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PREFACE

The work reported herein was conducted by personnel from the
York Research Corporation (YRC), the GCA/Technology Division
(GCA), and the U.S. Environmental Protection Agency (EPA).

The scope of work issued under EPA Contract No. 68-02-2819,
Work Assignment No. 10 was under the supervision of the Y¥YRC
Project Director, Mr. James Davison. Mr. Roger Kniskern of YRC
served as Project Manager and was responsible for summarizing
the test and anélytical data in this report. Analyses of the
samples were performed at the YRC lab located in Stamford,
Connecticut under the direction of Ms. Kay Wahl and at the
Cominco, Beatrice, Nebraska field lab under the direction of
Mr. Michael Horowitz.

Mr. Stephen V. Capone and Mr. William Battye of GCA were respon-
sible for monitoring the process operations during the testing
program. GCA personnel were also responsible for writing the
Process Description and Operations Section along with Appendix
6.8 of this report.

Members of Cominco American, Beatrice, Nebraska whose assis-
tance and guidance contributed greatly to the accomplishment of
the test program, include Mr. Gary Carstens, Plant Manager,

Mr. Larry Wood, Production Supervisor, Mr. Ken Schoenhofer,
Operating Superintendent, and Mr. Ken Brockman, Plant Chemist.

Mr. Eric A. Noble, Office of Air Quality Planning and Stan-
dards, Industrial Studies Branch, EPA, served as Test Process

Project Engineer and was responsible for coordinating the pro-
cess operations monitoring.



Mr. Clyde E. Riley, Office of Air Quality Planning and Stan-
dards, Emission Measurement Branch, EPA, served as Technical

Manager and was responsible for coordinating the emission test
program.
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INTRODUCTION

Section 111 of the Clean Air Act of 1970 charges the Ad-
ministrator of the U.S. Environmental Protection Agency
(EPA) with the responsibility of establishing Federal
standards of performance for new stationary sources which
may significantly contribute to air pollution. When prom-
ulgated, these standards of performance for new stationary
sources (SPNSS) are to reflect the deqgree of emission lim-
itation achievable through application of the best demon-
strated emission control technology. To assemble this
background information, EPA utilizes emission data obtain-
ed from controlled sources involved in the particular in-
dustry under consideration.

Based on the above criteria, EPA's Office of Air Quality
Planning and Standards (OAQPS) selected the Cominco Ameri-
can Ammonium Nitrate manufacturing plant at Beatrice,
Nebraska as a site for an emission test program. York
Research Corporation (YRC), under contract 68-02-2819, was
requested by the United States Environmental Protection
Agency (USEPA) to conduct an emission test program at the
Homestead Plant of Cominco American located in Beatrice,
Nebraska. The test program was designed to provide a por-
tion of the emission data base required for SPNSS for the
brocesses associated with the production of ammonium
nitrate. This plant is considered to employ process and
emission control technology representative of ammonium
nitrate granulation facilities. The tests performed at
the plant were designed to characterize and quantify un-
controlled and controlled emissions from the solids cool-

ing process as well as determine control equipment effi-
ciency.



The Cominco American manufacturing plant at Beatrice pro-
duces granulated ammonium nitrate for use as a fertil-
izer. The ammonium nitrate granules are manufactured by
two rotary drum granulators and are cooled by two rotary
drum coolers using countercurrent air flow. The emissions
from these units are controlled by Doyle wet impingement
scrubbers.

Emission sampling was conducted from November 14 to
November 16, 1978 on the No. 1 cooler exhaust emissions.
Testing was conducted at the following locations:

® Cooler No. 1 Scrubber Inlet
* Cooler No. 1 Scrubber Outlet

Figure 1-1 shows a schematic of the cooler exhaust gas
ducting and control system. Samples were collected and
analyzed for particulate, ammonium nitrate, and ammonia.

In addition, the inlet location was tested to determine
particle size distribution.

EPA engaged YRC to measure ammonium nitrate, insoluble
particulate, and ammonia concentrations. All measurements
made at this facility were performed during times of nor-
mal process operation as described in Section III,
"Process Description and Operations".

The measurement program consisted- of the following para-
meters:

Cooler No. 1 Scrubber Inlet, Outlet

1. Insoluble Particulate, Ammonium Nitrate, and Ammonia:
Three repetitions of concurrent inlet and outlet test
runs were performed in accordance with the prescribed
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EPA method for ammonium nitrate and ammonia. These
provided velocity, moisture, nitrate, and ammonia
emission data.

Particle Size Distribution: Three repetitions of in-
let test runs were conducted. The tests were per-
formed using ‘the prescribed procedures as instructed
by the manufacturer which are applicable to cascade
impactors.

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

Scrubber Aqueous Solutions: pH, temperature, ammon-
ium nitrate, ammonia, and solids content were meas-
ured. Samples of inlet and outlet scrubber solutions
were collected approximately every 30 minutes during
the ammonium nitrate and ammonia testing. The pH and
temperature were recorded immediately after collec-
tion. Afterward the samples were composited into 3
inlet and 3 outlet samples. These were analyzed for
percent nitrates, ammonia, and solids.

Ammonium Nitrate and Ammonia Content of Product:
Three repetitious collections of granules into and
out of the cooler were analyzed for temperature, per-
cent moisture, ammonium nitrate, and ammonia. In ad-
dition, sieve analysis along with bulk density deter-
minations were performed on the product samples (pro-
cedures presented in Appendix 6.10).

Relative Humidity and Ambient Air Measurements:

These measurements were recorded at the inlet test



location approximately every 15 minutes during the
testing periods.

7. Gas Composition: Measurements of Cooler No. 1
scrubber inlet and outlet gases were made for percent
oxygen and percent carbon dioxide. A Fyrite Indica-
tor was used in accordance with EPA Method 3.

YRC personnel were responsible for collecting and measur-
ing the above emission parameters. Simultaneously, GCA
was responsible for monitoring and recording necessary
process parameters.

Most of the test runs were discontinuous due to excessive
loading at the coocler inlet sampling location. These in-
terruptions which also delayed the simultaneous outlet
sampling were encountered throughout the test program as
indicated in Tables 1-1 through 1-3 (Daily Summary Logs).

The following sections of this report cover the summary
and discussion of results, process description and opera-
tion, test port locations and sampling point locations,
and sampling and analytical procedures. 1In addition,
Appendix 6.11 contains the summary and results of cleanup
evaluations performed on the blank sample collectors used
for the test program. Detailed descriptions of methods
and procedures, field and laboratory data, and calcula-
tions are presented in various appendices, as noted.
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Time
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1655
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TABLE 1-1
DAILY SUMMARY LOG FOR NO.

1 COOLER

SAMPLING ON NOVEMBER 14, 1978

Production Rate
(Tons/Hour)

(Data not recorded)

Particle
Size (Inlet)

Started Run 1

Stopped
Switched Ports

Continued
Completed Run 1
Started Run 2

Stopped
Switched Ports

Continued
Completed Run 2

Fyrite Analysis

Inlet

Outlet
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2.0

SUMMARY AND DISCUSSION OF RESULTS

A)

Introduction

This section presents the results of a testing pro-
gram conducted during the week of November 14 through
November 16, 1978 at the Cominco American Plant in
Beatrice, Nebraska. Testing was performed on the
Cooler No. 1 emissions.

The inlet sampling location for Cooler No. 1 was lo-
cated in the duct venting the exhaust gases from the
rotary drum cooler to the Doyle scrubber. The outlet
sampling location was located in the header duct
venting the Doyle scrubber to the stack.

During testing on the Doyle scrubber, samples of the
scrubber effluent were taken from both the inlet and
the discharge water. The samples were taken at ap-
proximately 30-minute intervals. At the conclusion
of each test, the samples from each location were
composited and then filtered.

