time GR/DSCF un Percent _Percent
-1 A Inlet 08-14-79 1252 0.040 >13.3 48,5
9,17-13.3 3.4 51.5
6.22-9.17 3.2 8.1
4,24-6.22 2.3 44.9
2.72-4.24 13.8 42.6
1.36-2.72 4,0 28.8
0.84-1.36 7.3 24.8
0.57-0,84 6.6 17.5
<0,57 * 10,9 10,9
2 A Inlet 08-15-79 0955 0.034 >14.5 24.9
10.0-14.5 9.2 75.1
6.8-10.0 18 65.9
4.63-6.8 12.8 04 1
2.97-4.63 6.4 51.3
1.5-2.97 10.7 44.9
0.93-1.5 0 3.2
0.63-0,93 20,9 34.2
<0,63 13.3 13.3
3 A Inlet 08-15-79 1126 0.039 >15.3 17,2
10.6-15.3 3.0 82 8
7.16-10.6 11.5 79 8
4,89-7.16 7.9 68 3
3.14-4.89 17 .1 60,4
1.58-3.14 3.0 43.3
0.98-1.58 21.4 a0 3
0.67-0.98 14.7 18,9

ta

<0.67 4.2 4.



Sampling

Test Nunber Location
1 C Inlet

2 C Inlet

3 C Inlet

Test
Date

08-16-79

08-16-79

08-17-79

Test
Time

- 1122

1543

1430

TABLE 2-16 (Cont.)

SUMMARY OF INLET PARTICLE SIZING TEST RESULTS

ON SCRUBBERS A § C

DURING FERTILIZER GRADE UREA PRODMICTTON
AT W.R. GRACE AND (0., MIMPUTS, TENNESSEE

Particulate
Concentration
Gr/DSCF

0.022

0.027

0,013

Aerodynamic
Size Range
pm

(2]
[

NI NS N Ut
WA

5.69-8.4
3.88-5.69
2.49-3.88
1.25-2.49
0.77-1.25
0.52-0,77
<0,52

>13.0
8.93-13.0
6.05-8.93
4.13-6.05
2.65-4.13
1.33-2.65
0.82-1.33
0,56--0,82
<0,56

Mass In
Size Range

Percent

49.0
0.0
0.4
3.0
1.2

11.5

19.5

10.8
4.6
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EQUIVALENT AERODYNAMIC DIAMETER (um)

10.0.

1.0
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" ® - TEST 1 FERTILIZER 8-14-79 _
B - TEST 2 FERTILIZER 8-15-79
A - TEST 3 FERTILIZER 8-15-79
1 1 1 1 1 1 1 g 1 L 1
2 5 10 15 20 30 40 50 60 70 80 85 90
PERCENT OF MASS < INDICATED SIZE
FIGURE 2-5: CUMULATIVE SIZE DISTRIBUTIONS OF PARTICULATE
IN SCRUBBER A DURING FERTILIZER TESTS AT
W. R. GRACE AND CO., MEMPHIS, TENNESSEE
n3988-NN6
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EQUIVALENT AERODYNAMIC DIAMETER (um)
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PERCENT OF MASS < INDICATED SIZE
FIGURE 2-6: CUMULATIVE SIZE DISTRIBUTIONS OF PARTICULATE
IN SCRUBBER C DURING FERTILIZER TESTS AT
W. R. GRACE AND CO., MEMPHIS, TENNESSEE
N988-007
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TABLE 2-17

SUMMARY OF [NLET PARTICLE SIZING TEST RESULTS
ON SCRUBBERS A § C
DURING FEED GRADE UREA PRODUCT EON
AT W.R. GRACE AND CO., MIMPHIS, TENNESSEE

Particulate Aerodynamic Mass In
Sampling Test Test Concentration Size Range Size Riange Cumtlative
Test Number lLocation Date Time __Gr/DSCE - Percent Percent
1 A Inlet 08-21-79 1605 0,031 >15.9 88.6
10.9-15.9 0.0 1.4
7.4-10.9 0.0
5.05-7.4 0.0
3.24-5.05 0.0
1.63-3.24 $.3 1.4
1.00-1.63 6.1 6.1
0.69-1.00 0.0 0.0
<0,69 0.0 0.0
2 A Inlet 08-22-79 0935 0.054 >16.3 84.4
11.2-16.3 0.1 15.0
7.0-11.2 0.0 15.°¢
5.18-7.60 7.9 15.5
3.33-5.18 0.0 7.6
1.67-3.33 1.9 7.6
1.03-1.67 0.0 5.7
0.71-1.03 0.0 5.7
<0.71 5.7 5.7
3 A Inlet 08-22-79 1430 0.020 >14.7 98 .1
10,1-14.7 0.0 1.9
6.87-10.1 0.0
4.,08-6.87 0.0
3.0-4.68 0.0
1.5-3.0 0.0
0,93-1.5 0.0
0.63-0.93 0.0

<0.63 1.9 1.4



Test Number

Sampling

l.ocation

C Inlet

C Inlet

C Inlet

Test
Date

08-20-79

08-21-79

08-22-79

Test
Time

1555

1018

0935

TABLE 2-17 (Cont.)

SUMMARY OF TNLET PARTICLE SIZING TEST RESULTS

ON SCRUBBERS A § C

DURING FEED GRADE UREA PROIUCTION
AT W.R. GRACE AND (0., MIMPHIS, TENNESSEE

Particulate
Concentration
Gr/DSCE

0.048

0.084

0.052

Acrodynamic
Size Range

pm

>15.10
10.4-15.1
7.04-10.4
4,8-7.04
3.08-4.8
1.54-3.08
0,95-1,54
0.65-0.95
<0,65

>13.40
9.22-13.4
6.25-9.22
4,26-6,25
2.73-4,26
1.36-2,73
0.84-1.36
0.57-0,84

<(.57

>16.7
11.5-16.7

Mass In
Size Range

Percent
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EQUIVALENT AERODYNAMIC DIAMETER (um)
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A - TEST 3 FEED 8-22-79
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FIGURE 2-7: CUMULATIVE SIZE DISTRIBUTIONS OF PARTICULATE
IN SCRUBBER A DURING FEED TESTS AT
W. R. GRACE AND CO., MEMPHIS, TENNESSEE
0988-008
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Scrubher

a

G

Total ¢

Time

During

Bcforeba

After
Average

During

Before
After
Average

Before
After
Average

Before
After
Average

Refore
After
Average

Before
After
Average

SCRUBBER TNLET FLOWRATES* AT W.R. GRACE AND (0., MIMPHIS, TENNESSEE

TABLE 2-18

FERTILIZER
1 2 3 Average
65680 GRR]80D 70130 (68230
59150 50320 44760 51410
54980 56890 50720 54197
57065 53605 47730 52803
62360 53660 59050 58357
57970 48350 51330 52550
57250 54370 51780 54467
57610 51360 51555 53508
65330 59000 60900 61743
60010 60900 58610 50840
62G70 59950 59755 on797
60950 61890 62130 61657
59480 61030 57810 50440
60215 61460 50970 60548
72230 69990 69230 70483
68450 70180 64820 67817
70340 70085 67028 HOL S0
56410 58540 58540 57830
56210 60140 55330 57227
T6310 9340 56935 57578
492000 478000 472000 481000

FEED
A 2 3 Average
51720 51720 53010 52150
34600 34910 39190 36233
34200 36890 39760 36950
34400 35900 394738 36507
44150 48880 46920 16650
49140 46060 45740 46980
45690 44870 46300 150620
TS I5T65 awn20 10300
178000 182000 1850M4) 182000

Flowrates calculated from velocity traverses performed before the indicated runs at scrubbers A and C.

