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INTERNATIONAL MINERALS & CHEMICAL CORPORATION

December 11, 1987

4

Mr. John Reynolds

Bureau of Air Quality Management
Department of Environmental Regulation
2600 Blair Stone Road

Twin Towers Office Building
Tallahassee, Florida 32301

Dear Mr. Reynolds:
Re: 1IMC Lonesome Dryer Application

Based on recent discussion, I am enclosing the following items for your
reference in the consideration of the review of this permit

application.

1. Copy of the Supplement to Emission Tests done in June. ‘
O\L,\Naﬂv Q’OEEFLRD

2. The most recent test report for 11/5/87. an *TD_AC;MNL)

3. Waiver request until 1/13/88. &izy%kh&‘y.

The operation of this facility has only been in 1987. During this time,
the only material dried has been 73 BPL Concentrate rock. This is the
material for all testing that has been done.

Thank you for your attention in this matter. If you have further
requirements, please contact me.

Very fruly yours,

e

C. D. Turley

cc: M. Brandon - USEPA. w/ attachments.
R. S. Hearon
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1 STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION

SOUTHWEST DISTRICT

4520 OAK FAIR BLVD.
TAMPA, FLORIDA 33610-8544

813-623-5561
SunCom-—552-7612

BOB MARTINEZ
GOVERNOR

DALE TWACHTMANN
SECRETARY

DR. RICHARD D. GARRITY
DISTRICT MANAGER

WAIVER OF 90 DAY TIME LIMIT
UNDER SECTIONS 120.60(2) AND 403.0876, FLORIDA STATUTES

A029-111119

License (Permit, Certification) Application No. A029-111120

Applicant's Name: IMC Fertilizer, Inc.

The undersigned has read Sections 120.60(2) and 403.0876, Florida Statutes,

understands the applicant's rights under that section.

and fully

With regard to the above reference license (permit, certification) application, the
applicant hereby with full knowledge and understanding of (his) (her) (its) rights
under Sections 120.60(2) and 403.0876, Florida Statutes, waives the right under Sec-
tions 120.60(2) and 403.0876, Florida Statutes, to have the application approved or
denied by the State of Florida Department of Envirommental Regulation within the 90 day
time period prescribed in Sections 120.60(2) and 403.0876, Florida Statutes. Said
waiver is made freely and voluntarily by the applicant, is in (his) (her) (its) self-
interest, and without any pressure or coercion by anyone employed by the State of
Florida Department of Envirommental Regulation.

This waiver shall expire on the 13th

day of January 1988

The undersigned is authorized to make this waiver on behalf of the applicant,

Lz

Signature
Vice Pres. & Gen. Mgr.

A W. C. Cross—Fla. Minerals Operations

Sworn to.and subscribed
bef[ctje me this /f@ day

Please Type Name of Signee

*§$‘ﬁi‘?lf" 19%7. 12/11/87
R 3 ate
° . X (\6"70
L0 t- 'L:;
7L“ P, ) //4@{707 _ Notary Public, State of Florida at Large
"q“ . UL | C 5 My Commission Expires Feb. 13, 198}

"‘44'.:'1155'R"'1~\om 17-1.201(8)
Effectlve November 30, 1982
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: -
Section 120.60, Florida Statutes

(2) When an application for a license is made as required by law, the agency
shall conduct the proceedings required with reasonable dispatch and with due regard to
the rights and privileges of all affected parties or aggrieved persons. Within 30 days
after receipt of an application for a license, the agency shall examine the applica-
tion, notify the applicant of any apparent errors or omissions, and request any addi-
tional information the agency is permitted by law.to require, Failure to correct an
error or omission or to supply additional information shall not be groundé for denial
of the license unless the agency timely notified the applicant within this 30 day
period. The agency shall notify the'ppplicant if the activity for which he seeks a
license is exempt from the licensing requirement and return any tendered application
fee wiFhin 30 days after receipt of the original application or within 10 days after
receipt of the timely requested additional information or correction of errors or omis-
sions., €Every application for license shall be approved or denied within 90 days after
receipt of the original application or receipt of the timely requested additional
- information or correction of errors or omissions unless a shorter period of time for
agency action is provided by law. The 90-day or shorter time period shall be tolled by
the initiation of a proceeding under Section 120.57 and shall resume 10 days after Ehe.
‘recommended order is submitted to the agency and the parties. Any application for a '
license not approved or denied within the 90-day period or shorter time period, wiphin
15 days after conclusion of a public hearing held on the application, or within 45 days .
after the recommended order is submitted to the agency and the parties, whichever is
latest, shall be deemed approved and, subject to the satisfactory completion of an
examination;'if required as prerequisite to licensure, the license shall be issued, -
The Public Service Commission, when issuing a license, and any other agency, if speci-
fically exempted by law, shall be exempt from the time limitations within this subsec-
tion., Each agency, upon issuing or denying a license, shall state with particularity
the grounds or basis for the issuance or denial of same, except where issuance is a
ministerial act. On denial of a license application on which there has been no hear-
- .ing, the denying agency shall'inform the applicant of any right to a hearing pursuant’
to Section 120.57.

Section 403.0876, Florida Statutes

Permits; processing. ---Within 30 days after receipt of an application for a per-
mit under this chabter, the department shall review the application and shall request
submittal of all additional information the department is permitted by law to require.
If the applicant believes any departmental request for additional information is not
authorized by law or departmental rule, the applicant may request a hearing pursuant to
s.‘i20.57. Within 30 days after receipt of such additional information, the department
shall review it and may request only that information needed to clarify such additional’
information or to answer new questions raised by or directly related to such additional
information. If the applicant believes the request of the department for such addi-
"tional information is not authorized by law or -departmental rule, the department, at
the aplicant's request, shall proceed to process the permit application.” Permits shall
be approved or denied.within 90 days after receipt of the original application, the
last item of timely requested additional material, or the applicant's written request
to begin processing the permit application.

DER Form 17-1.201(8), : o
Effective November 30, 1982 Page 2 of 2
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I. INTRODUCTION
A. SUMMARY RESULTS

This report summarizes the emission tests conducted for the No 1 Dryer
located at the IMC Lonesome Mine in Hillsborough County. The test was
conducted on November 5, 1987 according to applicable USEPA and FDER
sampling procedures. The purpose of the test was to establish the
compliance status of this unit with the emission limitations contained
in FDER Permit No A029-111119 and USEPA Permit No PSD-FL-088.

TABLE 1 RESULTS

Parameter Unit Run 1 Run 2 Run 3 Average Limit
Temperature deg F 155.0 155.0 154.0 154.7
Pressure in Hg 29.9 29.9 29.9
Moisture yAY 28.07 28.8% 28.0Z 28.27
Volumetric Flow acfm 100747 98619 96845 98737 182100
scfm 62237 60202 59909 60783
Process Wt. Rate  TPH 503 505 507 505 513
ZHOH wt 12.07  11.8%7 11.87%
TPH dry 443 446 447 445 450
GPH 771 630 606 669
MMBtu/hr 115 95 90 100 190
Particulate gr/scf 0.0088 0.0059 0.0050 0.0066
1b/hr 4.7 3.0 2.6 3.4 25
1b/ton 0.011 0.007 0.006 0.008 0.06
Opacity % 07 107
Sulfur Dioxide ppm 27.9 36.9 25.0 29.9
1b/hr 16.4 20.3 13.9 16.9 110
1b/MBtu 0.14 0.21 0.15 0.17 1.1
Nitrogen Oxides ppm 77.0 82.0 82.0 80.3 81

(as NO2) 1b/hr 32.5 32.4 32.8 32.6 35.3



B. PARTICIPANTS

The Particulate and Opacity testing were conducted by personnel of the
gaseous emissions were

determined by personnel of Air Consulting and Engineering.

IMC Environmental Services

. W. Bradley
A. Gilley
D. Norman
F. Tanner
D. Turley
L. Neck

J. Carter

Observer
M. D. Silcott
C. Gonzalez

C. TEST PROTOCOL

The test consisted of three

Title

Environmental
Environmental
Environmental
Environmental
Environmental
Environmental
Environmental

the following fashion:

Run 1 Length: 1 hour.

Additional Method 2 Traverse.

Particulate and opacity.
Two 20 minute SO, samples.
Operation of continuous analyzer for NOx.

Run 2 Length: 1 hour.

Additional Method 2 Traverse.

Particulate and opacity.
Two 20 minute SO, samples.
Operation of continuous analyzer for NOx.

Run 3 Length: 1 hour.

Additional Method 2 Traverse.

Particulate and opacity.
Two 20 minute SO, samples.
Operation of continuous analyzer for NOx.

Department. The

Technician
Technician
Technician
Technician
Engineer

Engineer

Technician

individual runs

Affiliation
IMC
IMC
IMC
IMC
IMC
ACE See Sec

tion IV

ACE See Section IV

HCEPC
HCEPC

which were

organized in



II. SOURCE DESCRIPTION
A. PROCESS DESCRIPTION

The IMC Lonesome No 1- Dryer is used to dry phosphate rock prior to
shipping. The rock moves from wet. rock storage piles located
southwest of the dryer by conveyor belt to a feed hopper located above
the dryer. The dryer is a fluid bed type fired with No 6 0il. The
exhaust gases from the dryer pass through four parallel cyclones, the
I.D. fan and then to the scrubber where they vent to the atmosphere
through the scrubber stack after final cleaning. The dried rock is
transported by conveyor to the dry rock storage bins until shipment.
The dryer is shown schematically in the following figure. '

Dust is generated as the hot gases fluidize the feed rock within the
dryer during operation. The cyclones and scrubber then remove the
particulate matter generated. During the emission test, the dryer was
operating at a rate of 505 TPH wet, 445 TPH dry (see following -
Section B). . :
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B. PRODUCTION DETERMINATIONS AND PROCESS STATEMENT
1. TONNAGE

The dryer is equipped with a variable speed conveyor used to control
the rock feed rate to the dryer. The feed rate is automatically
controlled based on a required temperature of the rock exiting the
dryer. The conveyor 1is also equipped with a belt scale used to
determine the dryer wet feed tonnage. This measurement is not used in
the operating control system of the dryer. The procedure and
calibration are included in Appendix C-2. The calibration was within
the required 5% limit.

TABLE 2 PRODUCTION TONNAGE

SCALE READINGS

TIME  SCALE TONNAGE dry

Start ~ End Start End ~ TPH ZHOH TPH

RUN 1 09:48 12:06° 2306 3464 503 12.07 - 443
RUN 2 12:06  13:53 3464 4365 505  11.87 446
RUN 3 13:53  15:22 4365 5117 507 11.87 447
OVERALL 09:48 15:22 2306 5117 505  11.9% . 445

2. FUEL USAGE

The fuel used during this test was No 6 Oil. Analysis is included in
Appendix B-2. One sample of the o0il was collected during each run of
the test. The dryer is equipped with a combustion burnér designed to
fire either oil or a coal-oil-mixture (COM). The dryer has two fuel
supply systems for that burner. The original system for oil, prior to

the COM conversion, incorporated an oil 'meter in the supply line to

the burner. The new system for the COM or oil did not contain a
meter. The system with the meter was used for the test. This meter
is a positive displacement type. The readings and calculations are
presented in the following table: :

TABLE 3 FUEL OIL USAGE

TIME METER READINGS

. Start 2 End Start ~ End GPH

RUN 1 09:40 12:07 312829 313018 771
RUN 2 12:07 13:28 313018 313103 630
RUN 3 13:28  15:14 313103 313210 606
OVERALL | 09:40 15:14 312829 313210 684



3. SCRUBBER

The following scrubber parameters were measured during the test. The
scrubber pressure drop was measured using a pressure transduced
measurement. The readings are included in the following table:

TABLE 4 SCRUBBER MEASUREMENTS

: "PSI GPM Del P pH
RUN 1 92 525 - 22.0 6.2
RUN 2 92 525 22.5 6.4
RUN 3 92 525 22.5 6.4

4. OPERATIONAL PROBLEM

During this test, the primary fan damper for the dryer could not be
properly opened. This condition apparently deteriorated during the
test of the dryer scrubber. The result of this condition meant that
the amount of quench air supplied to the dryer was restricted during

the test. This damper has been replaced since this test. The effect
of this is demonstrated by comparing the average dscfm of 88,000 in -
the inital 3/4 test with the average of 61,000 of this test. Because
of the intermittent operation of this dryer, this problem had not been
obvious prior to the scheduled test. . '




INTERNATIONAL MINERALS AND CHEMICAL CORPORATION |
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PROCESS INFORMATION ANO CALCULATION

PLANT: T JOVESEME f’lmymmu STACK: w¢ 14 ()
TYPE OF CONTROL DEVICE: Wrkr ScRvBBEL .

] 70 FCOPNN | L ERNPLK J
TYPE OF EMISSION TEST:  PARrICytnys TESTER: T jiwwid, D 7vRLEY[Em )
oATE: - 1) s/e7 SAMPLING TIME: 5 S MOURS

——
PERMIT NO.:  73029-411119 fnsnw’t)lrrfgen No.: PSD-FL-0§8
THE OPERATION OF THIS SYSTEM HAS BEEN VERIFIED DURING THE TIME OF
TESTING AS PER THE SUBMITTED PROCEDURE RELATIVE JO THE AGOVE ASe ORDER-.
| | SIGNED: /,/, DS

PROCESS CALCULATION

SOURCE OF INFORMATION: DZ‘[flz SCALE

TIME  SCALE READIVC (TONS)

9.4 - 236 ( |

35 - 547

S.S0HR 291 Tons PRIED
5)) TPM

Svf’)’“l 28)) Towns

AVG PROCESS RATE: S/ TPH  NATERIAL:  PHISPMTE ROCA |

EMISSION STANDARD: % /2T CowD/sfsons ALLOVABLE: 2.5 H/[/)e_
CALCULATED BY: 10. Zrma— DATE: 11))2])¢r7

I CERTIFY THAT THE ABOVE STATEMENT
1S TRUE AND CORRECT TO THE BEST OF

PROCESS STATEMENT / " S1GNATURE: % %,;;/
: ane- e/ O

TITLE

Y

MY KNOWLEDGE. CDATE: gs-s 007




II1. PARTICULATE EMISSIONS
A. SAMPLE METHODS

The particulate test consisted of the three sample runs conducted
according to the Methods: ‘

Method 1: : :
Section 2.2.1. 12 point traverse shown in Figure 2. These p01nts
were also used for the intermediate traverses between runs.

Section 2.4. Absence of Cyclonic flow ver1f1ed

Method 2: o
Section 2.3. Thermocouple used. Calibrations in Appendix C-1.
Section 4.1.2.1. Calibration duct has 12 in. diameter.
Section 4.1.2.3. Calibration system not capable of 5000 fpm,
current maximum = 3800 fpm, for -interval calibration. ‘
Section 4.3.  Laboratory grade thermometer used for calibration.
Pre-test calibration procedures from EPA/600/4-77/027b wvol. III
used. ' '

Method. 3:

‘Section 1.1. Fyrite Op and COp Gas Analyzers used.
Section 2.1. Figure 3-1, Grab sampling train used.
Section 2.1.1. Stainless steel probe length = 38 inches.

Method 4:

Section 1.2.- Lange's equation wused for calculation . of HOH
saturation content based on actual stack pressure in stead of
Saturation Table. Traverse point temperatures used to calculate
saturation at each point in calculations. In all final
calculations,- the saturation 7HOH was used instead of measured
values. o

Method 5:

. Section 2.1. Lear-Siegler Method 5 particulate train with IMC
design modifications. The train is shown in Figure 3.
Section 2.1.2. Stainless steel probe liners used.

Section 2.1.5. Filter holder material unknown, frit is stainless
steel, and gasket is hi-temp neoprene.
Section 2.1.7. Condenser wused in lieu of glass impingers.

Approved per letter dated 4/30/87, JTW to CDT.

Section 2.2.3. 250 ml-glass containers with glass stoppers used.
Section 2.2.4. 'Filter petri dishes are plast1c -- 150 x 15 mm.
Section 2.2.6. Silica gel stored and transported in drying tube.
Section 2.3.1. Disposal aluminum weighing dish used, tare = 2.5 g.
Section 4.1.4.2. The train remained connected as it was moved
between sampling ports. :

~Section 4.1.5. . Isokinetic conditions were maintained during
sampling using a TI CC40 portable computer. ‘ '

' Section 4.3. Container No 1. Filters were dried at 104 ©C for.
final weighing. Cooled in desiccator for ten- minutes prior final
weighing. ) o E
-Section 4.3, Container No 2. Liquid equalized to etched volume

mark, volume is reduced. in container and.then transferred to
weighing dish. : :



Section 4.3. Container No 3. Not used. Drying tube used to
transport silica gel. : : . :
Section 5. The equipment calibrations are contained in Appendix
C-1. : '

Section 5.4. Probe temperature measured directly behind the filter

frit.

Section 6.5. The stack gas moisture content was verified against

~that of saturation calculated based on stack temperature and

pressure. :
Section 6.6. Acetone blank concentration not calculated. Wash
weights not adjusted for positive blank determinations.

Method 9: B |

Section 2.4. Reading time of one hour used.
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B. SAMPLE RESULTS
1. VELOCITY TRAVERSE RESULTS

The test plan included three velocity traverses of the scrubber as
means of confirming the particulate test traverses. The results of
those determinations are presented for comparison in the following
table. The volumetric flow is shown based on saturation at the stack

temperature and as measured for comparison of the test run results.

TAELE 5 VELOCITY TRAVERSE RESULTS

No - 1IF RUN 1 2F RUN 2 3F RUN 3 4F

TIME 09:20 10:35 11:35 12:00 13:21 14:05 15:18
Pbar 29.9 29.9 29.9 29.9 29.9 29.9 29.9
Pstk 29.88 29.88 29.88 °© 29.88 29.88 29.88 29.88
Tdry : 155 155 156 155~ 154 - 154 150
Twet : 155 155 156 155 154 154 150 -
Cp ) 0.868 0.834 0.868 0.834 . 0.868 0.834 0.868
00 - 14.5% 14.5% 14.5% 14.5% 14.5%  14.5%  14.5%
0Co 4.57 4.5% - 4.5Z 4.5% 4.57 4,57 4,67
7ZHOH sat 28.67  28.0%7 29.47 28.8%Z 28.07Z - 28.0%Z 25.3%
SCFM sat 70412 62895 61844 - 61145 61026 60680 61813
ZHOH msd 32.5% .35.7% 33.87%

'SCFM msd 62237 60202 59909

NOx ppm 75 77 81 - 82 82 82 82
VELOCITY TRAVERSE CALCULATIONS
The foiiowing pages are tHe' calculation of each individual traverse

conducted for this test. The particulate test traverses were measured
in a plane parallel to the stack wall. For the auxiliary traverses,

-an IMC design sensor was used to determine the cyclonic angles at each

point. These angles are included in each of the Traverse Calculation
pages and used in comparative ~calculation of the various emission
rates. These pages also contain a comparison calculation of the
individual traverse point velocity based on  moisture content

. determined from the point stack temperature and velocities based on

Method 2 calculations. -The results were not significantly different.
Summary results are based on the Method 2 equatijons. '



Individual Velocity Traverse Calculations

No: B 1F ) o Usages
Date: 11/05 _ Rock: : 09 TPH
Time: 09:20 - 0.12 HOH
Pbar: 29. 9 . . . 448 Dry
Pst: -0.3
Ps: 29. 88 —Pbar+Pst/13 6 - 0il: 771 G ?
Cp: 0.868 - 8.138
Fv: 13.58 = 85. 49“Cp*sgrt(1/Ps) 18291 Btu
Dia: 96 Area: 0.27 . 115 mthu hr.
%00: 14.57
7%0CO: 4.57%
Mdry: 29.30
K: 10.207% . _
0: 0.647 : : 4 '
C: 87.397 - 7ZEA: 2.518 based on fuel analysis and 700
Calculation equation summar ’
fps: std = Fv¥*sqrt(d ¥Ts ave+460)/Ms)
point = Fv“sqrtfdp ?Ts pt+460)/(Mdry*(1 ZHOH pt)+18‘7HOH pt))
8 = fps pt*cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemlstry, pg 1436
Assumed Twb: . 155.0
sat 7ZHOH: _ 28.657
Ms = Mdry*(1-7%HOH)+18*7HOH Ms: 26.06
“Av vg: 18.3 155.0 28.657 '
point | alpha t 7HOH std point cyc
SE-1 0.3 22 155 8.657 37.3 37.3 - 34,6
2 0.30 .20 155 ‘28.657 - 36.1 36.1 33.9
3 0.32 10 155 28.657 37.3 37.3 36.7
4 0.35. 18 155 28.657% 39.0 39.0 37.1
5 0.36 12 155 28.657 39.6 39.6 38.7
6 0.32 12 155  28.657 37.3 37.3 36.5
SW-1 0.27 28 155 "28.657% 34.3 34.3 30.3
2 ©0.35 19 155 28.657% 39.0 39.0 36.9
3 0.32 15 155 28.657% 37.3 37.3 36.0
T4 0.34 19 155 28.657 38.5 38.5 36.4
5 - 0.40 - 24 155 28.657 ©  41.7 41.7 38.1
6 0.38 20 155 28.657 40.7 40.7 38.2
28 ,
% 38.2 38.2 36.
acfm: 115111 115111 108926
ZHOH: ' 28.657  28.657
scfm: 70412 70412 6629
y VM/E$igSion:' lb/hg A
pPpm as : st point ey
NOx 95 g46 P 7.1646 37.8 37.8 35.
Co 0o - 28  4.3610 - : 0.0 0.0 0.
VOC 0 44 6.8531 0.0 0.0 0.
S02 0.0 64  9.9681 0.0 0.0 0.
PART 0.009 gr/scf 0.0001 5.3 5.3 5.




Individual Velocity Traverse Calculations

No: B 2F : Usages
‘Date: 11/05 Rock: §05 TPH
Time: 11:35 . . 0.118 HOH
Pbar:. 29.9 _ 446 Dry

Pst: -0.3 .

Ps: 29 88 =Pbar+Pst/13.6 0il: 630 G 7

Cp: 868 - 8,138 1

Fv: 13 58 = 85. 49“Cp“sgrt(1/Ps) 18291 Btu

Dia: 96 Area:- 0.27 94 mmBtu/ hr
Z00: 14.57
Z0CO: 4,57
Mdrﬁ: 29.30
: 10.207
0: 0.647 ‘
C: 87.397 ZEA: . 2.518 based on fuel analysis and 700

Calculation equation summa
fps: std = Fv*sqrt(d *¥Ts ave+460) /M

s)
Fv¥sqrt(dp*(Ts pt+460)/ (Mdry*(l -ZHOH pt)+18*ZHOH pt))

p01nt =
8 = fps pt*cos(alph
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436‘
Assumed Twb: . 156.1
sat 7HOH: 29.417
= Mdry*(1- 7HOH)+18*7HOH - Ms: 25.98
Avg 3.0 156.1 29.417% ) '
point d alpha t 7HOH ‘ std point cyc
SE-1 0.2 20 156 29.357% 31.0 31.0 29.1
2 0.26 16 156 29.35% 33.7 33.7 " 32.4
3 0.25 .14 157 30.07% 33.1 33.1 32.1
4 0.23 0 156 29.357% 31.7 31.7 31.7
5 0.26 10 156 29.357% 33.7 33.7 33.2
6 0.30 - 16 156 29.357 36.2 36.2 34,8
SW-1 0.26 24 156 29.357% 33.7 33.7 30.8
2 0.25 18 156 29.357% 33.1 33.1 31.4
3 0.28 12 156 29.357% 35.0 35.0 34,2
4 0.28 6 156 29.357 35.0 35.0 34.8
5 0.30 12 156 29.357% 36.2 36.2 35.4
6 0.28 8 156 29.35% 35.0 35.0 34.6
avg :
% : 33.9 33.9 32.9
acfm: 102376 102375 - 99185
7HOH : 29,417  29.417
scfm: 61844 61843 59916
e Hgas puy/Rbgs " PR pein
m as s oin c
" NOx pgl g46 P 7.1646 35.9 p35.9 ' 34?
CcO 0 .28  4.3610 0. 0.0 0.
VoG - 0 44 . 6.8531 0.0 .0.0 0.
S02 0.0 - 64  9.9681 0.0 0.0 0.
PART 0.009 gr/scf 0.0001 4.7 4.7 4,



\

Individual Velocity Traverse Calculations

No: B 3F . ) Usaées
Date: 11/05 4 ~ Rock: TPH
Time: 13:21 : . 0.118 HOH
Pbar: 29.9 , 446 Dry

Pst: -0.3 . :

Ps: 29.88 =Pbar+Pst/13.6 0il: 630 GPH

Cp: 0.868 , .. 8.138 1b/

Fv: 13.58 = 85.49“Cp*sgrt(l/Ps) ' 18462 Btu

Dia: 96 Area: 0.27 95 mmB
700 14.57 : :
7Z0CO: 4.57
Mdrﬁ: 29.30
: 10.197 . .
0O: 0.817 .
C: 87.32% ZEA: 2.520 based on fuel analysis and 700

Calculation equation summa
fps: std = Fv*sqrt dg“%Ts ave+460)/Ms

Ts pt+460)/(Mdry£(1 ZHOH - pt )+18%*ZHOH

point = Fv*sqrt dp“
8 = fps pt*cos(a pha
sat ZHOH = eqns from Lange's Handbook of Chemlstry, pg 1436
Assumed Twb: 154.0
sat 7ZHOH: 27.967
Mdry*(l 7HOH)+18X7HOH Ms: . 26.14
Avg: 4.2 154.0 27.967% . :
.point d alpha ' -t -~ ZHOH std point
SE-1 0.2 18 154 27.96%Z° 32.2 32.2.
2 0.23 14 154 27.967 31.6 31.6
3 0.26 8 154 27.967% 33.5 33.5
4 0.28 20 154 27.967 34.8- 34.8
5 0.24 14 154 27.967 32.2 32.2
6 0.26 -10 154 27.967% 33.5 33.5
SW-1 0:23 18 154 27.967 31.6 31.6
-2 -0.22 14 154 27.967 30.9 30.9
3 0.24 10 154 27.967 32.2 32.2
4 0.24 18 154 27.967 ° 32,2 32.2
5 0.28 12 . 154 27.967 34.8 34.8
6 0.25 14 . 154 27.967% 32.9 . 32.9
: ' avg
g 32,7 32.7
acfm: 98651 98651
ZHOH: = 27.967  27.967%
'scfm: 61026 61026
Emission: 1b/hr
' pgm . Mgas pVM/RT*60 ‘ std point
NOx 2 46 7.1646 - © 35.9 35.9
. CO 0 - 28  4.3610 : 0.0 0.0
VoG 0 44  6.8531 0.0 0.0
502 0.0 64  9.9681 0.0 0.0
PART 0.006 gr/scf 0.0001 3.1 3.1

al
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tu/hr
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Individual Velocity Traverse_Calculations

No: B 4F .
Date: 11/05
- Time: 15:18
Pbar: 29.9 :
Pst: - -0.3
Ps: 29.88 —Pbar+Pst/l3 6
Cp: 0.868
Fv: 13.58 = 85.49%Cp*s
Dia: 96  Area:
%00+ 14.5% .
Z0CO0: - 4,67
Mdrﬁ:‘ 29.31
: : 10.487
0: 0.677%
C: 87.417 ZEA:

Calculation equation summa

fps: std = Fv“sqrt(d}()T

Fv*sqrt(dp*

point
fps pt*cos(al

sat’Zﬁ%ﬁ

. Assumed Twb:
sat 7ZHOH:
Mdryx( 1- 7HOH)+18><7HOH Ms:
A vg: 1 h9 150.0
p01nt alpha t
SE-1 O.ZY - 18 150
2 0.2 15 150
3 0.22 6 150
4 0.24 ' 20 150
5 0.25 22 150
6 0.24 18 150
SW-1 0.24 16 150~
2 0.25 17 150
3 0.24 ,20. 150
4 0.22 21 150
5 0.24 20 150
6 - 0.26 22 1
' Mgas pVM/RIR60
g ppm . gas p *
NOx 52 46 7.1646
co . 28 - 4.3610
. VOC 0 44 6.8531
502 0.0 64 9.9681
" PART 0.005 gr/scf “0.0000

g3/

- “Rock:

0il:

. Us&ge;

‘ TPH
0.118 HOH
447 Dry

606 GPH
8.138 1b/ al
18354 Btu/1b

90 mmBtu/ht

2.442 based on fuel analysis and %00

{Ts ave+460) /M
s pt+460)/(Mdry

a

25.347

- ZHOH

25.347

25.347
25.347
25.347
25.347
25.347
25.347

- 25.347

25.347

25.347

25.347
25.34%
avg

acgm:
ZHOH 5
scfm:

W WLWLWLWWWWWWLWWIEN

Ll WHEORNRFRRFRNPRORORn
. ® e s e s e e s s e o e (+
00 NOOVOAOOMNONOOVO

150.0

25.347%

26.44

z(l ZHOH pt)+18%ZHOH pt))
eqns from Lange s Handbook of Chemistry, pg 1436

Lo oounn

oint cyc
.p29.9~‘ 28?4
31.9. 30.9
30.6 30.4
31.9° 30.0 -
32.6 30.2
31.9 30.4
31.9 30.7
32.6 - 31.2
31.9 30.0
‘30.6 28.6
31.9 30.0
33.2 30.8
- 31.8 - 30.1
95791 90878
25.347
- 61813 58643
oint c
p36.3 34¥
0.0.- 0.
0.0 0.
0.0. 0.
2.6 2.



2. PARTICULATE RESULTS

“The following pages are the compleﬁed particulate test results. These

results are calculated by the IMC Main computer. The equations used
by the program are presented in the fashion by which they are executed
by the program. Note that the summary results in this report have
been independently calculated as a means to double check results.

The equations are those contained in USEPA Methods 2 and 5. The
Isokinetic Rate equation for the test has been changed. The
equivalency of the program formula used to that of USEPA Method 5 is
also shown. The formula used adjusts for the moisture content used in
calculation in the case of a saturated wet stack with entrained
droplets. The Isokinetic Rate is also calculated as the individual
traverse point Isokinetic Rates 'which are included. The Isokinetic
Rates for the test are indicated on the calculation summary sheet.



§891-0 S

MINUTES

INTERNATIONAL MINERALS & CHEMICAL CORPORATION .
SOURCE SAMPLING CALCULATICON REPORT )

AT PLANT
RUN 2 RUN 3
29.90  29.90

0.27-  0.30-
29.88 29.88

‘0.516  0.508
0.480  0.465

560.7 556.8

615.2 614.0
22.10  22.80
11.693  11.175

8.0 7.1
14.4 - 14.5
4.5 a5
81.0 80.9
0.83 0.83
0.238  0.238
$0.270  50.270
1.01 1.01
12 12.
60 60

JOB: BAE80O
' DATE: 11/13/87

TEST OF STACK...... NO 1 DRYER SCRUBBER.

DATA SUMMATIONS

""" PARAMETER - UNITS  RUN 1 . RUN 2 RUN 3
BAROMETRIC PRESSURE  IN OF HG 29.90
STATIC PRESSURE IN OF HOH 0.30-
STACK PRESSURE IN OF HG 29.88
AVERAGE SQRT DELTA-P IN HOH1/2 0.528
AVERAGE DELTA-H IN OF HOH 0.510
AVERAGE METER TEMP DEGREES R~ 554.5
AVERAGE STACK TEMP DEGREES R 614.1
METERED SAMPLE VOL CUBIC FT- 23.20
VOLUME OF WATER CUBIC FT 10.750
TOTAL PARTICULATE MG 12.7
AVERAGE % 0-0 "% 14.5.
AVERAGE % C-0-0 % 4.5
AVERAGE % N-N + C-0 % 81.0
PITOT COEFFICIENT UNITY 0.83
NOZZLE DIAMETER IN 0.238
STACK AREA SQUARE FT 50.270
M.C.?. ‘ UNITY 1.01
TRAVERSE POINTS UNITY 12
SAMPLING TIME 60

...... LONESOME PREPARATION

IMC SOURCE MNO.. 07100

CONDUCTED ON......

CALCULATTIONS

STANDARD SAMPLE VOLUME

PROPORTION OF WATER

PERCENT WATER VAPOR

MOLECULAR WT OF DRY GAS

MOLECULAR WT OF STK GAS
ACTUAL STK GAS VELOCITY
ACTUAL STK GAS FLOW

STANDARD STK GAS FLOW

STD STK GAS VELOCITY

"PART. CONCENTRATION.

PART. STACK EMISSIONS

ISOKINETIC RATE

UNITS RUN 1
CUBIC FT 22.329
UNITY 0.325
% 28.02+
LB/LB-MOLE 29.430 -
LB/LB-MOLE , 26.227
FT/SEC 33.35
CU-FT/MIN 100.594

" CU-FT/MIN 62,182
FT/MIN 1,237
GRAIN/CU-FT .0088
LB/HOUR 4.68
o, 87.4

OPTION NO. 000
11/05/87
RUN 2 RUN 3
21.035° 21.850
0.357 0.338
28.76+  27.96+
29.434  29.440
26.145  26.241°
32.64 32.05
g8.441 96,656
60.119 59,804
1.196 1,190
. 0059 .0050
3.02 2:57
94.9 99.1

*CALCULATED .MOISTURE EXCEEDS SATURATION.

SATURATION VALUE ASSUMED.



JOB: BAG68O ' ‘ INTERNATIONAL MINERALS & CHEMICAL CORPORATION : © IMC SOURCE NO. 07100
DATE: 11/13/87 VELOCITY TRAVERSE CALCULATIONS . . OPTION NO. 000
TEST OF STACK...... NO 1 DRYER SCRUBBER AT PLANT. ..... LONESOME PREPARATION g CONDUCTED ON. ..... 11/05/87
R bl bl RUN f----comoommmo oo e RUN 2----- EEEEE R I i RUN 3--=----------~ .-
ELAP TRV STACK NOZZLE ISOKINETIC TRV STACK NOZZLE ISOKINETIC TRV STACK NOZZLE ISOKINETIC
TIME PT VELOCITY FLOW RATE PT VELOCITY FLOW RATE PT VELOCITY FLOW . RATE
(MIN)  ID - (FT/SEC) (CU-FT/MIN) (PERCENT) 10 (FT/SEC) (CU-FT/MIN) (PERCENT) . ID (FT/SEC) (CU-FT/MIN) (PERCENT)
..... ) -—'----—---——'_-'-..---_T-_-_'__'___________ f e e f e m e e e e m e mceme e e m e e mm e m e ———-—-- ® e e ee i mcmamcacic et emm e e .-
05 S-1 31.58 0.60 103 w-1 31.65 0.22 38 S-1 31.54 0.60 102

10 S-2 31.50 0.54 92 wW-2  31.65 0.60 102 S-2 31.54 0.62 106

15 S-3 31.50 0.56 96 w-3 31.65 0.60 102 S-3 31.54 0.56 96

20 S-4 31.50 0.53 91 w-4 31.65 0.56 96 S-4 31.54 0.59 101

25 S-5 42.23 0.81 103 w-5 34.67 0.62 97 S-5 34.55 0.62 97

30 S-6 42.23 0.74 95 w-6 34.67 0.65 102 S-6 34.55 0.65 101

35 w-1 31.60 0.56 96. S-1 31.65 0.60 102 w-1 31.54 0.59 102

40 w-2 31.60 0.56 96. S-2 31.65 0.59 101 w-2 31.54 0.56 95.

45 w-3 31.60 0.59 101. S-3 31.65 0.56 95 w-3 31.54 0.59 100.

50 W-4 31.60 0.59 101. S-4°  31.60 0.59 100 w-4 31.54 0.55 95

55 w-5 31.60 0.59 100. S-5 34.56 0.65 101 w-5 31.54 0.58 100.

60 w-6 31.60 0.56 95 S-6 34.56 0.65 101 w-6 31.54 0.55 94
*+AVERAGES 33.35 . 0.60 97 32.64 0.57 95 32.05 o
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3. OPACITY RESULTS

The Visible Emissions were determined during the firsf particulate
test run. The field sheet follows..




| VISIOLE EMISSION START 4O 40 AM DO¥N  FROM __: gy ¢ READING

| GBSERVATION END 7/ : 40 AM|TIME //— '
Col ool 15| 30| 4sQmIn] oo 15| 3o 45 WIN 00 cx)s ;1 _5_53
o O ol olal ol Olo | O] O

o g'o ola:l ololo o9 OO0l OO
2 ol olololz]l ololo]lOoi2lolol DlO
vl ol ol olo (23 ol OO0 Q143 0 0Ll 0]
W ololololal olololojw ol 0l OlD
slolololols[olololols: ] Oo/0lolo
Tlolololols glolololslolololo
T ololololl ololo|Olv11 0] OO0
sl ololololsa|Ololololwl o OO
o Nl ololOol|l ol | QIS DI OlLO|O
0] 0l Ol ololwlplolOlols]ololOlO
1 pnlolololnlolololojstilolololo
izl plolololelolédlolojszlol o]l OO
3 Ol 0l ol oln ] ololololsslol ol olO
ol ololols olol ool ol ol Oolo
sl ololololslolololols|  olol oo
1wl olol o wlolololols ololTolo]
7. Ol ol Ol O DI Q1 OO (57 OO |0 | O
w| O] 0 Ol ofnlolol olojss] ololo !
wl olglolojfiololololsslololo[O ]
PULANT: £7. 2 opksomg PREP STACK: Q6. F DEpER  SCRVBGH K
(PERMIT NO f029-/)))1 G STACK HT: )2 S’ STACK OIA: D¢ 7

PLUME COLOR: (LA, L

PLUME rvpszﬁz/;//,};éq

SKY CONDITIONS:OVEarysy

(%957

BACKGROUND COLOR: GREY
)
AMDIENT TEMPERATURE:-

VIND DIRCCTION: A/ 4t/

WIND SPEED: 4-/D

S0F

DIRECTION ra'srAcx:A/M/~

DISTANCE T STACK: 200 vds

DBSERVER: /WATE ///Jgf

STACK LAYOUT SKETCH
Y] ’ .
| / EMISSION @W

.- L TSN PR T POINT
N DRAW
£ OF FLORID /K NORTH
DEPARTMENTO NWRQNM TAL REGULATION ARRDY
‘o

THIS IS TO CCRTIFY THAT

JERRY F,; TANNER HAS COMPLETED THE
STATE OF FLORIDA VISIBLE EMISSIONS EVALUATION TRAINING

SUN SHAD|QW LINE =

. &ERHFICATE OFFICEA / .