Product samples were collected from the inlet and
outlet of the rotary drum cooler for bulk density and
sieve analysis.

Particle size distribution was evaluated at the
scrubber inlet test location.

Sample analysis was performed at the test site and
repeated at YRC's laboratory in Stamford, Connecti-
cut. Field analysis was performed on the train
samples for ammonium nitrate and ammonia and on the
scrubber liquor for ammonium nitrate.



Tables 2-1 to 2-15 summarize the results of the emis-
sion test program. The tables present the emission
test results in three categories: insoluble particu-
late, ammonium nitrate and ammonia.

Tables 2-1 and 2-2 present a summary of particulate
emission and ammonium nitrate concentration data.

The particulate emission data represent sample train
filter dry catch plus the filtered residue from the
distilled water and water wash sample. The ammonium
nitrate and ammonia emission data represent the water
sample; 1.0 N H;SO4 sample and the train filter
catches.

For test 3, the ammonia nitrate scrubber efficiency
could not be calculated from the outlet ammonium
nitrate concentration data. During train cleanup on
test 3, a residue was noted on the inside of the
probe. This residue was not present in tests 1 and
2. The duct work was checked to determine if a resi-
due build up was present on the surfaces; none was
found. The outlet sample collected in test 3 was
also found to be more acidic than in tests 1 and 2.
In the final analysis, the outlet ammonium nitrate
concentration was found to be greater than that in
the inlet. The specific reason is not apparent, al-
though a scrubber upset condition may have occurred,
i.e., entrainment. Entrainment break-through curves
are rather sharp and very sensitive to flow fluctua-
tions. Test 3 did have the greatest gas volumetric
flow rate. Entrainment would be most critical in the
case of ammonium nitrate since it is considered a
particulate. 1In conclusion, the data listed for test
3 are believed to be non-typical of the sampled
source and therefore are not represented in the aver-
age data.

10
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B)

C)

Ammonium Nitrate Results

Tables 2-3 through 2-6 present a summary of the emis-
sion test results on ammonium nitrate. The entire
ammonium nitrate catch was concentrated in the dis-
tilled water sample, i.e., none in the 1.0 N H,SO4
sample or on the train filter. The ammonia results
for each test showed the greatest concentration of
ammonia to be in the distilled water sample. The
following percentage breakdown of ammonia was found
in the distilled water sample during each test.

° Inlet Test #1 99.88%
° Inlet Test #2 99,75%
o Inlet Test #3 99,99%
° Outlet Test #1 88.87%
) Outlet Test #2 92.48%
] Outlet Test #3 99.99%

For ammonium nitrate, the field analysis compares
favorably with the laboratory analysis. This demon-
strates that no significant degradation of the sample
occurs over time, i.e., from the time the analysis
was performed in the field to the time the analysis
was performed in the laboratory. Analytically, the
nitrate was determined by specific ion probe as ni-
trate and calculated as ammonium nitrate.

Detailed sampling and analytical procedures along
with abstracts are included in Appendix 6.10.

Ammonia Results

Tables 2-7 through 2-9 present a summary of the
ammonia results.

13



*peopnIoxa aq 03 @3ed

*sbeiase uy papnyiout jou ejep ¢ uny

"Lt

T°vic
90L°T
ovs’‘s

qe1
LT

L €12
€0L°T
£28°6

qe1

PoLT
zeL1e
4 TR |
L86°'6

Piatd
€LY

8°912
6EL°T
696‘6

P19T4

0°¢1
e kLt
0sP 1
9zo0’s

qe
0" b1

8°ELT
LV 1
010‘8

qe7

LARAS
| ) R4
£E6L°T
vZ6'6

PIo9Td

€Lt

0°ST1Z
06L"T
806'6

PToTd

¢E0° 0
F6E°0
¢e00°0
98°LY

8°00€

009'%1
621
€1
8t "88

abeIsAy

620°0
09¢°0
0£00°0
6€°91

8°L62

S0t

8T0°vT

€€t

S°1

52°S8
BL/ST/TT

¥

TUOTSSTWS Tenjoe JO aATIejussaxdsi-uou 29 03 pPailspIsSuod elep ¢ uny s

‘pIojwels Ut qey DYX 9yj 3je pawrojyxad sysAjeue qey ¢o3§s juerd e powrogaed sysAreue prard e

23eX3713 233em I9butdwy pue ‘193173 uyexay sapnyour >

*BH Uy 26°6Z ‘do89 3° 23nutw 1ad 3993 otqno prepuels Kiq q

"BH "UT 76767 ‘do89 3IP 3893 ofqno paepuels Aig ,

6 1 68°T1 1°02 €Ll uog/q1

05°61 6L b2 1474 612 anoH/q1

Zs1°o €61°0 196°1 169°1 405a/19

LeLs 111’1 $S9'1T 6v0‘0T bu
qeq PI9td qeq pPToTa 9JRAJTIN unTUOWNY 3 o[gniosul

@jeTnoflIed--1e30],

8yt 68°T 0°0z  €°L1 uoL/qT

Vv 61 | A28 X4 9°€92 9°81¢ anoH/q1

Zs1°0 £€61°0 856°T 889°T 40sa/x9

T°1L8 601’1 SE9'TT 0£0‘0T bn
qe pP1eTd qe pP13Yd P (s3nsay s]sdeuy)

83eInd1iTed 93RIFTN wWN fuowwy

6£00°0 ¥eo'o uol/q1

€150°0 Lero anoH/q1

¥000°0 €€00°0 ddsa/ 19

6v°¢ ZE"61 bW
52IRIITT4_I93EM UOTIDDT[O) pue

Yo3jed 1931714--823RTNOTIIRg S{qNIOSUT

vyie 8°€0€ &eg/suoy--o3vy uotyonpoag

801 vo1 D13BUTHOST JUIDIABG

896°'¥bT TTT'ST qHdO0sa--a3ey MOTJd DOFIJBWNTOA Ov3s

STIT LTA do--2anjezadual yoe3s sbereay
L0 11 aunToA Aq 2aIn3sTOW jusoaag

£5°88 15°16 vddsSa--patdues sen Jo suntoap
8L/91/11 8L/ST/TT ajeqg
of uny T uny ADquinN uny

¢ uny

LATINI YIadmyOs

T °ON ¥AT00D - SIINSEY ILSTL NOISSIWA J0 AUVWWAS

£~ ATaVL

14



*papnioxa aq o3 ejeq

950°
£69°
0s00°
(4 0 8

£€S0°
659°
8v00°
8v° 6t

qer

690°
0S8’
¢900°
26° 09

990°
918"
£6500°
88°8y

PI3Td

8s0° 0LO"
ocL: SL8”
€G60° S900°
v e ¥8°2%
£50°0 990°0
L99° 9z8°
0Ss00° 1900°
GZ 0oV F9°6¥
qeq PIaT4