Flowrates calculated from velocity traverses perfommed after the indicated runs at scrubbers A and (.

Sun of averages, rounded to the neavest 1000 hSCIM,

Dry standard cubic feet per minute @ 68°F, 29.92 inches lig.



flow angles measured at each inlet (averaged over all traverse points) are as

follows:
Average Flow Angle (degrees)
Fertilizer Runs Feed Runs
Scrubber 1 2 3 i 2 3
A 11.9 11.0 11.0 13.0 11.9 12.0
B 11.0 2.9 1.5 4.0 11.3 2.0
C 15.0 24.4 22.5 14.0 13.5 9.0
D 7.4 2.9 4.3 10.4 6.0 9.0
E 12.2 15.7 18.4
F 21.0 2.5 2.4
G . 16.0 14.9 12.3
H 13.8 11.3 11.2

Thé flowrates shown 1in Table 2-18 were calculated with the cyclonic flow
angles taken into account, as described in Section 5.1 and Appendix G.

During each emission test run, single point velocity head (Ap) and tem-
perature (T) measurements were taken approximately every 15 minutes in inlets
B, D, E, F, G and H (fertilizer tests) and in inlets B and D (feed tests).
This was done in order to have some measure of the consistency of flow in
these inlets during the emission tests. Averages of these data, along with
average Ap and T values from the complete before and after velocity traverses,
are shown in Table 2-19. These single-point measurements were made with ac-
count given to cyclonic flow angles.

All velocity traverse and single-point data are shown in Appendix F.
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TABLE 2-19

SIMMARY OF VELOCITY HEAD (INGIES WATER) AND TRMPERATURE (°F)
MEASURFMENTS ON SCRUBBER INLETS NOT TESTED FOR IMISSTONS
AT W.R, GRACE AND CO., MIMIMIIS, TENNESSEER

This table is claimed confidential by W.R. Grace and Co.

See Confidential Addendum: Contact Fric Noble, EPA,
(919) 541-5213




2.7 Pressure Drops Across the Prill Tower Scrubbers

This section is claimed confidential by W. R. Grace and Co. See confi-

dential addendum: contact Eric Noble, EPA, (919) 541-5213.

2.8 Analysis of the Scrubbing Liquor

The scrubbing liquor entering and exiting the A and C scrubbers was
sampled approximately every 30 minutes during each emission test run. Half-
liter samples were taken from the common liquor-stream inlet and from the two
separate liquor-stream outlets. The liquor temperature was measured immedi-
ately after the sample was collected, and when the sample reached room temper-
ature the pH was measured and recorded. After each emission test run, the
ligquor samples taken during that run were combined into three composite
samples (one inlet and two outlet samples). These composite samples were then
analyzed for urea, ammonia, formaldehyde and undissolved solids. A summary of
these data is shown in Tables 2-20 (fertilizer test runs) and 2-21 (feed test
runs). The temperature and pH data for each individual scrubber liquor sample

are shown in Appendix E.

2.9 Ambient Air Temperature and Relative Humidity Measurements

The temperature and relative humidity of the ambient air were measured
periodically at the base of the prill tower during each emission test run.
These data are presented in Table 2-22 (fertilizer test runs) and 2-23 (feed

test runs).
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TABLE 2-20

SIMMARY OF SCRUBBERS A AND € LIQUOR ANALYSIS RESULTS
FERTILIZER GRADE URFA PROBUCTION
W.R. GRACE AND CO,, MIMPIHS, TINNESSEE

This table is claimed confidential by W.R, Grace and Co.

See Confidential Addendum: Contact Eric Noble, EPA,
(919) 541-5213



TABLE 2-21

SUMMARY OF SCRUBBERS A AND C LIQUOR ANALYSIS RESULTS
FEED GRADE UREA PRODUCTTON
W.R. GRACE AND CO., MIMMIIS, TENNESSEE

This table is claimed confidential by W.R. Grace and Co.

See Confidential Addendum: Contact Eric Noble, EPA
(919) 541-5213



TABLE 2-22

AMBIENT AIR TEMPERATURE AND RELATIVE HUMIDITY
MEASUREMENTS DURING FERTILIZER GRADE UREA PRODUCTION
AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

Relative
Run Number Date Time Wet Bulb (°F) Dry Bulb (°F) Humidity (%)

1 08-15-79 1000 71 77 74
1134 72 80 68

1529 72 82 61

1620 73 82 65

1657 73 81 68.5

1749 70 76 74

1843 68 74 74

Average 71 79 69

2 08-16-79 1125 63 75 51
1250 64 76 51

1330 63 78 43

1400 .65 82 39

1500 64 ' 82 36

1600 65 80 44

Average 64 79 46

3 08-17-79 1141 66 78 53
1200 66 79 50

1236 65 80 44

1307 66 80 41

1337 65 82 39

1407 63 82 33
1440 65 83 36.5

1500 67 83 42.5

Average 65 81 43
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TABLE 2-23

AMBIENT AIR TEMPERATURE AND RELATIVE HUMIDITY
MEASUREMENTS DURING FEED GRADE UREA PRODUCTION
AT W,R. GRACE AND CO., MEMPHIS, TENNESSEE

o Relative
Run Number  Date Time Wet Bulb ("F) Dry Bulb (°F) Humidity (%)

1 08-20-79 1103 76 84 69
1236 78 84 76

1305 78 88 64

1337 78 88 64

1404 79 89 64.5

1435 78 87 66.5

1505 78 89 61

1535 76 89 54.5

1605 76 86 63

Average 77 87 65

2 08-21-79 0945 76 84 69
1020 76 84 69

1105 76 85 66

1135 77 86 66

1205 76 85 66

1235 76 86 63

1305 77 87 63.5

1335 77 89 57.5

1405 77 89 57.5

1435 78 89 61

Average 77 86 64

3 08-22-79 0853 72 78 75
0940 71 78 71

1005 71 78 71

1050 72 80 68

1115 72 81 64.5

1206 73 T 82 65

1234 72 82 61

1304 73 _ 82 65

1334 74 ) 85 59.5
1428 74 85 59.5

1505 73 84 59

1523 74 83 65.5

Average 73 82 66
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2.10 Process Product Sampling

Samples of the prill tower unscreened product were taken by TRC personnel
during each emission test run. Bulk density and sieve analyses were then
performed on these samples in the W. R. Grace and Co. laboratory. The results
of these analyses are shown in Table 2-24.

Chemical analyses of samples of the urea melt and solid product were per-
formed by W. R. Grace and Co. personnel at the plant laboratory. These analy-
sis results are considered confidential by W. R. Grace and Co. and are not

presented in this report.
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Pate :
Time <

Run Number :

Sieve No.

8

10

20
30
50

Pan

Rulk Density (g/cc)

Bulk Density (lbs/ft?)