EPA REFERENCE METHOD 9. . T | B S gaa &
THIS CERTIFICATE EXPIRES Mar 9, 1984 \<>//
o o '
QA—J—«/ JCAJLA/ % 70 \ 7G -
BEARER'S SIGNATURE '

_ DBSERVERS POSITION




r—INTERN/\TIDNAL MINER/\LS AND CHEMICAL CORPORATION

THa106)

PROCESS INFORMATION AND CALCULATION
Ao Z DRyr R SCRUBREZ

PLANT: F T QOwESOrIL Py P STALK:

TYPE OF CONTROL DEVICE: W £ r‘_' ScRUBBEL

TYPE OF EM}SSION TEST: | V/S /1KLL | r:srsn:_” T TAMNUEL.
OATE: 1/S/PT " SAMPLING TIME: [0 JY/WUTES

FALrP716 AJ
PERWIT NO.: OR9-)1/119. P ORDER NO.: PSP~ /L -G8

THE OPERATION OF THIS SYSTEM HAS BEEN VERIFIED DURING THE TIME OF

TESTING AS PER THE SUBMITTED 'PROCEDURE RELATIVE TO THE ABOVE ASP ORDER.
SIGNED: O o

PROCESS CALCULATION

SOURCE OF INFORMATION: D pyse . SCHLL

TIME SCALK A’)‘/?b/&e(roaﬁ>

945 _  230¢
— - S))7
S.SHR - ',’2,?// Jon S DRIED

SN TPH:
S, S Hoves |28 TorS DRI FZ

AVG PROCESS RATE: S /1 T/FA  WATERIAL:  PHOSPUATE J26CK

EMISSION STANOARD: AfF PNI Con/D)TuALLOVABLE : 10 oprcs 77
CALCULATEQD BY: / /9 Wm.,_d DATE: /JJJZZ7
PROCES TA
CESS STATEWENT §1GNATURE: g L, 4
I CERTIFY THAT THE ABGVE STATEMENT ' .
HTLE 105

IS TRUE ANO CORRECT TQ THE BEST OF

MY KNOWLEDGE . OATE: J(- I o-8 7




C. ANALYSES

Three analyses are performed as a laboratory operation for each test.
Type A/E fiberglass filters are desiccated and pre-weighed. The
silica gel is pre-weighed and placed in the train drying tubes. These
items are then placed in the IMC sampling trailer for the next sample
to be conducted. Once the sampling has been completed, the recovered
filters, the silica gel tubes, and the acetone washings are removed
from the trailer for final processing. The acetone wash includes dust
recovered from the nozzle, the probe liner, and the front half of the
filter holder and any material on the filter seal. The filters are
dried at 104 °C and the acetone washes are evaporated at room
temperature prior to final weighing. Along with the acetone wash, a -
blank is weighed. The specific procedures followed are listed on the
lab sheet in ‘Appendix B-1. B




f

IV. GASEOUS EMISSION RESULTS

The complete report received from Air Consulting and Engineering is
included as this section. T '



SOURCE TEST REPORT
for

OXIDES OF NITROGEN
AND
SULFUR DIOXIDE

at

INTERNATIONAL MINERALS AND CHEMICAL CORPORATION
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1.0 INTRODUCTION

Personnel from Air Consulting and Engineering (ACE) performed Environmental
Protection Agency (EPA) reference Method 7E continuous emission monitoring
(CEM) for oxides of nitrogen (NO..), as well as EPA Method 6 SO, emission
measurements at International Minerals and Chemical Corporation's (IMC)
Lonesome Mine Number 1 rock drver. This work was performed on November 5,

1987, under contract to IMC.

Mssrs. Carlos Gonzalez and Mike Silcott of the Hillsborough County

Environmental Protection Commission observed testing.

Mr. Dave Turlee of IMC served as test coordinator as well as test director

for EPA Methods 1-5 and 9 as performed by IMC field crews.



2.0 SUMMARY AND DISCUSSION OF RESULTS

Results of the testing are summarized in Table 1. Emission values are

reported in terms of concentration.

Throughout the day, a problem with zero drift of the NO.. analvzer was
experienced. Although all drifts were within Method 7E specifications
(either 2% or 5% depending on interpretation), additional recalibrations
were conducted at the analyzer to ensure that the upward drift did not
prevent the source from dexﬁonstrating compiiance. Following each
recalibration at the analyzer. a sample bias test was péfformed at the

sample interface.

Complete documentation of all strip chart records are provided in the report

appendices.

Because the 50.75 ppm NO/N. and 86.2 ppm NO/N. calibration gases were a
little over 6 months old, Method 7 sampling and analysis we.'r‘e performed for
recertification purposes. The results (with rechecks) vielded values within
8% of the tag wvalue. ';‘ag values were therefore taken to remain accurate

(Appendix F--Calibration Gas Certification) as specified in Method 7ZE.



Table 1 Emission Summary
IMC Lonesome Mine
Rock Dryer No. 1
November 5, 1987

Time Run NO. S0,*
Number . .
PPMVy 1b/SCF ppmvd 1b/SCF
(10-9) (10-°)
1048-1246 S | 77 9.19 27.9 4.63
1304-1404 2 82 ' 9.79 " 36.9 6.13
1419-1519 3 82 9.79 25.0 4.15
————— AVERAGE 80 9.59 29.9 4.97
NOTE: (ppmvg) (2.595 X . 10-°)(M) = 1b/SCF

Where M = Molecular Weight

46 NO, (NO.)

64 SO,

* EACH RUN IS AVERAGE OF TWO 20 MINUTE SAMPLES




3.0 FIELD AND ANALYTICAL PRCCEDURES

3.1 Sulfur Dioxide (S0O,;) Sampling and Analysis--EPA Method 6

Sulfur Dioxide (SO.) samples were collected by the emission measurement
method specified by the United States Environmental Protection Agency (EPA).
Hydrogen peroxide (H,0.) was used as the collection media for SO,. A

schematic diagram of the sampling train used is shown in Figure 1.

PREPARATION OF EQUIPMENT

1. FILTERS - Gelman type "A" filters.

2. FILTER HOLDER, FLEXIBLE TEFLON™ TUBING, AND SAMPLING PROBE - The
filter holder, flexible Teflon® tubing, and sampling probe were :
washed vigorously with soapy water and brushes, rinsed with acetone

- and distilled water, and dried prior to the test program. All
openings on the sampling equipment were sealed while in transit to
the test site.

3. IMPINGERS - The Greenburg-Smith impingers were cleaned with a
warm soapy water solution and brushes, rinsed with distilled

water and acetone, and dried. The impingers were sealed tightly
during transit. :

TEST PROCEDURE

Prior to performing the actual sample runs, certain stack and stack gas
parameters were measured. These preliminary measurementé' 'included the average
gas temperature, the stack gas velocity head, the stack gas moisture content,
ahd the stack dimensions at the point where the tests were being performed.

The stack gas temperature was determined by using a bi-metallic thermocouple

and calibrated pyrometer.

A single sampling point was selected so that a representative sample could

be extracted from the gas stream. This point was located in the stack

" centroid.
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The gases sampled passed. through the following components: a pyrex glass
probe; a glass fiber filter; flexible Teflon® tubing; two impingers each
with 100 ml of three percent hydrogen peroxide; one impinger dry; one
impinger with 200 grams of silica gel; a flexible sample line; an air-tight
pump; é dry test meter; and a calibrated orifice. The second impinger had a
standard tip. whiie the first, third, and fourth impingers had modifled tips
with a 0.5 inch I.D. opening. Sample recovery was accomplished by the

following procedures:

1. The volume of condensate from the first three impingers was
measured for calculating stack gas moisture and then placed in
Container 3. All sample exposed surfaces from the rear half of the
filter holder through the dry trap impinger were thoroughly washed
with distilled-deionized water and the washings were also placed in
a glass container. The container was sealed and the liquid level
marked. Although polyethylene sample bottles are specified,
sulfuric acid reaction with glass is extremely negligible at these
concentrations.

2. The used silica gel from the fourth implnger was - transferred to
its original container and sealed.

LABORATORY ANALYSIS

The four sample containers from each sample run were anal?z_ed according to

the following procedures:

1. A sample aliquot was taken and added to isopropancl in a 20/80 ratio.
Thorin indicator was added and the solution was titrated to a pink
endpoint using nominal 0.0100 normal barium perchlorate. Replicate
titrations were made until results agreed within 1% or 0.2 ml
Blanks were titrated in the same fashion.

2. The used silica gel in its tared container was weighed to the nearest
gram. .



DATA
The field and laboratory data sheets, calculation sheets, and nomenclature
definitions are included in the appendix of this report.

3.2 Continuous Emission Monitoring Methods

Sampling System

The sampling system was set up as shown in F;I.gure 2. A description of all
anlayzers is p.rovided in Appendix C. Teflon® sample lines were used
throughout the system. In addition to the CEMs shown, a Teledyne 320 0.
analyzer was also used with 0, values ranging from 14.0 to 15.5% during

testing.

Test Procedures

EPA reference Methods 7E, 10, and 25A were employed in the testing. These
reference methods are provided in Appendix D. All procedures were stfictly

adhered to.
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AIR CONSULTING AND ENGINEERING

Complete Emission Results

Plant: IMC

Location: LONESOME MINE Date 11/5/87
Stack: UNIT 1 Run 1 From 1023 - 1043
Y Factor . 0.999 Nozzle Diameter 0.230 In
Total Time 22.00 Min Nozzle Area 0.000341 Sqg Ft
Stack Area 1.000 Sqg Ft Barometric Pressure 29.85 ''Hg
Stack Temperature 152 Deg F Meter Temperature 78 Deg F
Stack Pressure 29.85 ‘''‘'Hg Meter Orifice Diff 1.100 '‘'H20
Stack SOR Vel Head 0.702 ''H20 Meter Volume 11.982 cf

Condensate Vol 92.00 ml

1. Volume Water Vapor Sampled 4.342 SCF

2. Volume Standard Drv Gas Sampled 11.737 SCF

3. Total Standard Sample Volume 16.100 SCF

4. Percent Water 26.525 *

5. Percent Drv Air 73.475

6. Molecular Weight of Drv Stack Gas 29.184

7. Molecular Weight of Wet Stack Gas 26.217

8. Specific Gravityv Stack Gas 0.91

9. Percent Oxvgen [ 0.2 ] 15.20

10. Percent Carbon Dioxide [ CO0.2 ] 3.60

11. Percent Excess Air 243.715

12. Velocitv of Stack 44 .357 FPS

13. Actual Volumetric Flow 2673 ACFM

14. Dry Volumetric Flow 1964 ACFMD

15. Standard Volumetric Flow 1691 SCFMD

16. Emission Rate 0.0000 gr/SCF
17. Emission Rate 0.0000 gr/ACF
18. Emission Rate 0.00 Lbs/Hr
19. Percent Isokinetic 92.7 .
20. S02 Concentration 0.00000533 Lbs/SCF
21. S02 Emission Rate 0.54 Lbs/Hr
22. S02 Parts per Million [ Drv Basis | 32.09
23. S02 Parts per Million [ Wet Basis ] 23.58
Probe/Nozzle Wash 0] Mg
Filter 0 Mg
Total 0.000 Mg

* Moisture Calculated fr

om Saturation Vapor Pressure




AIR CONSULTING AND ENGINEERING

Complete Emission Results

Plant: IMC

Location: LONESOME MINE Date: 11/5/87
Stack: UNIT 1 - Run 2 From 1138 - 1138
Y Factor 0.999 Nozzle Diameter 0.230 In
Total Time 20.00 Min Nozzle Area 0.000341 Sqg Ft
Stack Area 1.000 Sg Ft Barometric Pressure 29.85 ''Hg
Stack Temperature 158 Deg F Meter Temperature 84 Deg F
Stack Pressure 29.85 ''Hg Meter Orifice Diff 1.100 ''H20
Stack SOR Vel Head 0.548 ''H20 Meter Volume 10.963 cf

Condensate Vol 107.40 ml

1. Volume Water Vapor Sampled 5.069 SCF

2. Volume Standard Dryv Gas Sampled 10.839 SCF

3. Total Standard Sample Volume 15.708 SCF

4. Percent Water 30.706 *

5. Percent Drv Air 69.294

6. Molecular Weight of Drv Stack Gas 29.184

7. Molecular Weight of Wet Stack Gas 23.750

8. Specific Gravitv Stack Gas ’ 0.89

9. Percent Oxvgen | 0.2 ] 15.20
10. Percent Carbon Dioxide [ C0.2 ] 3.60
11. Percent Excess Air 243.715
12. Velocitv of Stack ' 35.262 FPS
13. Actual Volumetric Flow 2116 ACFM
14.  Drv Volumetric Flow 1466 ACFMD
153. Standard Volumetric Flow 1250 SCFMD
16. Emission Rate 0.0000 gr/SCF
17. Emission Rate 0.0000 gr/ACF
18. Emission Rate 0.00 Lbs/Hr
19. Percent Isokinetic 124.8
20. S02 Concentration 0.00000394 Lbs/SCF
21. S02 Emission Rate 0.30 Lbs/Hr
22. S02 Parts per Million [ Dry Basis ] 23.75
23. 802 Parts per Million [ Wet Basis ] 16.45
Probe/Nozzle Wash 0 Mg
Filter 0 Mg
Total 0.000 Mg

* Moisture Calculated from Saturation Vapor Pressure



AIR CONSULTING AND ENGINEERING

Complete Emission Results

Plant: mc

Location: . LONESOME MINE Date: 11/5/87
Stack: UNIT 1 Run 3 From 1213 - 1233
Y Factor . 0.999 Nozzle Diameter 0.250 In
Total Time 20.00 Min Nozzle Area 0.000341 Sq Ft
Stack Area _ 1.000 Sqg Ft Barometric Pressure 29.85 ''Hg
Stack Temperature 160 Deg F Meter Temperature 89 Deg F
Stack Pressure 29.85 ''Hg Meter Orifice Diff 1.100 ''H20
Stack SOR Vel Head 0.541 ''H20 Meter Volume 11.072 cf

Condensate Vol 88.30 ml

1. Volume Water Vapor Sampled 4.168 SCF

2. Volume Standard Drv Gas Sampled _ 10.642 SCF

3. Total Standard Sample Volume : 14.809 SCF

4, Percent Water 28.143

5. Percent Drv Air 71.857

6. Molecular Weight of Drv Stack Gas 29.184

7. Molecular Weight of Wet Stack Gas ' 26.037

8. Specific Gravity Stack Gas 0.90

9. Percent Oxvgen [ 0.2 ] 13.20

10. Percent Carbon Dioxide [ CO0.2 ] 3.60

11. Percent Excess Air 243.715

12. Velocity of Stack : 34.687 FPS

13. Actual Volumetric Flow 2081 ACFM

14. Drv Volumetric Flow . 1496 ACFMD

15. Standard Volumetric Flow 1270 SCFMD

16. Emission Rate : 0.0000 gr/SCF
17. Emission Rate 0.0000 gr/ACF
18. Emission Rate 0.00 Lbs/Hr

19. Percent Isokinetic 122.9 :
20. S02 Concentration 0.00000589 Lbs/SCF
21. S02 Emission Rate 0.45 Lbs/Hr
22. S02 Parts per Million [ Drv Basis ] 35.49

23. S02 Parts per Million [ Wet Basis ] 25.50
Probe/Nozzle Wash 0 Mg
Filter 0 Mg
Total 0.000 Mg



AIR CONSULTING AND ENGINEERING

Complete Emission Results

Plant: IMcC

Location: LONESOME MINE - Date: 11/5/87
Stack: UNIT 1 Run 4 From 1248 - 1308
Y Factor 0.999 Nozzle Diameter 0.230 In
Total Time 20.00 Min Nozzle Area : 0.000341 Sq Ft
Stack Area 1.000 Sqg Ft Barometric Pressure 29.85 ''Hg
Stack Temperature 133 Deg F Meter Temperature 93 Deg F
Stack Pressure 29.85 ‘'‘'Hg Meter Orifice Diff 1.100 ''H20
Stack SOR Vel Head 0.539 ''H20 Meter Volume 11.302 cf

Condensate Vol 88.10 ml

1. Volume Water Vapor Sampled 4.158 SCF

2. Volume Standard Drv Gas Sampled 10.789 SCF

3. Total Standard Sample Volume 14.947 SCF

4. Percent Water 27.522 *

5. Percent Dry Air 72.478

6. Molecular Weight of Drv Stack Gas 29.184

7. Molecular Weight of Wet Stack Gas 26.106

8. Specific Gravitv Stack Gas . 0.91

9. Percent Oxvgen [ 0.2 ] 15.20

10. Percent Carbon Dioxide [ C0.2 ] 3.60

11. Percent Excess Air ' 243.715 .

12. Velocityv of Stack s 34.306 FPS

13. Actual Volumetric Flow 2058 ACEFM

14. Dryv Volumetric Flow 1492 ACFMD

15. Standard Volumetric Flow 1281 SCFMD

16. Emission Rate 0.0000 gr/SCF-
17. Emission Rate 0.0000 gr/ACF
18. Emission Rate 0.00 Lbs/Hr

19. Percent Isokinetic 123.5

20. S02 Concentration 0.00000636 Lbs/SCF
21. S02 Emission Rate ' 0.49 Lbs/Hr
22. S02 Parts per Million [ Drv Basis ] 38.32

23. S02 Parts per Million [ Wet Basis ] 27.77
Probe/Nozzle Wash 0 Mg
Filter 0 Mg
Total 0.000 Mg



AIR CONSULTING AND ENGINEERING

Complete Emission Results

Plant: IMC

Location: LONESOME MINE Date: 11/5/87
Stack: UNIT 1 Run 5 From 14053 - 1423
Y Factor 0.999 Nozzle Diameter 0.250 In
Total Time 20.00 Min Nozzle Area : 0.000341 Sq Ft
Stack Area 1.000 Sq Ft Barometric Pressure 29.85 ''Hg
Stack Temperature 157 Deg F Meter Temperature 95 Deg F
Stack Pressure 29.85 ''Hg Meter Orifice Diff 1.100 '‘'H20
Stack SOR Vel Head 0.529 ''H20 Meter Volume 11.290 cf
B Condensate Vol 89.30 ml

1. Volume Water Vapor Sampled 4.213 SCF

2. Volume Standard Drv Gas Sampled 10.739 SCF

3. Total Standard Sample Volume 14.954 SCF

4. Percent Water 28.187

5. Percent Dry Air 71.813

6. Molecular Weight of Drv Stack Gas 29.184

7. Molecular Weight of Wet Stack Gas 26.032

8. Specific Gravity Stack Gas _ 0.90

9. Percent Oxvgen [ 0.2 ] 15.20

10. Percent Carbon Dioxide [ C0.2 } 3.60

11. Percent Excess Air ' 243.715

12. Velocity of Stack ) 33.867 FPS

13. Actual Volumetric Flow 2032 ACFM

14. Dryv Volumetric Flow 1459 ACFMD

15. Standard Volumetric Flow 1245 SCFMD

16. Emission Rate 0.0000 gr/SCF
17. Emission Rate 0.0000 gr/ACF
18. Emission Rate 0.00 Lbs/Hr

19. Percent Isokinetic 126.5

20. S02 Concentration 0.00000398 Lbs/SCF
21. SO02 Emission Rate 0.30 Lbs/Hr
22. S02 Parts per Million [ Dry Basis ] 23.95

23. S02 Parts per Million [ Wet Basis ] 17.20
Probe/Nozzle Wash 0 Mg
Filter 0 Mg

Total 0.000 Mg



AIR CONSULTING AND ENGINEERING

Complete Emission Results

Plant: IMC

Location: LONESOME MINE Date: 11/5/87
Stack: UNIT 1 Run 6 From 1439 - 1459
Y Factor 0.999 Nozzle Diameter 0.230 In
Total Time 20.00 Min Nozzle Area 0.000341 Sq Ft
Stack Area 1.000 Sq Ft Barometric Pressure 29.85 ''Hg
Stack Temperature 160 Deg F Meter Temperature 100 Deg F
Stack Pressure 29.85 ''Hg Meter Orifice Diff 1.100 ''H20
Stack SQR Vel Head 0.529 ''H20 Meter Volume 10.936 cf

' Condensate Vol 91.90 ml

1. Volume Water Vapor Sampled : 4.338 SCF

2. Volume Standard Dry Gas Sampled i 10.309 SCF

3. Total Standard Sample Volume 14.647 SCF

4. Percent Water © 29.615

5. Percent Dryv Air 70.385

6. Molecular Weight of Dry Stack Gas 29.184

7. Molecular Weight of Wet Stack Gas 25.872

8. Specific Gravity Stack Gas 0.90

9. Percent Oxvgen [ 0.2 ] 15.20

10. Percent Carbon Dioxide [ €O0.2 ] 3.60

11. Percent Excess Air ' 243.715

12. Velocity of Stack 34.054 FPS

13. Actual Volumetric Flow 2043 ACFM

14. Drv Volumetric Flow 1438 ACFMD

15. Standard Volumetric Flow 1221 SCFMD

16. Emission Rate 0.0000 gr/SCF
17. Emission Rate 0.0000 gr/ACF
18. Emission Rate 0.00 -Lbs/Hr -
19. Percent Isokinetic 123.8
20. S02 Concentration 0.00000434 Lbs/SCF
21. S02 Emission Rate 0.32 Lbs/Hr
22. S02 Parts per Million [ Dry Basis ] 26.14

23. S02 Parts per Million [ Wet Basis ] 18.40
Probe/Nozzle Wash 0 Mg
Filter 0 Mg
Total 0.000 Mg
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PAGE OF
_ & e 2106 N.W 67th PLACE, SUITE 4
PLANT Y w @ ‘““ﬁ&mce (LT ' GAINESVILLE, FLORIDA 326808 MAT'L PROCESSING RATE
'PLANT LOCATION ' . T GAS METER READINGS: FINAL%M;’_\_M.E’
TYPE OF SAMPLING TRAIN W Eitop & o INITIAL 6- 700 ¢ 3
TYPE OF SAMPLES_ S0 5 , NET (782 3
pate__ -8 “¥T7  aunno. [ ' - IMPINGERS VOL. GAIN ¥G ml.
TimMe sTART_LOR3 TIME END /O 4 Z o sitica GeL No._ B wr. cain— €. O
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STACK AREA _(EFFECTIVE_____ N\ ¢ : - Fo _ _ Fo RANGE
STACK HEIGHT 1. . ' LEAK CHECKS: METER BOX/PUMP
STACK DIAMETER: UPSTREAM _____ DOWNSTREAM ___ : ORSAT BAG GAS SAMPLE SYSTEM
PORT SIZE__ in. NIPPLE LENGTH_________ o ORSAT ANALYZER .
U CORD LENGTH: ‘ - . ' PRE-TESTﬂE}FM_Zé"Hg posT-TeST O lRnE-Sm 1y
REMARKS: sox operaTorR N €elSpRoBE HoLDER_CAN I A-
' PYROMETER NoO. PITOT TUBE NO.
PITOT TUBE LEAK CHECK' PRETEST
POST-TEST(+) H 20 SEC
POST-TEST(-) H0 SEC
PORT AND DISTANCE CLOCK | GASMETER| STACK | METER ORIFICE STACK GAS | SAMPLE LAST DRY GAS | vacuum
TRAVERSE FROM INSIDE TIME READING |VELOCITY | PRESS. DIFF. TEMR BOX TEMP | IMPINGER | METER TEMR | ON
POINT STACK WALL (FT3) HEAD ("H0) (°F) (°F) TEMP (°F) SAMPLE
NUMBER (IN.) (°F) TRAIN
_ CALC. |ACTUAL |- ("Hg)
/028 | 899 —| ,SD | LL| L] (497 o8 | 77 | 7 2.0
33 2020 | ,¢ (] (- ( /ST ESC AN (] 77 25
(034 |g0¢59] 47 | /110« JZPY 309 ¢.3 /¥ 28
(0¢5 | P03 .61.7* e | (| e/ (S 22 | =S¥ o |25




STACK SAMPLING FIELD DATA SHEET

On:’SlalrlLlng
ngineering

2106 N.W. 67th PLACE, SUITE 4
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PAGE OF

PLANT __ ¥ WAC source ___U.Ad17 | GAINESVILLE, FLORIDA 32608  AT'L PROCESSING RATE
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PLANT __ X WA C SOURCE Uy~ J GAINESVILLE, FLORIDA ~ 32606  IAT'L PROCESSING RATE
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TYPE OF SAMPLING TRAIN f Pr-b niTiaL_7/T.2¢X 3
TYPE OF SAMPLES ~CO5 , NET [072 3
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ASSUMED MOISTURE :26) % FDA ORSAT | 2 3 AVG
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STACK HEIGHT ft. LEAK CHECKS: METER BOX/PUMP
STACK DIAMETER: UPSTREAM DOWNSTREAM ___ ORSAT BAG GAS SAMPLE SYSTEM
PORT SIZE in. NIPPLE LENGTH ORSAT ANALYZER _
U CORD LENGTH: PRE-TESTQJE@?;A_ZO_"HQ posT-TEST FFM %gﬂq
REMARKS: Box oPERATOR_MNke b prose HoLDER_CALZ0R
PYROMETER NO. PITOT TUBE NO.
PITOT TUBE LEAK CHECK® PRETEST
POST-TEST(+) H 20 SEC
POST-TEST(-) H,0 SEC
PORT AND DISTANCE cLOCK | GASMETER] STACK | METER ORIFICE STACK GAS | SAMPLE LAST DRY GAS VACUUM
TRAVERSE FROM INSIDE TIME READING |VELOCITY | PRESS. DIFF. TEMP BOX TEMP | IMPINGER | METER TEMPR OGN
POINT STACK WALL (FT3) HEAD (“H0) (°F) (°F) TEMP (°F) SAMPLE
NUMBER (IN) (°F) TRAIN
CALC. |ACTUAL ("Hg)
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PLANT LOCATION_____“-ONEZOmE MWW, GAS METER READINGS: FINALTD 42 40D 13
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TYPE OF SAMPLES L0 a. , NeT_ 1. 282 3
pate__ |1 -5 €7 RUN NO. = : IMPINGERS VOL. GAIN & LA mi.
TIME START_ MK TiMe eno__ 12 ' SILICA GEL NO._28  wT. GAIN__ G- ¢
SAMPLE TIME________min/pt__ 2O Totgl min FILTER NO.=2—__TOTAL CONDENSATE_ &8/ mi
BAR PRESS._ R RS “ng sTACK PRess .2A-¥S wng
ASSUMED MOISTURE % FDA ORSAT i 2 3 4 AVG
WEATHER TEMP_______oF % COp 34
METER BOXNO._____ AH Y % 0 J5 2
NOMOGRAPH Cy PITOT CORR. FACTOR % CO
NOZZLE CALIBRATION ' : % Ny
STACK DIMINSIONS ,
STACK AREA _(EFFECTIVE 12 : o ' Fo Fo RANGE
STACK HEIGHT 1. . LEAK CHECKS: METER BOX/PUMP
STACK DIAMETER: UPSTREAM DOWNSTREAM ___ ORSAT BAG GAS SAMPLE SYSTEM
PORT SIZE —_____In.  NIPPLE LENGTH ORSAT ANALYZER
U CORD LENGTH: PRE-TEST___CFM___ “Hg POST-TEST_CFM___"Hg
REMARKS: BOX OPERATOR PROBE HOLDER
PYROME TER NO. PITOT TUBE NO.
PITOT TUBE LEAK CHECK: PRETEST
POST-TEST(+) H o0 SEC
POST-TEST(-) H 0 SEC
PORT AND DISTANCE ctock | GAsMETER| sTack | METER ORIFICE STACK GAS | SAMPLE LAST DRY GAS | vACUUM
TRAVERSE FROM INSIDE TIME READING |VELOCITY | PRESS DIFF. TEMP 80X TEMP | MPItiGER | METER TEMR | ON
POINT STACK WALL ' (FT3) HEAD ("H0) (°F) - (°F) TEMP (°F) SAMPLE
NUMBER (IN.) (°F) TRAIN
CALC. |ACTUAL ("Hg)
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"TYPE OF SAMPLING TRAIN ePA -G NTIAL_D 42, SD0 4 3
TYPE OF SAMPLES___ 902 NeT__ L (A0 43
DATE 1-S5-B7  runno. 5/ IMPINGERS VOL. GAIN i mi.
TIME START___L#05 _ TiME END LY RS SILICA GEL NO.—3&__ _wT. AN 5 3
SAMPLE TIME_i__,mln/pt A0 Total min FILTER NO.______TOTAL CONDENSATE;Y‘LB__mI.
8aR PRESS. 29 %S *Hg sTACK PRESS. . 2-85 whg .
ASSUMED MOISTURE % FDA ORSAT i 2 3 4 AVG
WE ATHER C oA NG TEMP. oF % COp YA
METER BOXNO.__]  AH Y %o Op ey
NOMOGRAPH Cq PITOT CORR. FACTOR % CO
NOZZLE CALIBRATION : %o Np
STACK DIMINSIONS
STACK AREA: _(EFFECTIVE 113 Fo __ Fo RANGE
STACK HEIGHT 1. LEAK CHECKS: METER BOX/PUMP
STACK DIAMETER: UPSTREAM DOWNSTRE AM ___ ORSAT BAG GAS SAMPLE SYSTEM
PORT SIZE ____ in.  NIPPLE LENGTH ORSAT ANéx%éE} oy
U CORD LENGTH: PRE-TESTY —CFM_LO"Hg POST-TEST__CFM_>_"}ig
REMARKS: Box oPERATOR_AJee proBe HoLpER_CAR 7R,
PYROMETER NO. PITOT TUBE NO.
PITOT TUBE LEAK CHECK:' PRETEST
POST-TEST(+) H 20 SEC
POST-TEST(-) H0 SEC
PORT AND DISTANCE clock | GASMETER| STACK | METER ORIFICE STACK GAS | SAMPLE LAST DRY GAS VACUUM
TRAVERSE FROM INSIDE TIME READING |VELOCITY | PRESS. DIFF. TEMP BOX TEMP | IMPINGER | METER TEMR |  ON
POINT STACK WALL (FT3) HEAD ("HO) - (°F) (°F) TEMP (°F) SAMPLE
NUMBER (IN.) (°F) TRAIN
CALC. |ACTUAL ("Hg)
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STACK SAMPLING FIELD DATA SHEET ngieoiing TEST iD_
‘ PAGE OF
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PLANT _ X WC source __UAN 7 | GAINESVILLE, FLORIDA 32606 MAT'L PROCESSING RATE
PLANT LOCATION LoneSome  Manu= GAS METER READINGS: FINAL 9 b’i@n
TYPE OF SAMPLING TRAIN EPA-G INITIAL "‘ D10 ¢ 3
TYPE OF SAMPLES =XoP NET (0.F36 3
pate__ )\-5-87 ruN No.__(o IMPINGERS VOL. GAIN g7 mi.
TiMe sTART__ LY 25 1iME enp SILICA GEL No.— 7/ ___wT. GAIN ]
SAMPLE TIME_________minspt__ 2O Total min FILTER NO.______TOTAL couosusnsiim
8aR PRESS._23.¥S “lg sTACK PRess. 2T &8 ny
ASSUMED MOISTURE _3D_, ' ORSAT I 2 3 4 AVG
WE ATHER PARTLy Suawy TEMP Q0 % COp 3G
METER BOX No.| __ AH . 999 % 0, 52
NOMOGRAPH Cy PITOT CORR. FACTOR % CO
NOZZLE CALIBRATION z % Ny
STACK DIMINSIONS .
STACK AREA _(EFFECTIVE 19 Fo Fo RANGE
STACK HEIGHT T LEAK CHECKS: METER BOX/PUMP
'STACK DIAMETER: UPSTREAM DOWNSTREAM ___ ORSAT BAG GAS SAMPLE SYSTEM
PORT SIZE In.  NIPPLE LENGTH ORSAT ANALYZER_ e
U CORD LENGTH: pre-TESTE 05 m /@ "Hg POST-TEST__CFMA__"Hg
REMARKS: Box OPERATOR.ACXLX_ pROBE HoLpeR LA+ 20
PYROMETER No.—/ __pITOT TUBE NO.
PITOT TUBE LEAK CHECK: PRETEST
POST-TEST(H+) H 20 SEC
POST-TEST(~) H 20 SEC
PORT AND DISTANCE cLock | GASMETER| STACK | METER ORIFICE STACK GAS | SAMPLE LAST DRY GAS VACUUM
TRAVERSE FROM INSIDE TIME READING |VELOCITY | PRESS. DIFF. TEMP BOX TEMP | IMPINGER | METER TEMP ON
POINT STACK WALL (FT3) HEAD ("H0) (°F) (°F) TEMP (°F) SAMPLE
NUMBER (IN) . - (°F) TRAIN
CALC. |ACTUAL ("Hg)
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AIR CONSULTING AND ENGINEERING

SO2
LAB DATA
Plant Name J M & Date Analyzed //-2&%-§7
Analyzed By /1/!:"C4<_
Stack Sample No. V.T. V.T.B. N. V.Soln. V.A.
Unit ! Run! %0/3'7 0./ 0.007 Y20 | 20
Rud 2 | ¥/ o 4rd | 20
3.
PR fa.y $00 | 20
Ruw Y |3/2¢ $Y0 | 20
Run & s 700 | 20
Rud b | +81.7 Bog |29
V.T. = Volume of Barium perchlorate titrant used for sample (ml)
V.T.B. = Volume of Barium perchlorate titrant used for blank (ml)
N. = Normality of Barium perchlorate
V.Soln. = Total solution volume
V.A. = Volume of sample aliquot titrated (ml)
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MCTHOD 7C

Method 7E—Determination of Nitrogen
Oxides Emissions From Stotionary Sources
{Instrumenta! Analyzer Pracedure)

1. Applicobility and Principle

1.1 Applicability. This method is
applicable to the determination of mitrogen
oxides (NQ,) concentrations 1n emissions
from sialionary sources only when specified
within the regulations.

1.2 Principle. A gas simple is continuously
extracted from a stack. and a portian of the
sample is conveved to an instrumental
chemiluminescent analvzer for determination
of NQ, concentration. Performance
specifications and test procedures are
provided to ensure reliable data. .

2. Range ond Sensitivity )

Same as Method 8C, Sections 2.1 and 2.2

3. Definitions

3.1 Measurement System. The total
equipment required for the determination of
NQ, concentration. The measurement system
consists of the following major aubsystems:

3.1.1 Sampie interface. Gas Analyzer. and
Data Recorder. Same as Method GC. Sections
3.1.1. 3.1.2. and 3.13.

3.1.2 NO:; to NO Converter. A device that
cunverts the nitrogen dioxide [NCh) in the
sampie gas to nitrogen oxide {NQ).

32 Span. Calibration Gas. Analyzer
Calibration Error. Sampling System Bias.
Zero Drift. Calibration Drift. and Response
Time. Same as Method 8C. Sections 3.2
through 3.8. :

3.3 Interference Response. The output
response of the measurement system to a
component in the sample gas. other than the
gas component being measured.

4. Measurement System Performance
Specifications

Same as Method 6C. Sections 4.1 through
44.

S. Appamzus and Reagents

5.1 Measurement System. Any
measurement system for NO, that meets lhe
specifications of this method. A schematic of
an acceptabie measurement system is shown
in Figure 6C~1 of Method 6C. The essential
components of the measuremen: system are
described below: -

5.1.1 Sample Probe. Sample Line,
Calibration Valve Assembly. Moisture
Removal System. Particulate Filter, Sampie
Pump. Sampie Flow Rate Control. Sampie
Gas Manifoid. and Data Racorder. Same as
Method 8C, Sections 5.1.1 through 5.1.8. and
5.1.11.

5.1.2 NO: to NO Converter. That portion
of the system that converts the nitrogen
dioxide (NO:) in the sampie gas to nitrogen
oxide {NO). An NO, to NO converter is not
necessary il data are presented to
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demonstrate that the NO, portion of the
exhaust gas 18 leas than 5 percent of the total
NO, concentration.

5.1.3 NO, Analvzer. An analyzer based on
the principies of chemiluminescence, to
determine continuously the NQ,
concentration in the sample gas stream. The
analyzer shall meet the applicable
performance specificaticns of Section 4. A
means of controlling the anaiyzer flow rate
and a device for determining proper sampie
flow rate (e.g.. precision rotameter. pressure
gauge downstream of all flow controis. etc.)
shall be provided at the analyzer. .