[A X1t he

£S0°

6£000°

0Z°¢

S 10¢

SOt

1°¢€1

89L°ST

ve

V'€

19°621

uamnuo><

8200°
bbeo”
52000°
o ¢

BrL6Z
SOT
€1
59091
G6

S't
86°92T

BL/STAT

‘obexsae uy pepnioujl jou ejep ¢ uny

‘uoTsSsTWe Tenjoe JO dAfjejuadsardsi-uou 9q O] pPOIIPTSUOD ejep £ uny w
‘paogwelg uy qel DWX 9y3l je pawxojaad sysdreue qer (5375 juerd je pawzrojyaad sisdtreue protd
"23ex31¥3 193em iaburduy pue 13373 utexl sopnioul w
*BH Ut 76°6Z 'doB8Y 3 sjnutw xad 3993 OIquo paepuels Kiaq
*BH *UT 26°6Z ‘do89 I® 3993 OTqno piepue3ls Axg M
11 §°01 6S0° 1L0° uoy/q1
E°SPI LET 9bL” 006° InoK/q1
666" 8c6"° 9500° 8900° d0sa/19
9.9'8 081’8 9L "S¥ SL°bS . by
QILIJITN WNTUOCUMIY pue ITgnIosury
23jeInoyjaed - [e30f
111 S o1 £€50° 990" uoyL/q1
(AR A 6°9¢tT vL9® 118 anoH/q1
ove66° TLEG® 1500°0 €900°0 4050/
699’8 €L1'8 T0°Tv  b°0S bn
qery PIo2Td qeq PTo14 p(siynsay_sysfieuy)
83eIndtlaed SJeIITN wnjuouuy
8L00" 9500° uoL/q
(441 91L0° anoj/q1
L000° ¥S000° 40sa/19
89°9 17 2 4 bW
2938131 T4 _I93eM UOTINBTT0D pue
yojed a831rd--s9jeIndIlaRd STNIOSU]
L 3 ¢ £°60€ Keq/suol~~2308 uoTIONPORY
ot 901 OTIBUTYOBI Judd13g
1°€¢1 AR | oly ur 19qqnidg ssoroy doag oanssoag
¥vOo'LT TLv’ST qhWdOSa--o3ey MOT4 DFIaUNTOA yoeqs
S6 Ve do -~ danjexadway joejg abexsay
1°'¢ (2K aumtoa Aq aan3IsyoW jJuasaag
TE°veEl €T°¥it @dOSa~-potdueg se9 JO owWnioa
8L/91/11 8L/s1/11 e3ed
ot uny 1 uny Iaquny uny

¢ uny

LITLNO dAGANUDS

T °ON ¥3T00D - SLINSTH LSAL NOISSIWI JO AUVWHNS

p-z AT9YL

15



1°0
5°82
L°9st
168°¢C

79e’91

ejuoumy

paanseau

| 214
95t
11 2: 34

vre’ol

ejuouWMY

paansean

z°0

| A

tANA L
Lt
L86°'6

10°0 z°0

0°6C 68°1
z° 08t 6L°¥C
¥96°C £61°0
Leo’Ly 1’

-231ea3IN
1’0 z°0

6°LT poLl

L°Gve v sie
LLe°t €6L"1

LT6' sy ve6'6

sy 23R13IN SV ejuowwy SY 2313 IN SY eyuowwy SY 21EA3IN BV

paanseaun

[ A

891z
6eL’ Y
696°6

gy 91eAITN SV L
paansean

z€0°0
y6e 0
ze00°0
98°L1

€52t
yol
009°‘?1
621
et
sg 88

A SEELS]

s )

poansean paansean
0°6T 68°1
08¢t | 78 £
£96°% 6261°0
geo'LT 601’1

juosuiy 8Y 93@IIIN SY
paancudan paansean

6€£00°0
£150°0
v000°0
62

o1 €l
8071
896°V1
s1t

€588

pR————— e

8L-9(~-11

JaINI 431000 1
3Lvd

paansean paansesn
g Lz €L

SYE 0°s1¢
yL8°t o6L" 1
116'st 806'6

eyuoumy 6v ajea1IN BV
poansean paansean

620°0
09t°0
0£00°0
691

weel
gro’vl

"ON 1V VINOW
LIN RNINOWWY N0 14N
g-¢ 318Vl

WY SV aaunsvan Al

Ll

wnjuowwy .gub = 2[OW/2ILAIIN wn yuouwy +gwb 08 X THN S3TOWp
»abeaaae uy papniout jou e3ep t uniy

-guoyssjwR 3O v>«am»=vmmumwu|=o= ejep ¢ uniq
seyep Oumhu—a: 103} Q@Mﬁ ma.—_awwh mfm>ﬁu=< nvdwa..._ﬁ

1°0 z°'0 ——OUGU ajel noy jaed Qnﬂs.—Om:w ucwchom
6°82 €Ll uol/°4al
0°99¢ 0°61Z -ay/+q1
9787 169°1 aonsa/°ab
s6L‘91 6v0‘01 Bus
nuCOEEQ se m«Ou—:mmw: 233N

e puowwy sy 931e313IN sV wnjuouwy pue 231N
poansedn painsean aje(notlied jelol
6°82 €Ll uoa/-at
99¢ 9°81¢ *au/-al
£28°C 889° 1 aosa/* 30
9LL’91 0€0°0T bu

ejuowmy SV 2313 IN BV
paansesn painsean

ye0°0
Lev°o
gE00°0
e 6l

99°21
vOt
111’st
sT1
1t
16°16

e

aL~-51-11
1

VHL 1IN RNINORWY anv

va ¥od sL1nsSAY

05«:0&51 ge paanseal 21@aIIN
wnjuoswy pue ajea3IN
mouu~50¢uunm 232231IN un yuouuy

uo3i/°qy

«au/-qal

aosa/ b
Hut

23923114 193TM
uoy30e110) Pu? yoaep 293114
Baaeinoylled 31Gn108V1

anoy/ suolL--23ed uojaonpoid
ay32uiosl auedaad

Waosa--aiwd Aold D13I0uNIOA yoe1s
do aanjeiadual NOv3IS abeasay
awnfon Aq sanjsjod juadlad
uumnlluOAQeam geqn JO SwnioA

P Tt ]

Toqunn und

14



*93e131U WNTUOWwWe

*swb = ay0OW/893e13TU WNTUOWWE

*abeasae ur papn

A

‘swb 0g X ETHN S3[OHp
19Uy j0u ejep ¢ umy,

‘UOFSEIWS 3JO aAjjejuasaadai-uou ejep ¢ unig
‘eIep Seajju 103 pasn s3[nsaa sysiyeue PIaTde

8°1 0°9 Lo°o 80°0 et 0y £°c 6°L
£€z°0 0Lo°o LRS! s*ot Zz¢*o 690°0 ¥Zto 1L0°0
06°¢ S§L8°0 zeert 0°LET €L°C 058°0 Lo°e 006°0
S1Z°0 $900°0 1o°t 8E6°0 861070 900°0 CETO0'0 8900°0
T°SLT ¥8°2s Lys's 087‘s ¥STE9T 26°0S $6°981 SL*¥S
Bjuouuwy BY 83RAIIN SY EJUOWNY BY B3IRIIIN SY elucWuy BY 9IRIJIN BY BTUOWWY BY 9IJRIAIIN BV
P2anseay  paansesy  painsway  painsesy  peansesy baanseay  paanseal  paansvoy
teeco 990°0 £ 1T s*ot Lre-o 990°0 9€Z°0 990°0
S8°Z 928°0 L14) 6°9¢€7 oLz 9718°0 00°¢ Se8°0
11z0°0 1900°0 ¥10°Y 1LE6°0 9610°0 6500°0 9zzo'0 £€900°0
0'ZLY ¥9°6¥ ors‘s €L’ S°T9T L1 08:1 9°¢81 LA
Bluowwy Sy 93LJ3TN BV EJUONMIV BY 33RII[N SV PJuouwY BY 3IBAIIN 8Y eJuUOWY SV ajeaIIN 8Y
PoINEBaN  paansvaN  paanseay  paanseay  painsrel paanseay paansesy  paanseay
Zroo°o 8L00°0 8Z00°0 9500°0
0£S0°0 €zo1’o ¥YED©O 91400
6€000°0 L0000 S2000°0 ¥5000°0
0Z°e 89°9 vo'e SE*¥
96°21 SO°E1 reer et
SOT 144} S0t 901
89L‘ST vro‘e $90°91 TLr'st
¥6 S6 S6 vé
¥°e 1°¢ St L
19°sz1 TE pET 86°9CT EzTren
8L-9T~T1 BL-ST-TT 8L-ST-T1
o9belday qt z 1