TABLE 2-24

SIMMARY OF BULK DENSTTY AND SIEVE ANALYSES
ON THE UNSCREENED PRODUICT SAMPLES

AT W.R. GRACE AND (0., MEMPHES, TENNESSEE

Percent Total Mass

08-15-79

1820

0.2

0.1

0.730

45.6

Fertilizer

08-16-79

1619

2

0.65

0.05

0.75

0.750

46,7

08-16-79

1720

2

7.0

74,6

14.8

0.750

46.7

08-17-79

1510

3

12.4
11.0
35.3

10.1

0.754

46.7

Percent Total Mass

08-20-79

1615

L

0.7
0.32
1.75
6.47
15.45
43.04
25.90

6.33

0.025

Average

0.746 0.760

46.4 47.22

FFeed

08-21-79

1345

2

12.23
41.83

31.27

0.780

48.19

08-22-79

1250

3

1.32
5.49

14,32

0.20

0.770

Average

0.770



3.0 PROCESS DESCRIPTION

Emissions measurements were made at the W. R. Grace and Co. Agricultural
Chemicals Group Facility in Memphis, Tennessee,.in order to obtain data neces-
sary to develop a new source performance standard for the urea industry. This
plant is considered to employ process and emission control technology repre-
sentative of modern urea solution formation and fluidized bed prilling proces-
ses.

Figure 3-1 presents a flow diagram of the solution formation and prill
tower operations and indicates the location of process sampling locations
(S1-55) and emission test points (T1-TS5). Emissions tests were designed to
characterize and quantify uncontrolled emissions from the solids production
and cooling (prill tower) processes, and to determine emission control equip-
ment efficiencies. During the emissions tests, conducted August 13-22, 1979,
process parameters pertinent to the operation of the various process streams
were monitored in order to determine if the process was operating at represen-
tative steady-state conditions. Detailed information on this process monitor-

ing is contained in Appendix L.

3.1 Process Equipment

There is one urea production line at this facility. Urea is prodgced by
reacting ammonia and carbon dioxide using the Snamprogetti totdl recycle pro-
cess built by C and I Gridler. The plant first started operation in October
1975, The . . . Note 1 . . . urea solution leaving the synthesis process pro-
ceeds to a two-stage vacuum evaporator where it is concentrated to 99+ percent
urea. A formaldehyde additive is injected . . . Note 2 . . . to prevent cak-

ing of the product.

Note 1 - See Item 1, Confidential Addendum, contact Eric Noble, EPA, (919)541-5213.
Note 2 - See Item 1, Confidential Addendum, contact Eric Noble, EPA, (919)541-5213.
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The urea melt is pumped directly to the top of the prill tower. There are
. . . Note 3 . . . fittings at the top of the tower for either feed or fertil-
izer grade spray plates depending upon the grade being produced . . . Note 4
. . the only difference between the two grades is the size of the prills (the
feed grade being smaller) and the amount of additive injected. The number of
plates in use is determined by the desired production rate and the ambient
weather conditions. The maximum design production rate for the prill tower is
« « » Note 5 . . . for either feed or fertilizer grade.

This prill tower employs a fluidized bed cooler near the base of the
tower, eliminating the need for a separate piece of cooling equipment. The
product leaving the fluidized bed cooler proceeds to a set of sizing screens.
One set is used for fertilizer grade and another set is used for feed grade.
The off-size material is conveyed to a dissolving tank and combined with the

prill tower scrubber liquor blowdown. The contents of the dissolving tank are

recycled to the process.

The correctly sized product prills are conveyed to a bulk warehouse. The

conveyor transfer points are controlled by a wet scrubber.

temporarily stored in large piles on the warehouse floor.

The product is

Front end loaders

move the urea to another conveyor belt which transports the prills to . . .

Note 6

screens to remove . . . Note

7 . . . material.

The urea can be

either bagged in corner fill bagging machines or bulk shipped via truck or

railcar.

ation.

A baghouse controls the particulate emissions from the bagging oper-

The baghouse was built by General Resource Corporation and controls

about 141.6 cubic meters (500 cf) of air per minute with approximately 99.9

Note 3 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 4 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 5 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 6 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 7 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
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percent particulate removal. Emission rates from this operation are estimatea
at 0.00091 kg (0.002 1lbs) per hour at a velocity of 25.3 meters (83 feet) per
second, while bagging 9432 kg (20800 lbs) per hour. Material collected by the

baghouse is redissolved and sent back to the process.

3.2 Emission Control Equipment

There are no major emission points from the urea synthesis and concentra-
tion steps since these are total recycle operations. The overheads from the
two stages of concentration are totally condensed and returned to the synthe-
sis operation. The major constituent of emissions is clean steam which is
used to keep the pressure safety valves free. Other emissions to the atnos-
phere include air, used to stabilize the CO2 feed stock; and a small amount
of ammonia vented from various sources, including the urea surge tank, dilute
carbamate tank, carbamate condenser, and aqua solution cooler.

On the roof of the prill tower, eight modified Joy Turbulaire Type "D"
impingement scrubbers control the total air flow through the prill tower and
the fluidized bed. The number of scrubbers in use at any one time depends
upon factors such as the feed rate of urea melt, desired prill size, and ambi-
ent temperature and humidity . . . Note 8 . . .

The eight scrubbers were installed when the plant was built as originally
designed. Each scrubber used two fans in series, rated at 149200 watts (200
horsepower} each. In addition, a packed bed was installed to help control
ammonia emissions. As a result of stack emission tests after the plant
started operation, the units were redesigned so that only one fan was required
for each scrubber. This redesign was performed in conjunction with the

elimination of the packed bed . . . Note 9 . . .

Note 8 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 9 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
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Scrubber liquor used for the Joy scrubbers comes from the ammonia recovery
strippers . . . Note 10 . . . A bleed stream is taken from the scrubber liquor
holding tank on top of the tower and is concentrated to 50 percent by the
addition of off-size urea prills from the product screens. This stream is

recycled back to the concentrator.

3.3 Production Rate Monitoring

In order to determine whether the production line was operating at repre-
sentative steady-state conditions during testing, various process and control
equipment operating parameters were monitored . . . Note 11 . . .

During testing of the prill tower, a radicactive source product counter
was used to measure the weight of the product leaving the screens . . . Note
12 . . . Before the testing was started the product counter was calibrated by
filling a railcar directly and weighing the railcar before and after. The
weight difference was compared with the product counter readings and a cali-
bration factor was calculated .. . Note 13 . . . Table 3-1 presents average
production rates for the prill tower during fertilizer grade and feed grade
tests.

During testing of the urea synthesis and concentration operations, the
flowrate of the urea solution to the concentrators was monitored and record-
ed. A urea surge tank is located between the synthesis and concentration
steps. This surge tank was maintained at a constant level, thus allowing the
use of the flow meter to relate the synthesis production rate to the concen-

tration production flow. Both the NH3 and CO2 feed rates to the

Note 10 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 11 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 12 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 13 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
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TABLE 3-1

AVERACE PRODUCTION RATES
DURING EMISSIONS TESTS
AT W.R. GRACE AND CO., MEMPHIS, TENNESSEE

Production Rate

Process Test Tons/Hr Mg /Hr*#*
Prill Tower- Inlets § Outlets to A § C Scrubbers Test No. 1 43,5 39.4
Fertilizer Inlets § Outlets to A § C Scrubbers Test No. 2 45.8 41.6
Inlets § Outlets to A § C Scrubbers Test No. 3 45.5 41.3
Inlet to A Scrubber Particle Size Test No. 1 57 .2% 51.9
Inlet to A Scrubber Particle Size Test No. 2 45,5 41.3
Inlet to A Scrubber Particle Size Test No. 3 45,8 41.5
Inlet to C Scrubber Particle Size Test No. 1 48.3 43.8
Inlet to C Scrubber Particle Size Test No, 2 46.9 42.5
Inlet to C Scrubber Particle Size Test No. 3 45.8 " 41.5
Prill Tower- Inlets § Outlets to A § C Scrubbers Test No. 1 47.2 42.8
Feed Inlets § Outlets to A § C Scrubbers Test No. 2 47 .4 43.0
Inlets § Outlets to A § C Scrubbers Test No. 3 45.9 41.6
Inlet to A Scrubber Particle Size Test No. 1 46.4 42.1
Inlet to A Scrubber Particle Size Test No. 2 45.3 41.1
Inlet to A Scrubber Particle Size Test No. 3 46.5 42.2
Inlet to C Scrubber Particle Size Test No. 1 44,7 40.5
Inlet to C Scrubber Particle Size Test No. 2 46.9 42,5
Inlet to C Scrubber Particle Size Test No. 3 46.8 42.4
Synthesis Synthesis & Concentration Test No. 1 47.9 43.4
Tower Synthesis § Concentration Test No. 2 47.9 43.4
Synthesis § Concentration Test No. 3 49.9 45.3

* Although the production rate data indicated this production rate, this value is
questionable.