3.2 NO, Calibration Gases. The calibration

-gases for the NO, analyzer shall be NO in Na.

Three calibration gases, as specified in
Sections 5.3.1 through 5.3.3. of Method 6C."
shall be used. Ambient air may be used for
the zero gas.

6. Measurement System Performance Test
Procedures

Perform the following procedures before
measurement of emissions {Section 7).

6.1 Calibration Gas Concentration
Verification. Foliow Section 6.1 of Method
6C. except if calibration gas analysis is
required. use Method 7, and change ali §
percent performance vaiues to 10 percent (or
10 ppm. whichever is greater).

8.2 Interference Response. Conduct an

" interference response test of the analyzer

prior to its initial use in the field. Thereafter.
recheck the measurement system if changes
are made in the instrumentation that couid
alter the interference response (e.g.. changes
in the gas detector). Conduct the interference
response in accordance with Section 5.4 of
Method 20. -

8.3 Measurement System Preparation,
Analyzer Calibration Error. and Sampie
System Bias Check. Foliow Sections 62
through 8.4 of Method 8C.

8.4 NO: to NO Conversion Efficiency.
Uniess data are presented to demonstrate
that the NO: concentration within the sample
stream is not greater than 5 percent of the
NO, concentration. conduct an NO; to NO
conversion efficiency test in accordance with
Section 5.6 of Method 20.

-.7. Emission Test Procedure

-7.1 Selection of Sampling Site and
Sampling Points. Select a measurement site
and sampling points using the same criteria
that are applicable to tests performed using
Method 7. .

EPA STATIONARY SOURCE SAMPLING METHQODS
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7.2 Sample Collection. Position the
sampling probe at the first measuremem
point. and begin sampiing at the same rate :
used during the system calibration drift 1est
Maintain constant rate sampling (i.e.. =10
percent) dunng the entire run. The sampling
time per run shall be the same as the tolal
time required to perform a run using Methoc
7. pius twice the system response time. For
each run, use only those measurements
obtained after twice the responae time of the
measurement system has elapsed, to
determine the average effluent concentratior

7.3 Zero and Calibration Drift Test. Follov
Section 7.4 of Method 6C.

8. Emission Calculation

Follow Section 8 of Method-8C.

9. Elbhogmphy

Same as bibliograpiy of Methad 6C.



METHGCD 6C

Methad 6C—Determinauon of Sulfur Dioxide
Emussions From Statronary Sources
(Instrumento/ Analyzer Proceaure/

1. Applicability and Principie.

1.1 Appiicability. This method is
applicable to the determmatian of sulfur
dioxide (SO,) concentrations in controlied
and uncontrolled emissions from statuonary
sources only when specified within !he
reguiations.

1.2 Pninaipie. A gas sammple is
continuously extracted from a s:ack. and a
portion of the sampie is conveyed 10 an
instrumental analyzer for determination of
SO, gas concentration using an ultraviolet
{UV), nondispersive infrared (NDIR}. or
fluorescence anaivzer. Performance
specifications and test procedures-are
provided 10 ensure reliabie data.

2. Range and Sensitivity.

2.1 Anglytical Range. The analytical
range is determuned by the instrumental
design. For this method. a portion of the
analviical range is selected by choosing the
span of the monitoring system: The span of
the monitoring 'system snall be seiected such
that the pollutant gas concentration )
equivalert to the emission standard is not
less than 30 percent of the span. [ at any
time during a run the measured gas
concentration-exoeeds the apan, the ruon shall
be considered invalid.

22 Sensitivity. The mimimum detectable
limit depends on the analytical range. span,
and signai-to-noise ratio.of the measurement
system. For a well deaigned system. the
minimum detectable limit mould be iess than
2 percent of the span.

3. Definitions.

3.1 Measurement Svslem. 'I'he total
equiprment required for the determination-of
gas concentration. The measurement system
consists of the following major subsystems:

3111 Sampie Interface. That portion oTa

system used for one or more of the following: ~

sample acquisition. sample transport. sample
conditioning, or protection of the analyzers
from the effects of the-stack efTluent.

3.1.2 Gas Anaiyzer. That portion of the
system that senses the gas-to be measured
and generates an output proportianal 1o its
concentration.

3.1.3 'Data Recorder. A-strip chart ~
recorder, analog computer, or digital recorder
{or recording measurement data from the
analvzer output. ] o

32 Span. The upper limit of the gas
concentration measurement range dispiayed
on the data recorder. .

33 Calibration Gas. A known
concentration of a gas in.an appmpnale
diluent gas.

3.4 Analyzer Cahbrauon F_rmr. The
difference between the gas concentration
exhibited by the gas analyzer and the known
concentration of the calibration gas when the
calibration gas is introduced.directly to the
analyzer.

3.5 Sampling System Bias. Thedxﬂ’ma
between the gas concentraunns exhibited by
the meusurement system when a known
concentration gas is introducad at the outst
of the sampling probe and when the same gas
is imroduced directly 1o the anaiyzer.
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3.8 Zero Drift. The differencean the
mesasurement system output Teading from tha
inthial calibration response atthe zero
concentration ievel after a stated penod of
operation during which no unscheduled
maintenance, repair. or adjustment took
piace.

3.7 Calibration ant. The difTerence in the
measurement system output reeding {from the
initial calibration response.at a mid-range
calibration vaiue after a stated perod of
operation dunng which no unscheduied
maintenance. repair. or adyualmem took
place.

3.8 Response Time. The -amount of time
required for the measurement sysiem to
display 95 percent-of a step change in gas
concentration on the data recorder.

3.9 Interference Check: A method for
detecting analvtical interferences and

- exceasive biases through direct comparison
of gas concentrations provided.hy the .-
measurement system and by.a modified
Method 6 procedure. For this check. the

" modified Method 8 samples are acquired.at
the sampie by-pass discharge vent.

3.10 Calibration Curve. A graph or other
systematic method of establishing the -
relationship between the analyzer response
and the actual gas concentration introduced
to the anaiyzer.

4. Measurement System Performance
Specifications. ”

4.1 Anelyzer Calibration Error. Less than-
=2 percent of the span for the zero, mid-
range, and high-range calibration gases.

4.2 Sampling System Bias. Less than =5
percent of the span for the zero. and mid- or
high-range calibration gases.

4.3 Zero Drift. Less than =3 percent of
the span over the period of each run.

4.4 Caiibration Drift. Less than =3
percent of the span over the period of each
run.

45 Interference Check. Less than =7
percent of the modified Method 6 resuit for-
each run.

5. Apparatus and Reagents.

5.1 Meaaurement System. Any
measurement system for SO, that meets the
specifications of this method. A-schematic of
an acceptable measurement system is shown
in Figure 6C-1. The essential components of
the measurement system are described
below:

5.1.1 Sample Probe. Glass, stainiess steel.
or equivalent. of sufficient length to traverse
the sampie points. The sampling probe shall
be heatsd to prevent condensation.

5.1.2 Sampie Line. Heated (sufficient to
prevent condensation) stainiess steel or
Teflon tubing. to transport the sampie gas to
the moisture removal system.

5.1.3 Sample Transport Lines. Stainless
steel or Teflon tubing, to transport the sample
from the moisture removal system to the
sample pump. sampie flow rate control. and
sample gas manifold.

5.1.4 Calibretion Valve Assembly. A
three-way valve assembly. or equivaient, for
blocking the sampie gas fiow and introducing
calibration gases to the measurement system
8! the outiet of the sampling probe when in
the calibration mode.

EPA STATIONARY SOURCE SAMPLING METHOOS
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5.1.5 Moisture Kemovul System. A
re{rigerator-type condenser or similar devict
|e.g., permeation dryver). to remove
condensate continuousiy from the sample gz
while maintaining minimal contact between
the condensate and the sumpie gas. The
moisture removel sysiem 13 not necessary {c
analyzers that can measure gas
concentrations on a wet basis: {or these
analyzers. (1) heat the sampie line and all
inlerface companents up to the iniet of the
analyzer sufficiently to prevent condensatio
and (2) determine the moisture content and
correct the measured gas concentrations 1o ¢
dry basis using appropriate methods. subjec
to the approval of the Administratar. The
determination of sample moisture conient is:
not necessary for pollutant analyzers that
measure concentrations on a wet basis whet
(1) 8 wet basis CO- analyzer operated
according to Method JA is used to obtain
simultaneous measurements. and {2) the
polliutant/CO: measurements are used to
determine emissions in units of the standard.

5.1.8 Particulate Filter. An in-stack or
heated (sufficient to prevent water
condensation} out-oi-siack filter. The filter
glass fiber mat. Additional filters at the inlet
or outiet of the moisture removal system and
inlet of the analyzer may be used to prevent
accumulation of particulate material in the
measurement system and extend the useful
life of the compaonents. All filters shall be. .
fabricated of materiais that are nonreacuve
to the gas being sampied.

5.1.7 Sample Pump. A leak-free pump. lo
pull the sample gas through the system at a
flow rate sufficient to minimize the response
time of the measurement system. The pump
may be constructed of any material that is
nonreactive to the gas being sampled. )

5.1.8 Sample Flow Rate Control. A sample
flow rate control valve and rotameter, or
eguivalent, to maintain a constant samplmg
rate within 10 percent.

{Note.—The tester may elect to install a
back-pressure regulator to meintain the -
sample gas manifold at a constant pressure in
order to protect the analyzer{s} from
overpressurization. and to minimize the need
for flow rate adjustments.)

5.1.9 Sample Gas Manifold. A sample gas
manifold. to divert a portion of the sample
Ras stream to the analyzer, and the remainder
to the by-pass discharge vent. The sample gas
manifold should also include provisions for
introducing calibration gases directly to the
analyzer. The manifoid may be constructed of
any material that is nonreactive 1o the gas
being sampied.

5.1.10 Gas Analyzer. A UV or NDIR
absorption or fluorescence analyzer, to
determine continuously the SO,
concentration in the sample gas stream. The

- anulyzer shall meet the applicable

performance specifications of Section 4. A
means of controlling the analyzer flow rate
and a device for determining proper sample
flow rate {e.g.. precision rotameter, pressure
gauge downstream of all [low controis. etc.)
shall be provided at the analyzer.

[Note.—Housing the analyzer{s) in a clean.
thermally-stable. vibration-free environment
will mimimize drift in the analyzer
calibration.)
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Method 6C—Determinauon of Sulfur Dioxide
Emissions From Stotionory Sources
[instrumental Anaiyzer Procegure}

1. Appiicabilitv and -Principle.

1.1 Appircabiirty. This method is
apphcabie to the determmanon of sulfur
dioxide {SO,) concentrations in controlled
and uncontrolied emissions from stationary
sources only wnen specified within the
regulations.

1.2 Pninciple. A gas sanmie is
continuousiy extracted from a stack. and a
portion of the sample is conveyed 10 an
instrumental anaiyzer for determination of
SO, gas concentration using an uitraviolet
(UV), nondispersive infrered (NDIR]. or
{luorescence anaiveer. Performance
specifications and test procedures are
provided to ensure reliable data.

2. Range and Sensitivity.

2.1 Anslvtical Range. The snalytical
range is determined by the instrumental
design. For this method. a portion of the
anaivtical range is seiected by choosing the'
span of the monitoring system. The span of
the monitoring'system snall be seiected such
that the pollutant gas concentration )
equivalemt 10 the emission standard is not
less than 30 percent of the span. [T at any
time during a run the measured gas
concentration-exceeds the span, the run shall
be considered invaiid.

22 Sensitivity. The minimum detectable -
limit depends on the analytical range. span.
and signal-to-noise ratio.of the measurement
system. For a well dedigned system. the
minimum detectabie Limit would be iess than
2 percent of the span.

3. Definitions.

3.1 Measurememt Svstem. The ‘total
equiprment required for the determination-of
gas concentration. The measurement system
consists of the following major subsystems:

3.11 Sample interiace. That portion ¢fa

system used for one or more of the following: -

sample acquisition. sampie transport. sampie
conditioning. or protection of the anajyzers
from the effects of the-stack effiuent.

3.1.2 Gas Analyzer. That portion of the
system that'senses the gasto bemeasured
and generstes an output proportianal toits
concentration.

3.1.3 'Data Recorder. A-strip chart
recorder, analog computer, ar digital recarder
for recording measurement data from the
analyzer output. ] )

3.2 Span. The upper limit of the gas
concentration measurement range displayed
on the data recorder., .

3.3 Calibration Cas. Aknowu
concentration of a gas in.an nppmpnate
diluent gas.

3.4 Analyzer Calibration Exmr. The
difference between the gas congentration
exhibited by the gas analyzer and the known
concentrstion of the calibration gas when the
calibration gas is introducad .directly 10 zhe
apalyzer.

35 Sampling System Bias. Thodxﬂ'me'
between the gas concentrations exhibited by
the medsurement systam when a known
concentration gas is introduced at the outiet
of the sampling probe and when the same gss
is imroduced directly 10 the analyzer,
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3.8 Zero Drifl. The differencein the
measurement syslem output Teading irom the
initial calibration response atthe zero
concentration level after a stated penod of
operaton during which no unschaduled
maintenance. repair, or adjustment took
place.

1.7 Calibration ant. The difTerence in the
measurement system output reading from the
inttial calibration response.at a mid-range
calibration value after s stated perod of
operstion during which no unscheduied
matntenance. repair, or ‘adjustment took
place.

3.8 Response Time. The amount of time
required for the measurement system to
display 95 percent of a step change in gas
concentration on the data recorder.

1.9 Interference Check: A method for
detecting analytical interferences.and

- excessive biases through direct comparison.
of gas concentrations provided.hy the
measurement system and by.a modified
Method 8 procedure. For this check. the

" modified Method 8 samples are acquired at
the sample by-pass discharge vent.

-3.10 Calibration Curve. A graph or other
systematic method of establishing the -
relationship between the analyzer response
and the actual gas concentration introduced
to the anaiyzer.

4. Measurement System Pedonnance
pec:ﬂcauons. ”
41 ' Analyzer Calibration Error. Less than

=2 percent of the span for the zero. mid-
range. and high-range calibration gases.

42 Sampling System Bias. Less than =5
percent of the span for the zero. and mid- or
high-range calibration gases.

43 Zero Drift. Leas than =3 percent of
the span over the period of each run.

4.4 Calibration Drift. Less than =3
percent of the span over the period of each
run.

4.5 Interference Check. Less than =7
percent of the modified Method & result for-
each run.

5. Apparatus and Reagents.

5.1 Measurement System. Any
measurement system for SO, that meets the
specifications of this method. A schematic of
an acceptabie measurement system is shown
in Figure 6C~1. The essential components of
the measurement system are described
below:.

5.1.1 Sample Probe. Gluss. stainless steel,
or equivalent. of sufficient length to traverse
the sample points. The sampling probe shall
be heated to prevent condensation.

5.1.2 Sample Line. Heated {sufficient to
prevent condensation) stainless steel or
Teflon tubing. to transport the sample gas to
the moisture removal system.

5.1.3 Sample Transport Lines. Stainless
steel or Teflon tubing. to transport the sampie
from the moisture removal system to the
sample pump, sampie flow rate control. and
sampie gas manifoid.

5.1.4 Calibration Valve Assembly. A
three-way valve assembiy, or equivalent. for
blocking the sampie gas flow and introducing
calibration gases to the measurement system
at the outiet of the sampling probe when in
the calibration mode.

EPA STATIONARY SOURCE SAMPLING METHODS
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5.1.5 Moisture Removal System. A
refrigerator-type condenser or simiiar devici
{e.g.. permeation dryer|, to remove
condensate continuousiy from the sampie g
while maintaiming mimimal conlact between
the condensate and the sampie gas. The
moisture removal system 1s not necessary fo
analyzers that can measure gas
concentrations on a8 wet basis: for these
analyzers, (1) heat the sampie Line and all
interface components up to the iniet of the
analyzer sufficiently to prevent condensatio
and {2) determine the moisture content and
correct the measured gas concentrations to &
drv basis using appropriate methods. subjec
to the approval of the Administrator. The
determination of sampie moisture content is-
nol necessary for pollutant analyzers that
measure concentrations on a wet basis wher
(1) a wet basis CO- analyzer operated
according to Method JA is used to obtain
simultaneous measurements, and (2) the
pollutant/CO- measurements are used to
determine emissions in units of the standard.

5.1.6 Particulate Filter. An in-stack or
heated (sufficient to prevent water
condensation) out-of-stack filter. The filter
glass fiber mat. Additional filters at the iniet
or outlet of the moisture removal system and
iniet of the analyzer may be used to prevent
accumulation of particulate material in the
measurement system and extend the useful
life of the components. All filters shall be. .
fabricated of materiais that are nonreactive
10 the gas being sampied.

5.1.7 Sampie Pump. A leak-free pump, to
pull the sampie gas through the system at a
flow rate sufficient to minimize the response
time of the measurement system. The pump
may be constructed of any material that is
nenreactive to the gas being sampied.

5.1.8 Sample Flow Rate Control. A sample
flow rate control valve and rotameter. or

equivalent, to maintain a consumt sampling
rate within 10 percent.

{Note.—The tester may elect to install &
back-pressure regulator to maintain the -
sampie gas manifold at a constant pressure in
order to protect the analyzer{s) from
overpressurization. and to minimize the need
for flow rate adjustments.)

5.1.8 Sample Gas Muanifoid. A sample gas
manifold. to divert a portion of the sample’
Ras stream to the analyzer, and the remainder
to the by-paas discharge vent. The sample gas
manifoid shouid aiso inciude provisions for
introducing calibration gases directly to the
analyzer. The manifold may be constructed of
any matenal that is nonreactive to the gas
being sampled.

5.1.10 Gas Analyzer. A UV or NDIR
absorption or fluorescence analyzer. to
determine continuously the SOq
concentration in the sample gas stream. The
analyzer shall meet the applicable
performance specifications of Section 4. A
means of controjling the anualyzer flow rate
and a device for determining proper sampie
flow rate {e.g.. precision rotameter, pressure
gauge downstream of all flow controis. etc.)
shall be provided at the analyzer.

{Note.—Housing the analyzer{s) in a clean.
thermally-stable. vibration-free environment
will mimumize drift in the analyzer
calibration.)
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5.1.11 Dauta Recorder. A strip chart
recorder, anuiog compuier. or digitai
recorder, {or recording measurement dala.
The daa recorder resoiution (i.e.. readability)
shall be 0.5 percent of span. Alternatively. a
digital or analog meter having a resolution of
0.5 percent of span may be used to obtain the
analyzer responses and the readings may be
recorded manuaily. If this aliernative is used.
the readings shall be obtained at equally
spaced intervais over the duration of the
sampling run. For sampling run durations of
less than 1 hour, measurements at 1-minute
intervals or a mimmum ol 30 measurements.
whichever is iess restrictive. shall be
obtained. For sampling run durations greater
than 1 hour. meassurements at 2-minuite
intervais or 8 minimum of 96 measurements.
whichever is less restrictive, shall be
obtained. ... | . :

5.2° Method 6 Apparatus and-Reagents.
The apparatus and reagents described in
Method 6. and shown by the schematic of the
sampling train in Figure 8C-2. 10.conduct the
interference check

5.3 SO- Calibration Gases. The
calibration gases for the gas analyzer shall be
SO» in N7 or SOs in air, Alternatively, SO,/ -
COh. SO3/04. or S0:/C02/On gas mixtures in
N, may be used. For ﬂuomcence-bnaed,
analyzers, the O, and COz concentrations of
the calibration gases as introduced to the
analyzer shall be within 1 percent (absoiute)
0O: and 1 percent |absolute) CO: of the O; and
Co» concentrations of the effluent samples as
introduced to the analyzer. Alternatively. for
fluorescence-based analyzers. use calibration
blends of SO: in air and the nomographs
provided by the vendor to determine the
quenching correction factor {the effluent O,
and CO, concentrationg must be known). Use
three calibration gases as specified below:

" 531 High-Range Gas. Concentration
equivalent 10 80 to 90 percent of the span.

5.3.2 Mid-Range Gas, Concentration
equivalent to 50 Lo 60 percent of the span.

5.3.3 Zero Gas. Concentration of less thun ..-

0.25 percent of the span. Purified ambient air
may be used for the zero gas by passing air

_through a charcoal filter. or through one or

more impingers containing a solution of 3
percent H.Oy. - )

6. Measurement System Performance Test
Procedures.

" Perform the following procedures before
measurement of emissions {Section 7).

6.1 Calibration Gas Concentration
Verification. There are two aiternatives for
establishing the concentrations of calibration
gases. Aitemative Number 1 is prelerred,

68.1.1 Alternative Number 1~Use of
calibration gases that are analyzed following
the Environmenta) Protection Agency
Traceability Protocol Number 1 {see Citation
1 in the Bibliography). Obtain a certification
from the gas manufacturer that Protocol
Number 1 was foliowed.

6.1.2 Alternative Number 2—Use of
calibration gases not prepared according to
Protocol Number 1. If this altemative is
chosen. obtain gas mixtures with a
manufacturer's tolerance not to exceed =2
percent of the tag value. Within 6 months
before the emission tesi. anaiyze each of the
calibration gases in tnplicate using Method 6.
Citation 2 in the Bibliography describes
procedures and technigues thal may be used
for this anulysis. Record the resuits on a duta
sheel (example is shown in Figure 6C-3).

z RULZS AND
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Each of the individual SO: anulvtical resuits
for each calibration gas snull be within 5
percent [or 5 ppm. whichever is greater) of
the triplicate set average: otherwise. discard
the entire set, and repeat the triphcate
anaiyses. Il the average of the triphicate
analyses i1s within S percent of the calibrution
rus manufacturer's cylinder tag value. use the
tug value: otherwige, conduct at leas! three
additianal analyses unuli the resulits of six
consecutive runs sgree with 5 percent (or §
ppm. whichever is greater) of their averuge.
Then use this sverage for the cylinder vujue.

6.2 Measurement System Preparation.
Assemble the measurement system by.
following the manufacturer's written
instructions for preparing and
preconditioning the gas anaiyzer.and. as
applicable. the other system components,
Introduce the calibration gases in any
sequence. and make all necessary
sdjusiments to calibrate the analyzer and the
data recorger. Adjust system components to
achieve correct sampling rates.

8.3 Anaivzer Calibration Error. Canduct
the analyzer calibration error check by
introducing calibration gases.to the
Measurement system at any point upstream
of the gas analvzer as follows:

6.3.1 After the measurement system has
been prepared for use, introduce the zero,
mid-range. and high-range gases (o the
analyzer. During this check. make no
sdjustments to the system except those
necessary to achieve the correct calibration
gas {low rate at the analyzer. Record the
analyzer responses to each calibration gas on
a form similar to Figure 6C—4.

Note.—A calibration curve established
prior to the analyzer calibration error check
may be used to convert the analyzer response
10 the equivalent gas concentration
introduced to the analyzer. However. the
same correction procedure shall be used for
all effiuent and calibration measurements
obtained during the test.

6.3.2 The analyzer calibration error check
shall be considered invalid if the gas
concentration displayed by the analyzer
exceeds =2 percent of the span for any of the
calibration gases. If an invalid calibration is
exhibited, take corrective action. and repeat
the analyzer calibration error check until
acceptable performance is achieved.

6.4 Sampling System Bias Check. Periorm
the sampling system bias check by
introducing calibration gases at the
calibration valve installed at the outlet of the
sampling probe. A zero gas and either the
mid-range or high-range gas. whichever most
closely approximates the effiuent
concentrations. shall be used for this check
as follows: .

8.4.1 Introduce the upscale calibration
gas. and record \he gas concentration
displayed by the anaiyzer on a form similar
to Figure 6C~8. Then introduce zero gas. and
record the gas concentration displayed by the
snaivzer. Dunng the sampling system bias
check. operate the sysiem at the normal
sampling rate, and make no adjustments to
the measurement system other than those
necegsary 1o achieve proper calibration gas
flow rates at the analyzer. Allemately
introduce the zero and upscaie gases until a
stable response is achieved. The tester shall
determine the measurement system response

time by observing the times required 10
achieve a s1able response {or both the zero

R I 1 Y34

and upscale gases. Note the longer of the two
umes ax< the response time.

64.2 The sampling svstem bias check
shall be considered invalid if the difference
between the gas concentrations displaved by
the measurement system ior the analvzer
calibration error check and for the sampiing
system bias check exceeds =$ perceni of the
span for either the zero or upscaie calibration
gas. [f aninvaiid calibration 1s exhibited.
lake corrective action. and repeat the
sampling system bias check until acceptable
performance is achieved. If adiustment to the
anaivzer is required. first repeat the analyzer
calibration error check. then repeat the
sampling svsiem bias check.

7. Eaussion Test Procegure.

7.1 Seiection of Sampling Site and
Sampling Points. Select a measurement site
and sampiing points using the same criteria
that are applicable to Method 6.

7.2 Interference Check Preparation. For
each individual analyzer. conduct an
interference check for at least three runs
during the initial field test on a particular
source category. Retain the results. and
report them with each test performed on that
source category.

If an interference check is being performed,
assemble the modified Method € train (flow
control vaive, two midget impingers
containing 3 percent H:04, and dry gas meter)
as shown in Figure 8C~2. Install the sampling
train to obtain a sampie at the measurement
system sampie by-pass discharge vent.
Record the initial dry gas meter reading.

7.3 Sample Collection. Position the
sampling praobe at the first measurement
point. and begin sampiing at the same rate as
used during the sampling system bias check.
Maintain constant rate sampling (i.e.. =10
percent} during the entire run. The sampiing
time per run shall be the same as for Method
6 plus twice the system response time. For
each run. use only thase measurements
obtained after twice response time of the
measurement system has elapsed. to .
determine the average effluent concentration.
If an interference check is being performed,
open the flow controi valve on the modified
Method 8 train concurrent with the initiation
of the sampling period. and adjust the flow ta
1 liter per minute (=10 percent).

(Note.—If a pump is not used in the .
modified Method 8 train. caution should be
exercised in adjusting the flow rate since
overpressurization of the impingers may
cause leakage in the impinger train. resuiting
in positively biased resuits).

- 7.4 Zéro and Calibration Drift Tests.
Immediately preceding and following each
run, or if adjustments are necessary for the
measurement system during the run, repeat
the sampling system bias check procedure
described in Section 8.4 (Make no
adjustments to the measurement sysiem until
after the drift checks are completed.) Record
and analyzer's reaponses on a form mimilar to
Figure 6C-5. .o

7.4.1 If either the zero or upscaie
calibration vaiue exceeds the sampling
svsiem bias specification. then the run is
considered invalid. Repeat both the analyzer
calibration error check procedure {Section
6.3} and the sampling sysiem bias check
procedure {Section 4.4) before repeating the
run.

EPA STATIONARY SOURCE SAMPLING METHQDS
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5.1.11 Data Recorder. A stnp chart
recorder, analog computer, or dignal
recoraer, for recording measurement data.
The data recorder resolution (i.e.. readability)
shall be 0.5 percent of span. Alternatively. 8
digiai or analog meter having a resoiution of
0.5 percent of span may be used to obtain the
analyzer responses and the readings may be
recorded manually. [f this alternative 13 used.
the readings shall be oblained at eoually
spaced intervals over the duration of the
sampiing run. For sampling run durations of
less than 1 hour. measurements at 1-minule
intervals or a minimum of 30 measurements,
whichever is less restrictive, shall be
obtained. For sampling run durations greater
than 1 hour. measurements at 2-minule
intervals or a minimum of 86 measurements.
whichever is less resirictive, shall be
oblained.

52* Method Apparatus and. Rengems
The apparatus and reagents described in
Method 6. and shown by the schematic of the
sampling train in Figure 6C-2. to.conduct the
interierence check.

5.3 SO- Calibration Gases. The
calibration guses for the gas analyzer shali be
SO in N or SOq in air. Alternatively. SO,/ -
CO,. SO3/0Q4. or SO/ CO2/O4 gas mixtures in
N; may be used. For fluorescence-based,
analyzers. the O: and CO: concentrations of
the calibration gases as introduced to the
analyzer shall be within 1 percent {absolute)
O, and 1 percent {absoiute) CO: of the O; and
Coz concentrations of the effluent samples as
introduced to the analyzer. Alternatively, for
fluorescence-based analyzers, use calibration
blends of SO in air and the nomographs
provided by the vendor to determine the
quenching correction factor {the effiuent O.
and CO; concentrationg must be known). Use
three calibration gases as specified below:

5.3.1 High-Range Gas. Concentration
equivalent to 80 to 80 percent of the span.

5.3.2 Mid-Range Gas. Concentration
equivalent to 50 to 60 percent of the span.

53.3 Zero Gas. Concentration of less than
0.25 percent of the span. Purified ambient air
may be used for the zero gas by passing air
through a charcoal filter. or through one or

' more impingers containing a solutlon of 3

percent H:O0s.

8. Measurement System Performance Test
Procedures.

" Perform the following procedures before
measurement of emissions {Section 7].

6.1 Calibration Gas Concentration
Verification. There are two aiternatives for’
establishing the concentrations of calibration
gases. Alternative Number 1 is preferred.

6.1.1 Alternative Number 1—Use of
calibration gases that are analyzed following
the Environmental Protection Agency
Traceability Protocol Number 1 (see Citation
1 in the Bibliography). Obtain a certification
from the gas manufacturer that Protocol
Number 1 was [oliowed.

6.1.2 Altermnative Number 2—Use of
calibration gases not prepared according to
Protocol Number 1. If this alternative is
chosen. obtain gas mixtures with a
manufacturer's tolerance not to exceed =2
percent af the tag value. Within 8 months
before the emission test. anaiyze each of the
calibration gases in tnplicate using Method 8.
Ciiation 2 in the Bibliography describes
procedures and techniques that may be used
for this anualysis. Record the resuits on a duta
sheet (exampie is shown in Figure 6C-3).

RULZS
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Each of the individual SO: anuivucal results
for each calibration gas shail be within §
percent (or S ppm. whichever is gresgler) of
the tniplicate set average: otherwise. discard
the entire set, and repeat the triphcate
anaiyses. Il the sverage of the triplicate
anatvses is within 5 percent of the calibranion
gas manufacturer’s cyilinder tag vaiue. use the
tug value: otherwise. conduct at least three
additional analyses until the results of six
consecutive runs agree with 5 percent [or 5
ppm. whichever 13 greater) of their average.
Then use this average for the cylinder value.

6.2 Measurement System Preparation.
Assemble the measurement system by.
following the manufacturer's written
instructions for prepanng and
preconditioning the gas analyzer.and. as
applicable. the other system components.
Introduce the calibration gases in any
seguence. and make all necessary
adjustments to calibrate the analyzer and the
data recorder. Adjust system components 0
achieve correct sampling rates.

8.3 Analyzer Calibration Error. Conduct
the analyzer calibration error check by
introducing calibration gases to the
measurement system at any point upstream
of the gas analvzer as {ollows:

6.3.1 After the measurement system has
been prepared for use, introduce the zero,
mid-range, and high-range gases to the
analyzer. During this check. make no
adjustments to the system except those
necessary to achieve the correct calibration
gas flow rate at the analyzer. Record the

- analyzer responses to each calibration gas on

a form similar 10 Figure 6C—4.

Note.—~A calibration curve established
prior to the analyzer calibration error check
may be used to convert the analyzer response
to the equivaient gas concentration
introduced to the analyzer. However. the
same correction procedure shall be used for
all effiuent and calibration measurements
obtained during the test.

6.3.2 The analyzer calibration error check
shall be considered invalid if the gas
concentration displayed by the analvzer
exceeds =2 percent of the span for any of the
calibration gases. If an invalid calibration is
exhibited. take corrective action. and repeat
the analyzer calibration error check until
acceptable performance is achieved.

8.4 Sampling System Bias Check. Perform
the sampling system bias check by
introducing calibration gases at the
calibration valve instalied at the outlet of the
sampling probe. A zero gas and either the
mid-range or high-range gas. whichever most
closely approximates the effluent
concentrations, shall be used for this check
as follows:

6.4.1 Introduce the upacale calibration
gas. and record the gas concentration
displayed by the analyzer on a form similar
to Figure 8C-8. Then introduce zero gas. and
record the gas concentration displayed by the
analyzer. During the sampling system bias
check. operate the system at the normal
sampling rate. and make no adjustmentsto
the measurement system other than those
necessary to achieve proper calibration gas
flow rales at the analvzer. Aliemnately
introduce the zero and upscale gases until a
stable response is achieved. The tester shall
determine the measurement system response

time by observing the imes required to
achieve a siabie response lor both the zero

REEL B

and upscale gases. Note the longer of the two
times as the response hime.

6.4.2 The sampling svsiem bias check
shall be considered invahd if the difierence
between the gas concentrations displaved by
the measurement svslem {or the anaivzer
calibration error check and for the sampling
svstem bias check exceeds =5 percent of the
span for etther the zero or upscale calibration
qas. I{ aninvalid calibration 1s exhibied.
ltake corrective acuon, and repeat the
sampling system bias check until acceptable
performance is achieved. If adjustment 1o the
analvzer is required. first repeat the analyzer
calibration error check. then repeat the
sampling svsiem bias check.

7. Enussion Test Procedure.

7.1 Selection of Sampling Site and
Sampling Points. Select a measurement site
and sampling points using the same criteria
that are applicabie to Method 6.

7.2 Interference Check Preparation. For
each individual analyzer. conduct an
interference check for at least three runs
during the initial field test on a particuiar
source category. Retain the resuits. and
report them with each test performed on that
source category.

If an interierence check is being performed,
assemble the modified Method 8 train ({low
control vaive, two midget impingers
containing 3 percent H:O». and dry gas meter)
as shown in Figure 8C-2. Install the sampling
train to obtain a sample at the measurement
system sampie by-pass discharge vent.
Record the initial dry gas meter reading.

7.3 Sample Collection. Position the
sampling probe at the first measurement
point, and begin sampling at the same rate as
used during the sampling system bias check.
Maintain constant rate sampling {i.e.. =10
percent) during the entire run. The sampling

time per run shull be the same as for Method -

B plus twice the system response time. For
each run. use only those measurements
obtained after twice response time of the
measurement system has elapsed. to .
determine the average effluent concentration.
If an interference check is being performed,
open the flow control vaive on the modified
Method 8 train concurrent with the initiation
of the sampling period. and adjust the flow to
1 liter per minute (=10 percent).

(Note.—If a pump is not used in the .
modified Method 6 train. caution should be
exercised in adjusting the flow rate since
overpressurization of the impingers may
cause jeakage in the impinger train. resulting
in positively biased results).

- 7.4 Zeéro and Calibration Drift Tests.
immediately preceding and following each
run, or if adjustments are necessary for the
measurement system during the run. repeat
the sampling svstem bias check procedure
described in Section 8.4 [Make no
adjustments to the measurement system until
after the drift checks are completed.) Record
and analyzer's responses on a form mmlar to
Figure 6C~5.

7.4.1 If either the zero or upscnle
calibration value exceeds the sampling
svstem bias specification. then the run is
considered invalid. Repesat both the analyzer
calibration error check procedure {Section
8.1} and the sampling system bias check
procedure (Section 6.4 before repeating the
run.

EPA STATIONARY SOURCE SAMPLING METHOODS
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_after the run, repeat both the analvzer

METHOD 6C

7.4.2 It both the zero and upscule
calibration values are within the sampling
system bias specilication. then use the
average of the initial and [inal bias check
values to calculate the gas concentraton for
the run. If the zero or upscale calibration drift
value exceeds the drift limits. based on the
dillerence between the sampling svstem bias
check responses immediateiy before and

calibration error check procedure (Section
6.3] and the sampling svsiem bias check
procedure (Section 6.4) before conducting
additional runs,

7.5 Interference Check [il performed).
After compieting the run, record the final dry
gas meter reading, meter temperature. and
barometric pressure. Recover and analyze the
contents of the midget impingers. and -
determine the SO: gas concentration using
the procedures of Method 6. {1t is not
necessary to analyze EPA performance audit
samples [or Method 6. Determine the
average gas concentration exhibited by the
anaiyzer for the run. If the gas concentrations
provided by the snalyzer and the modified
Method 6 differ by more than 7 percent of the
modified Method 6 resuit. the run is
invalidated. ’

8. Emission Calculation.

The average gas effluent concentration is
determined from the average gas .
concentration displayed by the gas analyzer.
and is adjusted for the zero and upscaie
sampling system bias checks. as determined
in accordance with Section 7.4. The average
gas concentration displaved by the anaivzer
may be determined by integration of the area
under the curve for chart recorders. or by
averaging all of the effluent measurements.
Alternatively, the average.may be caiculated
from measurements recorded at equally =~
spaced intervals over the entire duration of
the run. For sampling run durations of less
than 1 hour. measurements at 1-minute
tntervais or a minimum of 30 measurements.
whichever is less restrictive. shall be used.
For sampling run durations greater than 1
hour, measurements at 2-minute intervais or
8 minimum of 88 measurements. whichever is
less restrictive. shall be used. Calculate the
effluent gas concentration using Equation 6C~
1. .

Cni

Cm=(C-C) ——
Cu-Co

Eg. 6C-1

. where:

C,.. = Effluent gas concentration. dry basis. -
ppm. : ’

€ = Average gas concentration indicated by -
gas analyzer, dry basis. ppm. *

C, = Average of initial and final system -
calibration bias check responses for the
zero gas. ppm. _ o

Cw = Average of initial and {inal svstem
calibration bias check responses for the
upscale calibration gas. ppm.