LITLNO HATO00 1 "ON AV VINOWWV &Y EETENELNERS
ALVILIN WOINOWHY TALVINSILuvVd ¥OJ

9-¢ AT4VL

SI'INSd

VHLIN WOINOWWY OGNV

Yo3e)y ejerndrlIIRg 2[GNTOSUI JUBDIAg

uo3l/ qy

cay/-qq

4080/ 16
* bw

RJuowwy se painsesy ajeajyN

WNTUOWWY pue ajeaIIN

ajeInoy3lagq jejagy

uo3l/ gy

*ay/+q1

dasa/ - ab
*bu

ePJUowwy Se painseay ajvIITN

p wn juouy

ue ajeiay

2 2I°INOTAARg BaJRIIIN Wnjuouuy

UoT3ID3T1T0) pue yojep 193114

uoy/-qg

*aq/+q1

40sa/°ab
* b

83023714 dajey

ga1RINd73avd B{qnyosu]

ANOH/BUOL--a38Y UOT3DNPOIY

dFI2UIROS] JusdAag

WAD50--23vy MOTJ DJI38MWN{0A YOovlg
de~danjeradwsl xoevls ebrioay
suntops Aq sanisyol Juadiag
4Jsq--patdues sen jo sunjop

a3eq

——
Xaquny uny

17



*ajea3TU WNjuowwe

*by uy

‘abexsae uy pepnrour jou eIep £ uny,
‘Suoyssywe jo sarjejuaseadea-uou ejep g ::mmv

L1
‘swbh = afouw/a3ea3tu wnyuoumwe - sub 08 X EHN SO[ONWp
C6°6Z ‘089 3¢ 9nuyu aad 3asj] D1qnd paepueis >uca
‘b “uY 76°6Z ‘deg9 3® 3993 2¥qnd paepuels ALaqe

2°66 T°19 2°66 2°66 Juadaeg ‘Aouaror3Ijg UOIIOBITO)
Leeto ¥°82Z £°11 0°62 L1C°0 8°LZ 9€Z°0 6°'82 uoy/-qt
S8°¢ 9G¢€ 1°8¥%1 08¢ oL'e 1 A3 00°¢ 99¢ . *ay/eqr
T120°0 1] 4: R4 PT10°1 €96°2 96T0°0 vis°g €20°0 €£z8°e d40sa/*ab
0°2LY yve‘or ove’s SE0‘LY S 191 116°ST 9°281 9LL’9T *bu
pBJUOWWY JO S8aJOW WOl
pajernare) 83ea3IN wnjuouwy
66 1°19 2'66 . 2°66 Juaoaaq ‘Aouaioyiig uoOTIOBTTO)
18%0°0 €0°9 1§ A4 L1°9 Z9v0°0 16°S 0S0°0 ¥1°9 ' uol/*qy
S09°0 9°SL S°1¢ 8°08 €LS°0 L AR ¥ A 8€9°0 LeLe ray/ qy
S¥00°0 ¥S09°0 £512°0 L629°0 9Tv00°0 8079°0 8¥00°0 6665°0 dosa/-ab
95 ‘9¢ £Lv'e 88T 029'¢ 1€°ve 18€°¢ 8°8¢ G9s’¢t * bu
(sysdyeuy qeq)
R juowny
96°ZT €521 SO°€Y 0T €T 1S A4 L AKA Lz 99°Z1 aAnol/8uol~-a3ey UOYIONpOaY
SOT yot L4108 80T S01 SO1 901 ro1 OT3ILBUTN08] 3JuaDIAd
89L°GT 009°p1 YHO‘LT 896°%T 59097 8T0'¥I TLv’sY TIT'ST qWd050--838Y MOT4 DFajeunjop owuyg
¥6 621 56 S1T <6 €ET 147 5ZT de--2anjeaadwal yoe3g abeaasay
LA €°'T I'¢ Lo S°¢t 6T | A 1°1 sunfop Aq aan3syol juedaag
19°6¢1 8t ‘88 TEPET €5°88 86°92ZT LT ] [ XA XA 15°16 pdd50--patdues sen jJo aunyop
8L-9T-1T BL-ST-TT BL-GT-TT 3leg

3213In0 I8TuI Ie1Ing 39uI 321300 Isfulr 197300 isqur uogjedon

o9brvasay pE uny 7 uny T uny
VINOWKY QdlLOdTI0D WOUd QaLVINIIv) SNOISSINWA

ALVYLIN WOINOWWY ONV VINOWHWV JO XYYKHHNS

L-2 aavy

18



St°¢
5°6C
6S€Z°0
SSE’T

LaR:14
95¢
8y8°z
rve‘oT

€0°9
9°GL
¥509°0
€Lv’e

€5°21
009°'y1
st °88

awmmuw><

LS
S°S¢L
L885°0
1 2:1 9 3

0°6cC
08¢
€96°¢
SE0‘LY

L1°'9
8°08
L629°0
0z9’'¢c

0T°€1
896°v1
€5°88

8L-9T~-1T

et Uny

‘ejep sjei3Tu A0] PIEN SI[NS’X sTsA[eue PToYd,

*abeisae ur pasn jou ejep £ uniqg

‘SUOYSETWa jo dafIejUssaadai-uou aq 03 pajoadsns ejep ¢ unye

€z°2
LeLe
S0€Z°0
TR |

8°Le
ShE
visce
116°ST

16°S
el
8019°0
18€‘¢

14 AXAl
8T0‘¥VT
5¢°G8

8L-ST-T1T

¢ uny

Ly e
€°1¢€
EIvZ°0
vER'T

6°8¢
99¢
X4 4
9LL9T

¥1°9
L°LL
6665°0
€95‘¢€

99°z1
TIT'ST
1s°16

8L-ST~1T

1 unyg

uo3/ qyu

*ay/-qr

dosa/ - ab
*bw

5(2IRAJTN wWnjuowmy Y3TM paujquo)d

ION BjUOWWY) efUOWWY SS2OXY

uol/*qt
*ay/equ
dosa/*ab
*bu

VASYHEIN ‘FOTHIVIE TNVOTUIWY OONIWOD IV QILVO0T LIATINI HIAENUDS
YZT000 T °ON AUL IV VINOWWY G3LOIATI00 WOud AILVINDTIVO SNOISSING
Q3TTOULNOONN ALVYLIN WNINOWWY GNY VINOWWY 40 AYVWHNS

8~-¢ J'1dVL

PjuouMYy JO Sa[OW woad
pejernate) 83va3IN wnjuowwmy

uo3/*qt

ray/-qr

408a/° b
*bw

(paangeay sy)
e juouny

ANOH/8UOL~~-338Y UOTIONpOld

NADSA--23ey MOT4 OTajauwnfop joe3g

dosa--patdwes sep jo suntop

aaeq

Joquny uny

19



PEO0°O
(113 A
ZE00°0
86°SZ

Lze'o
$8°¢
1120°0
0°ZL1

8¥0°0
$09°0
Sv00°0
96 °9¢

95°Z1
89L'stT
19°s2%

nwmcuw><

¢81°0
8e°¢
£€910°0
(441

€11

1°8¥F1
v10°1
ovg’‘s

e
S 1€
£€S1Z0
8L8'1

S0°€Y
vro‘LY
TE"¥ET

8L-9T-T1

—

gf uny

Z€o0’o
66€°0
6200°0
16°¢€2

L1270
oL?
9610°0
S°T191

9%0°0
€LS°0
cv00°0
TE pE

vzt
69091
86°921

BL-ST-T1

¢ uny

‘elep djeajru 103 pasn syynsai sysdreue pratg,

‘SUOTSSTwWa Jo aarjejuasoidaa

*abeisae uy pesn jou elep £ unyq
~uou aq o3 pajdadsns ejep ¢ uny,

9€0°0 uoy/«qr
T9¢°0 ay/-qr

S€00°0 4osa/ - ab
S0°82 *bw
o(93 a3 IN unjuocuwy Y3 1m pautquo)