#%100 grams per hour.
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synthesis process were also monitored to provide a check on the urea solution
flow meter . . . Note 14 . . ., The average production rates for each synthesis

and concentration test are shown in Table 3-1 also.

3.4 Production and Control Equipment Monitoring

In addition to the production rate determinations ment}oned above, other
parameters were also monitored. During testing of the prill tower and its
scrubber emissions, spray header pressure, temperature of the melt after the
second evaporator, flowrate of the first concentrator, evaporator level, flow
rate of formaldehyde additive, density of the scrubber liquor in the holding
tank, and the level in the tank between the synthesis and concentration opera-
tions were monitored and recorded . . . Note 15 . . .

Other synthesis and concentration operations parameters monitored and
recorded were: the ammonia feed rate and pressure; the carbon dioxide feed
rate, pressure, and temperature; the reactor skin and top temperatures; the
urea surge tank level and temperature; the dilute carbamate tank pressure; the
carbamate condenser pressure; aqua solution cooler pressure; and the percent
oxygen in the carbon dioxide feed . . . Note 16 . . .

Due to the confidential nature of the monitored parameters, averages and
standard deviations cannot be presented. Instead, relative averages and
relative standard deviations expressed as percents are shown in Tables 3-2,
3-3 and 3-4. A value of one hundred percent represents the exact average of
all the values of that parameter for that series of tests. Standard
deviations were not calculated for particle size tests due to the limited

number of readings (three or less) . . . Note 17 . . .

Note 14 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 15 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 16 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
Note 17 - See Item 1, Confidential Addendum, Contact Eric Noble, EPA, (919)541-5213.
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TABLE 3-2

RELATIVE VALUES OF OPERATING PARAMETERS
DURING FERTILIZER GRADE PRITL TOWER EMISSION TESTS
(FXPRESSED™AS PERCENT OF THE AVERAGE)*

Scrubber Efficiency Tests Particle Size Tests e -
Test No. 1 Test No. 2 Test No. 3 Inlet to A Scrubber InTet to € Scrubber
Std. Std. Std. Test Test Test Test Test Test

Parameter AVG. Dev. | AVG, | Dev. | AVG. Dev. 1 2 3 1 2 3 B
Spray Header Pressure 94 300 93 0,00 93 0.00 133 100 100 101 93 a3
Melt Temperature 100 0.00 100 135 100 165 99 100 100 100 100 1ol
Flow to Ist Concentrator 100 182 99 59 99 59 - 102 102 100 0y 9
Evaporator Level 98 45 94 151 101 104 93 95 95 Ah] 100 127
Additive Flow Rate 84 80 90 112 125 108 - 92 92 102 82 133
S. G.** of Scrubber Liquor 100 0.00 1060 0.00 100 300 100 100 100 100 1oo 100
Urea Surge Tank level 71 149 84 44 157 106 52 75 75 54 122 209

Unscreened Product Temperature 98 101 101 114 101 85 - - - - - -

*% Specific Gravity

* The mmbers presented in this Table were derived by averaging all the values from all three of the fertilizer grade tests and

dividing that number into the average for a particular test,
duc to the limited mmber of readings (three or less).

Standard deviations were not calculated for particle size tests
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TABLE 3-3

RELATIVE VALUES OF OPERATING PARAMEETERS

DURING FEED GRADE PRILL TOWER EMISSION TESTS

(EXPRESSED AS PERCENT OF TII: AVERAGE) *

Scrubber Efficiency Tests

Particle Size Tests

Tes't No, 1 Test No. 2 Test No. 3 Inlet to A Scrubber Inlct to C Scmhl-»:r—‘“”ﬂﬂv
Std. Std. Std. Test Test Test Test Test Test o
Parameter AVG. Dev, AVG, Dev. AVG. Dev. 1 2 3 1 2 3
Spray Head Pressure 101 129 97 147 101 24 97 99 111 95 84 109
Melt Temperature 100 98 100 108 100 98 100 100 Loo 100 100 100
I"low to Ist Concentrator 103 102 99 130 9 68 29 99 99 in2 99 R
Evaporator level 90 93 a5 102 95 105 89 85 137 a0 83 150
Additive Fiow Rate 92 188 107 46 99 65 106 100 100 89 107 uy
S. G.** of Scrubber Liquor 100 0.00 100 300 100 0.00 100 100 100 100 100 100
Urca Surge Tank Level 169 0.00 149 148 21 152 169 15 44 1649 139 26
Unscreened Product Temperature 103 30 102 100 95 170 - - - - - -

** Specific Gravity

* The numbers presented in this table were derived by averaging all the values from all three of the feed grade tests and dividing that mumber

into the average of a particular test.

{three or less).

Standard deviations were not calculated for particle size tests duc to the limited muber of readings
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TABLE 3-4

RELATIVE VALUES OF OPERATING PARAMIETERS
DURING SYNTHESIS VENT EMISSION TESTING
(EXPRESSED AS PERCENT OF THE AVERAGE)*

Test 1 Test 2 Test 3
Std. Std. Sud. o
Parameter AVG. Dev, AVG. Dev. AVG. bev.
NIz leed Rate 101 0.00 99 0.00 100 300
(07 Feed Rate 99 0.00 100 0.00 101 300
NHz Pressure to Reactor 103 0.00 98 0.00 99 300
(02 Pressure to Reactor 98 0.00 101 0.00 101 ' 0.00
Reactor Skin Temperature ) 100 0.00 100 0.00 100 0.00
Reactor Top Temperature 100 0.00 100 .00 100 0.00
Urea Surge Tank Tewperature 100 0.00 100 0.00 100 0.00
tirea Surge Tank Level 56 0.00 111 0.00 133 0.00
I'low to lst Concentrator 98 0.00 98 0,00 104 300
Dilute Carbamate Tank Pressure 96 100 99 88 105 112
Carhamate Condensor Pressure 100 0.00 100 0.00 100 0.00
Aqua Solution Cooler Pressure 100 0.00 100 0.00 100 0,00
$ 07 in (02 Feed ' 99 0.00 107 300 99 0.00
(0, Feed Temperature 99 0.00 100 0.00 100 0.00

* Note: The numbers presented in this table are derived by averaging all the values from all three of the synthesis vent tests
and dividing that number into the average for a particular test.