Ca. ™ Actual concentration of the upscale
calibration gas. ppm.
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procedure {Section 6.4) before conducting
additional runs,
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After completing the run. record the final dry STack ‘““"“wm -
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average gas concentration exhibited by the
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gas concentration displayed by the analyzer ) -

may be determined by integration of the area o v

under the curve for chart recorders. or by

averaging all of the effluent measurements. 'fg';é
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spaced intervals over the entire duration of

the run. For sampling run durations of less

than 1 hour. measurements at 1-minute

intervais or a minimum of 30 measurements,

whichever is less restrictive, shall be used.

For sampling run durations greater than 1 22 M,
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a minimum of 86 measurements. whichever is

less restrictive. shall be used. Calculate the

effluent gas concentration using Eguation 86C~
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Cn-"(c - Cn)
Eg. 6C~1
. where: ) .
C... = Effluent gas concentration. dry basis, -

ppm.

C = Average gas concentration indicated by -
gas analyzer, dry basis. ppm. -

C, = Average of initial and final system -
calibration bias check responses for the
zero gas. ppm. Co

Ca = Average of initial and final system
culibration bias check responses for the
upscale calibration gas. ppm.

C.. = Actual concentration of the upscale
calibration gas. ppm.

EPA STATIONARY SOURCE 3SAMPLING METHODS
Page 0C-2 REV 2 7/88



METHOD 6C

Date

Analyuc method used

FIGURE 6C~3. —ANALYSIS OF CALIBRATION
GASES

RULES AND REGULATIONS/JUNE

Date:

Anaivzer calibration data

for sampling runs:

Span:

FIGURE 6C—4.—~ANALYZER CALIBRATION DATA

i Gas concentranon (mocate AnaivTer
unns) Conras Abeo- Ovtter.
l Zero ® [y hor e B '™ once
| “om° range* . rarge’ VORE | L rme | OO | (Dercemt
(noecate once ot soan)

Samole run: unta)

1

2 : 2010 gas

3 Mws-range gas

Averag Hgn-range gas
A DOros p .

¢ Average must be less han 0.25 peroem Of 308N, H 3 inne

+ Avervon sl ba 50 10 60 porcent of Source |dennﬁr.:anon.

 Average must be 80 10 90 percent o1 s0en. Ees‘ personnei:

ate:
Source identification: Run number:
Test personnel: Span:
Inbs) vaises | Final veuss
Anawzer r
caworabon Svstem ,m“cu — o soen)
respONSe CauDIRhoON
(percent of | System cal.
response soan) beas Drift
Zero oas.
A O&S.
]
. . System Cal. Response - Analyzer Cal. Response
- System Calibration Bias = yz8 P x 100
Final System Cal. Response ~Initial System Cal. Response 100
- x

Drift =-

Span

Figure 8C~5. System calibration bias and drift

data.
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METHOD 6C

Date

Analytic method used

FIGURE 6C-3.~ANALYSIS OF CALIBRATION

RULES AND REGULATIONS/JUNE

Date:
Anaivzer calibration data
for sampling runs:
Span:

Gases FIGURE 6C~4. —ANALYZER CALIBRATION DATA
Gas concennanon (nocete
uns) Ananre
“'m“” ADSO- | Ditter.
Zero® Mg+ roon- Cytenoer el N once
range® | range vene omer. | (Dercent
noxcale | OO | ©F s0en)
Samoie runc units)
1
2 2ev0 gas
3 Mrange gas
0 Hgh-range gas
* Aversge musi be less taen 0.29 percem of soen. i H ion*
* Avoraon must b8 50 10 60 sy _?_ource xdennﬁlt.:auon.
* Aversge must be 80 10 90 percent Ot soan. De“ personnet:
ate:
Source identification: Run number:
Test personnei: Span:
Inchal vaiues Final vasues
Ananzer S e of spen)
Cardrauon Svstem 7" eas huated
resoonse caworsvon
response w1:'n°‘ S”ﬁ:;°“ Oritt
2ero gas.
1 Oas.

System Cal. Response - Analyzer Cal. Response

x 100

- System Calibration Bias =

Span

Final System Cal. Response - Initial System Cal. Response

x 100

Drift =

Span

Figure 8C-5. System calibration bias and drift

data.
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APPENDIX D

NO3 STRIP CHART RECORDS
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C.E.M.

APPENDIX E

DATA REDUCTIONS



EMISSION SUMMARY

FACILITY:___ A we - Lowesowe, WAWE,

SOURCE: Ut |
DATE: n-S$-X9 paGE__| oF_Z
TIME ' MAXIMUM MINIMUM AVERAGE
108~ 102Y - 71 73
102 % — /03D H 71 ¢ \
(030 — /93 L | 70 72 7Y /
/036 ~ 092 7 ¢ 7y 74 ‘
s ~s048 | v g4 72 |
1049 — /05% 7. 72 73 Y
/22« — 423D 75 €2 3 |
/230 ~ 2 3L 3S %) x|
1236 — 129D 43 ¢ \ g2 |
ava — (2L g2 gL v2_/
1304 —1310 peEN g0 | AN
1210 — 131l & 32| | 3.0 L/
21b— {322 | 5| g0 | 3 /\
1322 —-1328 g\ 50 ' - R/ [
A328 — 133Y¢ 73 S| Y2
123 —(2+0 3 31 92
1340 ~ (34, §3 < | ¥ 2 /
{340 - 1352 24 2 83
\355- (3SR A 73 §3 \
E S+ 3 <3 YA /




IS MINUTE SUMMARY

TIME MA XIMUM MINIMUM AVERI GE
1449 - 1428 bl 1% gL
M85 = 145§ ¥2 ¥ 0 1|
43 (- 1437 91 9 ol }
(437 - 1443 33 T | Y2

(443 = (449 T~ A v \\
[ 4%q - 4G | 82 g | ?L/
194 SE — 1S 33 Y2 72 |
\SD¢ —150Q <A g\ X | \
1S6T - 152 7~ gl 52 \
1S - '$19 T2 T 2 J

33




APPENDIX ¥

QUALITY ASSURANCE DATA



C.E.M. CALTBRATION ERROR



?

PLANT: IMC

' CONTINUOUS MONITOR ACCURACY CERTIFICATION

LOCATION: Lonesome Mine

SOURCE ID: Unit 1

DATE: November 3.

1987

NO.--Run 1
Calibration Gas Monitor Value Difference % Span
ppm ppm
ZERO 0.00 0.00 0.00
50.75 NO/Np 51.25 +0.50 +0.50
86.2 NO/N» 86.20 0.00 0.00
50.75 BIAS CHECK 50:50 -0.25 ~-0.25
NO.--Run 2
Calibration Gas Monitor Value Difference s Span
' ppm - ppm
ZERO 0..00 0.00 0.00
.50.75 NO/Ng 50.75 0.00 0.00
86.2 NO/N, 86.20 0.00 0.00
86.2 BIAS CHECK 86.20 0.00 0.00
NO.--Run 3
Calibration Gas Monitor Value Difference Span
ppm ppm -
ZERO 0.00 0.00 0.00
86.2 NO/N, 86.20 86.20 0.00
50.75 NO/Ng 50.00 0.75 0.75
86.2 BIAS CHECK 85.80 0.40 0.40




ZERO AND SPAN DRIFTS



" PLANT:

LOCATION:

SOURCE ID:

DATE:

GAS ID:

Lonesome Mine
Unit 1
November 5.

50.75 NO,..

86.2 NO,.

CONTINUOUS MONITOR DRIFT CERTIFICATION

Run
Number

Time

Span Drift

Initial

Final

1100

1406

1522

50.75
50.75

86.20

86.20 .

50.75

52.75

87.00

86.00

Zero Drift




NO

NOn=
CONVERTER CHECK
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NOxw INTERFERENCE




BEST AVAILABLE COPY

l ' Inceference Response

‘~ocedure: Introduce the gaseous components inco the measurement system.

Icorﬁ. the inteference response.

‘ 'ecgfication: Inteference £ 2 percent of spam. o

-

iwww 18, 1980, Thermo Electrom, Ize. T
sas Tvoe  .pom . Apalyrer Respomse | Percent of Spam <.
'
500 . <lppm <1z |
: oz . lem lz o b
20.52 ) <.l ppm ' <1z

EE EE BN BN BN AE BN Ep Ey o Ew




AALYZER TYPE

TEST GAS TYPE

Oy ,

| BEST AVAILABLE COPY
/O KAE 0-28n  BERIAL NO. _ (O /) [Ci— () U3 = £

E L ANALYZER -

CONCENTRATION PPH 'QUTPUT RESPONSE } OF SPAN
\‘7':"0()‘ —4 ./ /’/;;'H:; <. /%
c,-?.:.a /I | <./ /?*".'"'/' <Y

' /ay’/ <4 )Yy < 1L

M 4 —



CALIBRATION GAS
CERTIFICATIONS



Scott Specialty Gases

PLUMSTEADVILLE, PA. 18949

PHONE: (215) 766-8861 TWX: 510-665-9344

Date: 3=27-87
AIR CONSULTING AND ENGINEERING Our Project No.: _338458
ATTN: STEVE NECK
2106 NW 67TH PLACE Your P.O. No.: 87102
SUITE &4

GAINESVILLE, FL 32606

Gentlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as
reported by our laboratory, are listed below. Results are in voiume percent, unless otherwise indicated.

ANALYTICAL REPORT

-Analytical

Cyl. No. AAL-1988  Accuracy__1Z
Component Concentration

W—lm

_NITROGEN BALANCE
NBS TRACEABLE

Analytical
Cyl. No. AAL-2618 Accuracy £1Z
Component Concentration

NITRIC OXTNE 36 17 PpM

NITROGEN BALANCE

NBS TRACEABLE

%AZ %4«/\

Analyst ;
Y t//“JUH.N SANSON

Analytical
Cyl. No. AAY.-771 Accuracy_____ 1%
Component Concentration
CARBON MONOXTIDE. 6 114 DM
NITROGEN BALANCE
NBS TRACEARLE
- : Analytical
Cyl. No. AAL-12822  Accuracy_1%
Component” Concentration
NITRIC OXIDE 50.75 PPM
NITROGEN BALANCE
NBS TRACEABLE
N
Approved B
PP Y FRANC E. NEVILL

The onily liability of this Company for gas which falls t0 comply with this analysis shall be replacement thersof by the Company without extra cost.

CERTIFIED REFERENCE MATERIALS

ACUBLENDY

CALIBRATION & SPECIALTY GAS MIXTURES
ACCESSORY PRODUCTS

EPA PROTOCOL GASES
PURE GASES

CUSTOM ANALYTICAL SERVICES

TROY, MICHIGAN / SAN BERNARDINO, CALIFORNIA / HOUSTON, TEXAS



ACE
; j£5
S5
3016-B NE 20th Way

inesville. Florida 32601

ib No. -
= ant Name

NOx EMISSION TEST DATA

a
lP-Standard Temperature and Pressure: 680F, 29.92 in Hg.

= PBI + MI
= PBF + MF

Date /e -2/-&7
l)urce Tested SC. (7 prm /\)0/'\}0;( Run No.
‘mple No. / 2 =
me
lask No. /i ~c/Ac AN
‘F--Flask and Stopcock'Volume, ml _ xpoax _XoyvT A,
I--Initial Barometric Pressure, in Hg _Se. .20 2e.37 | Bc A7
--Initial Manometer Reading, in Hg* Z.0 2 S 7 o
"]-=Initial Flask Pressure, in Hg Abs. R 2RSS 275 | RI3
g --Initial Flask Temperature, OF. A ¢ 7 L
‘F--Fina] Barometric Pressure in Hg ) Katalie. £92:.9
TF=--Final Manometer Reading, in Hg* = /S 2 | —. A5
JF--Final Flask Pressure, in Hg Abs. 25. 5 25 - 75" 75
--Final Flask Temperature, OF D Lo
--Volume of Gas Sampled at STP, m]l /7S~ e7As /e
- 'S-=Stack Temperature, ©OF
--Stack Pressure, in Hg
‘--Percent Moisture of Stack Gas, by Vol.
.C0,=--Percent Carbon Dioxide, Dry basis.
o >--Percent Oxygen, Ory Basis
--Stack Volumetric Flow Rate at STP, SCFMD
"N0,--Mass of NOp in Sample, ug o AYY | 2T) 2L
arts per Million NO, at STP, ppm S LT FTTE | Joc
unds NO, per Cubic Foot, 1bs/dscf (10-3) o -
unds NO, per hour, 1bs/hr ) AT 257-7)
-Factor “of Fuel Fired, dscf/MM BTU ' 72 F& . &
unds NO» per million BTU, 1bs/MM BTU
Ins per Hour 100% Acid
ounds NO2 per Ton 100% Acid
nometer reading is a negative value when thé

mercury backs up toward the flask.

S = (17.65) X (VF - 25) x [( PF ) - (___PI )]
TTF + 460 TT + 460
lm NO, = (523) x (MNOz) = (VS)
3s NO5/dscf = (()3.23(:: 10°5) x (MNOp) = (VS)
NO,/hr = (60) x (QS) x (1bs/NO,/dscf) .
NO3/MM BTU =" (1bs NOz/dscf) x (F) x (__20.9 ) Cories i e
20-9 - /002 . Samp]ed B_y

Final Pressure & Temp by




. '

ACE

3016-B NE 20th Way

NOx EMISSION TEST DATA

Cainesville. Florida 32601
Jab No.
Plant Name Date /0 -23(-§7]
Source Tested SO.78 PP an Run No. ~ o
NO [ NOx nerd € KO 0% e
Sampie No. ) - o] Y
Time ,
Flask No. o /fed 2773 2/ A
VF--Flask and Stopcock!Volume, m 2070 16 SF 196X
PBI--Initial Barometric Pressure, in Hg B0 Q7 .07 2¢.3.7 .
MI--Initial Manometer Reading, in Hg* R ¥c 2G#C 29 .0
. PI--Initial Flask Pressure, in Hg Abs. 0.27 0. %7 0.£7
) TI--Initial Flask Temperature, °F. AL ¢ Az
PBF--Final Barometric Pressure in Hg R Za. 2 =0-0
MF--Final Manometer.Reading, in Hg* + 10 +.00 + 20
:.PF--Final Flask Pressure, in Hg Abs. 3. /0 g9 /0l 30.20 —
: TF--Final Flask Temperature, OF 30 1o <
VS--Volume of Gas Sampled at STP, m] 1254 [BYZ . /264
TS--Stack Temperature, ©F
PS-~-Stack Pressure, in Hg
~M--Percent Moisture of Stack Gas, by Vol.
%C0,~--Percent Carbon Dioxide, Dry basis.
#0o~--Percent Oxygen, Dry Basis
QS--Stack Volumetric Flow Rate at STP, SCFMD - : —
MNO,--Mass of N0 in Sample, ug 7339 [ J93.F 155 ¢ |
Pares per Million NO, at STP, ppm $¢9, 2 5.0 | _SY.2° | 530
Pounds NO, per Cubic Foot, 1bs/dscf (10-5)
Pounds NO, per hour, 1bs/hr ' ﬁ T 1975 | /998
F-Factor “of Fuel Fired, dscf/MM BTU NP CY/ WA Séﬁ
Pounds NO> per million BTU, ibs/MM BTU ’
Tons per Hour 100% Acid
Pounds NOz-per Ton 100% Acid

*Manometer reading 15 a negative value when thé mercury backs up toward the flask.

STP-Standard Temperature and Pressure:

PI = PBI + MI
PF = PBF + MF
VS = (17.65) X (VF - 25) x [{ PF ) - ( PI
) TF + 460 T1 + 460
PPM NO, = (522) x (MNDp) * (vs)
Lbs NC5/dscf = (6.23 x 10°5) x (MNO2) = (VS)
Lbs NO,/hr = (60) x (QS) x (Ibs /NO»/dscF)
Lbs NO3/MM BTU = (1bs NOp/dscf) x {F) x (__20.9 )
20.9 - %07

689F, 29.92 in Hg.

)]

Tech.
Charoed By
Sampled By

Initials

Final Pressurg & iomp by



ESE

NITROGEN OXIDE LABORATORY DATA

PLANT L CL Cebibration fses

- m—————— s o +

ENVIRCNMENTAL SCIENCE
AND ENGINEERING, INC.

DATE L/ /P~
ANALYZED BY 2z 4
lpfSTACK RUN/SAMPLE NO. FLASK NO. ABSORBANCE (A) MASS OF NOX (mi
B P &/ | R778
| P 75| 2wy
5 22 4P 2—
3 L7 (954
lL 2 755 [23.9
bl L2 193.%
=: oo st 7
" T e
* 400 | 4
B
r
i
l CALIBRATION FACTOR MASS OF NOy
_100 (A, + 24, + 343 + 34, ™= 2KAF
l - 2eal+a?ea,?
I" i /Ooé, (/@436 1. 155+ - BP i .
o

g i - 392

F = Dilution Factar =




N L s .

g4 /30 -
L /oy 137
L L_w _ Xeo - ,_a-—?&L
| 3o 393 B
400 s/ covr 7 . 9597
I
, ,i;/r¢=_~7_é?3 L o o
I L i e
N
R e
g
k
I T - -
, e e
- e
| - e e
]
I

\ . .
) . | _ .
. ! :
i ’ ; I .
: '




APPENDIX G

PROJECT PARTICIPANTS



ACE

Stephen L. Neck. P.E.

Sidney J. Carter

Karie L. Philman

" ESE. INC.

Dagmar Neck

IMC. INC.

~ Dave Turlee

HCEPC

Carlos Gonzalez

Mike Silcott

PROJECT PARTICIPANTS

C.E.M. Field Testing
Report Preparation
SO, Alalvsis

Field Testing

Document Production
Report Preparation

NO.. Calibration Gas Analyses

Project Coordinator

Test Observer -

Test Observer



APPENDIX ,
A. FIELD SHEETS . :

“A-1 PARTICULATE FIELD SHEETS

Contents: Velocity Traverses.
Particulate Field Sheets (3) _
Computer Verification Sheets (2)
Field Check Sheet '
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INTTRIATICNAY MINFRALS & CHEMICAL CORPGRATION
SOURCE SAMPLING DATA .

SIERON

KA 8o

C R "‘L:m“[‘;[‘l"., BRERRBES HJ. Jﬂ e B -
\T‘"""""«"‘ SOURCE IOENTIFICATION (F‘LANT/STACK) H H
M - e . . . — - ——
'I' "10 MES, 0:"’1}—1 leltJPlﬂlil”TT/ 01"@ TN SR SR N SN SN NN VU NN N [ W | RUN CF
'L_Z_«ex_d 'L LD £L71_k 2 l-s__gAen dl B ﬂl_El 21 IR U WY U NURNY VRN VDY CURDRE RSURN WUUION RO OO U SO _..
v,.- " [ [llly STACY. ARVA (1 12) . MO, rru'."ruyv_ ALLowED ERED DS D ODN 61| an - |7z
- '__ _ o N s ‘CN ) ',___1__
|3 '3’ ) 2/ )_-,15'520 2.3, 1.0.1.9 le_!. AQ,LSA___I_ J&” 01 S, IZI_OLC_L_K nsToaTE
RO AE R TARYY SREA T ANALYSIS | §' —&!—j
MOZZLE BiTOT | lLl 1] Q
STAST £, 3y DIAN:§;FER CDEFE?{:'F—NT © 20, READINCS C 0N READINGS ]:
‘ST ' HF2 5 HR I ’ ' ' DG 1 HDG 2 436G 3 ROG 1 RO D RDG 3 7J 77| 75| 76 | 77 1 70 | 79| 0o
I - 4
i ! . ‘ B
L /4] 35 IJ Y3 2380 @3M] 95 95 45145 195y s [omon [ s
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INTLRMATIUNAY MINLRALS & CHLMICAL FUI {PORATION
-SOURCE SAMPLING DATA ) B¢ Fo

T LECEEEEELT TR

e SOURCE IDENTIFICATION (PLANT/STACK) H&
_L_[L,-l 1L O LSO A LPREPARAZ /S O« s o L 'R.UNOFJ

2 Mo, Abllylt.t(l 15(‘121(/188“&'1/21 [T N R N R N SR R R

3G

21

17| 19| 20

1w

ot
5 4 | foogn [P0 [ wonssen 5TACK AREA (FT2) M.C.F. FEED RATE ALLOWED [0 FEED DESCRiPTION 67 [Ejeg 20| 74 |.,2
- T .33 (TPH EMISSIONS .
: | S 5 ’A’ TEST OATE
a3IZL 55%31 ) orolS )l | 28 45 _POCA ] .
PUN T 48 (N o - ORSAT ANALYSIS . ( ' f
NOZZLE PITOT I 151 ! 7
N DIAMETER Zp E B ADINGS Ge
START Finse ) CoEFRICIENT CNy READINGS 5 READ'TIGS .
T
Si1 omR Myt 4R 141N RDG § ROG 2 RDG 3 ROG # | ROG2 | ROGJ NETIRTARD w,lw 78 | 79| av
- a P - N I N
9 } 5 6 38 g q y L oORTION SOURGE 1D &
4 }1 )—) _L_.',_AJ_.‘._L 2 0 i 13'[‘, t L)._S lyAé r# ( / 5 /1 /:j:
5 STA TG GALOMETHIC )NITIAL METER LEAK CHECK EL NMMECAT NE'I'N-AU NCET F1 L’Cn NE T I"QLLWASH
T [PRESIURE ~ v, PPELSUIRE 0 HG) VOLUME (FT3) VOLUME {FT} [LrAk CHECK] CULLECTED 'MIl WEIGHT (141 WUEAGH T 112Gt . | . . 7 / !0 a
5 /‘.Bla)fz'qAﬂp llgli.q'l S L4 : Zg L qj a?«g’

oPEnAv{o*:.s. /1) D. w U TANN LE KD_ML_X(M

GHSERVERS hd

CMETER HOX NO PHOLE LENGTH / FILTER NO. 90 Z NTs RAPH ECH T

. .2 NS N MATION
TEIX KO sET PROOE HEATEP SET. PROBE WASH NO. " H.O ? Ts HEF

Ao = ¢ ' ] 3070 _ ISS°F

ugxerj D FICH - - l. ?5 5 AMIENT TEMP 7019 SILICA GEL 0. qg 7 « FAC1ON / ) 90/2 o ’ ) Lﬁ;’ucw_ C lld d/
COMMENTS: . : 7 29 mM! ' - .
| | _—soo !

gz 5t
LS S‘MJCII

I

r .n F F:l LR} 12 L|3 14 15 16 " |0(|9 ZO[JJ 22 23] ca 25 ri)
; - 1148, s DOx PROBE PUMP
EL. TIME | TRAVERSE METER VOLUME AP AH STACK METER TEMP. {7} TEMP. . TEMP. FEMP. VAC.
T ™M) BOINT CUFTY " H20) {"H0) | TEMP. (")

INLET CUTLET

i 15 514

O VS T78 | 25 4slisdl 3¢ £Y 5o | 290 a.,0
’tl{ 1110 ! |z I)lsl(?n.?l A‘llg Lllls lst ’|0\0 Jyly 0"0
| = J’IS 1;13 L 'n él/Cl AQIS "‘)]5 ',5|L/ I,0|0 ,?,0 : \ 0,0
6,: 20 L 19 1€, 3.5 2.9 'q /151‘/'/16'12 1QJ_Q_A jz 242 C.a
s
¢

s 42\5 L |l|6|s-.5|- .310 ‘SJL/ ZJslq 1,0, J‘)la : o, d
6 .1.310 1 llldf?ACl .310 oY ’|5|‘l 110|9 1912—' |- - - ©.a

L2 I T OO N TR DR N TR S T R R TR O

-
b

-
I
I

2s| Mslisq] 99| pF| Sz | 292 o.0
25| Ys 154 104 9t ‘ 0.0
. P RAVV AN Y ' | o
25 :45/549 40€ T : g #
a5l M s ) sallof (9¢ o7
25 MslLsdhet o So | 24YY o

o
o
K
<

-

|

<

A

w
— e [~
QN NN
oI\ [V KA [~ (<D

L
vy

Ale
£

)
“w
(=)
i
=

>

CULLET [T Rrof fnfeda)
N
\/\
rLf
[« [

M
N
L

3
£~
A
~

-

L L1 L1 . i  l L1 L1 4
L [ [ [ T R s 1 P | L L
bl I L1 [T _l o 1 L [
5 L Lt L1l 1 . N o | L L
86, g [ Lt N N L L1 I
5 i g [ | 1 L n A | 'y | L | 1 L 1 1
5 ! 1 L | | 1 ( 1 | L 1 )| 1 1 1

[ 3

5 Lt 1l Lt | 1 l Lo bob 1
S| o0 o I I ol N L L1 o

- .

@
- [
—
>
-
>




GB9L -0 St

JOB: . BA68O
DATE: 11/13/87

INTERNATIONAL MINERALé & CHEMICAL CORPORATION

IMC SOURCE NO. 07100

SOURCE SAMPLING DATA VERIFICATION REPORT ‘OPTION NO. 000
TEST Of'STACK...;..NO 1 DRYER SCRUBBER AT PLANT......LONESOME PREPARATION . CONDUCTED ON. .: ... 11/05/87
---------------------------------------------------- CONSTANT SAMPLING PARAMETERS< - === - === === o= mmmommmmeosmoooooo oo
TRAVERSE POINTS PER‘RUN ...... 12 NUMBER OF RUNS....... ..... .. 3 PROCESS FEED DESCRIPTION.......... PHOS ROCK
READINGS PER TRAVERSE POINT...... 1 STACK AREA (SQ. FEET)........ 50.2700 PROCESS FEED RATE (TONS PER HR)... 511.0
MINUTES PER READING.............. 5 METER CORRECTION FACTOR...... 1.010 EMISSIONS ALLOWED (LBS PER HR).... 25.00
------------------------------------------------------- SAMPLE. READINGS BY RUN- === === -=--ccoooom oo oo mooo oo oo —co-m--ooo o
------------------- I TEM NAME------------c--ou-- - --UNITS---- CC-RUN 1--- ---RUN 2--- ---RUN 3---
TIME'OF RUN..... e TIME AT START (24-HR CLOCK) 10:3% 12:00 14:05

TIME AT FINISH (24-HR CLOCK) 11:45 13:05 15:10
EQUIPMENT PARAMETERS.......... NOZZLE DIAMETER INCHES 0.2380 -0.2380 0.2380
' | _ PITOT COEFFICIENT UNITY 0.834 0:834 0.834
ORSAT ANALYSIS READINGS....... %C0O2 READING 1 PERCENT 4.5 4.5 4.5
READING 2 PERCENT 4.5 4.6 a6
READING 3 PERCENT 4.5 4.5 4.6
%02 READING 1 PERCENT 14.5 14.4 14.5
READING 2 PERCENT - 14.5 14.5 14.5
READING 3 PERCENT 14.5 14.5 - 14.5
PRESSURE MEASUREMENTS:........ STATIC STACK PRESSURE INCHES OF H20 0.30- 0.27- 0.30-
' , BAROMETRIC PRESSURE INCHES OF HG 29.90 29.90 29.90
METER MEASUREMENTS............ INITIAL READING CUBIC FEET 109. 10 133.50 155.80
| LEAK CHECK VOLUME ADJ CUBIC FEET. 0.00 0.00 0.00
' ELAPSED TIME AT LEAK CHK MINUTES 00. 00. 00.
MOISTURE AND PARTICULATE...... TOTAL LIQUID "COLLECTED MILLILiTERS_ 228.0 248.0 237.0
' * NET FILTER WEIGHT MILLIGRAMS 8.2 3.7 4.3
NET PROBEwASH WEEGHT,' MILLIGRAMS 4.5 4.3 2.8



IMC] sje ' ‘
JoB : éAGBO

INTERNATIONAL MINERALS & CHEMICAL CORPORATION IMC SOURCE NO. 07100

€891 -0 Si

DATE: 11/13/87 SOURCE SAMPLING DATA VERIFICATION REPORT OPTION NO. 000
TEST OF STACK...... NO 1 DRYER SCRUBBER, " AT PLANT...... LONESOME. PREPARATION CONDUCTED ON...... 11/05/87
cmme e RUN f-=--m-mcommmmmen o oo RUN 2-=-m--omooommmmoe | memmooooooo RUN 3---=--==~==c---muo-
ELAP TRV METER DEL DEL STK METER T TRV METER DEL DEL STK  METER T TRV METER DEL - DEL STK  METER T
TIME PT  VOLUME - P H T IN ouT PT  VOLUME P H T IN OuT PT ° VOLUME 3 H T IN OuT
o 109. 10 133.50 155.90
5 S-1 111.00 25 45 155 84 84 w-1 134.20 25 .45 156 96 90 S-1  157.80 25 45 154 96 84
10 S-2 112.70 25 45 152 88 84 w-2 136.10 25 45 156 102 92 S-2 159.80 25 45 154 100 88
15 S-3  114.50 25 45 152 98 86 w-3 138.00 25 45 156 104 92 S-3 "161.60 25 45 154 100 90
20 S-4 116.20 25 45 152 100 86 w-4 139.80 25 45 156 106 94 S-4 163.50 25 45 154 102 90
25 S-5 118.80 a5 81 151 102 - 88 W-5 141.80 30 54 156 108 94 S-5 165.50 30 54 154 102 90
30 S-6 121.20 .45 81 151 104 90 w-6 143.90 30 .54 156 108 96 S-6 167.60 30 .54 154 104 92
35 w-1-123.00 .25 45 156 100 90 S-1  145.80 25 45 156 104 92 w-1 169.50 25 .45 154 94 88
40 w-2 124.80 .25 45 156 102 . 92 S-2 147.70 25 .45 156 110 96 w-2 171.30 25 45 154 104 - 92
as w-3 126.70 .25 45 156 104 92 S-3 149.50 25 .45 156 110 98 w-3 173.20 25 45 154 106 94
50 W-4 128.60 .25 45 156 104 92 S-4 151.40 25 45 154 110 98 w-4 175.00 25 45 154 106 94
55 W-5 130.50 .25 45 156 106 92 $-5 153.50 .30 .54 152 110 98 w-5 176.90 25 45 154 108 96
60 Ww-6 132.30 .25 45 156 106 94 S-6 155.60 .30 ..54 152 {110 98 wW-6 - 178.70 25 45 154 108 96



SAMPLING CHECK LIST

vate _M/ 5Jez7 by ' . _ . STACK ZZQQ
'S @TEEL PROBE NOZZLES : STAINLESS STEEL PROBE LINERS

STAINLESS

! RUN MEASUREMENT |DEVIATION | AVFRAGE | ] ! VISUAL !CONNECTED | CHANGED
fomeememaan lemomcccaeae [ R ! ! * RUN | CHECK OK ! 0K {DURING RUN
'| 1 ] ] ] ) e cace—en— ; __________ ; __________ ; __________
[l s""g'-g-g-g-i'--g ----- ;-.".?--g--f-d: ; 1 : ‘/‘ : [ : A/ o
¢ 1 -t 1 1 | e meaaan | U lcmaemccaa '---_. ......
w2380 40 L2700 A Rt e s
‘ ' i . ! TSR T [ T T
s 3-E--:7.-..3.?.0.--l---Q-----:-.’-%.J_--QI ! 3 e E o | uo
"s" TYPE PITOBE i

meeemcevedeeseacceasceccesecccesveemsaasanoan SAMPL.E FILTER CHECK
H {CALIBRATION | VISUAL |} LEAK | R ,
H RUN | = DATE { INSPECTION| CHECK* | : ! VISUAL | CHANGED !
T :--27 ------ R R ' ! RUN | CHECK UK !DURING RUNE
: ' ' P grommee—- jrmmoeme-es gmmTmmmmm- '
[ !---:- --.-.7[&?;--.6../.(----; ---------- g i ) ': — .: N ?
[} [} ] | IS SRS jommmm———- H
2.iellil e K e T
t 1 t ! : e mwmee——— : ................... )
LB ie e 9K e T I )

: % 15 sec @ 3" HOH e bbb DAL AL S L LS LR L LT

SYSTEM LEAK CHECKS : )

PRE-TEST ' POST-TEST
H N -Rl-!N i CF LEAKAGE | INCH HG | SECONDS ) ': RUN |CF LEAXAGE) INCH HG i SECONDS
] 1 [] ] ] | et een- | ) e cacea- b cemmme
§oTesTesess (TosTesssTEs {TTETTesees T eI ‘ ' = ] '
lieooi )s i go | Ll ged 301 ¢o
pToessssmes | Bt prToTRsssess Rtk 1 [ Ratitl | Bt ek Bl
; 2y 0,00 1 Jo 4 s | i p.o0t. 3.0V Lo
[ ittt jmTTTS TS [ttt | T sesms ] | TeTESs e [t [ Bieiedin it T
' 30,00 /S V ¢cg ! i 30 g,000 3.0 ' (9

SPECIFIC CHECK 1TEMS: ' ‘ RUN 1 RUN 2 RUN 3

1. Sample points selected per Method 1? - ~— —
" 2. Dual inclined manometer leveled and zeroed? "

3. Sample box thermometer calibration date. _ 4(([/7 4 2 (é’ /P>

4. Nozzle and pitot tube pamlvlol to stack wall during
sampling? '

5. Was stack staic pressure ‘peasured?

6. Required DH found usi@'l or Nomagraph?

7. Were sample recovery procedures followed?

L
L —
[ - Lo
e o —
8. Date of last impinger thermometer calibration. 4[([(27 _m) 2
—
—
w0
e

9. Stack thermocouple installed from pitot tube end?

— e
10. Were 3 grab OCO and 00 readings taken? . ) e (el
‘/ —

< 0.3 1b/1b-mole difference in average of three?

11, Si‘kngl'e point integrated sample for 0CO and 00, ’
Tedlar bag leak check for 10 minites at 2-4 in HOH? Mo A

12. Condenser: 500 ml distilled HOH?

Ao _40

13, Silica gel completely spent? ‘ wd )
14. Date of last filter thermometer calibration. : l!‘ 1'27 1979/ 2204 2
15. Dates, lést dry gas meter thremometer calibrations. in ¢  out (ZIZ 'f? .

16. Date of last stack thex;mocouple calibration series. /¢, 7

REV. 6/2/87



IMC PROCEDURE FOR SAMPLE RECOVERY OF METHOD 5 SAMPLING

SAMPLE RECOVERY:

. Probe is removed from stack and allowed to cool until it can be handled safely. )

. The external particulate matter is wiped from around the probe nozzlc and the nozzle is scaled
tightly to prevent loss or gain ‘of particulate matter. The probe is then removed from the
sampling train and the probe outlet is cleaned and sealed in the same manner as the probe tip,

. The probo is then transferred to the air-conditioned IMC sampling lrailcr for clean1ng or
transport back to the environmental laboratory for analysis.

. The probe nozzle and probe connection fitting are removed from the probe, cleaned with a nylon

bristle brush and rinsed with acetone from a spray wash bottle into a clean identified glass
storage bottle. The probe liner is also cleaned with a nylon bristle brush and rinsed with
acetone into the same glass storage bottle. The nozzle, probe connection fitting and probe liner
are cleaned until the acetone rinse shows no visible particles. Bottles are filled to equal

marked levels and volume is noted on lab analysis sheet.

. . .
. The glass connection from the probe outlet to the filter holder inlet is brushed and rinsed into
the identified acetone storage bottle until the acetone rinse shows no visible particles. .

. The filter holder is then disassembled using care not to lose any of the captured particulate. -
The top half of the glass filter holder is brushed and rinsed into the same identified acetone
storage bottle until the acetone rinse shows no visible particles. The acetone storage bottle is

sealed tightly to prevent any loss of sample.

. A blank acetone sample is taken from the same wash bottle used for the sample acetone rinse. (All
sample bottles, including the acetone blank, are filled to the same marked level.) The blank

sample storage bottle is sealed tightly to prevent any spillage and marked with an 1dent1fy1ng

number.
FILTER RECOVERY:

. The filter holder rubber "0" ring is removed from the disassembled filter holder with a pair of
tweezers. Any particles that adhere to the"(Q" r1ng are transferred into a transparent petr1 disp -

using a nylon bristle brush.

. The filter is then transferred to the petri dish taking care not to spill any of the particles
captured on the filter. Check the filter for any visible damage that may have occurred during
sampling. The petri dish is sealed tightly to prevent any sample loss and is marked with an

identifying number .

SILICA GEL RECOVERY:.

. Silica gel tube is removed from sampling train. "Note the condition of the gel color. The gel
tube is marked with an identifying number.

IMPINGER RECOVERY:

. The distilled HOH condenser impinger is disassembled from the sampling train and the contents are
poured into a graduated cylinder. The water volume is on the field data sheet to. the nearest ml.

(tl ml.) Notice any color or film in the liquid.

. The impinger catch is then discarded unless other analysis is desired or required.

‘Were there any deV1ations from the above procedures? 7 :&*1N,Lz
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B. ANALYSES
"B-1 LABORATORY'
Contents: Lab Analysis Sheet
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PRE-SAMPLING FILTER & SILICA GEL WEIGHING PROCEDURES

FILTER: _ '
The filters are checked visually against light for irregularities, flaws, and pin hole leaks.

Filters are oven dried for two to three hours, desiccated for two hours and weighed to the nearest
0.1 mg. .

. Filters are stored in sealed plastic petri containers.

SILICA GEL:

. Six to sixteen mesh, indicating type silica gel is dried at 175 degrees C for two hours. (New

silica gel is used as received.)