ION eTUOWMY) eFuoUWY SS8OXY

9€Z°0 uol/‘qt
00°¢ *ay/-qg
9220°0 4dsa/*ab
9°281 *buw
BTUOWUWY JO Sa[OW WOig

pajernare)d ajea3lIN wnjuouwwy

050°0 uo3y/ qr
8€9°0 *ay/qy
8¥00°0 40sa/*ab
8°8¢ *bw
(pPaanseay sy)

ejuowuy

ZL 21 ANOY/suol~-ajey uoyrionpoaq
Ly 'St W4080--23ey MOTJ oFajauwniop yowyg
tcevetl 4050--patdues sen jo aunjop
BL-ST-1T ajeq
T uny 2aqunyN uny

VASVIEAN ‘30Td1LV3d 'NVOIUAWY OONI
Y3000 T °*ON FHL IV VINOWWY dal
A3TIOULNOD ALVHLIN WNINO

WOD &V @aivdOT Id14N0 yadandos
QATTI00 WO¥d GALVINDIV) SNOISSIWA
HWV ONY VINOWWY 40 XdVWWNS

6-Z 3149vL

20



D)

E)

F)

The ammonia field analysis was performed on only the
1.0 N HyS04 sample. as mentioned previously,

this sample contained no appreciable ammonia concen-
tration. The water sample which contained the great-
est concentration of ammonia was analyzed only in the
laboratory. For this reason, only the laboratory
emission data may be used for the evaluation of am-
monia emissions.

Particle Size Test Results

Table 2-10 summarizes the results from the particle
sizing tests. Three repetitions of inlet test runs
were conducted. Figures 2-2 through 2-4 present
graphs of particle size distribution for each test
run.

Pressure Drop Measurements

Table 2-11 presents a summary of the scrubber pres-

sure drop measurements. Pressure drop measurements

were recorded approximately every 15 minutes during

the testing periods. The measurements were taken at
the inlet location.

Scrubber Liquid Results

Table 2-12 presents a summary of the scrubber liquid
results.

The analysis of inlet scrubber liquor showed high
concentrations of ammonium nitrate and ammonia from
test 1 to test 3. This can be expected to cause a
decrease in scrubber efficiency from vapor pressure
considerations. 1In fact, the test results confirmed
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TABLE 2-11
SUMMARY OF SCRUBBER PRESSURE DROP MEASUREMENT
ON #1 COOLER INLET

Test Clock

Date No. Time P," H,0

11/15/78 1 0918 13.2
0933 13.2
0948 13.2
1003 13.2
1031 13.2
1046 13.2
1101 13.2
1116 13.2

11/15/78 2 1406 13.4
1421 13.2
1436 13.3
1451 - 13.2
1525 13.1.
1540 13.2
1555 13.1
1610 ' 13.0

11/16/78 3 0852 13.2
0907 13.0
0922 13.0
0937 13.0
1010 12.9
1025 - 13.0
1040 13.0
1055 13.0
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G)

H)

I)

that the ammonia removal efficiency decreased in the
scrubber as the ammonia concentration of the inlet

scrubber liquor increased.

The scrubber water samples were analyzed for ammonium
nitrate in the field. Difficulty was encountered due
to crystallization of the samples in the extremely
cold air. Field analysis was performed on an aliquot
taken from the top of the sample. Laboratory analy-
sis was performed after the samples were heated to
redissolve the crystals.

Process Sample Results

Table 2-13 presents a summary of bulk density and
sieve analysis. These tests were performed on pro-
duct samples (procedures presented in Appendix
6.10).

Table 2-14 presents a summary of product sample
analysis.

Relative Humidity and Ambient Air Temperature Results

Table 2-15 presents a chart of the relative humidity
and ambient temperature. These measurements were re-
corded at the inlet test location approximately every
15 minutes during the testing periods.

Fyrite Analysis of Carrier Gases Results

Results of the Fyrite analysis of carrier gases in
the inlet and outlet of the Cooler No. 1 scrubber are
presented in Table 2-16. Identical results were ob-
tained for the inlet and outlet. Analyses were per-
formed in accordance with EPA Method 3, "Gas Analysis
for Carbon Dioxide and Oxygen".
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TABLE 2-14
SUMMARY OF PRODUCT ANALYSIS

Test No. 1 2 3 Average

Cooler Inlet Product

Moisture (%) 0.111 0.142 0.127 0.127
PH 4.95 4.8 4,91 4,89
Total Ammonium Nitrate 0.52 0.54 0.54 0.53
(gm-moles/liter)

Weight of Product* 5.00785 4,99747 5.01382 -
(grams)

Cooler Outlet Product

Moisture (%) 0.116 0.120 0.088 0.108
pH : 4,94 4,92 4.97 4,94
Total Ammonia Nitrate  0.50 0.54 0.45  0.50
(gm-moles/liter)

Weight of Product* 4.99748 5.00157 4.99691 0
(grams)

*Note: The pH and total ammonium nitrate was determined by

dissolving a known weight of product in 100 ml of
distilled water. The weights used are presented in
the table.

30



Test
Date No.

TABLE 2-15
RELATIVE HUMIDITY AND

AMBIENT AIR TEMPERATURE RESULTS

Time

11/15/78 1

11/15/78 2

11/16/78 3

Date
Carbon Dioxide %
Oxygen $%

0918
0928
0943
0958
1013
1031
1041
1056
1111
1126
1406
1416
1431
1446
1501
1525
1535
1550
1605
1626
0852
0902
0917
0932
0942
1020
1035
1050

Ambient Relative
Temp. Humidity
39 61
42 70
43 63
44 64
43 63
44 57
44 57
43 63
43 63
43 56
46 59
49 49
46 59
47 53
46 52
48 48
46 52
46 52
44 57
44 57
41 81
42 85
42 70
43 70
43 70
40 84
40 76
39 83
TABLE 2-16

SUMMARY OF RESULTS

FYRITE ANALYSIS OF CARRIER GASES

Sérubber Inlet

11/14/78

0.0
20.5

31

Barometric
Pressure

29.10
29.10
29.09
29.09
29,09
29.09
29.10
29.10
29.10
29.10
29.13
29,14
29.14
29.13
29.13
29.13
29.13
29,13
29,13
29.13
28.99
29.00
29.00
29.00
28.99
28.99
28.98
28.98

Scrubber Outlet

0.0
20.5

11/14/78



3.0 PROCESS DESCRIPTION AND OPERATION

A)

*Megagrams

Process Description

Process Equipment

The Cominco American plant in Beatrice, Nebraska pro-
duces ammonium nitrate granules for use as fertil-
izer. The facility was built for Cominco by C and 1
Girdler in 1966. Its design production rate is 436
Mg* (480 tons) per day. Unit operations at the
Cominco plant include ammonium nitrate solution pro-
duction, solution concentration, granule formation,
screening, cooling, and coating. After solution pro-
duction, ammonium nitrate is separated into two par-
allel production lines for concentration, granula-
tion, screening, and cooling. Granules removed from
the two coolers are mixed together again before being
coated, stored, and shipped.

Granulation takes place in two C and I Girdler rotary
drum granulators. {These are predecessors of C and I
Girdler SpherodizerR units). In the granulators,
ammonium nitrate is cooled by a countercurrent air
flow to form solid granules. These are conveyed from
the granulators to two sets of enclosed Rotex
screens, which remove oversized and undersized mater-
ial. Coarse material is crushed and then recycled to
the granulators along with fine material. Correctly
sized granules fall through enclosed pipes to two
rotary drum coolers, where they are further cooled by
countercurrent air flow.
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Ammonium nitrate granules are lifted from the coolers
by bucket elevators to a common, open belt conveyor.
The production rate is determined by a weigh belt on
the conveyor. The granules are fed down the conveyor
into a rotary drum coater. They are then lifted by a
covered belt conveyor to bulk warehouses from which
they are shipped as final product.