3.5 General Plant Operation

Overall, the entire urea plant operated smoothly, as the data in Taoles
3-1 through 3-4 indicate. However, just before the first fertilizer grade
particulate test on the inlets and outlets to scrubbers A and C, the fan belts
on scrubber C broke causing a one hour and fifteen minute delay in starting
the test. 1In addition to the fan belts problem, some of the CO2 compres-—
sors went down occassionally for short periods of time, but not during synthe-
sis tower tests. During the third test of the synthesis vent, the feed rate
of the urea melt to the concentrators had to be slightly increased in order to

maintain the level in the urea surge tank. None of these problems should

affect the test results.
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4.0 LOCATION OF SAMPLING POINTS

This section presents descriptions of the sampling locations used during
the emissions testing program conducted at the W. R. Grace and Co. urea manu-
facturing plant in Memphis, Tennessee during August énd December 1979. Figure
4-1 shows an overhead schematic of the prill tower and adjacent facilities.
Figure 4-2 shows a cross-sectional schematic of the prill tower ana one of the

eight identical scrubbers atop the prill tower.

4.1 Prill Tower Scrubber Inlets

The scrubber A and scrubber C inlet sampling sites were each located in
59 3/8 inch 1.D. vertical sections of steel duct. A schematic of these iden-
tical inlets, including traverse point locations, is present in Figure 4-3.

Two four-inch pipe flange sampling ports positioned 90 degrees apart were
located 77 inches (l.3 duct diameters) downstream from the top of the inside
of the prill tower; the nearest disturbance downstream from the ports was a
contraction beginning 38 1/2 inches (0.7 duct diameters) from the ports.

The inlet sampling locations did not meet the "eight and two diameters”
criterion as described in EPA Method 1l; hence 24 sampling points were used on
each of the two traverse axes, for a total of 48 sampling points. Figure 4-3
shows a cross-sectional view of the duct at the sampling location and the
exact distance of each traverse point from the outside flange edge.

The scrubber A and scrubber C inlets were tested for particulate, while
scrubber inlets B, D, E, F, G and H (each identical to the A and C inlets)
were monitored only for temperature and gas velocity. Consequently, for these
six inlets only 14 sampling points were used on each traverse axis, . for a
total of 28 sampling points for each inlet as specified by EPA Method 1.

These points were located as shown in Figure 4-4, which shows a cross-
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TRAVERSE POINT

TRAVERSE POINT
LOCATION FROM

NUMBER QUTSIDE OF
NIPPLE (INCHES)

1 5

l 5-7/8

3 7-1/4

4 8-5/8

5 10-1/4

6 11-3/4

7 13-1/2

8 15-1/2

9 17-5/8
10 20
11 23
12 27-1/2
13 39-1/2
14 43-7/8
15 47

16 49-3/8
17 51-1/2
18 53-1/2
19 55-1/4
20 56-3/4
21 58-3/8
22 59-3/4
23 61-1/8
24 62

FIGURE 4-3:
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TRAVERSE POINT i} |
TRAVERSE ROINT | LOCATION FROM FLON PRILL TONER
NUMBER QUTSIDE OF v ;
NIPPLE (INCHES) SCRUBBE 38.5
INLET PORTS
1 5.1 \
2 2 1]
3 9.8 :
4 12.6 6
5 15.9 ;
6 19.9 1 "
7 25.6
8 414 FLOOR
9 47.1 Y
10 51.1 PRILL TOWER
12 57.2 ) %9-3/8
13 59.6
14 61.9 ? A
59-3/8"
63-3/8"
900
Y
Y

FIGURE 4-4: SCRUBBERS B,D,E,F,G,H INLET SAMPLING LOCATIONS (ALL IDENTICAL)
W. R. GRACE AND CO., MEMPHIS, TENNESSEE 0988-n14



sectional view of a duct at the sampling location and lists the exact distance

of each traverse point from the outside flange edge.

4.2 Scrubber A and C Qutlets

After passing the inlet test section, the prill tower dust-laden gases are
drawn through a fan which discharges to the scrubber. The cleaned gases are
then exhausted to the atmosphere through a mist pad. A stack extension
approximately 10 feet in height was added so that a reasonable sampling trav-
erse plane could be established free from interferences from the mist pad and
the wind. |

The A and C scrubber outlet stacks were 144 inches in internal diameter
and were fitted with two 1-3/4 inch pipe flange sampling ports positioned
90° apart. The sampling ports were located 2 feet 6 inches (0.2 duct diam-"
eters) downstream from the mist pad, and 8 feet 3 inches (0.7 duct diameters)
upstream from the top of the stack extension.

The outlet sampling locations did not meet the "eight and two diameters"
criterion as outlined in EPA Method 1l; hence 24 sampling points were chosen
for each traverse axis for a total of 48 sampling points at each outlet.
These points were located as detailed in Figure 4-5, which shows the cross-
sectional view of the duct at the sampling location and lists the exact dis-

tance of each traverse point from the outside flange edge.

4.3 Inlet Particle Sizing Locations

Particle sizing tests were performed in both the scrubber A and the scrub-
ber C inlet gas streams. An in-stack cascade impactor was positioned in the
duct through a port used for the particulate emissions tests. The impactor

nozzle was positioned for each run at a point of average velocity as deter-
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TRAVERSE POINT 1} ' 1
TRAVERSE POINT | LOCATION FROM PRILL TOWER
NUMBER OUTSIDE OF SCRUBBER gro3n
NIPPLE { INCHES) ()‘//// OUTLET PORTS
1 3-3/8 T T_
g 6-3/8 " STACK 216
9_58 ’l_ 11l
4 13_1§8 EXTENSION ]
5 16-7/8
6 20-3/4 |
7 24-7/8 " MIST PAD
8 29-5/8
9 34-7/8
10 40-7/8 12
11 48-1/4
12 59
13 88-1/2
14 99-1/4
15 106-5/8
16 112-5/8
17 117-7/8 12"
18 122-5/8
19 126-3/4 . NORTHEAST (A)
20 130-5/8 “ WEST (C)
21 134-3/8
22 137-7/8 12' - 1-3/4"
23 141-1/8
24 - 144-1/8 900
Y
i L
SOUTHEAST (A)
NORTH (C)

FIGURE 4-5: SCRUBBERS A AND C OUTLET SAMPLING LOCATIONS (BOTH IDENTICAL)
W. R. GRACE AND CO., MEMPHIS, TENNESSEEL 0988-015-001



mined by preliminary velocity traverses performed before each particle size
test run. The impactor nozzle was rotated directly into the gas stream at an
angle determined by the cyclonic flow angle traverses.

The specific sampling ports and points used during the particle size test

runs were as follows (see Figure 4-3):

Scrubber Inlet Fertilizer Test Runs Feed Test Runs
1 2 3 1 2 3

A SE-11 NE-8 NE-8 SE~-3 NE-8 NE-12

C S-5 S-5 S-5 $-22 5-20 W=-15

4.4 Urea Synthesis Tower Main Vent Sampling Location

The synthesis tower vent sampling location was in a 29-inch I.D. vertical
section of steel duct containing one four-inch pipe flange sampling port.
This port location met the "eight and two diameters"™ criterion which would
have allowed, in this case, a total of 12 sampling points over two traverses.
However, because of the physical limitations incurred by the use of an in-
stack orifice, only the back half of the one traverse could be sampled for a

total of 3 sampling points. These points were located as shown in Figqure 4-6.