. Four hundred grams of silica gel is Qeighed to the nearest 0.5 grams.

IMC PROCEDURE FOR FILTER, ACETONE PROBE WASH SILICA GET ANALYSIS

FILTER ANALYSIS:

. Sample filter is carefully transferred from the petri storage container to a tared aluminum dish

and oven dried at 105 degrees C from two .to twenty-four hours. The sample is removed from the
oven desiccated ten to fifteen minutes and weighed. This is recorded as the final weight.

ACETONE PROBE WASH ANALYSIS:

The lid is removed from the glass acetone was storage bottle and placed under a closed ventilation
hood to evaporate the acetone.

. The acetone wash sample is then carefully transferred to a tared aluminum dish using acetone and

the aid of a rubber policeman.

The sample is again placed under a ventilation hood to evaporate the acetone.

. After the acetone has completely evaporated from the sample the aluninum dish is oven dried at 105

degrees C from two to three hours. The sample is removed from the oven desiccated ten to fifteen
minutes and weighed. This is recorded as the final weight.

The blank acetone sample is analyzed in. the same manner as the particulate acetone wash sample.

SILICA GEL-ANALYSIS°

The used sillca gel is weighed to the nearest 0.5 gram and recorded.

Were there any deviations from the above procedures? M ”M
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B-2 FUEL ANALYSES ' - -
Contents: All results for all testing on 11/5, 9A-11A. Results 8A was
collected during an attempted VOC test on 8/28.




PEMBROKE LABORATORIES INC.

{813) 286-8742 {813) 533-0969
Mailing address: 528 Gooch Rd., Ft. Meade, FL. 33841

IMC Noralyn : . Date Received: 11-09-87

Thank you for this opportunity to serve you!

Respectfully submitted,

Garrison
Supervisar

F. O. Box 867 ,
Eartow, FL 33830 . Date Reported: 12-01-87
Attn: Mr. J. N. Allen - F.0. #UCP7543
Lab Numbers | MC-4953 MC-4954 MC-4955 -~ MC-4956
GSample I.D. ' ga 9A " 1oA 114
BTU/1b | 18357. 18291. 19462, 18354.
Density | | 2.950 @.977 . 0.977 2.977
Carbon % | 87. 49 87.39 87.32 87. 41
Hydrogen % o 10. 48 10. 20 10.19 12. 48
Nitrogen 7A j .11 <@.1¢ 0.30 <0.10
Oxygen 7 , @.684 0.64 .81 @.67
sulfur . - “ o 1.33 1.55 1.49 1.26
Ash % 0.058 0.060 0.048 @. 054

ﬁyfz«/__é_ﬁé/_@é‘_/ﬁéﬁ

Allan E. .Schreiber -«
Laboratory Director’

Laboratory 1D 84172




- C. CALIBRATION DATA

C-1 PARTICULATE TEST CALIBRATIONS
Contents: Meter Calibration
’ Meter Calibration - Post test
Pitot Calibrations
Temperature Calibrations
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PITOT TUBE CALIBKATION PROCEDUKE

MANOMETER :
A permanently mounted Dwyer dual incline manometer is used for calib;aiing‘tﬁe pitol tubes.
eliminates the disconnecting and reconnecting of pitot tube lines which could cause bias
calibration results. The manometer is filled with clean fluid of the proper dencity.
PITOT TUBES:
The pitot tubes to be calibrated are checked for nicks, dents or any misalignments that could
cause bias calibration results. Permanent numbers are affixed to the pitot tubes.
CALIBRATION: '
. Level and zero dual inclined manometer.
. Turn on fan and allow flow in calibration duct to stabilize.

. Connect the standard pitot tube and the S type pitot tube to the manometer.

L
. Seal the t)’pe § entry part with duct tape.
. Position the standard pitot tube near the center of the duct. Check to be sure that Lhe pitot
tube is properly aligned and perpendicular to the duct. ’ i . '
. The intake area is adjusted to give the desired flow rate, as measured by Lhn standard pitot tube,

and is recorded.

7. The standard pitot tube is withdrawn from the duct and the standard port is sealed with duct tape.

The "S" type pitot tube is inserted into the calibration duct at the same point measured by the

standard pitot tube. Check the pitot tube for proper alignment in the duct. Wait for the
manometer fluid to stabilize and record the measured flow rdte Kemove the pitot tube from the

duct.

. Repeat steps five through eight above until three sets of velocity measurements are obtained.

CALCULATION:

. Calculate the 'S type pltot tube coefficient for ecach set of measurements using LhL following
equatxon

‘Cp(8) = Cp(Std) SQRT(delta P Std/delta P S)

. The average of .the three readings shall be used as the "S" type pitot tube coefficient.

. Deviation of the three sets of readings ‘can not exceed 10.02 inches.

This.
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C-2 PROCESS CALIBRATION
Contents: Scale Calibration
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INTRODUCTION

This is a .analysis of the various operating parameters that have been
measured or calculated during the compliance testing done on the IMC
Lonesome dryers. The purpose of this is to provide additional information
to assist in the interpretation of the compliance test reports related to

these dryers. This report is subitted separately and refers to the
information in the referenced tests. The results from these tests are used
in the summary. calculation .tables of this report. Individual run and

traverse calculation pages from the reports are included in the Appendix.
Also included for reference are the rejected results from the April 3, 1987
test of the No 1 Dryer. o

Tests: Date Dryer Test types

04/03 1 Particulate, VE, S02, NOx, CO, and VOC.
06/08 2 NOx only. :

06/09 2 Particulate, VE, S02, NOx, CO, and VOC.
06/10 1 Particulate, VE, S02, NOx, CO, and VOC.

The permits that apply to these dryers have some basic inconsistencies with
normal operating procedures for such units. This analysis was also done to
begin to develop a consistent basis for describing the operation of these
dryers. They are permitted below their capacity to operate. _ This type of
analysis is necessary if estimates of the emissions and their ability to:
comply are to be made at their real capacity. It is also necessary if the
basis of the permit limitations are to be evaluated.

The limitations in- the permit application for the fuel conversion of these
dryer which were based on estimates and assumptions. This type of analysis
is necessary to evaluate the validity of those assumptions. Much of the
fuel related estimates were based on emission factors that apply to.
combustion in -steam generating boilers which are in not similiar to the
method of operation of a phosphate rock dryer. A steam generator operates
at the minimum excess air possible in order to maximize gas temperatures for
the purpose of heat transfer. 1In a.rock dryer, the purpose of combustion is
to heat air that will evaporate moisture from the feed rock. Compared to a-
boiler, a dryer operates at large quantities of excess air.:



SCALE VS BIN LEVEL COMPARISON

During tests of both dryers at Lonesome, measurements were made that enable
the comparison of the dryer operating tonnage determined by scale reading
and by bin level measurements. The rock moisture and density were also
determined in order to produce a more reliable calculation. These results
were also calculated in the same manner that the previous 4/3/87 test
tonnages were determined in order to estimate the possible error that had
occurred. ' o '

date 04/03 - 06/08 06/09 06/10
~dryer 1 1 1 2 2 2 2 1 1 1

‘run IR 2R - 3R AVE 1R 2R 3R . 1R 2R 3R

Scale calculations : ' : _ :
stph ' , 507 492 499 499 507 506 508
HOHin ' 12.07 12.0%7 11.87%7 8.8%7 11.27 11.27 11.0%
dtph 446 433 440 455 450 450 452

avg , 446 443 © 450
Bin Level calculations ,

Tin : 84.2 83 82 81 .78 79 79
density 95 95 95 96.5 95 93 92 - 94 97 96
HOHout 3.6%2 4.07 ° 4.0Z 4.27%7 3.47 3.0% 4.27
den adj 94.4 92.7 90.7 . 89.6 92.0 95.2 - 93.5

btph 538 548 404 482 434 435 357 451 442 °© 1006
dtph : » 464 417 417 342 436 . 429 ¢ 964
Comparison of dry production rate determination : S
7Z diff . A7 -3.77 -5.2Z ' -3.27% -4.67 .
abs avg ' ‘ : ' 4,27

Bin Level prediction of scale reading based on permit assumptions .
pre ass 613 625 460 541 495 506 . - 420 519 494 1135
7% diff o 6.27 0.67 1.4Z% 2.57 -2.5% '
abs avg - . 2.67%

On the tests of 6/9 and 6/10, there were some obvious errors in the final
bin measurements. These were ignored in the calculation of the average of
the percent difference in the. determination of the dry TPH by the two
methods which was within an 4.27%. The density of the rock was determined on
a dry basis. In order to calculate based on the bin level measurements,
this measurement was adjusted based on the final moisture content of the
rock in the same ratio as the specific gravity with and without the
moisture, ((1-ZHOH) x 2.6 + ZHOH x 1 )/ 2.6. It should be noted that the
density assumed for the 4/3 test of 95 1b/cf is equal to the average of the
eight measurements made during the June tests. The apparent agreement of
predicting the scale tonnage based on bin level measurements based on
parameters assumed in the permit is 2.6% for the June tests.

In the future, it reasonable to expect that either measurement of operating

tonnage could be determined by either method in compliance with 40 . CFR
60.403(d). The bin level method would be considered as a contingency means

in order to conduct a test if scale problems could not be rectified for a

scheduled test. Compliance with the 57 limit would be maintained based on

an assumption of 95 1b/cf density. In either case, in order to produce
reliable calculations, rock moisture determinations should be conducted.

Increased care must be taken with the measurement of the bin levels for such

testing in the future..



This plan for a back-up method of determining

of the limited operation of the No 1 dryer.

conduct these tests.  The current schedule
every two to three weeks. If a test is

- operations, the status of the scale will not

feed rate is necessary because
No 2 was operated only to
requires operation only once
scheduled for one of these
be known until the start-up on

the previous night. The test could be postponed but the production cannot.
This will mean that the test will be postponed until the next operatlon in
two or three weeks if bin level readings cannot be used.



FUEL METER VS TANK LEVEL

During the Lonesome dryer testing, corresponding readings for the oil meters
~ and the supply tank level were. taken for comparison. O0il samples collected
to correspond to the test runs in June testing. The April analyses cited
are the average of four analyses for 2 sp11t samples by two d1fferent labs.
The analyses are included in Append1x B.

date 04/03 ‘ 06/08 06/09 06/10
dryer 1 1 1 2. 2 2 2 1 1 1.
run 1R 2R 3R AVE 1R 2R 3R 1R 2R 3R

Meter calculations (used for test result calculations)
M-gph 906 856 880 950 920 943 923 940 919 795"
" 1lb/gal 8.176 8.176 8.176 8.097 8.105 8.097 8.097 8.088 8.072 8.105
btu/lb 18893 18893 18893 18493 18538 18521 18492 18497 18545 18509
MMbtu. 140 132 136 142 138 141 138 141 138 119
Tank level calculations for comparison - : :
L-gph 867 752 786 ‘ 841 894 888 834 814 729
- Toil 170 170 170 196 - 192 196 - 195 "192 190
‘Mark's Standard Handbook for Mechanical Engineers, Seventh Edition
Table 13, pg 7-22: 0.00035 /F for <15 deg API '

expand 3.0Z 3.0Z 3.07% 3.72 3.67Z 4.17 3.8 3.6Z 3.57
L-exp 893 774 809 - 872 926 925 865 843 754
7z diff -1.57 -9.5Z7 -8.1% . =5.27 -1.87 0.27 -8.0% -8.37 -5.1%

: : -6.47 : ' -2.3% ' -7.17

- The level flow rate was corrected to the meter oil temperature by the cited
coefficient of expansion. - The fuel 0il in the tank had been. preheated and
would have expanded to some degree also. The temperature difference for the
expansion was based on meter temperature and the ambient temperature
recorded. The overall temperature of the oil in the tank would be difficult
to determine. The compliance calculation were based on the meter flow
readings. . This also affects the resulting emissions in that the fuel
analyses. will have a reference temperature other than the operating
temperature recorded. This should bias fuel related calculations high.

The dryers  have two fuel supply systems. One contains the oil meter and
electric preheaters and the other has a boiler preheater with not oil meter
in the system. For all testing, the system with the meter has been used.
If it could not be, then the only measurement of fuel useage would be the
tank level indication. There are not specific requirements regarding this
determination that apply to this testing. In order to produce the most
reliable results, an attempt to use the meter will be made.



STACK MOISTURE

The stack moisture content of the these dryers should always be that of
saturation at the stack temperature. Several separate determinations of the-

"moisture content were made to verify the saturation. The results were not

conclusive. The earlier test measurements exceed saturation, while the
later measured moisture contents are generally below saturation.

‘date 04/03 | 06/08 06/09 . 06/10 ,
dryer. 1 1 1 2 2 2 2 1 1 1
run . 1R 2R 3R FINAL 1R 2R . 3R 1R 2R 3R

Pbar 29.59 29.59 "29.59 30.22 30.15 30.15 30.15 30.14 30.l14 30.14
Scrubber Inlet Duct - ' _ : :
in Tdry 178 178 175 188 189 188 182 176 176 176
in Twet 152 151 150 148 150 150 150
delta P 20.1 20.2 17.7 25.0 24.5 25.8 25.0 28.4 28.4 28.5
Pduct 31.07 31.08 30.89 32.06 31.95 32.04 31.99 32.23 32.23 32.24
Zsat . 24.87 24.37 23.67 22.57%7 23.5% 23.5% 23.57
Stack conditions ' ' A N
Tstk 153.0 153.0 150.0 156.4 155.8 155.8 153.6 155.9 155.8 151.4
Pstk 29.56 29.56 29.56 30.16 30.09 30.10 30.09 30.11 30.11 30.11
Zsatstk 27.67 27.67% 25.6Z 29.47% 29.07 29.0% 27.5%Z 29.1% 29.0% 26.0%
Average of two ZHOH determinations during SO2 runs by ACE ' :
cZHOH  25.3% 22.37 21.17 - 29.6% 30.6% 28.2% 28.87 29.47 25.77%
7ZHOH used in the emission calculation for compliance o
Zmeas  27.57 19.5% 24.9%7 29.47 25.87 26.77 26.3% 24.1% 23.4% 23.67



STACK MOLECULAR WEIGHT.

For all - the complete test series, two separate measurements of the stack
oxygen and carbon dioxide contents were made for comparison. These results
are presented below. The stack molecular weights used in compliance are
included. : :

date 04/03 ‘ 06/08 06/09 06/10

- dryer . 1 1. 1 2 2 2 2 11 1
run 1R 2R - 3R FINAL . 1R 2R 3R . 1R 2R 3R

Readings determined by Fryite Analyzers (3 grab avg)

00 15.07Z 14.5%7 15.0Z2 13.072 13.5%7 13.87 14.07% 14.52 14.57% 14.5
OCO . 4.5%Z 3.5%Z 4.57 4.0Z2 4.5%Z 4.5%2 4.57% 4.57 4.5 4.5
0

Mdry 29.32 -29.14 29.32 29.16 29.27 129.27 29.28 29.30 29.30 29.3
- Readings determined by Orsat (integrated) by ACE ' : :
c00 14.27 '14.27 14.3% 13.82 14.0% 14.47% 14.6% 14.67 14.

4.6
c0CO 4.32  4.2Z7  4.0Z 4.672 4.67Z 3.67 4.37% 4.37 4.3
cMdry 29.26 29.24 29.21 29.29 29.30 29.15 29.27 29.27 29.27

Ms based on Fryite and stack temperature saturation ZHOH :
Ms sat 26.20 26.07 26.42 25.88 26.00 26.00 26.18 26.01- 26.02 26.36
Ms based on ACE determinations o -

cMs 26.41 26.73 26:85 ; 25.95 25.84 26.01 26.02 25.96 26.37
Compliance calculation based on Fryite and measured 7HOH . - L
Ms used 26.21 - 26.97 26.50 25.88 26.35 26.26 26.31 26.57 26.66 26.64




VOLUMETRIC FLOW RATE

The stack volumetric flow determinations from each of the runs of the
complete test series are included. The values on 6/8 are the results of the
final traverse for that test day. For the June ' tests, the - cyclonic yaw
angles were determined and used to calculate the cyclonic flow rates. The
affect of the stack saturation and measured moisture contents are also
compared. The bias shows the degree that the compliance emission are
affected by ignoring the effects -in the stack gases. -

date 04/03 06/08 06/09 ' 06/10
dryer 1 1 1 2 2 2 2 1 1 1
run IR 2R 3R .- FINAL 1R 2R 3R 1R 2R 3R

ACFM measured
' meas 136946 136765 132970 168744 155830 148541 154971 130781 130870 127612
No 2 avg: 157022 No 1 avg: 132657
cyc 161963 150120 143049 148112 126016 127475 122641
SCFM comparison (flow - meas) / flow A : :
meas 84487 93695 '85543'102905 99639 93738 98811 85575 86520 84772
: . No 2 avg: 98773 No 1 avg: 86766
. wet 116534 116392 113906 145700 134371 127857 134120 112818 112916 110900
sat 84391 84291 .84728 102902 95372 90751 97267 80021 80163 82017
_ bias 0.17 11.27 1.0%2 0.0%Z. 4.5Z2 3.3%Z 1.6Z 6.9Z2 - 7.9%2 3.4Z%
cyc 98770 95988 90273 94438 82456 84276 81470
bias . 4,272 3.8 3.8 4.67 3.872 2.7% 4.1%

There is an apparent difference in the flow of the two syétems; This was
generally true in - the previous testing done by Brewster. There is no
- obvious explanation for this d1fference




S02 CALCULATIONS

Samples of the water reporting to the scrubber and underflow were collected
during the runs of the tests. On the last two days, these corresponded to
the determination of the stack SO, emissions. The samples were analyzed for
sulfate content. This was - done as method to determine the apparent
collection efficiency of the rock in the dryer and the scrubber. Based on
the original application for the PSD permit for the conversion of the fuels
for these two dryers, the removal efficiency for the rock should have been
approximately 827. 1In the following table, each of the two dryers seem to
achieve 927. The scrubbers seems to demonstrate a collection of
approximately 507. ‘

date 04/03 06/08 06/09 : 06/10

dryer 1 1 1 2 . 2 2 2 1 1 1
“run IR 2R 3R AVE 1R 2R 3R 1R 2R 3R

gpm - 450 450 450 500 570 570 570 580 580 580
Water Sulfate content in mg/l- ; ‘
in '94.6 114.4 107.4 116.5 100.4 108.6 109.3
out = : 154.3 166.2 145.3 -'158.8 145.3 138.3 134.9
fuel S 1.85%7 1.857Z 1.85Z 1.287 1.28Z 1.26% 1.307 1.26Z 1.257 1.247
Sulfur dioxide (1lb/hr)

scrubber _ 9.9 9.8 7.2 8.0 8.7 5.7, 4.9
fuel 275 259 267 197 191 192 194 192 186 160
stack 27.9 20.7 18.2 6.5 8.9 7.5 8.0 9.2 4.8
Apparent efficiency l -
rock ' ‘ 91.4% 91.7%Z 92.0% 91.37 92.0% .93.9%
scrubber - 60.07 44.87 51.6Z 52.1%7 38.5% 50.77%
total 89.97 92.07 93.27% 96.6% 95.4% 96.17 95.87% °95.1Z 97.07%
Minimum efficiency required for compliance @ 1.1 1b/mmBtu '
min eff 43.97 43.97 43.97% ©20.37 19.27 21.87 19.37Z. 18.47 17.9%

The collection of the SO, based on the fuel analysis into the systems
confirm that there is a removal and that it is similar in each scrubber. It
should be noted that these results are applicable to the rock being dried .-
"for these tests. ' : : ' Coe




PARTICULATE COLLECTION

The scrubber water supply and underflow samples were also analyzed for
filterable solids as. means of determining the apparent particulate
_collection efficiency for the scrubbers. Each of the scrubbers seem to
- operate at approximately 977 collection efficiency. ' :

date 04/03 06/08 06/09 : 06/10

dryer 1 1 1 2 2 2. 2 1 O |
run - 1R 2R 3R AVE 1R 2R 3R 1R ~ 2R 3R
Suspended solid in scrubber water in mg/l
in 9 4 59 107 332 T4 26
out. ' 2138 1571 1287 1130 1756 1887 . 1272
Particulate lb/hr ‘ ' :
underflow - 532 446 = 350 291 413 526 361
stack 13.0 -19.1 12.3 12.0 13.4 10.8 10.8 12.1  14.6
apparent eff 97.47 96.37 96.47 97.4Z 97.87 96.17%Z-
minimum eff @ 25 1lb/hr : 95.3%7 94.4% 92.97 91.4%7 93.9Z 95.27 93.1%

Ash particulate reporting to dryer ,
ZAsh  0.09% 0.09Z 0.09%Z 0.057 0.04%Z 0.02% 0.02% 0.02% 0.05%Z 0.06%
1b/hr 6.4 6.0 6.2 4,2 3.1 1.6 1.7 1.4 3.7 3.6




NOX MODEL

Prior to the testing of the dryers, an attempt was made to predict the
nitrogen oxide emissions. The NOx emissions will result from either
oxidation of the nitrogen content in the fuel and disassociation of the
nitrogen in the combustion air. These reactions are reversable depending on
the conditions of the flame combustion. The fuel nitrogen can also produce

diatomic nitrogen which would not contribute to the emissions. These tests
provide a limited number of points to evaluate the modeling predictions.

The models: : ' '

1. 1007 conversion of fuel nitrogen to nitrogen dioxide.

2. The following figure from a paper by England, et al, presented at the
4th Symposium on Coal  Slurry Combustion, May 10-12,1982. The -
approximation of ppm @ 37 EA = 100 x 7N fuel + 225 was used to represent
lower portion of curve. :

3. The equation from AP42, pg 1.3-2, 1b/1000gal = 22 + 400 x (ZN fuel) 2.:

The data points used were determinations which had a specific fuel analysis,
associated with it. The model calculations were based on 1b/lb fuel to
eliminate the wuncertainty associated with the saturation and cyclonic
considerations in the. determination of volumetric flow rate. 'The measured
values used were those of the compliance determination. A simple linear
regression was done for the eight data points. The models and results are
compared in- the graph following.

date 04/03 ‘ ~ 06/08 06/09 06/10
dryer 1 1 1 2 2 .2 2 1 1 1
run 1R 2R 3R 2F 1R 2R 3R 1R 2R 3R

ZN  0.30%Z 0.30%Z 0.30% 0.25% 0.14% 0.28% 0.23%Z 0.15% 0.237 0.30%
-meas 40.6 44.3 40.5 44.4 34.3 34,9 37.5 31.3 31.00 29.2
fuel 73.7 69.5 71.5 64.7 34.3 70.2 56.5 37.5 56.1 63.5
england 82.0 77.4 79.6 78.1 56.8 8l.4 71.2 60.1 71.2 71.4
AP42 53.1 .50.1 51.6 45.7 27.5 50.3 39.9 29.1 39.7 .46.1

_ It can be concluded that the AP42 curve is more reliable than the England
model. It 1is also apparent that, for this limited operation, none of the
predictions were valid. The regression curve implies that the emissions -
seem to have limited dependence on fuel nitrogen. - This could only be
confirmed at several other operating conditions. The most interesting point
would be at maximum fuel usage which is currently unattainable due to perm1t.
restriction on tonnage. :
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COMBUSTION CALCULATIONS

The following are summary tables of the run calculations in Appendix A based
on using the fuel analysis and the two measured volumetric flow rates for
comparison. These should be considered on preliminary type calculations
since’ - the leakage of air in with the rock is not considered. This 1is

“usually balanced visually by the operator and should be minimal unless
conditions have changed. The meter gph was used without an expansion
correction. The radiant and convective heat loss have not used in the heat
balance calculation.: : )

The water balance fqr the run is based on the calculation of the amount of
‘moisture evaporated from the rock, the combustion  water, and the amount
indicated in the stack gases. These are used to calculate the amount
evaporated or condensed in the scrubber. T '

date 04/03 , 06/08 06/09 - . 06/10 .
dryer 1 11 2 2 2 2 1 1 1

run IR 2R 3R FINAL 1R 2R 3R 1R 2R 3R

STACK GAS COMPOSITION
Fuel Analysis ‘ ’ :
%ZC 86.867% 86.867 86.867 86.597% 86.797 86.657% 86.557% 86.797% 86.67%Z 86.90%
-~ ZH 10.097 10.097% 10.097 10.16Z 10.107% 10.58% 10.307 10.54% 10.527 10.477Z
20 1.25%Z 1.25% 1.257 1.72%Z 1.68% 1.237 1.627% 1.267 1.337Z 1.09%

- Measured. values

S

- 00 15.0%- 14.5% 15.0% 13.0% 13.5% 13.87 14.0% 14.5% 14.57 14.5
0co 4.5%2 3.572 4.57 4.07Z 4.57 4.57 4.57 " 4.52 4.57 4.5
EA 2.53 3.52  2.53 2.96 2.51° 2.48 2.49. 2.49 2.49  2.49
Values based on standard volumetric flow
-00 . : , 16.67 16.67%Z 16.27%7 16.5%Z 15.77 15.9%7 16.57
0co . 3.472 3.47 3.7%Z 3.47 4.17 - 3.9% 3.5%
EA o : 3.61 - 3.61 3.19 3.54 2.84 2.98 3.48
Values based on volumetric flow ' ’
00 _ 16.47 16.2% 15.87 16.37%7 15.27 15.47Z 16.27
0co : -~ 3.5% 3.7%Z° 4.0% 3.7Z 4.5%2 4.3% 3.7%
EA . 3.43  3.25 2.86 3.28 2.47 2.60 3.17
HOH BALANCE 1b/1b fuel. _ ‘
products - L 0.914 0.909 0.952 0.927 0.949 0.947 0.942
rock , 11.49 10.99 10.62 10.85 10.76 11.54 11.19
Scrubber evaporation or condensation (-) '
std flow 3.48. 1.40 1.19- 1.71 -1.48 -2.33 -0.55
cyc flow o ©2.84  2.49  2.17 1.67 0.16- -0.21 0.17
HEAT BALANCE Btu/lb fuel - :
fuel - ' 18493 18538 18521 18492 18497 18545 18509
std 23082 19869 19379 20531 16817 16932 19051
cyc ' 22411 20879 20293 © 20432 18369 18970 19710

These calculations indicate that the systems are reasonably well defined for
calculation on a first approximation basis. Further refinement is possible
in future permit testing. They are a basis for analysis of existing permit
condition and refining them in terms of operating conditions. '




APPENDIX
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Individual Velocity Traverse Calculations

No: 8 1F _ Usages
Date: 06/08 - Rock: 492 ‘TPH
Time:  13:23 _ : . 0.12 HOH
Pbar: 30.22 433 Dry
Pst: -0.8 , : ‘
Ps: = 30.16 = Pbar+Pst/13.6 0il: 990 GPH
Cp: 0.834 8.097 1b/gal
Fv: -12.98 = 85.49%Cp*sqrt(1/Ps) 18493 Btu/1b
Dia: 96 Area:  50.27 ' 148 mmBtu/hr
%00: 13.07 ’
Z0C0: 4.07
Mdry: 29.16
H: 10.167
O: 1.72%

C: 86.597  7ZEA: 2.958 based on fuel analysis and 70CO

Calculation equation summary

fps: std = Fv¥sqrt(dp*(Ts ave+460)/Ms)
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1-ZHOH pt)+18%ZHOH pt))
cyc = fps pt*cos(alpha) =~
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 155.3
~ sat 7ZHOH: 28.557%
Ms = Mdry*(1-ZHOH)+18*7HOH Ms: , 25.97
Avg: 16.3 155.3 28.567 -
-point . - dp alpha t 7ZHOH std point cyc
SE-1 . 0.64 16 154 27.70% - 50.5  50.4  48.5
2 0.85 16 - 156 29.08% - 58.3° 58.4 - 56.1
3 0.75 .~ 16 156 29.087 54.7 54.8 52.7
4 0.65 16 . 156 . 29.087 50.9 51.0 49.1
5 0.98 16 156 29.087% 62.6 62.7 °~ 60.2
6 0.90 " 16 156 29.08% 59.9 60.0 57.7
SW-1 0.60 18 154 27.70%Z  48.9 48.8 46.4
2 0.82 . 18 155 28.387Z 57.2 57.2 54.4
3 0.74 16 155 28.387% 54.4 54.3 - 52.2 .
4 0.86 - 16 155 28.38% 58.6 58.6 56.3
S . 0.95 16 155 = 28.38% 61.6 61.6 59.2
6 . 0.94 16 155 28.387 61.3 61.2 58.9
. , o avg ' .
fps:  56.6  56.6  54.3 -
acfm: 170630 .170642 163760
7ZHOH: 28.557% 28.567%
scfm:- 105461 105463 - 101209 .
Emission: . 1b/hr :
ppm Mgas pVM/RT*60 std point cyc

NOx - 59 - 46 7.1646 "~ 44.6 44.6 42.8



COMPARISON CALCULATIONS
RUN: 1F 06/08/87

COMBUSTION CALCULATIONS

1b/mole 1b/1b
carbon " 12 0.8659
hydrogen 1 - 0.1016
nitrogen 14 0.0025
sulfur 32 0.0128
oxygen 16 0.0172
ash - 0.0005
Combustion Air mole/lb
net 00" 32 0.0976
cmb NN 28 0.3679
total
FUEL Meter
Expansion @ 60 95.4%
Fuel GPH 990
1b/gal 8.097
1b/hr 8016
SCRUBBER. gpm Inlet Twb
500 - 152
ROCK
Scale TPH 492
Dry TPH 433
Calc Bin TPH L49
Meas Bin TPH 485
(Meas-Calc)/Meas 7.5%
Evaporated TPH 42.8
NOx CALCULATION
Fuel
England
. AP42

time

mole/lb fuel

0.0722
0.1016
0.0002
0.0004
0.0011

scf/1b
36.91
139.16

176.07

Tank
99.0%

0
-100.0%

In hoh sat
24.81% ’

%HOH
12.0% in

3.6% out

fuel thermal
405

Standard Flow at measured %HOH

wSCFM 147608
mhoh 28.55%
mole/1b 1b/1b
Dry Flow
Stk HOH 15,015
Net HOH 0.1896 3.414
Scrubber HOH 27.774
Excess Air
EA 00 0.3452 11.046
36.438.

EA NN . 1.3014

Cyclonic Flow @

wSCFM 141664
shoh 28.55%
mole/1lb 1b/1b
Dry Flow

Stk HOH - 14.410
Net HOH 0.1561 -2.809
Scrubber HOH - 28.378

Excess Air
EA 00 0.3276 10.482
EA NN 1.2349 - 34,578

467.06

saturation %HOH

250 225
152 134
scf/1b tout
789.40
315.48
71.73 155
148
622.73 -
130.55 . 155 -
492.18 155
scf/1b tout
757.61
302.78 :
59.02 155
148 .
590.94 .
123.89 - 155
155

13:23 ref: 1A 6
oxygen required mole/1b
0Co ’ 1 0.0722
NO2 1 0.0002
0S0 "1 0.0004
-fuel O -0.0005"
HOH 0.25 0.0254
Comb Products mole/lb
cmb NN 0.3679
0oco Ly 0.0722
NO2 46 0.0002
0S0 64 0.0004
total dry .
HOH 18 0.0508

“total products

18493 btu/l1b
148 mmbtu/HR

1269 GPH @190 mthu/hr

mole/1b
Rock dried
Rock HOH
Evap HOH 0.5937

ppm condition

405 stoichometric
475 @ 3% Excess Air

286 stoichometric

tin btu/lb .

88 3568 54.73

88 1672

88 171
. 88 614 std
total 21795 p + rk
. inlet
meas
ACE

tin btu/lb
88 2936 45,04

88 1708

88 163
88 583 sat
total 21159 cyc

p ¥ rk

fuel Btu/°F/#
oco 0.21
HOH 0.45 Huv HOH
00 0.23
NN -0.25
. rock 0.25
liq HOH 1
1b/1b scf/1b tout tin
10.303 139.16 155 87.8
3.175 27.29 155 87.8
0.008 0.07 :
0.026 0.15 .
166.67 ,
0.914 19.21 155 87.8
1b/1b scf/1b tout tin
107.93 194 84.2
4.03 194" 84.2
©10.69  224.5 155 84.2
1b/1b scf/1lb
0.0082 0.0675
0.0099 0.0815
0.0058 0.0477 -
NOx emission.model
NOx meas fuel eng
ppm 59 . 86 103
1b/hr 45.4. 65.8 79.5
evap gpm
Stack gas composition
SHOH 00 0oco Mdry
28.55% 16.54% 3.46% 29.21
23.59% :
24.81% .
28.55% 13.00% 4.00% 29.16
0.00% 0.00% 0.00% 28.00
NOx emission model
NOx  meas fuel eng
ppm 59 89 108
1b/hr 43.6 65.8 79.5
evap gpm
Stack gas comp051tion
SHOH 00 0co Mdry
28.55% :
28.55% 16.35% 3.60% 29.23

24.34%

_Btu/1b

1015
RT/p
378.20

btu/1b
174
45

956
1175

btu/1b
2963
. 443
11189

aph?2

46.5

3.537

2.958

apLZ

46.5

3.356




‘Individual Velocity Traverse Calculations

No: 8 2F . : Usages
Date:  06/08 " . Rock: 512 TPH
Time: | 13:49 : ' 0.12 HOH
Pbar: 30.22 _ 451 Dry
~ Pst: -0.8 '
"Ps: 30.16 = Pbar+Pst/13.6 Oil: 972 GPH -
Cp: 0.834 8.097 1b/gal
Fv: 12.98 = 85.49%Cp*sqrt(1l/Ps) 18493 Btu/1lb .
Dia: 96 Area: 50.27 -~ 146 mmBtu/hr
Z00:  13.07 : :
Z0CO: 4,07
Mdry: 29.16
H: 10.167
0: 1.727

C: 86.597  ZEA: A 2.958 based on fuel analysis and 70CO

Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms) '
point = Fv¥*sqrt(dp*(Ts pt+460)/(Mdry*(1-ZHOH pt)+18“7HOH pt))
cyec = fps pt*cos(alpha) _
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: - 155.8
sat ZHOH: ' 28.967%
= Mdry*(1-7ZHOH)+18%7ZHOH Ms: . 25.93
"~ Avg: 16.3 -155.8  28.97Z

point “dp alpha- t ZHOH std . point. cyc
SE-1 0.65 16 154 27.70% 51.0 50.8 - 48.8
2 0.84 16 156 29.087 58.0 - 58.0 55.8

3 . 0.80 16 157 29.797 56.6 56.7 54.5

4 0.58 16 157  29.79%7  48.2 48.3 46.4

5 0.87 16 ~ 156 29.087 59.0 59.0 56.8

6 0.92 16 156 29.087 60.7 60.7 58.4
SW-1 0.65 18 154  27.70%Z 51.0 50.8 48.3
2 0.85 18" 156  29.087 58.3 58.4 55.5

3 0.86 16 156 29.087 58.7 58.7 56.4

4 0.76 16 156 29.08%Z 55.2 55.2 53.0

5 0.95 16 156 29.087 61.7 61.7 59.3

6 0.98 16 156 29.087 62.6 62.7 60.2

: ' .avg -
fps: 56.7 56.8 . 54.5
acfm: 171144 171154 164244
ZHOH:  28.967 28.977
~ scfm: 105077 105075 100832 .
: Emission: 1b/hr i
ppm - Mgas pVM/RT*60 std point cyc

NOx 59 - 46 7.1646 .- 444 44.4 42.6



COMPARISON CALCULATIONS

RUN: 2F ' 06/08/87

time

13:49

ref: 1A 6 .