Emission Control

Emission control equipment at the Cominco facility
consists of a condenser for neutralizer overheads,
wet scrubbers which control emissions from granula-
tion and coating equipment, and baghouses which con-
trol emissions from coded solids coating, handling,
and shipping. One wet scrubber is devoted entirely
to controlling emissions from the "No. 1" cooler.

Contaminated steam produced in the ammonia--nitric
acid neutralizer is used to preheat the ammonia feed
and also to preheat feed water for a process steam
boiler. The resulting condensate is used as scrubber
liquor. Presently, about one half of the steam is
condensed, while the remainder is simply vented to
the atmosphere.

The scrubbers are Joy Turbulance medium pressure drop
wet impingement scrubbers. They are referred to as
"Doyle" units. Air entering each of these scrubbers
enters through a cone~shaped downcomer, which causes
it to impinge on a liquor pool. Also, the spray of
scrubber liquor is applied to the entering air stream
in each downcomer. After impinging on the ligquor
pool, the air stream basses over and under a set of
baffles and exits the scrubber. Air flow through the
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scrubber is induced by a fan on the scrubber outlet.
Air exiting the scrubber fans is combined in a common
header and flows to the stack. Scrubber liquor for
each bank of scrubbers is recirculated through a
"weak Liquor Tank" for each bank. The weak liquor
concentration is 63 to 65 percent ammonium nitrate
and is circulated to the scrubbers at a total of
about 227 liters per minute (60 gpm).

Process Operation

Cooler Number 1 Production Rate

To determine the production rate of cooler number 1
during testing, certain parameters related to this
rate were monitored and recorded. Weigh belt read-
ings indicating the combined production rate of
coolers 1 and 2 were recorded. Plant operating per-
sonnel stated, however, that the production rates of
the two coolers were not equal during testing.
Therefore, to roughly determine the production rate
of cooler 1 relative to the combined total, the spray
pressures to granulators 1 and 2 were alsoc monitored
and recorded. Average production rates for cooler
number 1 during the various tests have been calcu-
lated using the weigh belt readings and spray pres-
sure readings, and are presented in Table 3-1, (See
Appendix 6.8 for the weigh belt and spray pressure
readings and a description of the production rate
calculation).

Cocler Number 1 Operation

Samples of ammonium nitrate granules entering cooler
number 1 were taken to determine whether the cooler
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- PRODUCTION RATE OF

TABLE 3-1
COOLER NUMBER 1 DURING TESTS

Production Rate

Test Date Time Mg/hr.* Tons/Hr.
Scrubber Inlet No. 1 11/15 0913-1126 11.49 12,66
Scrubber Outlet No. 1 11/15 0906~-1144 11.54 12.72
Scrubber Inlet No. 2 11/15 1401-1620 11.26 12.41
Scrubber Outlet No. 2 11/15 1400-1626 11.26 12.41
Scrubber Inlet No. 3 11/16 0847-1106 11.89 13.10
Scrubber Outlet No. 3 11/16 0845-1114 11.84 13.05

*Megagram per hour
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was tested during steady-state, representative opera-
tion. 1In addition, parameters related to the opera-
tion of the cooler were monitored and recorded during
testing. 1Inlet and outlet temperatures of the air
and granule streams through the cooler were moni-
tored, as was the ambient air temperature. The am-
monium nitrate melt temperatures into granulator num-
ber 1 and at the granulator nozzle were monitored,
since they are directly related to the moisture con-
tent of granules entering cooler number 1. Average
values and ranges of these bParameters for the three
major testing periods are Presented in Table 3-2.
Since the granulator Spray pressures and the total
production rate were also monitored, ranges and aver-
ages are presented for these parameters as well. The
ranges and averages of a given parameter for a given
test period are expressed as percentages of the aver-
age value of the parameter for all three test per-
iods. (Actual values of the parameters, along with
averages and standard deviations for the three major
test periods, are presented in Appendix 6.8).

Table 3-2 shows that the average values of the melt
temperature into granulator 1 and at the spray nozzle
were approximately the same for the three test peri-
ods. The table also shows that the variations of
these parameters duting the individual tests were
very small. However, the cooler outlet air tempera-
ture and the cooler inlet and outlet solids tempera-~
tures varied considerably during individual test
periods. As would bé expected, the outside air tem-
perature also showed a great deal of variation. It
is not known what effect these variations have on the
cooler's emissions.
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Plant personnel indicated that the product being made
during the first test period (11/15; 0845-1147) was
not of as good a quality as they would have pre-
ferred. They expected this situation to cause an in-

crease in the particulate loading in the cooler ex-
haust stream.

Scrubber Operation

To determine whether the number 1 cooler scrubber was
operating normally and at steady-state, samples of
the scrubber liquor inlet and outlet streams were
periodically taken. These were analyzed for ammonium
nitrate concentration and pH. 1In addition, the
scrubber liquor temperature was monitored and re-
corded during testing. The relative averages and
ranges of this temperature during the three major
test periods are presented in Table 3-2. The table
indicates that the liquor temperature showed consid-
erable variation from test to test (up to 7 percent)
and during the individual tests (up to 20 percent for
the second test period). (Actual values of this
parameter are presented in Appendix 6.8). It is not
known what affect these variations have on the
scrubber efficiency.
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TEST PORT LOCATIONS AND SAMPLING POINT LOCATIONS

The location of the test ports and sampling points at each

test location was determined in accordance with guidelines
outlined in EPA Method 1 (Sample and Velocity Traverses
for Stationary Sources).

A.

Inlet Location

The sampling ports on Cooler No. 1 scrubber inlet are
located in the duct venting the exhaust gases from
the rotary drum cooler to the Doyle scrubber (Figure
4-1). The duct is 24 inches by 42.25 inches at this
location. The equivalent diameter is 30.61 inches.
The ports are located 255 inches (8.33 duct diameter)
downstream of a bend in the duct and 70 inches (2.29
duct diameters) upstream of a bend in the duct. To
conduct the ammonium nitrate and ammonia tests at
this location, EPA Method 1 requires that 12 traverse
points be used. Six traverse points were sampled in
each of the two ports (Figure 4-2). Each point was
sampled twice for 5 minutes each, resulting in a
total test time of 120 minutes.

The particle sizing tests were conducted at the inlet
location (Figure 4-1). Point four in ports A and B
was used to obtain an isokinetic sample for each test
run (Figure 4-2). Each point was sampled for half
the total test time per run.

Outlet Location

The sampling ports on Cooler No. 1 scrubber outlet
are located in the header duct venting the three
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}—— 42.25" —

1 2 3 4 5 6
A E ° ") L o* ] [ 4
24"
1 2 3 4 5 6
*
B E» - r ] 4 4 L) [ g
SAMPLING POINT g DISTANCE TROM STACK WALL (IN.)

1 3.52
2 1C.36
3 17.60
*4 24.54
5 31.68
6 38.72

* A particle sizing sample was taken at point four in each port during
every run.

CCOLER 21 SCRUBBER INLET SAMPLING zOTNT LCCATIONS

e -

TIGURE 4-2
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Doyle scrubbers to the stack (Figure 4-3). The duct
diameter at the sampling location is 28 inches. The
ports are located 112 inches (4.00 duct diameters)
downstream of the fan inlet and 32 inches (l1.14 duct
diameters) upstream of an expansion in duct dia-
meter. At this location, EPA Method 1 requires that
36 traverse points be used. Eighteen traverse points
were sampled in each of two ports (Figure 4-4). Each
point was sampled for 4 minutes each, resulting in a
total test time of 144 minutes.