4.5 visible Emissions Observation Locations

‘The white plumes exiting the prill tower scrubber stacks were observed
from nine different locations. These locations were chosen to conform with
EPA Reference Method 9 requirements and to allow observation of both individ-
ual and combined scrubber plumes. The plume from the baghouse on top of the
bagging operation warehouse was observed from within 15 feet of the baghouse
outlet. These locations are described in Table 4-1 and shown in Figures 4-7

and 4-8.
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W. R. GRACE AND CO., MEMPHIS, TENNESSEE N988-016



Observer

Location

a9l

= o

TABLE 4-1

VISIBLE EMISSION OBSERVATION LOCATIONS
AT W.R. GRACE AND CO., MRMPHIS, TENNESSEE

Distance To Height Direction From
Discharge Above Ground Discharge Discharge
Point (Feet) (Feet) Point Description
450 0 SE Prill Tower
40 200 SSE "
450 0 E "
450 0 SE "
450 0 SSW "
40 200 E "
400 0 SW "
500 0 | S "
400 0 ESS "
5-15 0 S Bag House
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POSITION B OBSERVING STACK C
POSITION F OBSERVING STACK A

TOP VIEW OF PRILL TOWER
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FIGURE 4-8: VISIBLE EMISSION OBSERVER LOCATIONS AT
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The plumes were all observed against partly cloudy or clear blue skies.
The urea synthesis tower vent plume continuously mingled with some of the
scrubber plumes so that separate opacity readings for the vent plume were not

possible.

4.6 Scrubber Pressure Drop Measurement Locations

Pressure drops across the eight prill tower scrubbers were measured with a
verticle U-~tube water manometer connected across the venturi throat of each

scrubber.

4.7 Process Sample Collection Locations

The unscreened solid product samples were collected during both fertilizer
and feed grade tests. The samples were collected at the bottom of the prill
tower, as the product fell onto the vibrator screens. Samples of the synthe-
sis solution and urea melt were also taken directly from their associated pro-

cesses.

4.8 Scrubber Liquor Collection Locations

Scrubber liquor samples were collected from the streams entering and exit-
ing the prill tower A and C scrubbers. The samples were collected at three
locations as shown in Figure 4-9. Outlet samples were collected from the sep-
arate return pipes adjacent to scrubbers A and C. The inlet samples were col-

lected from one tap on the common sump feeding all of the scrubbers.

4.9 Ambient Air Temperature and Relative Humidity Measurement Location

Ambient air temperature and relative humidity measurements were taken at
the base of the prill tower during each emission test run. Figure 4-1 shows

the location of this measurement point.
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FIGURE 4-9: SCRUBBER LIQUOR SAMPLING POINTS ON THE PRILL TOWER AT
W. R. GRACE AND CO., MEMPHIS, TENNESSEE
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5.0 SAMPLING AND ANALYSIS METHODS

This section presents general description of sampling and analysis
procedures employed during the emissions testing program conducted at the
W. R. Grace and Co., Memphis, Tennessee urea manufacturing facility during
August 13-22, 1979. Details of sampling and analysis procedures are contained

in Appendices I and J.

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 Sta-

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

August 18, 1977, pp 41755 ff.

0o Method 1 - Sample and Velocity Traverses for Stationary Sources

This method specifies the number and location of sampling points
within a duct, taking into account duct size and shape ana 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.

o Method 3 - Gas Analysis for COj, 0;, Excess Air and Dry Molecular Weight

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

o Method 4 - Determination of Moisture Content in Stack Gases

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

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

0 Method 9 - Visual Determination of the Opacity of Emissions from
Stationary Sources

This method describes how trained observers are to determine the opa-
city of emissions. The duration and frequency of observations, ori-
entation of the observer with respect to the source, sun and back-
ground, methods of data recording and calculation, and qualifications
of observers are specified.

Presently, methods of cyclonic flow measurement and interpretation are
largeiy in their formative stages. As noted in Section 2.6, some degree of

cyclonic flow was evident in all eight scrubber inlets, caused by the axial

p (L)

flow fans in these ducts. The alignment approac was used during the

inlet sampling tests to properly account for the effects of cyclonic flow, as

follows:

1. A preliminary traverse was performed at each inlet before every test
to establish the flow angles at each traverse point. The pitot-
nulling technique, as detailed in EPA Reference Method 1, was used to
measure the flow angles.

2. During particulate or velocity traverses the probe tip was rotated
according to the flow angles at each traverse point, so that the
probe tip faced directly into the gas flow. The flow angle was
recorded on the field data sheets along with all other pertinent data.

3. During the particulate traverses, the sampling time at each traverse
point was weighted by the cosine of the flow angle at that point.
These sampling times are noted on the field data sheets.

4. The cosine of the flow angle was applied to the velocity equations
used to calculate the flowrate in the scrubber inlets.(2)

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

2 Source Sampling Reference Method, prepared by Entropy Environmentalists,
Inc., for USEPA, November, 1977.
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Angular flow in ducts is a complex phenomenon tor which the measurement
and analysis technique described above, as well as other proposed techniques,
are ohly an approximation to what 1s actually occuring in a duct. For
example, angle measurement by pitot-nulling is convenient, utilizing equipment
already part of the particulate sampling train. However, only one component
of the 3-dimensional flow vector is measured in this way, and whether or not
this measured component is a significant component of the flow vector is not
always Kknown. Further work is needed to develop an accurate angular flow

determination method that is readily adaptable to source sampling in the field.

5.2 Urea Sampling and Analysis at the Prill Tower Scrubbers

5.2.1 Sampling Methods

Urea, ammonia and formaldehyde in the inlet and outlet gas stream of the
prill tower scrubbers A and C were sampleq at points located in accordance
with the relationship, detailed by EPA Method 1, of the sampling ports to up-
stream 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. Cyclonic flow in the scrubber inlets was handled as
described above in Section 5.1.

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 and use of a teflon line.

The sampling train shown in Figure 5-1 consists of a nozzle, probe, teflon
line, six impingers, vacuum pump, dry gas meter, and an orifice flow meter.
The nozzle is stainless steel and of buttonhook shape. The nozzle was con-

nected to a 5/8-inch stainless steel glass-lined probe wrapped with nichrome
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heating wire and jacketed. Following the probe, the gas stream passed through
a 3/8-inch I.D. teflon line into an ice bath/impinger system. The impinger
system consisted of six impingers in series. The first two impingers con-
tained deionized, distilled water (100 mls each). The next two impingers con-
tained IN H,s0, (100 mls each). The fifth impinger was empty, and the
sixth contained 200 grams of indicating silica gel. Leaving the last impin-
ger, the sample stream flowed through flexible tubing, a vacuum gauge, neeale
valve, pump, and a dry gas meter. A calibrated orifice and inclined manometer
completed the train. The stack velocity pressure was measured using a pitot
tube and inclined manometer. Stack temperature was monitored with a thermo-
couple attached to the probe and connected to a potentiometer. A nomograph
was used to quickly determine the orifice pressure drop required for‘any pitot
velocity pressure and stack temperature in order to maintain isokinetic samp-
ling conditions.

The probe temperature was haintained at about 10°F above the duct gas
temperature (if the gas temperature did not exceed approximately 160°F) in
order to prevent condensation within the probe. Where the gas temperature
exceeded 160°F, the probe was maintained at 160°F.

Test data recorded at each sampling point included test time, sampling
duration at each traverse point, pitot pressure, stack temperature, dry gas
meter volume and inlet-outlet temperature, orifice pressure drop and, at the
scrubber inlets, the flow angle.