COMBUSTION CALCULATIONS

NOx CALCULATION

1b/mole 1b/1b mole/1b fuel
carbon 12 0.8659 0.0722
hydrogen 1 0.1016 0.1016
nitrogen 14 0.0025 0.0002
sulfur 32 0.0128 0.0004
oxygen 16 0.0172 0.0011
ash = . - 0.0005
Combustion Air mole/lb scf/lb
net 00 32 0.0976 36.91
cmb NN - 28 0.3679 139.16
total 176.07
FUEL Meter Tank
Expansion @ 60 95.4% 99.0%
Fuel GPH 972 0
1b/gal 8.097 -100.0%
1b/hr 7873
SCRUBBER gpm Inlet Twb In hoh sat
500 152  24.81%
ROCK %HOH
Scale TPH 512 12.0% in
Dry TPH 451
Calc Bin TPH- 468 3.6% out
Meas Bin TPH 485
(Meas-Calc)/Meas 3.6%
Evaporated TFH

Lh .6

fuel thermal

Fuel 405
England 250 © 225
AP42

Standard Flow at measured %HOH

wSCFM
~ mhoh
mole/1b
Dry Flow
Stk HOH
Net HOH 0.1823
Scrubber HOH

Excess Air

EA 00 0.3515
EA NN 1.3251

Cyclonic Flow @

wSCFM

shoh

“mole/lb
Dry Flow
Stk HOH

"Net HOH 0.1475

Scrubber HOH

. Excess Air

EA 00 0.3336
EA NN 1.2576

147912
28.96% -
1b/1b scf/1b tout
- 800.75
15.536 326.43
3.282 - 68.96 156
28.469 148
_ 634,08
11.247 132.93 156
37.102 501.15 156
saturation %HOH
141949
28.96%
1b/1b scf/1b tout
768.47
14.910 313.27 :

- °2.656 55.80 156
29.096 148
601.80
10.675 126.16 156
35.213 475.63 156

152 134

oxygen required mole/lb

0Cco 1 0.0722
NO2 1 0.0002
. 0S0 1 0.0004
-fuel O -0.0005
HOH 0.25 0.0254
Comb Products mole/lb
cmb NN 0.3679
0COo 44 0.0722
NO2- 46 0.0002
0S0 64 0.0004
total dry
HOH 18 0.0508

total products

18493 btu/lb
146 mmbtu/HR

1269 GPH @190 mmBtu/hr

- mole/1b
Rock dried
Rock HOH
Evap HOH 0.6300

ppm condition

405 stoichometric
475 @ 3% Excess Air
286 stoichometric

tin btu/lb
88 3432 ' 51.68
88 1714 L
88 176
88 631 std
total 22618 p + rk
' inlet
meas
ACE
tin btu/lb
- 88 2777  41.82
88 1752
88 167
88 599 sat
total 21959 cyc

p +rk

fuel
' 0oco 0.21
HOH 0.45 Huv HOH
00  0.23
NN 0.25
rock 0.25
liq HOH 1
1b/1b scf/1b tout tin
10.303 139.16 156 87.8
3.175 27.29 156 87.8
0.008 0.07
0.026  0.15
166.67
0.914 19.21 156 87.8
1b/1b scf/lb tout tin
114.52 194 84.2 -
4.28 194 84.2
11.34 238.3 156 84.2
1b/1b scf/1b
0.0082 " 0.0675
0.0099 0.0815
0.0058 0.0477
NOx emission model
NOx meas - fuel eng
ppm 59 84 102
1b/hr  45.2  64.7 78.1
evap gpm
Stack gas composition =
%HOH 00 000  Mdry
28.96% 16.60% 3.41% 29.21
24,33% o
24.81% .
28.96% 13.00% 4.00% 29.16
0.00% 0.00% 0.00% 28.00
NOx emission model
NOx meas fuel eng .
ppm 59 88 106
1b/hr 43.4 64.7 78.1
evap gpm
Stack gas composition _
%HOH "00 0CO ~  Mdry
28.96% ' .
28.96% 16.42% °~ 3.55% 29.22

25.10%

Btu/°F/#

Btu/1b
1015

RT/p
378.20

btu/1b
175
45

956
1177

btu/lb

3144

470
11875

“apt2
60
45.7

.EA
3.601

2.958

ERR

aph2 -
62
45.7

EA .
3,418



Individual Velocity Traverse.Calculations

No: 8 3F : ' Usages o
Date: 06/08 . Rock: 516 TPH
Time: =~ 14:16 ' ' : o 0.12 HOH .

- Pbar:  30.22 : . 454 Dry -
Pst: -0.8 ) o

Ps: =~ 30.16 = Pbar+Pst/13.6 ' 0il: 950 GPH

Cp: 0.834 C .8.097 1b/gal

Fv: 12.98 = 85.49%Cp*sqrt(1/Ps) _ 18493 Btu/1b

Dia: 96 Area: 50.27 142 mmBtu/hr -
%00: 13.07% : ‘ '
70C0: - 4.0%
Mdry: 29.16
' H: 10.16%
0: 1.727

C: 86.59% 7ZEA: 2.958 based on fuel analysis and %0CO

- Calculation equation summary

S LU ENULN S O

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
point = Fv¥sqrt(dp*(Ts pt+460)/(Mdry*(1-7HOH pt)+18%ZHOH pt))
. cyc = fps pt*cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemistry, Pg 1436
Assumed wa: ' 156.1
sat 7HOH: 29.147
Ms = Mdry¥*(1-7ZHOH)+18%ZHOH Ms: 25.91
Avg: 16.3 - 156.1 29.14% |
point dp alpha t 7ZHOH std . point cyc
SE-1 0.55 16 154  27.70% 47.0 -~ 46.7 44,
2 0.82 16 156 29.087 57.3 57.3 55.
3 .0.80 16 156 29.087% 56.6 56.6. 54,
4 0.60 16 157 29.797  49.0 49.1 “47.
5 0.92 16 157 29.797% 60.7 60.9 58.
6 0.98 16 156 29.087 62.7 62.7 60.
SwW-1 0.55 18 154 27.707 47.0 46.7 44,
2 0.82 18 156  29.087 57.3 57.3 54,
-3 0.80 16 157 29.797 56.6 56.7 54,
4 0.68 16 157  29.79Z 52.2  52.3 50.
5 0.95 16 157 29.79%7 61.7 61.8° 59.
6 ~ 0.88 16 156 29.087 59.4 59.4 57.
- - avg . R
fps: “55.6 55.6 53.4
acfm: 167769 167794 161027
ZHOH: 29.147 29.147
scfm: .102708 102712 98570 .
: . Emission: .  1b/hr : ,
ppm Mgas. pVM/RT*60 std '~ point cyc

- NOx 56 - 46 7.1646 41.2 41.2 39.5



" COMPARISON CALCULATIONS

(Meas-Calc)/Meas
* Evaporated TPH

NOx CALCULATION

Standard Flow ai
wSCFM
mhoh

Dry Flow
Stk HOH
Net HOH 0.1711.
Scrubber HOH
Excess Air
EA 00 0.3517
EA NN 1.3259

-Cyclonic Flow @
‘ wSCFM
.shoh
mole/1b
Dry Flow
Stk HOH )
Net HOH 0.1361
Scrubber HOH
Excess Air
~EA 00 0.3339
- EA NN '1.2587

06/08/87

Fuel
England
" AP42

mole/1b

time

1b/1b
0.8659
0.1016
0.0025
0.0128
0.0172
0.0005

mole/1b fuel
0.0722
0.1016
0.0002
0.0004
0.0011

mole/1b
0.0976
0.3679

scf/1b

36.91
139.16
176.07

Tank
99.0%

0
-100.0%

" Meter
95.4%
950
8.097
7692

Inlet Twb In hoh sat
152 24.81%

%HOH

516 12.0% in
454
471
485

3.0%
L4.9

3.6% out

RUN: 3F
COMBUSTION CALCULATIONS
1b/mole
carbon 12
hydrogen 1
nitrogen 14
sulfur 32
oxygen 16
ash
Combustion Air
net 00 32
cmb NN 28
total
FUEL
Expansion @ 60
Fuel GPH
1b/gal
1b/hx
SCRUBBER gpm
500
ROCK
Scale TPH
Dry TPH
Calc Bin TPH
Meas Bin TPH

fuel thermal
405
250
152

225
- 134

measured %HOH
144937
29.14% .
1b/1b scf/1b tout
801.16

329.40

64.73

15.677
3.081
29.420 . 148
634.49
133.02

501.48

11.255
37.126

156
156

saturation %HOH
139112
29.14% .
.1b/1b scf/1b . tout

768.97

316.16

51.49

15.047
2.451
30.050

156
148
602.30
126.27
476.03

10.684
. 35.2h3

156
156

156

14:16 ref: 1A 6
oxygen required mole/lb
0CO 1 0.0722
NO2 1 0.0002
. 080 1 0.0004
-fuel 0 -0.0005
HOH  0.25 0.0254
Comb Products mole/lb
cmb NN 0.3679
0CO L4 0,0722
NO2 46 0.0002
0S0 64 0.0004
total dry
HOH - 18 0.0508

total products

18493 btu/lb
142 mmbtu/HR

1269 GPH @190 mmBtu/hr

mole/1b
Rock dried
" Rock HOH :
Evap HOH 0.6490:

ppm condition

405 stoichometric
475 @ 3% Excess Air
286 stoichometric

tin btu/lb

fuel Btu/°F/#
oco 0.21
HOH 0.45 Huv HOH
o0  0.23
NN 0.25
rock 0.25
liq HOH S §
- 1b/1b  scf/1b tout tin
10.303 139.16 156 87.8
3.175 27.29 156 87.8
0.008 0.07
0.026 0.15
166.67
0.914 19.21 156 87.8
1b/1b scf/lb  tout tin
117.98 194 84.2
4.41 194 84.2
11.68  245.5 156 84.2
1b/1b . scf/1lb
0.0082 0.0675
0.0099 0.0815
0.0058 0.0477
~ NOx emission model
NOx meas fuel eng
pPpm 56 84 102
1b/hr 42.0 63.2 76.3
88 3221  47.39 evap gpm
88 1771 :
Stack gas composition
88 177 %HOH . 00 oco Mdry
88 634 . std 29.14% 16.60% 3.41% 29.21
total 22938 p + rk 24.83% . o
- inlet = 24.81% -
meas 29.14% 13.00% 4.00% 29.16
ACE 0.00% 0.00% 0.00% 28.00
NOx emission model
: NOx meas =~ fuel eng
tin btu/lb ppm - 56 88 106
1b/hr 40.3 63.2 76.3
88 2563  37.70 evap gpm
88 1809 _
Stack gas composition
88 168 . %HOH. 00 oco Mdry
88 602 sat  29.14% - i _
22276 cyc  29.14% 16.42%  3.55% 29.22

total
. p +rk

25.61%

Btu/1b
1015

RI/p
378.20

btu/lb
176
46

956
1178

btu/1lb
3239
484
12235

api42
L4.6

3.604

2.958

aph?2
62
L4.6

3.421



- Individual VelocityATraverse Calculations

- No:
Date:
Time:
Pbar:

Pst:

Ps:

Fv:
Dia:
Z00:

Z0COoy
Mdry:
H:
0:
C:

8

4F
06/08
14:30
30.22
-0.8

-30.16

0.834

©12.98

96
13.07
4,07

29.16
10.167%
1.727,
86.597

Pbar+Pst/13.6

85.49*Cp*sqrt(1/Ps) .

Area: .50.27

ZEA:

" Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1-ZHOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 156.4
i sat 7ZHOH: 29.377%
= Mdry*(1-Z%HOH)+18*ZHOH - Ms: - 25.88
Avg: 16.3  156.4  29.38% .
point dp alpha t ZHOH std  point- cyce
SE-1 0.60 16 . 154 .27.70% 49.1 48.8 46.9
2 ~ 0.80 16 - 157 29.797 56.7 56.7 54.5
3 0.80 16 157 29.797 56.7 '56.7 54.5
4 0.62 16 157 29.797 49.9 50.0 48.0
5  0.95 16 157 29.797 61.8 61.8 59.4
6 0.95 16 157 29.797  61.8. 61.8 59.4
SW-1 0.60 18 154 . 27.707% 49.1 48.8 46.4
2 0.80 18 156 29.087% 56.7 56.6 53.8
3 0.78 16 "~ 157 29.79%7 56.0 56.0° 53.9
4 0.65 16 157 29.797  51.1  51.2 49,2
5 0.98 16 157 29.797  62.7 62.8-  60.4
6 0.90 16 157 29.797  60.1 60.2 57.9
fps: 56.0 56.0 53.7
acfm: 168744 168772 161963
ZHOH: 29.377% 29.387
scfm: 102905 102909 98758 .°
o Emission: 1b/hr "
’ ppm Mgas pVM/RT*60 std point cye
NOx 56 46 7.1646 41.3 41.3 39.6

Usages
507
0.12
446

TPH
HOH
Dry

Rock:

950
8.097
18493

142

GPH
lb/gal
Btu/1lb
mmBtu/hr

0il:

2.958 based on fuel analysis and %0CO



COMPARISON CALCULATIONS
RUN: 4F 06/08/87

COMBUSTION CALCULATIONS

time  14:30° ref: 1A 6

1b/mole 1b/1b mole/1b fuel oxygen required mole/1lb fuel - Btu/°F/#
carbon 12 0.8659 0.0722 oCco - 1 0.0722 0oCo-. 0.21
hydrogen 1 0.1016 0.1016 NO2 1 0.0002 HOH 0.45 Huv HOH
nitrogen 14 0.0025 0.0002 ) 0S0 1 0.0004 00 . 0.23
sulfur 32 0.0128 0.0004 ~ -fuel O -0.0005 . NN 0.25
oxygen 16 0.0172 0.0011 HOH 0.25 0.0254 rock = 0.25
ash . 0.0005 ' liq HOH 1
Combustion Air mole/lb scf/lb Comb Products mole/lb 1b/1lb scf/lb tout tin
net 00 32 0.0976 36.91 cmb NN 0.3679 10.303 - 139.16 156 87.8
cmb NN 28 0.3679 139.16 0Co 44 0.0722  3.175 27.29 156 87.8
total 176.07 NO2 46 0.0002 0.008 0.07 '
0S0. 64 0.0004 0.026 0.15
_total dry _ 166.67 :
HOH 18 0.0508 0.914 19.21 156 87.8
total products o
FUEL Meter Tank -
Expansion @ 60 95.4%  99.0% 18493 btu/1b
Fuel GPH ’ 950 0 © 142 ‘mmbtu/HR
1b/gal 8.097 -100.0% 1269 GPH @190 mmBtu/hr
1b/hr 7692
SCRUBBER gpm Inlet Twb 1In hoh sat
: 500 152 24.81% ’
ROCK %HOH
Scale TPH 507 12.0% in
Dry TPH 446 _
Calc Bin TPH 463 3.6% out : mole/1b 1b/1b scf/lb tout tin
Meas Bin TPH 485 Rock dried 116.04 194 84.2°
(Meas-Calc)/Meas 4.6% Rock HOH 4.33 . 194 84.2
Evaporated TPH 4L .2 Evap HOH 0.6383 11.49 241.4 156 84.2
NOx CALCULATION fuel thermal ppm condition 1b/1b scf/1b
Fuel 405 405 stoichometric 0.0082 . 0.0675
- England 250 225 475 @ 3% Excess Air 0.0099 0.0815
AP42 152 134 286 stoichometric 0.0058 0.0477
. Standard Flow at measured %HOH :
: wSCFM 145700 NOx emission model _ A
mhoh 29.37% : NOx meas fuel eng
mole/1b 1b/1b * scf/1b tout " tin btu/lb ppm 56 . 84 102
Dry Flow 802.70 . 1b/hr 42.1 63.2 76.3
Stk HOH 15.887 333.82 ' ' '
Net HOH 0.1935 3.483 - 73.18 156 88 3643 53.58 evap gpm
Scrubber HOH -29.017 . 148 88 1747
Excess Air 636.03 Stack gas composition
EA OO0 0.3526 11.282 133.34 156 88 178 S%HOH 00 . 0CO Mdry
"EA NN 1.3292 37.216 502.69 156 88 638 std 29.37% 16.61% 3.40% 29.21
: total 23082 p + rk 24.51%
inlet  24.81% B
meas 29.37% 13.00% 4.00% 29.16
ACE 0.00% 0.00% 0.00% 28.00
Cyclonic Flow @ saturation %HOH
. wSCFM 139846 NOx emission model
shoh 29.37% NOx meas fuel eng
mole/lb 1b/1b scf/1b tout tin btu/lb - ppm 56 88 106
Dry Flow - 770.45 ’ B 1b/hr 40.4 63.2 76.3
Stk HOH 15.249 320.40 '
Net HOH 0.1580 '2.844 59.77 156 88 2975 43.76 evap gpm
Scrubber HOH . 29,656 148 88 1785
Excess Air 603.78 Stack gas composition
EA 00 - 0.3347 10.710 .126.58 156 88 169 %HOH 00 oCo Mdry
EA NN 1.2618 35.329 477.20 156 88 606 sat 29.37% o
- : total 22411 cyc 29.37% 16.43% 3.54% 29.22
"p+rk 25.28%

Btu/1lb
1015

RI/p
378.20

btu/1b
177
46

956
1179

btu/1b
3185
. 476
12036

A aph?2
44,6

3.612

2.958

aph2
. b4.6

3.429




Individual Velocity Traverse Calculations

No: 9 1F ' : Usages
Date: 06/09 ‘ , Rock: 489 TPH
Time: 14:00 o 0.12 HOH
Pbar: 30.15 - 431 Dry
Pst: -0.78
Ps: 30.09 =Pbar+Pst/13.6 0il: 929 GPH
Cp: 0.834 8.105. 1b/gal
Fv: 13.00 = 85.49%Cp*sqrt(1/Ps) . 18538 Btu/lb
‘Dia:’ 96 Area: 50.27 140 mmBtu/hr
Z00: 13.57%
7Z0CO: 4.57
Mdry: 29.27
H: 10.10%
O 1.687%

C: 86.79%7 7ZEA: 2.508 based on fuel analysis and 700

Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
. point = Fv¥sqrt(dp*(Ts pt+460)/(Mdry*(1-7ZHOH pt)+18*7HOH pt))
cyc = fps pt¥*cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: ~ 155.3 ' 151
: _ o sat 7ZHOH: 28.627% _ 25.797 28.627%
Ms = Mdry*(1-7HOH)+18*7HOH Ms: 26.04 - 26.36° 26.04
Avg: ' 17.0 155.3 28.627 std std cyc
point dp alpha -t - ZHOH std " point cyc inlet meas - meas
SE-1  0.52 18 155 28.457%7 45.6  45.5 43.3 45.3 © 45.6  43.3
' 2 0.54 18 155 28.457 46.4  46.4 44,1  46.1  46.4 44,2
3 0.56 18 155 28.457% 47.3  47.2 44,9 47.0 47.3  45.0
‘4 0.56 16 155 28.45% 47.3  47.2 45.4  47.0 47.3  45.4
5 0.92 16 155 28.457 60.6 60.6. 58.2 60.2 60.6 58.2
6 0.94 ~ 16 155 28.457 61.2 61.2- 58,8 60.9 61.2 58.9
SW-1  0.52 18 155 28.457 45.6 45.5 43,3 45,3  45.6 43,3
2 0.56 18 155 28.457 47.3  47.2  44.9 47.0 47.3  45.0
3 0.56 18 155 '28.457Z 47.3 47.2 44.9 47.0 47.3  45.0
4 0.78. 16 156 29.14%7 55.8 55.9- 53,7 55.5 55.8 53.6
5- 0.84° . 16 156 29.147 57.9 58.0 55.8 57.5 57.9 55.7
6 0.96 16 156 29.14%7 61.9 62.0 59.6 - 61.5 61.9 59.5
: avg _ -
fps: 52.0 52.0 49.8 51.7 52.0 49.8
acfm: 156847 156859 150066 155896 156847 150054 -
ZHOH: = 28.627 28.627 25.797 28.627% 28.627
scfm: 96634 96639 92454 99852 96634, 92449
Emission: 1lb/hr
o ppm Mgas pVM/RT*60 =~ std point cyc
NOx 48 46 7.1646 33.2 0 33.2 31.8 34.3 33.2 31.8
Cco 4.1 28 4.3610 1.7 1.7 1.7 1.8 1.7 1.7
voc 0.8 44 6.8531° 0.5 0.5 0.5 0.5 . 0.5 0.5
S02 5.8 64 9.9681 5.6 5.6 5.3 5.8 5.6 5.3
PART 0.014 gr/scf 0.0001 11.6 11.6 11.1 12.0 11.6 11.1



COMPARISON CALCULATIONS

RUN: 1F 06/09/87

COMBUSTION CALCULATIONS

1b/mole 1b/1b mole/1b fue
carbon 12 0.8679 0.0723
hydrogen 1 0.1010 0.1010
nitrogen 14 0.0014 0.0001
sulfur 32 0.0128 0.0004
oxygen - 16 0.0168 0.0011
ash 0.0004
Combustion Air mole/lb scf/lb
net 00 32 0.0976 36.89
cmb NN 28 0.3678, 139.09.
total 175.98
FUEL ) Meter Tank
Expansion @ 60 95.2% 99.0%
Fuel GPH 929 874
1b/gal 8.105 -6.0%
1b/hr 7533 ‘
SCRUBBER gpm Inlet Twb In hoh sa
570 151 24.29%
ROCK . %HOH
Scale TPH 489 12.0% in
Dry TPH 431
Calc Bin TPH 448 4.,0% ou
Meas Bin TPH. 445
(Meas-Calc)/Meas -0.8%
Evaporated TPH 40.8
NOx CALCULATION fuel the
Fuel 227
England 140
48

APL2

Standard Flow at measured %HOH

wSCFM 135376
mhoh 28.62%

mole/1b 1b/1b scf/lb
Dry Flow ' 769.69
Stk HOH 14.686 308.58
Net HOH 0.1641 2.953 62.05

Scrubber’ HOH " 34.879
Excess Air 603.05
EA 00 0.3343 10.697 126.43
EA NN 1.2602 35.287 476.63

Cyclonic Flow @ saturation %HOH

wSCFM 129524
shoh 28.62% .
mole/1b 1b/1b scf/1b
Dry Flow = 736.41
Stk HOH 14.052 295.24
Net HOH 0.1288 " 2.318 48,71
Scrubber HOH | 35.514
Excess Air 569.78
EA 00 0.3158 10.107 119.45
EA NN 1.1907 33.340 450.33

time

1

. 14:00 ref: 2A 6
oxygen required mole/1lb
0Co 1 0.0723
NO2 1 0.0001
0So -1 0.0004
-fuel O -0.0005
HOH 0.25 0.0253
Comb Products mole/lb.
cmb NN 0.3678
0Co 44  0.0723.
NO2 46 0.0001
~ 0S0 64 0.0004
total dry
HOH 18 0.0505

total products

t

t

rmal

225
134

tout
155
136

155
155

tout
155
136

155
155

18538 btu/lb
140 mmbtu/HR

1265 GPH @190 mmBtu/hxr

mole/1b-
Rock dried '
Rock HOH
Evap HOH 0.6013

ppm condition

227 stoichometric
365 @ 3% Excess Air
182 stoichometric

tin btu/1db
90 3084  44.50
.90 - 1604
90 161
90 576 std
total 21125 p + rk
. inlet
meas
* ACE
tin btu/lb
90 2421 34,93
90 1634
90 152
90 S44 sat
total 20450 cyc -

p+rk

fuel _ - Btu/°F/#
0Co 0.21
HOH 0.45 Huv HOH
00 0.23
NN 0.25
rock 0.25
liq HOH 1
1b/1b scf/1b tout tin
10.297 139.09 155 920
3.182 27.35 155 90
0.005 0.04
0.026 0.15
. 166.63
0.909 19.10 155 90
1b/1b scf/1b tout tin
114.30 179 83

4.76 179 83
10.82  227.4 155 83
1b/1b scf/lb

0.0046 ~ 0.0378
0.0076 0.0626
0.0037 0.0303
NOx emission model
NOx . meas fuel eng
ppm 48 49 81
1b/hxr =~ 33.8 34.7 57.4
evap gpm
Stack gas composition .

%HOH 00 0Co Mdry
28.62% 16.43% 3.55% 29.23
24.26%"

24.,29% -
28.62% 13.53% 4.53% 29.27

0.00%  0.00% 0.00% 28.00

NOx emission model
NOx meas fuel eng
ppm - 48 .51~ 85
1b/hx 32.4 347 57.4
evap gpm
Stack gas composition ’

%HOH 00 0oCco Mdry
28.62% B
28.62% 16.22% 3.71% 29.24 -
25.08%

Btu/1b
1015

RT/p
378.20

btu/1b
168
_hh

949
1161

btu/1b

2743
: 457
11339

aph2

27.7

3.427

£ 2.508

aphk?

217

3.238




individual Velocity Traverse Calculations

"No: 9 IR Usages

Date: 06/09 Rock: 492 TPH
Time: 14:15 : 0.12 HOH
Pbar: 30.15 433 Dry
Pst: -0.78
Ps: 30.09 Pbar+Pst/l3 6 ‘0il1l: © 920 GPH
Cp: 0.834 . 8.105 1b/gal .
Fv: 13.00 = 85.49*Cp*sqrt(1/Ps) 18538 Btu/1b
Dia: 96 Area: 50.27 _ 138 mmBtu/hr
700: 13.5% o o
%0CO0: 4,57
Mdry: 29.27
H:. 10.10%
0: 1.687%

C: 86.797 ZEA: 2.508 based on fuel analysis and %00

Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
point = Fv¥sqrt(dp*(Ts pt+460)/(Mdry*(1-7HOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha)
sat ZHOH ='eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 155.8 151 |
sat 7ZHOH: 29.037% 25.797% 25.857
= Mdry*(1-ZHOH)+18*7ZHOH Ms: ©26.00 : : 26.36 26.35 .
Avg: ~17.0- 155.8 29.037 . std. std cyc
point dp alpha t  7ZHOH std point  cyc inlet - meas meas
SE-1" 0.65 18 155 28.45% 51.0. 50.9  48.4 50.6 50.7 ~48.2
2. 0.45 18 155 28.457 42.4 42.4 40.3°  42.1 42.1 40.1 -
3 0.55 © 18 - 155 28.457 46.9 46.8 44.5 46.6 46.6 44,3
4 0.55 16 - 155 28.457 46.9 46.8  45.0 46.6 = 46.6 44.8
5 0.94 16 155 28.457 61.3 61.2 58.8 60.9 60.9 58.6
6 0.94 16 155 28.457 61.3 61.2 . 58.8 .60.9 60.9 58.6
SW-1 0.50 18 155 28.457 44.7 44.6 42.5 44,4 44.4  42.3
2 0.55 - 18 157 29.867 46.9 47.0 © 44.7 46.6 ~ 46.6 @ 44.3
3 0.55 18 157 29.867Z 46.9 47.0.  44.7 46.6 46.6 44.3
4  0.80 16 157 29.867Z 56.6 . 56.7. 54.5 56.2 56:2 54.0
S 0.80 .16 157 29.86Z 56.6 56.7 54.5 56.2 56.2 54.0
-6 0.98 16 157 29.86Z 62.6 62.8 60.4 62.2 62.2 - 59.8
avg | '
fps: 52.0 52.0 49.8 51.7 51.7 49.4
acfm: 156899 156914 150120 155811 155830 149083
ZHOH: 29.037Z 29.03% » 25.797% 25.85% 25.85Z
scfm: 96023 96022 91865 99703 99639 95325
- Emission: 1b/hr S .
- - ppm Mgas pVM/RT*60. std point cyc ' :
NOx 48 46 7.1646 33.0 33.0 31.6 34.3 34.3 32.8
co 4.1 . 28 4.3610 1.7 1.7 1.6 1.8 1.8 1.7
voC 0.8 44 6.8531 0.5 0.5 0.5 0.5 0.5 0.5
S02 6.6 . 64 9.9681 6.3 6.3 6.0 . 6.6 6.5 - 6.3
PART 0.014 gr/scf 0.0001 . 11.6 11.6 11.1 12.0 ° 12.0 11.5



COMPARISON CALCULATIONS

RUN: 1R 06/09/87

COMBUSTION CALCULATIONS

time 14:15  ref: 2A 6

lb/mole  1b/1b mole/lb fuel oxygen required mole/1lb fuel Btu/°F/#
carbon 12 0.8679 0.0723 0co 0.0723 ’ oco 0.21 :
hydrogen 1 0.1010 0.1010 NO2 1 0.0001 HOH 0.45 Huv HOH
nitrogen 14 0.0014 0.0001 0S0 1 0.0004 00 0.23
sulfur 32 0.0128 0.0004 ' -fuel O -0.0005 NN 0.25
oxygen 16 0.0168 0.0011 . HOH 0.25 0.0253 rock 0.25
. ash 0.0004 liq HOH 1
Combustion Air mole/lb scf/lb Comb Products mole/lb 1b/1lb scf/lb tout ‘tin
net 00 32 0.0976 . 36.89 cmb NN 0.3678 10.297 139.09 156 90
cmb NN 28 0.3678 139.09 ) 0Co 44 0.0723 3.182 27.35 156 90
total 175.98 NO2 46 0.0001 0.005 0.04
o 0S0 64 0.0004 0.026 0.15
total dry 166.63 oo
: HOH 18 0.0505 0.909 19.10 156 90
total products .
FUEL . Meter Tank ~
Expansion @ 60 95.2% 99.0% 18538 btu/1b’
Fuel GPH 920 874 ’ © 138 mmbtu/HR
1b/gal 8.105 -5.0% - 1265 GPH @190 mmBtu/hr
1b/hr 7457
SCRUBBER gpm Inlet ITwb In hoh sat:
570 151 24.29%
ROCK %HOH
Scale TPH 492 12.0% in
Dry TPH 433
Calc Bin TPH 451 4.0% out _ mole/1b  1b/1b scf/lb tout tin
Meas Bin TPH 445 Rock dried 116.09 179 83
(Meas-Calc)/Meas -1.3% Rock- HOH 4,84 179 83
Evaporated TPH 41.0 Evap HOH 0.6107 10.99 231.0 156 83
NOx CALCULATION fuel thermal ppm condition 1b/1b scf/lb
’ Fuel 227 . : 227 stoichometric 0.0046 0.0378
England 140 225 365 @ 3% Excess Air 0.0076 0.0626
- AP42 48 - 134 182 stoichometric . 0.0037 0.0303
Standard Flow at measured %HOH -
wSCFM 134371 NOx emission model ] _
mhoh = 25.85% ’ NOx meas fuel eng
mole/1lb 1b/1b scf/1b tout tin btu/lb- PPR L8 47 - 78
Dry Flow 801.74 : 1b/hr -34.9 34.3 56.8
Stk HOH 13.301 1279.47 . : ) ’ BRI
Net HOH 0.0777 1.399 29.39 156 90 1461 20.86 evap gpm
Scrubber HOH 36.820 136 90 1694
Excess Air 635.11 Stack gas composition :
EA 00 0.3520 11.266 133.15 156 - 90 171 %HOH 00 0Cco Mdry
EA-NN 1.3272 37.162 501.96 156 90 612 std 25.85% 16.61% 3.41% 29.21
S total 19869 p + rk  23.78% ' '
. " inlet 24.,29% . .
meas 25.85% 13.53% 4.53% 29.27
ACE 29.60% 13.80% 4.60% 29.29
Cyclonic Flow @ saturation %HOH )
wSCFM 129448 NOx emission model
shoh 29.03% ' NOx meas fuel eng
mole/1b 1b/1b scf/lb tout tin btu/ldb . PpPm 48 51 85
" Dry Flow 739.26 ' - 1b/hr 32.2 34.3 56.8
" Stk HOH 14.389 302.33 ’
Net HOH 0.1382 =~ 2.487 52.25 . 156 90 2598 37.09 evap gpm
Scrubber HOH . 35.732 . 136 - 90 1644 ‘ .
Excess Air 572.63 : S Stack gas composition
EA 00 0.3174 10.157 120.05 - 156 90 154 . %HOH 00 0Co Mdry -
EA NN 1.1967 33.506 452.58 156 90 551 sat 29.03% :
’ total 20879 cyc 29.03% 16.24% 3.70% 29.24
: p+rk 25.28% ' ‘

Btu/1b
1015

RI/p
378.20

btu/lb

169 -

Ll

950
1163

btu/1lb

2786
46l
11519

abhz
27.5

EA
3.609

2.508
2.456

aph2
41
~27.5

EA .

3.254



Individual Velocity Traverse Calculations

No: 9 2F _ ' Usages
_Date: 06/09 Rock: 496 TPH
Time: 15:30 0.118 HOH
Pbar: 30.15 _ 438 Dry
Pst: =-0.74 .
Ps: 30.10 =Pbar+Pst/13.6 . 0il: 937 GPH
Cp: 0.834 ' o '~ 8.097 1lb/gal
Fv: 13.00 = 85.49%Cp*sqrt(1/Ps) 18521 Btu/1b
Dia: - 96 Area: 50.27 140 mmBtu/hr
Z00: . 13.87% :
7%0CO: 4,57
Mdry: 29.27
H: 10.58Z%
0: 1.237 . .

C: 86.657 7ZEA: 2.485 based on fuel analysis and 700

Calculation equation summary '
Fv*sqrt(dp*(Ts ave+460)/Ms) -

fps: std =
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1-ZHOH pt)+18%ZHOH: pt))
cyc = fps pt*cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemlstry, pg 1436
Assumed Twb: 156.9 , 150
sat 7ZHOH: 29.797% 25.167 29. 797
= Mdry*(1-7ZHOH)+18%7HOH Ms: 25,91 26.44 25.91
Avg: 17.0 156.9 -29.79% ~_std-  std cyc
point dp alpha t  7ZHOH std point cyc inlet meas meas
SE-1 . 0.54 . 18 157 29.85% 46.6 46.6 44.3 46.1 46.6 44.3
2 0.54 16~ 157 29.85% 46.6 46.6 44.8 46.1 @ 46.6  44.8 -
3 0.58 16 157 29.857 48.3 48.3 46.4 . 47.8 48.3 46.4
4 0.60 . 18 157 29.85Z 49.1 49.1 46.7 48.6 49.1  46.7
5 0.90 18 157 29.85% 60.2 60.2 57.2 .59.6 60.2. 57.2 -
6 0.96 16 157 29.85% 62.1 62.1 " 59.7 61.5 62.1 59.7
SW-1 0.64 16 156 29.14% 50.7 50.6 48.7 50.2 50.7 48.8
2 0.58 18 157 29.85Z 48.3° 48.3 45.9 47.8 48.3  45.9
3 0.58 18 157 29.857% 48.3 - 48.3 45.9 47.8 . 48.3  45.9
4 0.76 18 157 29.85%Z 55.3 55.3 52.6 54,7 55.3 52.6
5 0.86 16 157 29.85% 58.8 58.8 56.5 58.2 58.8 56.5
6 0.94 16 157 29.85%Z 61.5 61.5 59.1 60.9 61.5 59.1
o avg .
fps: 53.0 53.0 50.7 52.5 53.0 50.7
acfm: 159792 159793 152814 158205 159792 152812
ZHOH: 29.797 29.79Z 25.16% 29.797 29. 79%
scfm: 96575 96575 92357 101928 96575 92357
Emission: 1lb/hr A :
. ppm  Mgas pVM/RT*60 std point cye _
NOx 48 46 7.1646 ©33.2 33.2 31.8 .35.1 33.2 31.8
co 4.1 28 4.3610 . 1.7 1.7 1.7 1.8 1.7 1.7
voc 0.8 44 6.8531 0.5 0.5 = 0.5 0.6 0.5 0.5
S02 12.0 64 9.9681 - . 11.5  11.5 11.0 12.2 11.5 11.0
PART 0.017 gr/scf 0.0001 13.8 13.8 13.2 14.5 13.8 13.2



COMPARISON CALCULATIONS
RUN: 2F 06/09/87

COMBUSTION CALCULATIONS

time

15:30 ref: 3A 6

1b/mole  1b/1b mole/lb fuel oxygen required mole/lb fuel Btu/°F/#
carbon 12 0.8665 0.0722 0Co 1 0.0722 0oco 0.21°
hydrogen 1 0.1058 -0.1058 ~ ' -NO2 1 0.0002 HOH =~ 0.45 Huv HOH
nitrogen 14 0.0028 -0.0002 0so 1 0.0004 00 0.23
sulfur 32 0.0126 0.0004 -fuel O -0.0004 NN 0.25
oxygen 16 0.0123 0.0008 HOH 0.25 0.0265 rock 0.25
ash 0.0002 liq HOH 1
Combustion Air mole/lb scf/lb Comb Products mole/lb 1b/1b scf/lb tout _ tin
net 00 32 0.0989 37.39 cmb NN 0.3727 10.436 140.97 . 157 . 90
cmb NN 28 0.3727 140.97 0Co 4L 0.0722 3.177 27.31 157 90
total 178.36 NO2 46 0.0002 0.009 0.08
- 0SO . 64 0.0004 0.025 .0.15
total dry 168.50
. HOH 18 0.0529 0.952 20.01 157 90
total products
FUEL Meter Tank
Expansion @ 60 95.4% 99.0% 18521 btu/1b
Fuel GPH 937 927 ' 140 mmbtu/HR
1b/gal 8.097 -1.0% 1267 GPH @190 mmBtu/hr
- 1b/hr 7585
SCRUBBER - gpm Inlet Twb In hoh sat
570 150 23.63%
ROCK %HOH
Scale TPH 496 11.8% in
Dry TPH 438 ’ . : )
Calc Bin TPH 456 4.0% out mole/1b 1b/1b scf/lb tout ' tin
Meas Bin TPH 455 Rock dried 115.46 184 82
(Meas-Calc)/Meas -0.2% Rock HOH - 4.81 184 82
" Evaporated TPH 40.3 Evap HOH 0.5909 10.64  223.5 157 82
NOx CALCULATION fuel thermal -ppm condition 1b/1b scf/1b
. Fuel 449 449 stoichometric 0.0092 0.0756
England 280 225 505 @ 3% Excess Air 0.0107 0.0876
AP4L2 189 133 322 stoichometric 0.0066 0.0542
Standard Flow at measured *%HOH
wSCFM . 137559 NOx emission model -
mhoh- 29.79% : NOx meas fuel eng
mole/1b 1b/1b scf/lb tout .  tin btu/lb ppm 48 99 115
Dry Flow - 763,91 1b/hr 33.8 69.8 80.9
Stk HOH 15.429 324.18
Net HOH 0.2134 3.841 80.70 157 90 LOl4 58.27 evap gpm
. Scrubber HOH 33.730 136 90 1552
" Excess Air 595.40 Stack gas composition
EA 00 0.3300 10.561 124.82 157 90 163 %HOH 00 0Co Mdry
EA NN 1.2443 34.839 470.58 157 90 583 std 29.79% 16.34% 3.57% 29.23
total 22114 p + rk 24.17% .
inlet  23.63%
meas 29.79% 13.80% 4.50% 29.27
ACE 0.00% 0.00% 0.00% 28.00
Cyclonic Flow @ saturation %HOH
wSCFM 131552 - NOx emission model :
shoh 29.79% ] . NOx . meas fuel eng
) mole/1b 1b/1b scf/lb tout tin btu/lb . Ppm 48 - 104 120
Dry Flow . 730.55 : 1b/hr 32.4 69.8 80.9
Stk HOH 14,755 310.02 : ’ )
Net HOH 0.1759 3.167 66.54 157 90 3310 48.05 evap gpm
Scrubber HOH 34.404. 136 90 1583
Excess Air 562.04 : Stack gas compositio
EA 00 0.3115 9.970 117.83 157 90 153 %HOH 00 -0CO Mdry
EA NN 1.1745 32.887 444.21 157 - 90 550 sat 29.79% .
: total 21399 - cyc 29.79% 16.13% 3.74% 29.24
: p +rk 25.00% '