Scrubber

The scrubber liquor sample for SW1 was collected from
a valve located on the first floor inside the cooler
building. The sample from SW2 was taken from a valve
located outside on a platform at the rear of the
scrubber. The gas pressure drop was measured at the
inlet to the Cooler No. 1 scrubber.

Relative Humidity and Ambient Air Temperature
Measurements

The relative humidity and ambient air temperature
were measured at the inlet to the Cooler No. 1
scrubber.

Process Samples Collection Locations

Throughout the testing program, various process sam-
Ples were collected directly from their applicable
process units/operations. Included were product sam-
ples which were collected at the inlet and outlet to
the rotary drum cooler, from conveyor belts or free
flowing vents, depending on the location.
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SAMPLING POINT DISTANCE FROM STACKX WALL (IN.)
1 1.00
2 1.23
3 2.10
4 3.C5
5 4.09
5 5.26
7 6.08
8 58.29
3 12.70

10 17.30
11 18.71
12 21.92
13 22.74
14 23.91
1s 24.25
ls 23.9¢
17 286.77
13 27.00

COCLER #1 SCRUBBER OUTIET SAMPLING POINT LCOCATIONS

FTIGURE 4-4
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5.0 SAMPLING AND ANALYTICAL PROCEDURES

a)

Introduction - Test Port Locations, Sampling Point

Determination, Gas Velocity and Gas Composition.

York Research Corporation performed an emission test
program at the Cominco American plant located in
Beatrice, Nebraska. Sampling was performed from
November 14 to November 16, 1978 on Cooler No. 1.
The objective of the test program was to provide a
portion of the emission data of controlled ammonium
nitrate production facilities to support planned
source emission standards in the ammonium nitrate
industry.

The sampling locations included: Cooler No. 1
Scrubber Inlet and Cooler No. 1 Scrubber Outlet,
Figure 1-~1 shows the sampling locations in the pro-
cess. Samples were collected for insoluble particu-
late, ammonium nitrate and ammonia at each test loca-
tion. The particle size distribution was evaluated
at the scrubber inlet test location. Scrubber water
samples were collected at both inlet and discharge
locations. Product samples were collected at inlet
and outlet locations of the rotary drum cooler. Gas
pressure drop across the scrubber, relative humidity
and ambient air temperature measurements were re-
corded at the inlet test location approximately every
15 minutes during the testing periods.

The location of the test ports and sampling points at
each test location were determined in accordance with
guidelines in EPA Method 1 (40 CFR 60 Appendix A,

Reference Method 1, Sample and Velocity Traverses for
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B)l.

Stationary Sources). (Refer to Section 4.0 Test Port
Locations and Sampling Point Locations, in this re-

port for more detailed information on sampling loca-
tions). i

The gas velocity at each test location was determined
in accordance with quidelines outlined in EPA Method
2 (40 CFR 60, Appendix A, Reference Method 2, Deter-
mination of Stack Gas Velocity and Volumetric Flow
Rate (Type S pitot tube).

A precalibrated type "S" pitot tube and thermocouple
were rigidly attached to each sampling probe. The
velocity pressure was measured on an inclined mono-
meter, and the temperature on a pyrometer. Readings
were recorded at each traverse point.

The gas composition was determined in accordance with
guidelines outlined in EPA Method 3 (40 CFR 60, Ap-
pendix A, Reference Method 3, Gas Analysis for Carbon
Dioxide, Oxygen, Excess Air and Dry Molecular
Weight).

Since there is no combustion involved in this pro-
cess, the gas composition at each test location was
assumed to be air. A check was made with a Fyrite
analyzer for carbon dioxide and oxygen content.

Ammonium Nitrate and Ammonia, Inlet and Outlet Sample
Procedures

The ammonium nitrate and ammonia concentrations were
determined by using a modification of "Determination
of Particulate, Ammonia Nitrate and Ammonia Emissions
from Ammonium Nitrate Plants", August 29, 1978 (See
Appendix 6.10).
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The sampling apparatus at?each location consisted of
a probe, a teflon line, six impingers, a filter, a
vacuum pump, a dry gas meter and a flow meter (Figure
4-5). The probes were glass lined. The inlet loca-
tion changed to a stainless steel lined probe after
the first test d}listy‘:a broken liner. The probes
were heated (204-&p=+=232) at both the inlet and out-
let test locations. Stainless steel button~hook noz-
zles were attached to each probe with stainless steel
couplings. An "S" type pitot tube and thermocouple
were attached to each probe for monitoring velocity
pressure and temperature. Each probe was connected
to the impinger train by means of a flexible teflon
sample line.

The impinger train consisted of six impingers and a
filter holder connected in series. The first two im-
pPingers were initially filled with 100 ml each of
distilled water. Between the second and third im-
pinger was a coarse fritted glass filter holder which
contained a tared glas-srgglﬁ_er filter. The filter
holder was heated (30Q&B==t=2543 to prevent condensa-
tion. The third and fourth impingers were initially
filled with 100 ml each of 1N HySO4. The fifth
impinger was dry and the sixth contained 300 grams of
dry indicating type silica gel. The first, second,
fourth, and fifth impingers were of Greenburg-Smith
design, modified by replacing the tip with a 1/2 inch
glass tube.

From the sixth impinger the effluent stream flowed
through a check valve, flexible rubber vacuum tubing,
a vacuum gauge, a needle valve, a leakless vacuum
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pump and a dry gas meter. A calibrated orifice com-
pleted the train and was used to measure instantane-
ous flow rates. The dual manometer across the cali-
brated orifice was an inclined verticle type gradu-
ated in hundredths of an inch of water from 0 to 1.0
inch and in tenths from 1 to lO inches.

During each test run the following readings were
taken at each traverse point.

Point designation

Clock time

Dry gas meter reading (cf)

Velocity head ( Ap in inches of water)

Desired orifice pressure drop ( AH in inches of
water) ‘

Actual orifice pressure drop ( AH in inches of
water)

Dry gas temperature at gas meter inlet (°F)
Dry gas temperature at gas meter outlet (°F)
Vacuum gauge reading (in. Hg)

Dry gas temperature at the discharge of 1last
impinger (°F)
® Stack temperature (°F)

In addition, the ambient wet bulb/dry bulb tempera-
ture and scrubber pressure drop measurements were
recorded every 15 minutes.

The relationship of Ap rating with the AH reading
is a function of the following variables:

® Orifice calibration factor
) Gas meter temperature
° Moisture content of flue gas
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° Ratio of flue gas pressure to barometric pres-

sure
e Stack temperature
° Sampling nozzle diameter

A nomograph was used to correlate all the above vari-
ables such that a direct relationship between A p and
A H was determined by the sampler and isokinetic con-
ditions could be maintained.

Ammonium Nitrate and Ammonia, Sample Recovery

Procedure

At the completion of the test the sample was re-
covered in the following manner:

The contents of the impingers containing the dis-
tilled water and a distilled water wash of the im-
pingers, probe, nozzle and teflon sample line were
combined. This sample was then filtered using a
tared glass fiber filter and a vacuum filtration sys-
tem. The contents of the acid impingers along with
an acid wash were placed in a sample bottle. The
glass fiber filter and silica gel were returned to
their original containers. Summarizing the cleanup
procedure:

) Container #1 - The filter used to filter the
water sample

Container #2 - The distilled water sample
Container #3 - The train filter

Container #4 - The 1N HyS04 sample
Container #5 - The silica gel
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B)3. Ammonium Nitrate and Ammonia, Analytical Procedures

Ammonium Nitrate

The total volume of sample was measured. A 100 m1
aliquot was treated with ionic strength and pH ad-
juster reagents. The nitrate molarity of the sample
was then determined using a specific ion electrode
and meter standardized prior to analysis with several
dilutions of a stock ammonium nitrate standard.