The only significant problem encountered during the sampling tests was the
necessity of interrupting sampling runs while the fans in the scrubber inlet

ducts were washed. These interruptions occurred frequently because of the

heavy particulate load accumulated by the fans.
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5.2.2 Sample Recovery and Preparation
At the completion of each test run the train was leak checked. Then the
nozzle, probe, flexible teflon line, first two impingers, and their connecting
glassware were rinsed with deionized, distilled water and brushed (three
times). Samples‘were put in glass jars with teflon-lined caps, as follows:
Jar #1 - contents of the nozzle, probe, flexible teflon line, first two
impingers, their connecting glassware, and their deionizea, dis-

tilled water wash.

Jar #2 - contents of the third, fourth and fifth impingers, their con-
necting glassware, and their 1N H,504 solution rinse.

Jar #3 - silica gel from the sixth impinger.

The contents of the first jar were filtered using a tared Buchnef funnel
filter and a vacuum filtration apparatus in order to remove all traces of
und}ssolved material. The funnel filter was then stored in a labelled petri
dish and returned to the TRC chemical laboratory. A portién of the filtrate
was set aside untreated for analysis for formaldehyde content. To the other
portion, a small amount of sulfuric acid was added to bring the pH to less
than 6; this portion was in turn divided into two portions for the urea and

ammonia analyses.

5.2.3 Sample Analysis

The acid impinger samples (jar #2) and the acidified portion of the water
impinger samples (jar #1) wefe analyzed for urea at the TRC laboratories.
Prior to shipment to TRC, the samples were distilled at the W. R. Grace and
Co. laboratory in order to remove any ammonia. At TRC the samples were ana-
lyzed with the p-dimethylaminobenzaldehyde colorimetric method within 20 days
of sample collection. Preliminary distillation to remove ammonia was per-

formed because ammonia is a known interference in this analysis.
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One problem was encountered during these analyses. At the beginning of
the urea analyses it was noted that the acid impinger samples (from jar #2)
were yielding negative absorbances. The TRC chemist reasoned that since the

acid 1impinger samples were preserved with 1N H2504 and the water impin-

ger samples were preserved with H_SO

250, at a concentration of only 2

ml/liter, the sulfuric acid may be a negative interference. A test of this
hypothesis with distilled water blanks showed that stu4 did indeed
cause negative interference. Based on this information, the urea analyses
were then performed with standards prepared with the same sto4 concen-~

tration as the samples. Complete details of the urea analyses are contained

in Appendix J.

5.3 Ammonia Sampling and Analysis at the Prill Tower Scrubbers

5.3.1 Sampling, Sample Recovery and Preparation

The same samples collected, recovered and prepared as described in Section

5.2.1 and 5.2.2 were analyzed for ammonia as well as urea.

5.3.2 Sample Analysis

The acid impinger samples and the aéidified portions of the water impinger
samples were analyzed for ammonia using two methods: specific ion electrode
(SIE) method and direct Nessler method.

The SIE analyses were performed at the W. R. Grace and Co. laboratory
within 48 hours of sample collection. An Orion model 95-10 ammonia electrode
was used in accordance with the electrode manufacturer's procedures. This
method is extremely specific for ammonia and is subject to few, if any, inter-

ferences.



The Nessler analysis method (1) was performed at the TRC laboratory
within 20 days of sample collection. This is a colorimetric method subject to
turbidity interference from a variety of species. In addition, aelays in
sample analysis may allow dissolved ammonia to diffuse out of solution, yield-
ing reduced ammonia concentrations. Alternatively, delays in sample analysis
may result in some species, like urea, breaking down or converting to ammonia
and yielding falsely high ammonia concentrations.

These two ammonia methods yielded results that agree closely with each
other, but a consistent difference is evident. The following is a summary of
the ammonia sample catches:

Average Ammonia Sample Weight (mg)

Fertilizer Feed
Sample Location DN SIE DN SIE
A inlet 224 202 574 542
A outlet 750 709 325 324
C inlet 145 133 501 479
C outlet 222 212 339 338
Syn. Tower --- - 70984 67794

For all fertilizer tests at the A and C scrubbers, the direct Nessler (DN)
results averaged 7.6% higher than the specific ion electrode (SIE) results.

For all feed tests (excluding the synthesis tower), the DN results averaged

2.8% higher that the SIE results. One factor involved here may be the time

1 Standard Methods of Water and Wastewater Analysis, 1l4th Edition, 1975, p
412 ff.
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elapsed between sample collection and sample analysis. The SIE analyses were
performed within 48 hours after sample collection, while the DN analyses were
performed up to 20 days after sample collection. Some conversion of urea to
ammonia may have occurred in the samples waiting for D& analysis. Since the
feed tests were performed one week after the fertilizer tests, less urea

conversion occurred in the feed samples.

5.4 Formaldehyde Sampling and Analysis at the Prill Tower Scrubbers

The same samples collected, recovered and prepared as described in Section
5.2.1 and 5.2.2 were analyzed for formaldehyde as well as urea and ammonia.
The untreated portions of the water impinger samples were analyzed for formal-
dehyde at the TRC laboratory within 20 days of sample collection using the

chromotropic acid colorimetric analysis method.

5.5 Insoluble Particulate Sampling and Analysis at the Prill Tower Scrubbers

The water impinger samples (collected as described in Section 5.2.1) were
analyzed for insoluble particulate (undissolved solids) as follows. The con-
tents of jar #l1 were suction-filtered using a previously desiccated, tared
glass fiber filter, Buchner funnel and vacuum system, as described in Section
5.2.2. The filter was then placed in a petri dish and brought to TRC. In the
TRC Laboratory, the filters were desiccated and weighed to a constant weight.

This analysis took place within 20 days of sample collection.

5.6 Synthesis Tower Emissions Tests

5.6.1 Sampling and Analysis for Urea and Ammonia

Emissions tests at the urea synthesis tower main vent were performed in a
manner similar to that described in Section 5.2, with the following modifica-

tions to the sampling train and sampling method:
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1. An in-stack orifice was used to permit isokinetic sampling of the
vent gas stream which had a moisture content greater than 50%. The
in-stack orifice measures the sample stream flowrate in the probe at
the same moisture and temperature conditions as in the stack.

2. .0Only three traverse points were used because of the physical limita-
tions imposed by the in-stack orifice.

3. Two extra impingers were added to allow for more complete sample
collection. Impingers 1-3 each contained 100 ml of distilled,
deionized water; impingers 4-6 each <contained 100 ml of 10N
HS04; impinger 7 was empty, and impinger B8 contained 200 grams
of silica gel. The empty impinger was placed immediately in front of
the 8th impinger to act as a demister to prevent too rapid saturation
of the silica gel.

The 10N HZSO4 was used in two of the three test runs. In the third

test run, 5N H_SO, was used. The reason for this was that the 10N solu-

2774

tions had to be substantially diluted in order to respond to the specific ion
electrode ammonia analysis. With this analysis method, as the sample is
Qiluted the sensitivity of the electrode decreases.

A procedure similar to that described for the prill tower scrubbers in
Section 5.2 and 5.3 was followed for the synthesis tower sample recovery and

preparation. The contents of the sample jars were:

Jar #1 - contents of the first 3 impingers and the distilled water wash
of the nozzle, probe, teflon line and impinger connecting glass-
ware.

Jar #2_— contents of impingers 4, 5, 6, and 7 and the concentrated acid

rinse of these impingers and their connecting glassware.

Jar #3 - silica gel from impinger 8.