Btu/1b
© 1015

RT/p
378.20

btu/1b
175
45

995
1214

btu/1b
2944
491
11154

aph2
71
50.0

- EA
3.338

2.485
ERR

apL2

50.0

3.151




individual Velocity Traverse Calculations

No: 9 2R ' Usages
Date: 06/09 Rock: 499 TPH
Time: 15:40 _ 0.118 HOH
Pbar: 30.15 . 440 Dry
Pst: ~-0.74 :
Ps: 30.10 =Pbar+Pst/13.6 0Oil: 943 GPH
Cp: 0.834 , 8.097 1b/gal
Fv: 13.00 = 85.49%Cp*sqrt(1/Ps) 18521 Btu/lb
Dia: 96 Area: 50.27 ' 141 mmBtu/hr
%Z00: 13.87
7Z0C0: 4,57
Mdry: 29.27
H:  10.58%
0: 1.237%

C: 86.657 ZEA: 2.485 based on fuel analysis and 700

Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
point = Fv#*sqrt(dp*(Ts pt+460)/(Mdry*(1-7HOH pt)+18%7HOH pt))
cyc = fps ptXcos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 157.0 : 150
sat 7ZHOH: 29.857% : 25.167 26.68%
Ms = Mdry*(1-7ZHOH)+18*ZHOH Ms: = 25.91 26.44  26.26
Avg: - 17.0 157.0 29.85% - std . std . cyc
point dp alpha t  ZHOH std point cyc inlet meas meas
SE-1. 0.50 18 157 29.857%7 44.8 44.8 42.7 44 .4 44,5 42,4
. 2 0.50 16 157 29.857 44.8 44,8 43,1 44 .4 44.5 42.8
3 0.78 16 157 29.85%Z 56.0 56.0 53.8 55.5 . 55.6 53.5
4 0.78 18 157 29.85%Z 56.0 56.0 53.3 55.5 55.6 52.9
5 0.50 18 157 29.857 44.8- 44.8 42.7 44.4- 445 42.4
6 0.50 16 157 29.857 44.8 44.8 43.1 444 44.5 42.8°
SW-1 0.80 - 16 157 29.85%Z 56.7 56.7 54.5 56.2 - 56.3 54,2
2 0.50 18 157 29.857%7 44.8  44.8 42.7 44,4 44,5 42.4
3 0.50 18 157 29.857 44.8 44,8 42.7 . 44.4 445 42.4
4 0.50 - 18 157 29.857 44.8 44.8 42.7 44.4 44.5 42,4
5 0.77 16 157 29.85%Z 55.7 55.7 . 53.5 55.1 55.3 53.1
6 0.80 16 157 29.85% 56.7 56.7 54.5 56.2 56.3. 54.2:
_ avg : o
fps: 49.6° 49.6 47.4 49.1 49,3  47.1
acfm: 149562 149562 143049 148057 148541 142073
ZHOH: 29.85% 29.857 - 25,167 26.687% 26.687%
scfm: 90303 90303 86371 95377 - 93738 89657
’ Emission: 1b/hr 4 :
ppm  Mgas pVM/RT#60 std point cyc -
NOox - 52 46 7.1646 33.6 33.6 32.2 . 35.5 34,9 33.4
Cco 4.2 28 4.3610 1.7 1.7 1.6 1.7 1.7 1.6
voC 1 44 6.8531 0.6 0.6 0.6 - 0.7 -0.6. 0.6
S02. 9.5 64 9.9681 8.5 8.5 8.2 9.0 8.9 8.5
PART 0.017 gr/scf 0.0001 C 12.9 12.9 12.3 13.6 13.4 12.8



COMPARISON CALCULATIONS

(Meas-Calc)/Meas
Evaporated TPH

NOx CALCULATION

06/09/87

time

1b/1b mole/1b fuel

0.8665
0.1058
0.0028
0.0126
0.0123
0.0002

mole/1b
0.0989
0.3727

Meter
95.4%
943
8.097
7634

Inlet Twb
150

499
440
458

RUN: 2R
- COMBUSTION CALCULATIONS
1b/mole
carbon 12
hydrogen 1
nitrogen 14
sulfur 32
oxygen 16
ash
Combustion Air
net 00 32
cmb NN 28
. total
FUEL |
Expansion @ 60
Fuel GPH
- 1b/gal
1b/hr
SCRUBBER gpm
: o 570
ROCK
Scale TPH
Dry TPH
Calc Bin TPH
Meas Bin TPH

455

0.0722
0.1058
0.0002
0.0004
0.0008

scf/1b
37.39

140.97

178.36

Tank
99.0%
927
-1.7%

In hoh sat
23.63%

%HOH
11.8% in’

4.0% out

-0.7% -

40.5

Fuel
England
AP42

fuel thermal
449

Standard Flow at measured %HOH

wSCFM

mhoh

mole/1lb
Dry Flow
Stk HOH

Net HOH 0.0660
Scrubber HOH
Excess Air
EA 00 0.3150
EA NN 1.1875

" Cyclonic Flow @
. wSCFM
shoh
mole/1lb"
Dry Flow
Stk HOH
Net HOH 0.1208
Scrubber HOH
Excess Air
EA OO 0.2829
EA NN 1.0665

127857
.26.68%
1b/1b

12.762
1.187
36.144

10.079
33.249

saturation %HOH

123129
29.85%
1b/1b

13.750
. 2,175
35.156

9.052

29.861

280 225
189 133
scf/1b tout
736.74
268.15 .
24,95 156
136
568.23
119.13 156
449,11 156
scf/1b tout
678.83 :
288.90
45.70 156
. 136
510.33
106.99 156
403.34 156

15:40 ref: 3A 6
oxygen required mole/lb
oC 1 0.0722
NO2 1 0.0002
. 0SO 1 0.0004
-fuel O -0.0004
HOH 0.25 0.0265
Comb Products mole/lb
cmb NN 0.3727
0Co 44 0.0722
NO2 46 0.0002"
0S0 64 0.0004
total dry
. HOH 18 0.0529
total products
18521 btu/1b
141 mmbtu/HR

1267 GPH @190 mmBtu/hr

mole/1lb
Rock dried
Rock HOH
'Evap HOH 0.5901

ppm condition

449 stoichometric
505 @ 3% Excess Air
322 stoichometric
tin -btu/lb
20 1240 18.13
90 1663
20 153
90 547 std
total 19379 p + rk
’ ' inlet
meas
ACE
tin btu/lb
90 2272 33.21
20 1617
90 137
.90 . 491 . sat
total 20293 cyc

P +rk

fuel Btu/°F/#
0Co 0.21
HOH 0.45 Huv HOH
00 0.23
NN 0.25
rock 0.25
liq HOH 1
1b/1b scf/1lb tout tin
10.436 140.97 156 90
3.177 27.31 156 90
0.009  0.08 :
0.025 0.15
168.50 . :
0.952 20.01 156 90
1b/1b scf/1lb tout tin
115.31 184 82
4.80 184 82
10.62 223.2 156
1b/1b scf/1b
0.0092 0.0756
0.0107 0.0876
0.0066 0.0542
NOx emission model .
NOx meas fuel eng
ppm 52 103 119
1b/hr 35.6 70.2 8l.4
evap gpm
Stack gas composition
%HOH 00 0CO  Mdry.
26.68% 16.17% 3.71% 29.24
24.,82% - S
23.63% ,
26.68% 13.80% 4.50% 29,27
30.57% 14.00% 4.60% 29.30
NOx emission model ]
NOx meas fuel eng
’ m 52 111 129
1b/hr 32.8 70.2 81.4
evap gpm
Stack gas composition
%HOH 00 0CO0  Mdry
29.85% '
29.85% 15.76% 4.02% 29.27

26.38%

82 -

Btu/1b
1015

RI/p
378.20

btu/1b
172
bl

995 -
1210

btu/1b
2940
- 490
11135

ap4?
50.3

2.861



Individual Veloclty Traverse Calculations

No: 9 3F g “Usages
Date: 06/09 : _ Rock: 494 TPH
Time: 17:10 ' 0.118 HOH
Pbar: 30.15 435 Dry
Pst: -0.78
Ps: 30.09 =Pbar+Pst/13. 6 - 0il: 914 GPH
Cp: 0.834 . 8.097 1b/gal
Fv: 13.00 = 85.49*Cp*sqrt(1/Ps) 18492 Btu/lb
Dia: 96 Area: 50.27 - - 137 mmBtu/hr
700:  14.0% '
%0C0: 4,57
Mdry: 29.28
H: 10.307
0:  1.627%

C: 86.55% 7EA: 2.488 based on fuel aﬁalysisvand_ZOO‘

Calculation equatlon summary

"fps: std = Fv¥sqrt(dp*(Ts ave+460)/Ms)
point = Fv¥*sqrt(dp*(Ts pt+460)/(Mdry*(1- %HOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha) ,
sat - ZHOH = egns from Lange's Handbook of Chemistry, pg 1436
Assumed Twh: 153.8 - 148
sat 7HOH: 27.65% 23.94% 27.65%
= Mdry*(1l- 7HOH)+18*7HOH Ms: 26.16 26.58 26.16
Avg 17.5 153.8 27.65% : std ~ std cyc
point =~ dp alpha t  ZHOH std point cyc inlet meas meas
SE-1 0.56 18 154 27.767 47.1 47.1 44.8 46,7 47.1 44.8
2 0.58 18 152 26.43% 47.9 47.7 45.4 47.6 47.9  45.6
-3 0.60 16 154 27.767 48.8 48.8 ~ 46.9 48.4  48.8 46.9
4 0.60 .16 154 27.767% 48.8 48.8 ~46.9 48.4 48.8 46.9
5 0.88 16 154 27.767Z 59.1 59.1 56.8 58.6 59.1 56.8
6 0.94 18 154 27.76% 61.0 61.1 58.1 60.6 61.0 58.0.
SW-1 0.60 18 154 27.767 48.8 48.8 46.4 48.4 - 48.8  46.4
2 0.60 16 . 154 27.767Z 48.8 48.8 46.9. 48.4 48.8 46.9
3 0.58 20 154 27.767Z 47.9 48.0 45.1 47.6 - 47.9 45,1
4 0.72 18 154 27.76%Z 53.4 53.4 50.8. 53.0 53.4 50.8
5 0.84 18 154 27.767Z 57.7 57.7 _ 54.9 57.2 57.7 54.9
6 0.98. 18 154 27.76Z 62.3 62.3 59.3 61.8- 62.3 59.3
- avg o
fps: 52.6 52.6 50.2 52.2 52.6 50.2
acfm: 158733 158739 151360 157479 158733 151354
ZHOH: 27.657% 27.65% 23.94% 27.657% 27.65%
scfm: 99354 99355 94736 103619 99354 94735
: . Emission: 1b/hr S : - '
- ppm Mgas pVM/RT*60 std point cyc _
NOx 52 46 7.1646. 37.0 37.0 35.3 38.6 37.0 35.3
CoO - 4.2 28 4.3610 1.8 1.8 1.7 1.9 1.8 1.7
voc 1 44 6.8531 0.7 0.7 0.6 0.7 0.7 0.6
S02 - 6.6 64 9,9681 6.6 6.6 6.3 6.8 6.6 6.3
0.8 10.8 10.3 -11.3 10.8 - 10.3

PART 0.013 gr/scf 0.0001- .10,



" COMPARISON CALCULATIONS
RUN: 3F 06/09/87

COMBUSTION CALCULATIONS

time

1b/mole 1b/1b mole/1b fuel.
carbon 12 0.8655 0.0721
hydrogen. 1 0.1030 0.1030
nitrogen 14 0.0023 0.0002.
sulfur 32 0.0130 0.0004
oxygen 16 0.0162 0.0010
ash 0.0002
Combustion Air mole/lb scf/lb
net 00 32 0.0979 37.04
cmb NN 28 0.3692 139.64
total ’ 176.69
FUEL . ) Meter -Tank
Expansion @ 60 95.2% 99.4%
Fuel GPH 914 927
1b/gal 8.097 1.4%
1b/hr 7403
SCRUBBER gpm Inlet Twb In hoh sat
. 570 148 22.52%
ROCK , %HOH
Scale TPH 494 11.8% in
Dry TPH 435
Calc Bin TPH 454 4,0% out
Meas Bin TPH : 378
(Meas-Calc)/Meas -19.9%
Evaporated TPH 40.1
NOx CALCULATION fuel thermal
Fuel 372 -
England 230 225
AP42 129 134
Standard Flow at measured %HOH
' wSCFM 137320
mhoh 27.65%
. mole/1b 1b/1b scf/1b tout
Dry Flow 805.27
Stk HOH 14,646 307.72 .
Net HOH 0.1601 2.883 . 60.57 154
Scrubber HOH 35.615 134
Excess Air 638.13
EA 00 0.3537 11.319 133.78 154
EA NN 1.3335 37.339 504.35 154
Cyclonic Flow @ saturation %HOH
. wSCFM 130942
. shoh 27.65%
mole/1lb 1b/1b scf/lb tout
Dry Flow - 767.87
Stk HOH ] 13.965 293.43
.Net HOH 0.1224 2.202 46.27 154
Scrubber HOH 36.295 ] 134
Excess Air - 600.73
EA 00 0.3330 10.656 125.94 . 154
EA NN 1.2554 35.151 474,79 154

17:10 ref: 4A 6
oxygen required mole/lb
oC! 1 0.0721
NO2 1 0.0002
0S0 1 0.0004
-fuel O -0.0005
HOH 0.25 0,0257
Comb Products mole/lb
cmb NN 0.3692
-0CO 44 0.0721
NO2 46 0.0002
. 080 64 0.0004
total dry
HOH 18 0.0515
total products
18492 btu/lb
137 mmbtu/HR

1269 GPH @190 mmBtu/hr

mole/1b

Rock dried
Rock HOH
Evap HOH 0.6020

ppm condition

372 stoichometric
455 @ 3% Excess Air
262 stoichometric

" tin btu/lb
78 3024 42.68
78 1994
78 . 197 . :
78 708 std
total 21722 p + rk
inlet
meas
ACE
tin btu[lb
78 2310 - 32.61
78 2033
78 186
78 666 sat
total 20993 @ cyc.

" p +rk.

fuel Btu/°F/#
0Co 0.21°
“HOH  0.45 Huv HOH
00 0.23
NN 0.25
rock = 0.25
liq HOH 1
1b/1b scf/1lb tout ~ tin
10.338 139.64 154 78
3,173  27.28 154 78
0.008 0.06
0.026 0.15
167.14
0.927. 19.48 154 78
1b/1b scf/1b tout tin
117.63 . 175 .81
4.90 175 81
10.84. - 227.7 154 8l
1b/1b scf/1b
0.0076 0.0621
0.0095 0.0783
0.0053 0.0438
NOx emission model
NOx meas - fuel eng
ppm 52 77 97
1b/hr. 37.7 - 55.9 70.5
evap gpm
Stack gas composition '
%HOH 00 0oco Mdry
27.65% 16.61% 3.39% 29.21
23.48%
22.52% )
27.65% 14.00% 4.53% 29.28
0.00% 0.00% 0.00% 28.00
NOx emission model
NOx meas fuel ' eng
ppm 52 81 102
1b/hr 36.0 55.9 70.5
evap gpm
Stack gas composition ,
%HOH 00 0co Mdry
27.65% :
27.65% 16.40% 3.55% 29.22

24.35%

Btu/1b
- 1015

‘RT/p
378.20

btu/1b
196
51

973
1219

btu/1b
2764
461
11354

aph?

39.5

3.612

2.488

aprI

39.5

3.400




Individual ‘Velocity Traverse Calculations

No: 9 3R Usages
Date: 06/09 .Rock: 499 TPH
Time: 17:20 0.118 HOH
Pbar: 30.15 4 440 Dry
Pst: -0.78
Ps: 30.09 -Pbar+Pst/13 6 0il: 923 GPH
Cp: 0.834 8.097 1b/gal
Fv: -13.00 = 85. 49*Cp*sqrt(1/Ps) 18492 Btu/lb
Dia: 96 Area: " 50.27 138 mmBtu/hr
7#00: 14.07 ' : : '
70C0: 4.57
Mdry: 29.28
- H: 10.307%
O: .1.62%

C: 86.557 ZFA: 2.488 based on fuel analysis and 700

Calculation equation summary :
Fv*sqrt(dp*(Ts ave+460)/Ms)

fps: std =
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1-Z%HOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha)
sat 7ZHOH = eqns from Lange's Handbook of Chemistry, pg'1436
~Assumed Twb: 153.6 _ _ 148
" sat ZHOH: . 27.487% 23.94% 26, 337
Ms = Mdry*(1-7HOH)+18%7HOH Ms: ~ 26.18 26.58 26.31 .
Avg: 17.5 153.6 27.497 : std std cyc
" point dp alpha "t  7HOH std point cyc inlet meas meas
"SE-1 0.60 18 156 29.147 48.7 49.0 46.6  48.4 ~48.6 46.2
2  0.60 18 156 29.147 48.7 49.0 46.6 48.4 48.6  46.2
3- 0.60 16 152 26.437 48.7 48.6 46.7 48.4 48.6  46.7
4 0.50 . 16 152 26.437 44.5 44,3 42,6 44.2 44.4 42.7
5. 0.75 16 152 26.437 54.5 54.3 52.2 54.1 54.4 52.2
6 0.92 18 153 27.09%Z 60.3 60.3 57.3 59.9 60.2 57.3
SW-1  0.60 18 153 27.09% - 48.7 48.7 46.3 48.4 48.6 . 46.2
2 .0.65 16 153 27.09%Z 50.7 50.7 48.7 50.3 50.6 48.6
-3 .0.70 20 154 27.76%Z 52.6 52.7 49.5 52.2 52.5 49.3
4 0.50 18 154 27.767 44.5 44.5 42.4° 44.2 L4400 42,2
5 0.85 - 18 154 27.767 58.0 58.1 55.2 57.6 57.9° 55.0
6 0.85 18 154 27.76%Z 58.0 58.1 55.2 57.6 57.9 °55.0
N ' avg
fps: 51.5 51.5 49.1 51 1 51.4 49.0
acfm: 155355 155359 148112 154184 154971 147744
ZHOH: 27.487 27.497 23.947 26.33%7 26.33%
. scfm: 97505 97491 92944 101492 98811 94203
Emission: 1b/hr 7 : ' : S
ppm  Mgas pVM/RT*60 std point. cyc .
NOx 53 46 7.1646 . 37.0 37.0 35.3 38.5 37.5 35.8
co 4 28.4.3610 1.7 1.7 1.6 1.8 1.7 1.6
voc 0.6 44 6.8531 0.4 0.4 0.4 0.4 0.4 0.4
s02 7.6 64 9.9681 _ 7.4 7.4 7.1 7.7 7.5 7.2
PART 0.013 gr/scf 0.0001 ' 10.6 10.6 10.1 11i.1 10.8 10.3



" COMPARISON CALCULATIONS
RUN: 3R 06/09/87

COMBUSTION CALCULATIONS

1b/mole 1b/1b
carbon 12 0.8655
‘hydrogen 1 0.1030
nitrogen 14 0.0023
sulfur 32 0.0130
oxygen 16 0.0162
ash 0.0002
Combustion Air mole/lb
net 00 32 0.0979
cmb NN 28 0.3692
total
FUEL Meter -
Expansion @ 60 95.2%
Fuel GPH 923
1b/gal '8.097
1b/hr 7477
SCRUBBER gpm Inlet Twb
: 570 148
_ ROCK
Scale TPH - 499
Dry TPH 440
Calc Bin TPH 459
Meas Bin TPH 378
(Meas-Calc)/Meas -21.3%
Evaporated TPH 40.6
NOx CALCULATION
. ‘Fuel
England
AP42
Standard Flow at measured
wSCFM 134120
mhoh 26.33%
mole/1b 1b/1b
Dry Flow :
Stk HOH 13.485
Net HOH 0.0947 1.705
Scrubber HOH 36.409
Excess Air
EA 00 0.3469 11.100
36.615

EA NN 1.3077

Cyclonic Flow.é

~ WSCFM 128184
shoh 27.48%
mole/1b 1b/1b
Dry Flow
Stk HOH . 13.453
Net HOH 0.0929 1.673
Scrubber HOH 36.442
Excess Air )
EA OO0 0.3208 10.267
EA NN 1.2096 33.868

time

mole/1lb fuel

0.0721
0.1030
0.0002
0.0004
0.0010

scf/1b

37.04
139.64
176.69

Tank

99.4%
927 .
0.4%

In hoh sat
22.52%

%HOH
11.8% in

4.0% out

fuel thermal

saturation %HOH

372
230 225
129 134
%HOH
scf/1b tout
792.90 :
283.34 .
35.83 154
134
625.76
131.19 - 154
494,57 154
scf/1b tout
745.94 -
282.66
35.15 154
134
578.81
121.34 154
457 .46 154

17:20 ref: 4A 6
oxygen required mole/1b
0.0721
NO2 1 0.0002
0S0 1 0.0004
-fuel O -0.0005
HOH = 0.25 0.0257
Comb Products mole/lb
cmb NN 0.3692
0Co 44 0.0721
NO2 46 0.0002
0S0 64 0.0004
total dry
HOH 18

total products

18492 btu/lb
138 mmbtu/HR

0.0515

1269 GPH @190 mmBtu/hr

) mole/1b
Rock dried
Rock HOH : .
Evap HOH 0.6029

ppm condition

372 stoichometric
455 @ 3% Excess Air
262 stoichometric

~ tin btu/lb
78 1789 25.50

78 2039

78 193
78 692 std
total 20531 p + rk
s inlet
meas
ACE

tin .btu/lb
78 1755 25.02

78 2041

78 178
78 640 sat
total 20432 cyc

p + rk

24.91%

fuel . Btu/°F/#
0Cco 0.21
HOH  0.45 Huv HOH
00 0.23
NN 0.25.
rock 0.25
liq HOH 1
1b/1b scf/lb tout tin
10.338 139.64 154 78
3.173 27.28 154 78
0.008 -0.06
0.026 0.15
. 167.14
0.927 19.48 154 78
1b/1b scf/lb tout tin
117.81 . 175 81
4,91 ’ 175 . 81
10.85 228.0 154 81
1b/1b scf/lb
0.0076 0.0621"
0.0095 0.0783
- 0.0053 0.0438
NOx emission model
NOx meas fuel eng
ppm 53 78 99
1b/hr 38.2 56.5 71.2
evap gpm
Stack gas composition
%HOH . 00 0Co Mdry
26.33% 16.55% 3.44% 29.21
23.79% :
22.52% ’
26.33% 14.00% 4.53% .29.28
28.19% 14.40% 3.60% 29.15
NOx emission model
NOX . meas fuel _ eng
ppm 53 83 105
lb/hr ~ 36.0 56.5 71.2
evap gpm
Stack gas composition
%HOH 00 - 0Co Mdry
27.48%
27.48% - 16.27% 3.66% 29.24

Btu/1b
1015

RT/p

. 378.20

btu/1b
195
50

972
1218

btu/1b
2769
T 461
11370

aphL2
55
39.9

3.276



Tndividual Velocity Traverse Calculations

No: 9 4F : : Usages

Date: 06/09 : Rock: 504 TPH
Time: 19:20 0.118 HOH
Pbar: 30.15 . ' 445 Dry
Pst: -0.78 C '
. Ps: 30.09 =Pbar+Pst/13.6 Oil:. 935 GPH
Cp: 0.834 8.097 1b/gal
Fv: 13.00 = 85.49%Cp*sqrt(1/Ps) 18492 Btu/1lb
Dia: . 96 Area: 50.27 ' 140 mmBtu/hr
%00:  13.07 '
7Z0C0O: 4.07
Mdry: 29.16
- H: 10.307
0: 1.627%

C: 86.55Z7 ZEA: 2.943 based on fuel anélysis and 700

Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1-7ZHOH pt)+18“7HOH pt))
cyc = fps pt*cos(alpha)
sat 7ZHOH = eqns. from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 155.0 148
: sat ZHOH: 28.457 _ 23.947 28.457%
Ms = Mdry*(l -7ZHOH)+18%ZHOH Ms: 25.99 , 26.49 25.99
Avg: : 17.0 155.0 28.45% std std cyc
point dp. alpha t  ZHOH std . point cyc inlet meas meas
-SE-1  0.52 18 154 27.767Z 45.6  45.5 43.3  45.2  45.6 43.4
2 0.54 18 155 28.45%Z 46.5 46.5 44,2 46.0 46.5 44.2
3 0.56 18 155 28.457 47.3 47.3 45.0 46.9 47.3 45,0
4 0.55 16 155 28.457 46.9 46.9 ~45.1 46.4 46,9 - 45,1
5 0.92 16 155 28.45%Z 60.6 60.6 58.3 . 60.1 60.6 58.3
6 0.94 16 155 28.45Z 61.3 61.3 58.9 60.7 61.3 58.9
Sw-1 0.62 18 154 27.767 49.8 . 49.7 47.2 49,3 49.8 47.4
2 0.84 18 156 29.147 58.0 . 58.1 55.2  57.4 58.0 55.1
3 0.80 18 156 29.147% 56.6 56.7 53.9 56.0 56.6 53.8
4 0.68 16 155 28.457 52.1 52,1 50.1 51.6 52.1 50.1
5 0.96 16 155 28.457 62.0 62.0 59.6 61.4 62.0 59.6
6 0.98 16 155 28.457% 62.6 62.6 60.2 62.0 62.6 60.2
avg : . _
fps: 54.1  54.1 51. 7. 53.6 -54.1 51.7
acfm: 163162 163174 156074 161607 163162 156063
7ZHOH: 28.457 28.457% 23.947 28.457 28.45Z
scfm: 100810 100814 96427 106133 100810 96423
: . Emission: 1b/hr :
ppm  Mgas pVM/RT#*60 std point cyc '
NOx 53 46 7.1646 . 38.3 38.3 36.6 40.3 . 38.3 36.6
CO -~ 4 28 4.3610 : 1.8 - 1.8 1.7 1.9 1.8 1.7
Vvoc 0.6 . .44 6.8531 0.4 0.4 0.4 0.4 0.4 0.4
So02 8.7 .64 9.9681 - - 8.7 8.7 . 8.3 9.2 8.7 . 8.3
PART 0.013 gr/scf 0.0001 . 11.0 11.0 10.5. 11.6 "11.0 10.5



COMPARISON CALCULATIONS

RUN: 4F 06/09/87

' COMBUSTION CALCULATIONS :
1b/1b mole/1b fuel

time 19:20 ref: 4A 6

1b/mole oxygen required mole/1b fuel Btu/°F/#
_carbon 12 0.8655 0.0721 0Co 1 0.0721 0Co 0.21
hydrogen 1 . 0.1030 0.1030 NO2 1 0.0002 HOH 0.45 Huv HOH
nitrogen 14  0.0023 -0.0002 0so 1 0.0004 00 0.23
sulfur 32 0.0130 0.0004 -fuel O ) -0.0005 NN 0.25
oxygen 16 0.0162 0.0010 HOH 0.25 0.0257 “rock 0.25
ash 0.0002 ‘ ’ liq HOH 1
Combustion Air mole/lb scf/lb Comb Products mole/lb 1b/1b scf/lb tout _ " tin
net 00 32 0.0979 37.04 cmb NN 0.3692 10.338 139.64 155~ 78
cmb NN 28 0.3692 139.64 0Co 44 0.0721 - 3.173 27.28 155 78
total 176.69 NO2 " 46 0.0002 0.008 0.06 -
0so 64 0.0004 0.026 0.15
total dry : 167.14 : _
) HOH .18 0.0515 0.927 °~ 19.48 155 78
total products
FUEL Meter Tank )
Expansion @ 60 95.2%  99.4% 18492 btu/1b
Fuel GPH 935 927 140 mmbtu/HR .
1b/gal 8.097 -0.8% 1269 GPH @190 mmBtu/hr
1b/hr 7567 : :
~ SCRUBBER gpm Inlet Twb In hoh sat
570 148 22.52%
ROCK - %HOH
Scale TPH 504 11.8% in
Dry TPH 445 .
Calc Bin TPH 463 4.0% out mole/1b  1b/1b scf/1b tout tin
Meas Bin TPH 378 Rock dried 117.54 B 175 81
. (Meas-Calc)/Meas -22.5% Rock HOH 4.90 175 81
Evaporated TPH 41.0 " Evap HOH 0.6015 10.83  227.5 155 81
NOx CALCULATION fuel thermal ppm condition 1b/1b scf/1b .
Fuel 372 . 372 stoichometric . 0.0076 0.0621
England 230 225 455 @ 3% Excess Air 0.0095 0.0783
AP42 - 129 134 262 stoichometric 0.0053 0.0438
Standard Flow at measured %HOH :
wSCFM 140884 NOx emission model
mhoh 28.45% NOx - meas fuel. eng
mole/1b 1b/1b scf/1b tout tin btu/lb pprm 53 18 98
Dry Flow 799.30 o : 1b/hr 39.0 57.2 72.1
~ Stk HOH . 115,123 © 317.74 ' '
Net HOH 0.1871 = 3.368 70.76 155 78 3535 50.97 evap gpm
Scrubber HOH 34,293 134 78 . 1920 . :
Excess Air 632.16 : Stack gas composition
EA 00 0.3504 11.213 ' 132.53 155 78 199 %HOH 00 . 0Co Mdry
EA NN 1.3211 36.990 499.63 155 78 712 std 28.45% 16.58% 3.41% 29.21
total 22163 p + rk 23.61% : -
inlet  22.52%
meas  28.45% 13.00% 4.00% 29.16
ACE 0.00% 0.00% -0.00% 28.00
Cyclonic Flow @ saturation %HOH :
wSCFM 134764 NOx emission model _
shoh 28.45% ) NOx meas fuel eng
. mole/1b 1b/1b scf/1lb tout tin btu/lb ppm 53 81 102
Dry Flow- . 764.58 1b/hr 37.3 57.2 72.1
Stk HOH 14,466 303.94 :
Net HOH 0.1506 ~2.711 56.96 . 155 78 2845  41.03 evap gpm’
Scrubber HOH 34.949 134 78 1957
Excess Air ’ 597.44 - . Stack gas composition
-EA 00 0.3312- 10.597 125.25 "155 78 188 %HOH 00 0Co Mdry
EA NN 1.2485 34.958 472.19 155 78 - 673 sat 28.45% i
: ' total 21460 cyc  28.45% 16.38% 3.57% 29.23
p+ rk . 24.42% '

Btu/1b
1015

RT/p
378.20

btu/1b
199
51

973
1223

- btu/1b
2762

- 460
11351

aph2
55
- h0.3

EA
3.578

2.943

aph?2

40.3

3.381.




Individual Veiocity Traverse Calculations

" No: X 1F Usages
Date: 06/10 ‘ Rock: - 492 TPH
Time: 10:45 o o 0.112 HOH -
Pbar: 30.14 . 436 Dry
Pst: -0.42 :
Ps: 30.11 —Pbar+Pst/l3 6 : Oil: 946 GPH
Cp: .0.834 o 8.088 1b/gal
Fv: 12.99 = 85.49*Cp*sqrt(1/Ps) 18497 Btu/lb
Dia: 96 Area: 50.27 o . 142 mmBtu/hr
200:  14.5% -
%0CO: 4,57
Mdry: 29.30
H: 10.547%
0: 1.267%

C: 86.79%7 ZEA: 2.490 based on fuel analysis and %00

'Calculation equation summary

fps: std = Fv¥*sqrt(dp*(Ts ave+460)/Ms)
" point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(l -7ZHOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha) '
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 155.0 150 _
sat ZHOH: 28.437% : 25.157 28.437
Ms = Mdry*(1-7ZHOH)+18%*7HOH Ms: 26.09 26.46 26.09
Avg: ©15.0 155.0 28.43% . std std cyc
point  dp alpha t.  ZHOH std point cyc inlet meas meas
SE-1 0.45 18 154 27.757% -42.3 . 42.2 40.2 42.0 42.3 40.3
A 0.52 18 155 28.437% 45.5 45.5 43.3 45.2° 45.5 43.3
3 0.48 16 155 28.437 43.7 43.7 42.0 43.4 43.7 42.0°
4 0.50 16 155 28.437Z 44.6 44.6°  42.9 44.3 44,6  42.9
5 0.78 . 8 155 28.43%7 55.7 55.7 55.2  55.3 55.7 55.2
6 0.48 8 155 28.43Z 43.7 - 43.7 43.3 - 43.4 43.7 43.3
sWw-1  0.52 16 155 28.43%7 45.5 45.5 43.7 - 45.2° 45.5 43.7 .
2 0.44 18 155 28.437% 41.8 41.8 39.8 41.6 . 41.8 39.8
3 0.48 18 155 28.437 43.7 43.7 41.6 43.4 43.7 41.6
4 0.48 14 155 28.437 43.7 43.7 42.4 4304 43.7 42.4°
5 0.52 © 14 155 28.437 45.5 45.5 44.1 45.2 45.5 44.1
"6 0.58 16 156 29.137Z 48.0° 48.2 46.3 47.7 48.0 46.2
' avg ' '
fps: 45.3 45.3  43.7 45.0 45.3 43.7
acfm: 136689 136692 131880 135727 136689 131876
ZHOH: 28.437 28.437% 25.157% 28.437 28.437
scfm: 84518 84518 81543 87771 84518 81542
. Emission: 1lb/hr’ :
. ppm Mgas pVM/RT*60 . std point ~ cyc - g
‘NOx 51 46 .7.1646 30:9 30.9 29.8 32.1 30.9 29.8
. Co 2 28 4.3610 0.7 0.7 0.7 0.8 0.7 0.7
voC 0.7 . 44 6.8531 0.4 0.4 0.4 0.4 0.4 0.4
- 802 9.4 64 9.9681 7.9 - 7.9 7.6 8.2 7.9 7.6
0.7 10.7 10.3 11.1 10.7 10.3

PART 0.015 gr/scf 0.0001 1



Dry Flow

COMPARISON CALCULATIONS

06/10/87. time

1b/1b
.8679
.1054
.0015
.0126
.0126
.0002

mole/1b fuel
0.0723
0.1054
0.0001
0.0004
0.0008

OCOO0OOO0O

mole/1lb
0.0988

scf/1b
37.36
140,85

0.3724
. 178.21

Tank
99.1%
867
-8.4%

- Meter
95.3%
946
8.088
7653

Inlet Twb
150

In hoh sat
23.49%

. %HOH
492 11.2% in
436.