The weight of ammonium nitrate in the sample was de-
termined by the following equation:

Whp=0.08 (Vp Cy - Vp Cp)

Where: W, = Weight of ammonium nitrate collected,
grams.

V¢ = Total volume of sample, ml

Cy = Nitrate molarity of sample, gm moles/liter

Vi, = Total volume of initial impinger solution
plus rinse, ml

Cp = Nitrate molarity of blank water, gm-moles/
liter

0.08=Grams NH4NO3 per milliequivalent (meq.), where
(Ve Cp - Vi Cp) = meq. NH4NO,

Since all blanks contained no nitrate, the equation .
reduced to the following:

W, = 0.08 (Ve C)
The train filters were macerated in 150 ml of dis-
tilled water. The liquid sample was then analyzed

for nitrate molarity using the above procedure.
(Refer to Appendix 6.10 for detailed procedure).
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Ammonia

Two analytical methods were employed for the deter-

mination of ammonia. Method 1 was used for samples l
with low levels of ammonia, (0.05 mg/l to 1.00 mg/1 '
NH3-N) while Method 2 was used for samples with high
levels (1.00 mg/1 to 1,400 mg/1l NH3-N) of ammonia.

° Method 1

The total volume of sample was measured. A 20
ml aliquot of sample was made alkaline and
treated with Nessler reagent and made up to 25
ml. The resulting characteristic color was
measured colorimetrically at 405 nm versus a
series of ammonia standards. The results were
reported as total micrograms in the sample.

® Method 2

The total volume of the sample was measured. A
50-100 ml aliquot was withdrawn and made alka-
line simultaneously with a specific ion elec-
trode in the sample. The concentration of
ammonia was then measured potentiometrically
using an ammonia specific ion electrode versus
ammonia standards. The results were reported as
total micrograms in the sample.

The filter solution was analyzed for ammonia
using Method 1. (Refer to Appendix 6.10 for

detailed procedure.

C)l. Particle Size Distribution, Sample Procedure

The particle size distribution samples were collected
using an Andersen Cascade Impactor. The impactor
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consists of multiple stages which collect different
particle sizes (Figure 4-6). Each stage consists of
an orifice of specific diameter above a collection
plate. The orifice sizes of each stage are different
and are arranged in descending order, the largest
being stage 1. The sampling system was set up as
shown in Figure 4-7. During the sampling a cyclone
preseparator was used to precut particles above 10
microns and avoid overloading the collection sub-
strates. The stack conditions were determined and

the sample was extracted isokinetically at a single
flow rate.

As the sample flows through each orifice, it is de-
flected around a glass fiber substrate placed on the
collection plate. Particles of a specific size
become impacted on the substrate while the remaining
particles, entrained in the gas stream, proceed to
the next collection stage. The range of particle
sizes retained on the substrate varies according to
the velocity of the gas (as determined by the
sampling rate and orifice diameter), the gas vis-
cosity and the particle density. Since the orifices
are arranged in descending diameters, the gas velo-
city increases and the particle size collected on
each stage decreases.

At the completion of each test the contents of the
preseparator were placed in a sample bottle. The
preseparator was then rinsed three times with dis-
tilled water and this sample was added to the sample
bottle. The glass fiber substrates were returned to
their original containers and sealed.
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C)2. Particle Size Distribution, Analytical Procedure

The fiberglass substrate filters were dessicated and
weighed to a constant weight. The net weight gain
‘was recorded to the nearest 0.0l mg.

The distilled water rinse of the cyclone preseparator
was transferred to a tared beaker. The beaker was
heated to a temperature well below the boiling point
until the water was evaporated. The beaker was then
dessicated and weighed to a constant weight. The net
weight gain was recorded to the nearest 0.0l mg.

D)1l. Scrubber Water, Sample Collection Procedures

During testing on the Doyle scrubber, samples of the
scrubber effluent were taken. Samples were taken of
the scrubber inlet and scrubber discharge water. The
sample tap at the outlet had to be steamed prior to
each sample collection due to the "salting" of the
liquid in the sample line. The samples were taken at
approximately 30 minute intervals.

D)2. Scrubber Water, Analytical Methods

The temperature, pH and time of collection of each
sample was recorded. At the conclusion of the test
the samples from each location were composited and
then filtered. Each sample was analyzed for percent
solids, ammonium nitrate and ammonia.

Refer to section 5.0 B)2. for methods on ammonium
nitrate and ammonia analysis. o
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E)2.

Percent Solids

A representative aliquot (10 ml) of each sample was
withdrawn using Class A pipets. The aliquots were
transferred to tared beakers. The liquid was evapo-
rated at 103°C. The contents of the beakers were
cooled, dessicated and weighed to a constant weight
to obtain percent solids.

Product Sample Collection Procedures

During the sampling, product samples were collected
for bulk density and sieve analysis. These samples
were taken at the inlet and outlet of the rotary drum
cooler, either from conveyor belts or free flowing
vents depending on the location.

Conveyor belt samples were taken by scooping a col-
lection container (1 quart capacity) across the flow
on the conveyor belt. To insure the collection of a
representative sample, three scoops were made to fill
the jar. Samples from the free flowing vents were
taken by placing the collection container in the vent
directly in the stream of product flow.

Bulk Density, Sieve Analysis and Percent Ammonium
Nitrate Analytical Procedures

Bulk Density

The bulk density of the ammonium nitrate was deter-

mined using a graduated cylinder and platform bal-
ance.
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The sample was passed through a riffle and a 300-~350
ml portion was obtained. The tare weight of the
graduated cylinder was determined. The sample was
then passed into the graduated cylinder until it
overflowed the cylinder. The sample was then leveled
with the top bf‘thehbylinder. The cylinder and con-
tents were then reweighed. The bulk density was then
determined by the following: .

~“Bulk Den51ty (lbs /ft.3) = (Weight'bf Sample)

"(0.2497)

''Sieve Analysis

The mean particle size of the product was estimated
by a sieve analysis. .This analysis employed a sieve
shaker, timer, balance, sample splitter and sieves

" (sieves 5,6,8,10,12,14,16,18,20 and a pan were
used).

A sample of approximately 200 grams was obtained by
reducing a grab sample in a sample splitter. The
sample was then weighed to the nearest 0.2 gram. The
sieves were then arranged in numerical order with the
smallest sieve number on top and a pan on the bottom.

. /The sample was poured into the .top siéve while

tapping the stack of sieves. The stack ‘was vigor-
ously shaken in a rotary horizontal motion for one
minute. The sieves weére then inserted in the shaker
- and shaken for five minutes. After shaklng,the con-
©" tents of each sieve and bottom pan were welghed

e e =
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The percent in each sieve was calculated as follows:

% Retained = (Weight of material) (100)
.. {Total Weight)

Percent Ammonium Nitrate _ S

A representative portion of granules were extracted
fréh each batch of product sample. This portion of
sample was crushed and dissolved and then analyzed
for ammonium nitrate according to the procedure
quoted in Appendix 6.10, 1. |

Scrubber Gas Pressure Drop Measurements -

The gas. pressure drop was determined at the Cooler

No. 1 scrubber inlet every 15 minutes during the test
period. The pressure drop was measured on an in-

.clined manometer. Problems such as plugging of the

.gas lines to the manometer, and moisture in the lines

G)1.

were overcome by using a Thomas pump- to clear the
lines.

Relative Humidity and Ambient Air Temperature

Measurements ‘-

‘The relative humidity was measured vsing two thermo-
meters (one wet bulb, one dry bulb) at the inlet to
Cooler No. 1 scrubber. The ambient air temperature
was recorded from the dry bulb thermometer. Both

measurements were taken every 15 minutes during the
test period.
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