The contents of jars #1 and #2 were analyzed for urea, ammonia and insoluble

particulate as described in Sections 5.2, 5.3 and 5.5, respectively.
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The in-stack orifice was calibrated in the field at W. R. Grace and Co.
prior to the synthesis tower tests. The purpose of the calibration was to
determing a value for the coefficient B in the following equation:

Ah = (B) (4P)

where Ah

pressure drop across the orifice (inches water)

AP velocity pressure (inches water).

With B determined, a nomograph was used to establish isokinetic flow in the
sampling train: for a given measured AP in the stack, the pressure drop Ah
across the orifice was adjusted to the proper value.

A typical in-stack orifice assembly is shown in Figure 5-2. A detailed

description of the in-stack orifice calibration is .contained in Appendix K.

5.6.2 Integrated Gaseous Bag Samples

Integrated gaseous bag samples were collected from the synthesis tower
main vent during each of the urea particulate test runs at this location.
Samples were drawn directly from the gas stream with an Integrated Orsat
Sampler. The bag samples were analyzed for CO2 and O2 at the W. R.

Grace and Co. laboratory within one hour of sample collection using an EPA

Method 3 Orsat analyzer.

5.7 Visible Emissions

The visible emission measurements of the prill tower scrubber plumes were
conducted by two certified visual emission observers in accordance with EPA
Reference Method 9. These measurements were taken from two general loca-
tions: one observer was atop the prill tower directly across from either the
A or C scrubber outlet; the other observer was on the ground, observing either

the same scrubber plume concurrently with the first observer or observing com-
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bined plumes from all operating scrubbers. Observations of a given plume
lasted from one-half hour to about two hours, and within an observation period
readings were taken and recorded at 15-second intervals.

Visible emission measurements of the béghouse plume were conducted over a
period of five hours by a single certified observer positioned within 15 feet
of the baghouse outlet atop the bagging operation warehouse.

Visible emission measurements of the synthesis tower main vent plume were
specified in the original work assignment. These measurements were subse-
dquently cancelled by the EPA technical manager because the vent plume mixed

with the scrubber plumes.

5.8 Particle Size Tests

Particle size tests were performed at the inlets to scrubbers A and C
using an Anderson cascade impactor with a pre-impactor. The impactor was
operated in its in-stack mode in accordance with the manufacturer's procedures.

Prior to the initiation of sampling, the impactor was leak tested and
placed in the duct for 20 minutes to allow it to heat to duct temperature in
order to prevent condensation. Sampling began immediately upon rotation of
the nozzle into the flow stream, taking into account the observed cyclonic
flow angle. Sampling was performed isokinetically from a single average flow
point that was predetermined from velocity traverses performed prior to each
particle size test run. Each of the fertilizer tests lasted 30 minutes; each
of the feed tests lasted 15 minutes.

The impactor was loaded .before each test run with pre-weighed glass fiber
collection substratés. Upon completion of a test run, the substrates were
removed in a secluded, clean area and placed in petri dishes and sealed. The

cyclone preseparator contents were brushed into a tared sample jar and
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sealed. These samples were brought to TRC and were welighed on an analytical

balance to 0.1 mg in a constant humidity environment.

5.9 Volumetric Flowrate Measurements in the Scrubber Inlets

Velocity traverses were performed in the inlets of scrubbers B, D, E, F,
G, and H before and after each fertilizer emission test run, and in the inlets
of scrubbers B and D before and after each feed emissions test run. Two per-
pendicular traverses were performed at each inlet during each velocity test,
with wvelocity head and stack gas temperature monitored at each sampling
point. The probe was rotated in accordance with the observed cyclonic flow
angle at each point; cyclonic flow angles were measured at each sampling point
prior to each "before" velocity test. From these data volumetric flowrates
were calculated in accordance with the alignment approach for cyclonic flow
c§lculations, as noted in Section 5.1.

During each fertilizer emission test run, single-point velocity head and
temperature measurements were taken approximately every 15 minutes at each of
these six scrubber inlets. Similar measurements were made at inlets B and D
during the feed emission test runs. These single average-flow points were
determined from preliminary velocity traverses, including the "before" trav-
erses. The appropriate cyclonic flow angle was applied with these single-
point measurements.

In order to compute the volumetric flowrates of each of these six inlets,
assumptions on the values of two parameters were made, based on the results of
the complete tests performed on scrubbers A and C. The duct static pressure
was assumed to be -2.0 inches of water for fertilizer and feed tests; the per-
cent moisture was asssumed to be 1.8% for the fertilizer tests, and 2.9% for

the feed tests. With these assumptions other necessary parameter values were
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calculated and, with the measured velocity head, temperature and cyclonic flow

angles, the flowrates were calculated.

5.10 Pressure Drop Measurements Across Prill Tower Scrubbers

Pressure drop measurements were taken across all eight prill tower scrub-
bers during the fertilizer tests and across scrubbers A through D auring the
feed tests. Measurements were taken .approximately every 15 minutes during
each test run using a vertical U-tube water manometer connected to pressure
taps across the throat of the scrubber venturi.

After the first fertilizer test run, the pressure drop across some of the
scrubbers was adjusted to obtain a more constant value across all the scrub-

bers. This adjustment was made by modifying the liquor level in each scrubber.

5.11 Scrubber Liquor Sampling and Analysis

Samples were taken from the common liquor stream going to scrubbers A and
C and from the separate streams returning from each of these two scrubbers.
Half-liter aliquots of the scrubber liquor were collected approximately every
30 minutes during each test run. The sample temperature was measured immedi-
ately after collection, and the pH was measured in the W. R. Grace and Co.
laboratory as soon as the sample reached room temperature. The individual
samples were then combined to form three composite samples for each test run
(one inlet sample and two outlet samples). These composite samples were then
vacuum-filtered through a tared glass-fiber filter. Each filtrate sample was
divided into two portions: to one portion concentrated sulfuric acid was

added to bring the pH to less than 6; the second portion remained untreated.
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The untreated portions were analyzed for wurea and formaldehyde as
described in Sections 5.2 and 5.4, respectively. Formaldehyde analyses were
performed on samples from only one fertilizer test run and one feed test run.'

The acidified portions were anlayzed for ammonia by the specific ion
electfode and direct Nezzler methods as described in Section 5.3 above. The
filter was desiccated and weighed to determined wundissolved solids as

described in Section 5.5 above.

5.12 Ambient Air Temperature and Relative Humidity

Ambient air temperature and relative humidity were recorded periodically
at the base of the prill tower during each emission test run. Wet bulb and
dry bulb temperature measurements were made with a Bendix psychron, and
psychrometric tables were then used to compute relative humidity from these

measurements.

5.13 Process Samples

One grab sample of the unscreened solid urea product was collected by TRC
personnel at the hopper inlets to the vibrating screen during each emission
test run., Bulk density and sieve analyses were then performed on these
samples at the W. R. Grace and Co. laboratory within two hours of sample col-
lection.

The bulk density was determined with a tared graduated cylinder and a

platform balance. The sample was passed through a riffle and then poured into
the graduated cylinder until it overflowed. The sample was then leveled with

the top of the cylinder, and the cylihder and contents were weighed.
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The particle size of the product was estimated by means of a sieve ana-
lysis. A small amount (about 250 grams) of sample was weighed to the nearest
0.01 gram. This sample was then poured into the top sieve ana then shaken
through the stack of sieves. After shaking, each sieve was weighed to deter-
mine the amount of material retained by it.

Samples of the urea process solution weré taken by W. R. Grace and Co.
personnel from various locations in the process. Chemical analyses were per-
formed on these samples and on the solid product by W. R. Grace and Co. who

requested that the analysis results remain confidential.

-93-