452

RUN: 1F
COMBUSTION CALCULATIONS
1b/mole
carbon 12
hydrogen 1
nitrogen 14
sulfur 32
oxygen 16
ash
Combustion Air
net 00 32
cmb NN 28
total i
FUEL .
Expansion @ 60
Fuel GPH
1b/gal
1b/hr
SCRUBBER gpm
580
ROCK
Scale TPH
Dry TPH
Calc Bin TPH
Meas Bin TPH

(Meas-Calc)/Meas

Evaporated TPH

NOx CALCULATION

Standard Flow at

wSCFM

mhoh

mole/1lb
Dry Flow
Stk HOH

Net HOH 0.0670
Scrubber HOH -
Excess Air

EA 00 0.2740
" EA NN 1.0328

Cyclonic Flow @
wSCFM

shoh

" mole/1lb

Stk HOH
Net HOH -0.0425
Scrubber HOH
Excess Air
EA 00 0.2610
EA NN 0.9841

3.4% out
465 : ’
2.9%
39.7

fuel thermal
241
150
S4

Fuel

England
AP42

225
133

measured %HOH
118090
28.43%
1b/1b scf/1b
662.63
263.21

25.34

tout

- 12.527
- 1.206
36.686

"155

132
494,24
103.61
390.63

8.767
28.920

155
155

saturation %HOH
113936
28.43%
1b/1b scf/1lb
639.32
253.95

16.08

tout

~12.087
0.766
37.127

155
132
470.93

98.73
372.20

8.353
27.556

155

oxygen required mole/1b fuel
0oC 1 0.0723 0co 0.21
NO2 1 0.0001 HOH 0.45 Huv HOH
0s0 1 0.0004 00 0.23
-fuel O -0.0004 NN 0.25
HOH 0.25 0.0264 - rock 0.25
li HOH - 1
Comb Products mole/lb -1b/1b - scf/1lb tout tin
cmb NN : 0.3724 10.427 140.85 155 87
0co 44 0.0723 3.182 27.35 155 87
NO2 46 0.0001 0.005 0.04
0S0 64 0.0004 0.025 0.15
total dry 168.39
. HOH 18 0.0527 0.949 19.93 155 87
total products ’
18497 btu/lb
142 mmbtu/HR
1270 GPH @190 mmBtu/hr
mole/lb 1b/1b scf/lb tout tin
Rock dried- 114.07. 179 78
Rock HOH 4.01 : 179 78
Evap HOH 0.5762 10.37  217.9 155 78
ppm condition 1b/1b scf/1lb
241 stoichometric 0.0049 0.0405
375 @ 3% Excess Air 0.0079 0.0650
187 stoichometric 0.0038 0.0315
NOx emission model
NOx meas fuel eng
tin btu/lb pPpm 51 61 98
1b/hr 31.5 37.7 60.5
87 1261 18.46 evap gpm
87 1651
: Stack gas composition
87 137 %HOH 00 0Co Mdry
87 492 std 28.43% 15.64% 4.13% 29.29
total 18929 p + rk 26.42% -
inlet  23.49%
meas 28.43% 14.50% 4.50% 29.30
ACE 0.00% . 0.00% 0.00% 28.00
NOx emission model
NOx meas fuel eng
“tin btu/lb ppm 51 63 102
1b/hr 30.3 37.7 60.5
87 800 -11.72 evap gpm
87 1671
Stack gas composition .
87 131 %HOH 00 0CO. Mdry
87 L68 sat 28.43% :
total 18458 cyc -28.43% 15.44% 4.28% 29.30
p+rk 27.12% :

10:45

ref: 5A 6

Btu/°F/#

Btu/1b
1015

RT/p
378.20

btu/1b
177
45

992
1215

btu/1b
2880
406
10887

aph2
29.3

2.773

2.490

aph2
29.3

2.643



P

Indi&idual Velocity TraQerse Calculations

No: X 1R : . ' Usages

Date: 06/10 ' ' Rock: 507 TPH
Time: 11:10 0.112 HOH
Pbar: 30.14 e 450 Dry
“Pst: -0.42
Ps: 30.11 —Pbar+Pst/13 6 0il: 940 GPH
Cp: 0.834 : 8.088 1b/gal
Fv: 12.99 = 85.49%Cp*sqrt(1/Ps) 18497 Btu/1lb
Dia: - 96 Area: 50.27 141 mmBtu/hr
- %00:  14.5% ' : o ~
Z0C0: 4,57
Mdry: - 29.30
H: 10.547
"0:  1.267%

C: 86.79% ZEA: - 2.490 based on fuel analysis and %00

Calculation equation summary

fps: std = Fv*sqrt{dp*(Ts ave+460)/Ms)
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(l - ZHOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 155.9 ‘ 150
_ sat 7HOH:. 29.077 ' : 25.157 24.15%
= Mdry*(1-7HOH)+18*%7HOH Ms: 26.02 26.46 26.57
Avg: 17.5 155.9 29.077% std std cyc -
" point dp alpha t 7ZHOH  std point cyc inlet meas .- meas
SE-1  0.50 18- 156 29.137 44,7 44,7 42.5 44.3° 44.2 42,1
2  0.40 18 156 29.13%7 40.0 40.0 38.0 39.6 39.6 37.6
3  0.45 16 156 29.13%7 42.4 42.4 40.8 42.1 42.0 40.3
4 0.45 16 156 29.137 42.4 42:4 40.8 42.1 42.0 40.3
5 0.50 16 156 29.13% 44,7 44,7 43.0 44,3 44.2 42.5
6 0.60 18 156 29.137 49.0 49.0 46.6 48.6 48B.5 46,1
Sw-1 0.44 18 155 28.437 41.9 -41.8 39.8 41.6 41.5 39.5
2 0.44 16 156 29.13%7 41.9 41.9 40.3 41.6 41.5 39.9
3 .0.50 20 156 29.13%7 44.7  44.7  42.0 44.3 - 44.2 . 41.6
4 0.50 18 - 156 29.13% 44.7 44,7 42.5  44.3  44.2 421
5 0.50 18 156 29.137 44.7  44.7 42.5 44.3  44.2 42.1
-6 0.50 18 156 29.137 . 44,7 44.7 42.5 44.3 44,2 42,1
avg . . ‘
fps: 43,8 43.8 41.8 43.5 43.4 41.3
acfm: 132171 132173 126016 131060 130781 124689
ZHOH: - 29.07% 29.07% 25.15%.24.15% 24.15%
scfm: 80874 80874 77107 84627 85575 81588 -
: Emission: 1b/hr SR -
ppm - Mgas pVM/RT*60 std point cyc
NOx 51 46 7.1646 o 29.6 29.6 28.2 30.9 31.3 29.8
co 2 28 4.3610 . 0.7 0.7 0.7 0.7 0.7 - 0.7
~-Voc 0.7 - 44 6.8531 0.4 0.4 0.4 0.4 0.4 0.4
-S02 9.4 64 9.9681 7.5 - 7.5 7.2 7.9 8.0 7.6
0.2 10.2 9.7 -10.7 10.8 10.3

. PART 0.015 gr/scf 0.0001 10.



COMPARISON CALCULATIONS

RUN: 1R

06/10/87 time

COMBUSTION CALCULATIONS

EA NN 0.9197

1b/mole 1b/1b mole/1b fuel
. carbon 12 0.8679 0.0723
hydrogen 1 0.1054 0.1054
nitrogen 14 0.0015 0.0001
sulfur 32 0.0126 0.0004
oxygen 16 0.0126 0.0008
ash 0.0002
Combustion Air mole/lb scf/lb.
net 00 32 0.0988 37.36
cmb NN 28 0.3724 140.85
total 178.21
FUEL Meter Tank
Expansion @ 60 95.3% 99.1%
Fuel GPH 940 867
lb/gal 8.088  -7.8%
1b/hr 7603
SCRUBBER gpm Inlet Twb In hoh sat
580 150  23.49%
ROCK %HOH
Scale TPH 507 11.2% in
Dry TPH 450
Calc Bin TPH ' 466 3.4% out
Meas Bin TPH 465-
(Meas-Calc)/Meas ~0.1%
Evaporated TPH 40.9 -
NOx CALCULATION fuel thermal
Fuel 241
England 150 225
AP42 54 133
Standard Flow at measured %HOH
" WSCFM 112818
mhoh 24.15%
mole/1lb 1b/1b scf/lb tout
Dry Flow . 675.31 ’
Stk HOH .- 10.232 214.99
Net HOH -0.0820 -1.476 -31.02 156
Scrubber HOH 39.617 132
Excess Air " 506.92
EA 00 0.2810 8.992 106.27 156
EA NN 1.0593 29.662 400.65 156
Cyclonic Flow @ saturation %HOH
. wSCFM 108707
shoh 29.07%
mole/lb 1b/1b scf/lb tout
Dry Flow 608.49
Stk HOH 11.868 249.37
Net HOH 0.0089 0.160 3.36 156
Scrubber HOH 37.981 - 132
Excess Air : 440.10
EA OO0 0.2440 7.807 92.26 156
25.752 347.84 156

11:10 ref: 5A 6
oxygen required mole/1b
0Cco 1 0.0723
NO2 1 0.0001
0S0 1 0.0004
-fuel O -0.0004
HOH 0.25 0.0264
Comb Products mole/lb
cmb NN 0.3724
0Co 44 0.0723
NO2 46 0.0001
0S0 64 0.0004
total dry’
HOH 18 0.0527
total products
18497 btu/lb
141 mmbtu/HR

fuel

1

-1b/1b
10.427
3.182
. 0.005
0.025

0.949

1270 GPH @190 mmBtu/hr

mole/lb
Rock dried
Rock HOH
Evap HOH 0.5978

ppm condition

241 stoichometric
375 @ 3% Excess Air
187 stoichometric

tin btu/lb
87 =1544 -22.45

87 1783

87 143
87 511 std
total 16817 p + rk
: inlet
meas
ACE

tin btu/lb
87 - 167 2.43

87 1709

87 124
87 Lok sat
total 18369 cyc

p +rk

1b/1b
118.33
4.16
10.76

1b/1b
0.0049
0.0079
0.0038

NOx emiss
NOx
ppm

1b/hr

-evap gpm

Stack gas

~ %HOH
24.15%
26.70%
23.49%
24.,15%
28.81%

NOx emiss
NOx

ppm
1b/hr

evap gpm

Stack gas
%HOH
29.07%
29.07%
28.79%

Btu/°F/# '
0Co 0.21 Btu/1b
HOH 0.45 Huv HOH 1015

00 - 0.23

NN 0.25 RT/p
rock - 0.25 378.20

iq HOH 1
scf/1b tout tin btu/lb
140.85° 156 87 180
27.35 156 87 46
0.04 -
0.15
168.39
19.93 156 87 992
: 1218
scf/1b tout tin btu/lb
179 78 2988
179 78 421
226.1 156 78 11299
scf/1b
0.0405
0.0650 -
0.0315
ion model
meas fuel eng  api2
51- - 60 96 47
31.8 37.5 60.1 29.1
composition )

00 0CO0  Mdry EA
15.74%  4.05% 29.28~ 2.845
14.50% 4.50% 29.30 2.490
14.60% 4.30% 29.27 2.649

ion model
meas fuel eng ap42
.51 67 107 52
28.7 - 37.5 60.1 29.1
composition

00 0CO  Mdry EA

15.16% 4.50% 29.33 2.470



Tndividual Velocity Traverse Calculations

No: X 2F _ Usages
. Date: 06/10 : Rock: 511 TPH
Time: 12:30 . 0.112 HOH
Pbar: 30.14 ' 454 Dry
Pst: -0.4
Ps: 30.11 -Pbar+Pst/13 6 0il: 938 GPH
Cp: 0.834 - 8.072 1b/gal
Fv: 12.99 = 85.49%Cp*sqrt(1/Ps) 18545 Btu/1b
Dia: 96 Area: 50,27 ‘ 140 mmBtu/hr
%00:  14.57% ’ :
Z0C0: ~ 4.57
Mdry: 29.30
H: 10.527%
0: 1.337

C: 86.67%Z 7ZEA: 2.491 based on fuel analysis and 700.

Calculation equation summary

fps: std = Fv¥sqrt(dp*(Ts ave+460)/Ms)
point = Fv¥*sqrt(dp*(Ts pt+A60)/(Mdry*(1 ZHOH pt)+18*7HOH pt))
cyc = fps pt“cos(alpha)
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436 .
Assumed Twb: ‘154.9 o 150
sat ZHOH: 28.377 25.15% 28.37%
Mdry*(l -7ZHOH)+18%7ZHOH Ms: 26.09 : 26.46 26.09
Avg : 15.7 154.9 28.377 std  std cyc
point dp alpha -t  ZHOH std point cyc inlet 'meas meas
- SE-1 0.46 16 155 28.437 42.8  42.8 41.1 42.5 - 42.8 41.1
2 0.50 18 155 28.437 44.6 44.6 42.4° 44,3 44,6 42.4
3 .0.50 16 155 28.437 44.6 44.6° 42.9 44.3 44.6 42.9
4 0.50 16 155 28.437% 44.6 44.6 42.9 44.3 44,6 42.9
5 0.48 10 155 28.437% 43.7 43.7 43.0 43.4 43.7 43.0
6 0.50 16 . 155 28.437 44.6 44,6 42.9  44.3 . 44,6 42.9
SW-1 0.50 - 18 154 27.747 44.6 . 44.5 42.3 44.3 44,6  42.4
2 0.46 16 155 28.437 42.8 . 42.8 41.1 42.5 42.8 41.1
3. 0.48 16 155 28.437 43.7 43.7 42.0 ~ 43.4 43.7 42.0 -
4 0.48 16 - 155 28.437 43.7 43.7 42.0 . 43.4 43,7 42.0 -
5 "0.50 . 16 155 28.437%Z 44.6 44.6 42.9 44,3 44,6  42.9
6 0.56 14 155 28.437 47.2 4702 45.8 46.9 47.2 45.8°
avg S .
fps: 44.3 44.3 42.6 44.0  44.3 42.6
acfm: 133572 133572 128535 132649 133572 128534
ZHOH: 28.377 28.377 25.15Z 28.37% 28.37%
scfm: 82674 82673 79555 - 85798 82674 79556
' Emission: 1b/hr '
' ppm  Mgas pVM/RT*60 std point cyc
NOx 50 . 46 7.1646 29.6 . 29.6 28.5 30.7 29.6 28.5
Co 2 28 4.3610 0.7 0.7 0.7. 0.7 0.7 0.7
voC 1 44 6.8531 0.6 0.6 0.5 0.6 0.6 0.5
502 10.6 . 64 9.9681 8.8 8.8 8.4 9.1 8.8 8.4
1.5 11.5 11.1 12.0 11.5 11.1

- PART 0.016 gr/scf 0.0001 11.



COMPARISON CALCULATIONS

RUN: 2F

06/10/87

- COMBUSTION CALCULATIONS

time

225 .

12:30 ref: 6A 6

oxygen required mole/1lb fuel

1b/mole 1b/1b mole/1b fuel Btu/°F/#
carbon 12 0.8667 0.0722 - 0oCo 1 0.0722 oCo 0.21
hydrogen 1 0.1052 0.1052 NO2 1 0.0002 HOH 0.45 Huv HOH
nitrogen 14 0.0023 0.0002 0So 1 0.0004 00 0.23.
sulfur 32  0.0125 0.0004 ~fuel O -0.0004 NN 0.25
oxygen 16 0.0133 0.0008 HOH 0.25 0.0263 rock 0.25
ash - 0.0005 liq HOH 1
Combustion Air mole/lb scf/lb Comb Products mole/lb 1b/1b scf/lb tout tin
net 00 32 .0.0987 - 37.32 cmb NN 0.3720 10.415 140.68 155 90
cmb NN . 28 0.3720 140.68 - 0Co 44 0.0722 3.178 27.32 155 90
total 177.99 NO2 46 0.0002 0.008 0.06 -
.~ - 080 64 0.0004 0.025 0.15
total dry 168.20
HOH 18 0.0526 ~ 0.947 19.89 155 90
total products :
FUEL Meter Tank
Expansion @ 60 95.4% 99.0% . 18545 btu/1b
Fuel GPH' 938 = 845 140 mmbtu/HR
1b/gal 8.072 -10.0% 1269 GPH @190 mmBtu/hr
1b/hr 7575
SCRUBBER gpm Inlet Twb ~In hoh sat
580 150 - 23.49%
ROCK %HOH
Scale TPH 511 11.2% in
Dry TPH 454 .
Calc Bin TPH 468 3.0% out - mole/lb 1b/1b scf/lb tout tin
Meas Bin TPH L42 Rock dried 119.75 184 79
(Meas-Calc)/Meas ~5.9% Rock HOH . : 3.70 184 79 -
Evaporated TPH 43.2 Evap HOH 0.6333 11.40 239.5 155 79
NOx CALCULATION fuel thermal ppm condition 1b/1b scf/1b
Fuel 369 369 stoichometric °~ - 0.0076 0.0621
England 230 455 @ 3% Excess Air 0.0096 0.0788
APL2 - 128 133 261 stoichometric 0.0053 0.0440
Standard Flow at measured %HOH
: wSCFM 115419 NOx emission model
mhoh 28.37% ‘ NOx meas * fuel eng
mole/1lb 1b/1b scf/lb tout tin btu/lb . ppm 50 95 120
Dry Flow 654.84 1b/hr 30.2. 57.2. 72.6
Stk HOH 12.344  259.36 .
Net HOH -0.0002 -0.003 -0.06 155 . 90 =3 -0.04 evap gpm
Scrubber HOH 38.285 134 90 1685 -
Excess Air 486.63 . : ‘ Stack gas composition
EA 00 0.2697 8.632 102.02 155 90 129 - %HOH 00 0co Mdry
EA NN 1.0169 28.474 384.61 155 90 462 std 28.37% 15.58% 4.17% 29.29
’ total - 18967 p + rk 28.38% . :
: inlet  23.49% -
meas 28.37% - 14.50% 4.50% 29.30
ACE 0.00% 0.00% 0.00% 28.00
Cyclonic Flow @ saturation %HOH :
: wSCFM 111066 NOx emission model :
shoh 28.37% : NOx meas fuel eng
mole/lb 1b/1b scf/lb - tout tin btu/lb ppm 50 99 125
Dry Flow " 630.14 1b/hr 29.0 57.2 72.6
Stk HOH' 11.879 249.58
Net HOH -0.0260 '-0.468 -9.84 155 90. -489 -7.10 evap gpm
Scrubber HOH 38.751 134 90 1705 .
Excess Air ) 461.94 . . Stack gas composition
EA 00 0.2561 8.194 96.84 155 90 122 %HOH 00 0co Mdry
EA NN 0.9653 27.030 365.10 155 90 439 sat 28.37% -
total 18471 cyc 28.37% 15.37% 4.33% 29.31
S p+rk. 29.16%

Btu/1b
1015

RT/p
378.20

btu/1b
169
43

. 989
1201

btu/1lb
3143
389
11961

aph2

40.5

2.734

2.491

aph?

" 40.5

2.595°



Individual Velocity Traverse Calculations

. No: X 2R : ' - Usages
Date: 06/10 Rock: 506 TPH
Time: 12:30 ' 0.112 HOH
.Pbar: 30.14 o . 450 Dry
Pst: -0.4 :
Ps: 30.11 =Pbar+Pst/13.6 0il: 919 GPH
Cp: 0.834 | : 8.072 lb/gal -
. Fv: 12.99 = 85.49%Cp*sqrt(1/Ps) 18545 Btu/1b
- Dia: - 96 Area: 50.27 i 138 mmBtu/hr
700: 14.57 . .
%0CO: 4.57
Mdry: 29.30
H: 10.527%
0: 1.337%

C: 86.677 ZEA: 2.491 based on fuel analysis and 700

Calculation equation summary

fps: std = Fv¥sqrt(dp*(Ts ave+460)/Ms)
point = Fv¥*sqrt(dp*(Ts pt+460)/(Mdry“(1 %HOH pt)+18*7HOH pt))
cyc = fps pt*cos(alpha)
sat 7ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 155.8 - 150
sat 7HOH: - 29.01% 25.157% 23.387%
Ms = Mdry*(1-7HOH)+18%7HOH Ms: 26.02 : 26.46  26.66 .
Avg: 15.7 155.8 29.017 ' std std cyc
- point dp alpha t  ZHOH std point cyc inlet meas meas
SE-1  0.40 16 156 29.137 40.0 40.0 38.4 39.6 39.5 38.0
2 0.50 18 156 29.137 44.7 44.7  42.5 44,3  44.2  42.0
3  0.50 16 156 29,137 44.7 44,7 43.0 44.3 44,2 42.4
4 0.50 16 156 29.13% 44.7 44,7  43.0 44.3 44,2 42,4
5 0.50 10 156 29.137 44.7 44,7 44.0 44,3 44,2  43.5
6 0.50 16 156 29.137 44.7 44,7 43,0 44.3  44.2 - 42.4
SW-1 0.45 18 154 27.747 42.4 42,2  40.2 42.1 41.9 . 39.8
2 0.45 16 ©~ 156 29.137 42.4 42.4 40.8 42.1 - 41.9 40.3
3 0.50 16 - 156 29.137 44.7 44,7 43.0 44.3  44.2 42.4
4 0.50 16 156 29.13%7 44.7 44,7 43,0 44.3 44,2 42,4
5 0.50 16 156 29.137 44.7  44.7  43.0 44.3 ° 44.2 42,4
6 0.50 14 156 29.137 44.7  44.7 43.4  44.3 44,2  42.8
- avg ' ' ‘
fps: 43.9 43,9 42.3  43.6 43.4  41.8
acfm: 132461 132463 127475 131364 130870 125941
ZHOH: 29.017 29.017 : 25.15% 23.387 23.38%
scfm: 81135 81134 78078 84840 86520 83262
_ Emission: 1b/hr
ppm  Mgas. pVM/RT*60 std point cyc .
NOx -50 46 7.1646 29.1 29.1 28.0 30.4 31.0 29.8
.Cco 2 28 4.3610 . 0.7 0.7 0.7 0.7 0.8 0.7
voc 1 44 6.8531 , 0.6 0.6 0.5 0.6 0.6 0.6
s02  10.6 64 9.9681 8.6 8.6 8.3 9.0 9.2 8.8
-PART 0.016 gr/scf 0.0001 : 11.3 11.3° 10.9 11.8 " 12.1 11.6



' COMPARISON CALCULATIONS
RUN: 2R 06/10/87 ‘ t

COMBUSTION CALCULATIONS ]
1b/mole 1b/1b mole/1b fuel

carbon 12 0.8667 0.0722

hydrogen 1 0.1052 0.1052.

nitrogen 14 0.0023 0.0002

sulfur 32 0.0125 0.0004

oxygen 16 0.0133 0.0008
ash 0.0005

Combustion Air mole/lb scf/lb

net 00 32 0.0987 37.32
cmb NN . 28 0.3720 140.68
total 177.99

FUEL . Meter Tank
Expansion @ 60 95.4% 99.0%
Fuel GPH 919 845
1b/gal ’ 8.072 -8.1%
-1b/hr 7422
SCRUBBER gpm Inlet Twb In hoh sat
. 580 150 23.49%
ROCK %HOH
Scale TPH 506 11.2% in
Dry TPH 450
Calc Bin TPH L6L 3.0% out
Meas Bin TPH L42

(Meas-Calc) /Meas -5.0%

Evaporated TPH 42.8

NOX CALCULATION :
Fuel 369

England 230

AP4L2 ) 128

Standard Flow at measured ¥HOH
wSCFM 112916 '
mhoh  23.38% .
mole/1b 1b/1b scf/lb . t

Dry Flow 699.45 -
Stk HOH ) 10.156 213.39
Net HOH -0.1294  -2.329 -48.94
Scrubber HOH 41.402 '

Excess Air 531.25

EA 00 0.2945 9.423 111.37
EA NN 1.1102 31.085 419.88

Cyclonic Flow @ saturation %HOH
wSCFM 109987
shoh 29.01%

mole/1lb 1b/1b scf/lb t
Dry Flow 631.22
Stk HOH 12.276 257.93
Net HOH -0.0116 '-0.209 4,39
Scrubber HOH 39.281
Excess Air ' 463.02

EA 00 0.2567 8.213 - 97.07
EA NN 0.9676 27.093 365.95

ime

fuel thermal

225
133

out
156
134

156
156

out
156
134

156
156

12:30 ref: 6A 6
oxygen required mole/lb
0co -1 0.0722
NO2 1 0.0002
0Sso 1 0.0004
-fuel O -0.0004
HOH 0.25 0.0263
Comb Products mole/lb
.cmb NN 0.3720
~ 0co 44 0.0722
NO2 46 0.0002
0So 64 0.0004
total dry )
HOH 18 0.0526
total products
18545 btu/lb
138 mmbtu/HR

1269 GPH @190 mmBtu/hr

Rock drie
Rock HOH
Evap HOH

d

mole/1lb

0.6410

ppm condition

369 stoichometric
455 @ 3% Excess Air
261 stoichometric

tin
90
90
90

. 90
total

tin

90

90
90
total

btu/1b

=2433
T 1822

143
512
16932

btu/1b

-218
1728

124
Liu6
18970

=34.57

std
p + rk
inlet

ACE

-3.10

sat
cyc
pt+rk

fuel Btu/°F/#
: 0CO 0.21
HOH 0.45 Huv HOH
00 0.23
NN 0.25
- rock 0.25
liq HOH - 1
1b/1b scf/1b tout tin
10.415 140.68 156 90 -
3.178  27.32 156 90
0.008 0.06
0.025 0.15
: 168.20 . |
0.947 19.89 156 90
1b/1b scf/1b tout tin
121.20 184 79
3.75 . 184 79
11.54  242.4 156 79
1b/1b scf/lb
0.0076 0.0621
0.0096 0.0788
0.0053 0.0440
NOx emission model
NOx meas fuel eng -
© ' ppm 50 89 113
1b/hr 31.6 56.1 71.2
evap gpm
Stack gas composition S
%HOH 00 0CO - Mdry
23.38% 15.92% 3.91% 29.26
27.27% _
23.49% . .
23.38% 14.50% 4.50% 29.30
29.37% 14.60% 4.30% 29.27
NOx emission model
NOx meas fuel - eng
PPM 50 98 125
1b/hr 28.5 56.1 71.2
evap gpm
" Stack gas composition -
%HOH . 00 0C0  Mdry
29.01%
29.31

29.01% 15.38%

29.36%

4.33%

" Btu/1b

1015
RT/p
378.20

btu/1b
171
b
989
1204

btu/1b
3182
394
12110

aph2

39.7

2.985

2.491
2.651

- aph2

39.7

2.601



Individual Velocity Traverse Calculations

No: X 3F ' Usages
Date: 06/10 Rock: 515 TPH
Time: 13:45 0.11 HOH
Pbar: 30.14 458 Dry
Pst: . -0.4 .
Ps: 30.11 —Pbar+Pst/13 6 - 0il: 777 GPH
Cp: 0.834 -~ 8.105 lb/gal
Fv:  12.99 = 85. 49“Cp*sqrt(1/Ps) 18509 Btu/lb
Dia: 96 Area: 50.27 o 117 mmBtu/hr
700+ 14.57 .
Z0CO0:. 4,57
Mdry: 29.30
H: 10.477%
0: 1.097% '

C: 86.907 ZEA: 2.495 based on fuel analysis and %00

" Calculation equation summary
fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms)
point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1 -7HOH pt)+18*7ZHOH pt))
cyc = fps pt*cos(alpha)
. sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436

Assumed Twb: 149.0 ' 150
- 'sat ZHOH: - 24.53% . 25.15% 24.537
= Mdry*(1-ZHOH)+18*7HOH Ms: 26.53 - 26.46 26.53 .

Avg: : 17.0 149.0 24.537 ' std std . cyc
point dp alpha "t 7ZHOH std point cyc inlet meas meas
SE-1 0.45 16 149 24.53% 41.8 41.8 40.1 41.8 41.8 40.1
2 0.48 16 149 24.537 43.1 43.1  41.5  43.2 43,1 41.5

3 0.50 18 149 24,537  44.0 44.0 41.9 44,1 44,0 41.9
4 0.50 18 149 24.537 44.0 44.0 41.9 44,1 44.0 41.9

5 0.50 18 149 24.537 44.0 " 44.0 ° 41.9 44,1 44.0 41.9 -
.6 0.48 16 149 24.537 43.1 43.1 41.5 43.2 43.1 41.5
SW-1 0.48 16 149 24,537 43.1 43.1 41.5 43,2 43,1 41.5
2 0.46 14 149 24.53%7 42.2  42.2  41.0  42.3 42.2  41.0
3 0.48 18 149 24.537 43.1 43.1 41.0 43.2 43.1  41.0
4 0.48 18 149 24.53% 43.1  43.1 41.0 43,2 43.1 41.0
-5 0.50 . 18 . 149 24.537 44.0 44,0 41.9. 44,1 44.0 © 41.9
6 0.56 .18 149 24.537 46.6 46.6 44.3 46.6 46.6 = 44.3

avg ' : -

fps: 43.5 43.5 41.6 -43.6 43.5 41.6
acfm: 131273 131273 125491 131445 131273 125491

ZHOH: 24,537 24.537% 25.157% 24.537% 24.537%
scfm: 86438 86438 82631 85845 86438 82631
: Emission: 1b/hr ' _

: ppm  Mgas pVM/RT*60 std point cyc ‘
NOx 48 46 7.1646 29.7 29.7. 28.4 29.5 29.7  .28.4
co . 3.25 28 4.3610 1.2 1.2 1.2 1.2 1.2 1.2
VoC 0.4 44 6.8531 0.2 0.2 0.2 0.2 0.2 0.2
S02 5.7 64 9.9681 4.9 4.9 4.7 4.9 4.9 4.7
4.9 14.9 14.2 14.8 14.9 14.2

PART 0.020 gr/scf 0.0002 14,



COMPARISON CALCULATIONS
RUN: 3F 06/10/87

COMBUSTION CALCULATIONS

time 13:45 ref: 7A 6

fuel \ Btu/°F/#

1b/mole 1b/1b mole/1b fuel oxygen required mole/1lb
carbon 12 0.8690 0.0724 oco : 1 0.0724 0Co 0.21
hydrogen 1 0.1047 0.1047 NO2 1 0.0002 HOH 0.45 Huv HOH -
nitrogen 14 0.0030 0.0002 0S0 1 0.0004 00 0.23
sulfur . 32 0.0124 0.0004 -fuel O -0.0003 NN 0.25
oxygen- 16 0.0109 0.0007 HOH 0.25 0.0262 . rock . 0.25
ash 0.0006 : liq HOH 1
Combustion Air mole/lb scf/lb Comb Products mole/lb 1b/1b  scf/lb tout tin
net 00 32 0.0989 37.39 cmb NN 0.3727 10.435 140.95 149 89
‘cmb NN 28 0.3727 140.95 oco 4y 0.0724 3.186 27.39 149 89
total 178.33 NO2 " 46 0.0002 0.010 0.08
’ 0S0 64 0.0004 ~ 0.025 0.15
total dry 168.56
: HOH 18 - 0.0524  0.942 19.80 149 . 89
) total products . - ’
FUEL . Meter Tank .
" Expansion @ 60 ~  95.5% 99.0% 18509 btu/1lb
Fuel GPH 777 - 756 117 mmbtu/HR
1b/gal 8.105 -2.8% 1267 GPH @190 mmBtu/hr -
1b/hr : 6300 . .
SCRUBBER gpm Inlet Twb In hoh sat
580 150 23.49%
ROCK %HOH
Scale TPH 515 11.0% in
Dry TPH 458 L
Calc Bin TPH 478 4.2% out mole/1b 1b/1b scf/1b tout tin
Meas Bin TPH 1022 Rock dried . 145.42 179 79
(Meas-Calc)/Meas 53.2% Rock HOH 6.38 179 79
Evaporated TPH 36.5 Evap HOH 0.6443 11.60 243.7 149 79
NOx CALCULATION fuel thermal ppm condition 1b/1b scf/lb
: Fuel 481 481 stoichometric 0.0099 0.0810
England 300 225 - 525 @ 3% Excess Air 0.0111 0.0912
APA42 217 132 349 stoichometric 0.0072 0.0588
- Standard Flow at measured %HOH :
wSCFM 114534 NOx emission model _
mhoh 24.53% . NOx meas fuel eng
: mole/lb 1b/1b scf/1b tout tin btu/lb pPpm 48 98 111
Dry Flow 823.24 1b/hr 30.3 62.1 69.8
Stk HOH 12.735 267.58
Net HOH 0.0108 0.195 4.10 - 149 89 - 203. - 2.46 evap gpm
Scrubber HOH 45.836 130 89 1879
Excess Air 654.68 - Stack gas composition
EA 00 0.3629 11.613 137.25 149 89 160 - %HOH 00 0co Mdry
"EA NN 1.3681 38.307 517.43 - 149. 89 575 - std 24.53% 16.67% 3.33%. 29.20
- C . total 20406 p + rk  24.25%
‘ inlet  23.49%
meas 24.53% 14.50% . 4.50% 29.30
ACE 0.00% 0.00% 0.00% 28.00
Cyclonic Flow @ saturation %HOH '
wSCFM 109490 NOx emission model. .
shoh 24.53% ' NOx meas fuel eng
 mole/lb 1b/1b scf/1b tout tin btu/lb ppm 48 -103 - 116
Dry Flow 786.98 1b/hr 28.9 ° 62.1 69.8
Stk HOH 12.174 255.80 ] ) .
Net HOH -0.0203 -0.366 ~-7.68 = 149 ~ 89 =381 -<4.61 evap gpm
Scrubber HOH 46.397 -~ 130 89 1902
Excess Air - : .7 618.42 : Stack gas composition
EA 00 0.3428 ~ 10.970. 129.65 149 . 89 151 - . %HOH 00 oco Mdry
FA NN 1.2923 36.186 488.77 149 89 543 sat  26.53% :
. total 19804  cyc 24.53% 16.47%  3.48% 29.22
' ..p+rk 25.08%

Btu/1lb
1015

RI/p
378.20

btu/1b
157
40

982
1179

btu/1b
. 3635
638
12137 .

aph2.
45.1

3.671

2.495

aph?

45.1

EA

3.468



Individual Velocity Traverse Calculations

No: X 3R : ~ Usages

Date: 06/10 . Rock: 508 TPH
Time: 13:48 A A 0.11 HOH
Pbar: 30.14 ' 452 Dry -
Pst: -0.4 ] ,
Ps: 30.11 =Pbar+Pst/13.6 01il: 795 GPH -
Cp: 0.834 8.105 1b/gal
. Fv: 12.99 = 85.49*Cp*sqrt(1/Ps) 18509 Btu/1b
Dia: 96 Area: 50.27. 119 mmBtu/hr
%00:  14.5%
70CO: 4.57%
Mdry: 29.30
H: 10.477
0: 1.097%

C: 86.907 . ZEA: 2.495 based on fuel analysis and Z00

 Calculation equation summary

fps: std = Fv*sqrt(dp*(Ts ave+460)/Ms) '
“point = Fv*sqrt(dp*(Ts pt+460)/(Mdry*(1- 7HOH pt)+18“7HOH pt))
cyc = fps pt*cos(alpha) ,
sat ZHOH = eqns from Lange's Handbook of Chemistry, pg 1436
Assumed Twb: 151.4 150
sat ZHOH:: 26.047 25.157 23.567
= Mdry*(1-ZHOH)+18*7HOH Ms: 26.36 26.46 26.64 o
Avg: - 17.0 151.4 26.107 o : std std . cyc
‘point dp alpha t  7ZHOH std point cyc inlet meas meas
SE-1  0.40 . 16 154 27.74% 39.6 39.8 38.3 39.5 39.4 37.8
2  0.45 16 155 28.437 42.0 42.3 40.7 41.9 41.8 40.1
3 0.45 18 155 28.437 42.0 42.3 . 40.2 41.9 41.8 39.7
.4 0.45 18 155 28.437 42.0 42.3 40.2 41.9 41.8 39.7
S 0.45 18 155 28.43Z° 42.0 42.3 40.2 41.9 41.8  39.7
6 0.45 - 16 149 24.53%7 42.0 41.8 40.1 41.9 41.8  40.1
SW-1  0.45 . 16 149 24.537 42.0 41.8 40.1 41.9 . 41.8 ~ 40.1
2 0.45 14 149 24.537 42.0 41.8 40.5 41.9 41.8 40.5
3 0.50 18 149 24.53%- 44.3 44,0 41.9 44,2 44,0 41.9.
4 0.50 18 149 . 24.53%7 44.3 44,0 41.9 44,2 44,0 41.9
5 0.50 18 149 24.537 44.3 44,0 41.9 44.2 44.0 41.9
6 0.50 18 149 24,537 44.3 44,0 41.9 44.2  44.0 41.9
‘ avg . ~
fps:. 42,5 42.5 40.7  42.5 42.3  40.4
acfm: 128289 128293 122641 128044 127612 121991
ZHOH: 26.047 26.107% - 25.157% 23.567% 23.567%
scfm: 82455 82395 78765 83293 84772 81038 .
' Emission: 1lb/hr '
ppm  Mgas pVM/RT*60 © std point cyc . :
NOx 48 46 7.1646 ~ 28.4 28.3 27.1 28.6 29.2 '27.9
CoO 3.25 28 4.3610 1.2 - 1.2 1.1 1.2 1.2 1.1
voc - 0.4 44 6.8531 ' 0.2 0.2 0.2 0.2 0.2 0.2
'S02 5.7 64 9.9681 : 4.7 4.7 4.5 4.7 4.8 4.6
PART 0.020 gr/scf 0.0002 14.2  14.2 13.5 14.3 14.6 13.9




COMPARISON CALCULATIONS
RUN: 3R - 06/10/87

COMBUSTION CALCULATIONS -

time 13:48

ref:

1A 6

25.77%

1b/mole 1b/1b mole/1lb fuel oxygen required mole/lb fuel Btu/°F/#
carbon 12 0.8690 0.0724 .0Co 1 0.0724 . 0Co 0.21
hydrogen 1 0.1047 0.1047 NO2 1 0.0002 HOH :  0.45 Huv HOH
nitrogen 14 0.0030 0.0002 0s0 1 0.0004 00 0.23
sulfur 32 0.0124 0.0004 -fuel O -0.0003 NN . 0.25
oxygen 16 0.0109 0.0007 HOH 0.25 0.0262 rock - 0.25
ash 0.0006 liq HOH 1 .
Combustion Air = mole/lb scf/lb Comb Products mole/lb 1b/1b scf/lb ~ tout tin
net 00 32 0.0989 37.39 cmb NN 0.3727 10.435 140.95 151 89
- cmb NN 28 0.3727 140.95 0co 4L 0.0724 3.186 27.39 . 151 89
total . © 178,33 NO2 46 0.0002 0.010 0.08
. 0S0 64 0.0004 . 0.025 0.15
total dry 168.56
HOH 18 0.0524 0.942 19.80 151 89
total products
FUEL Meter Tank
Expansion @ 60 95.5% 99.0% 18509 btu/1b
Fuel GFH 795 756 " 119 mmbtu/HR
1b/gal 8.105 -4.9% 1267 GPH @190 mmBtu/hr
1b/hr 6442 . :
SCRUBBER gpm Inlet Twb In hoh sat
580 © 150 23.49%
.ROCK %HOH
Scale TPH 508  11.0% in
Dry TPH - 452
Calc Bin TPH 472 4.2% out mole/lb  1b/1b scf/lb tout tin
Meas Bin TPH 1022 Rock dried 140.28 179 79
(Meas-Calc)/Meas 53.9% Rock HOH 6.15 179 79
Evaporated TPH 36.0 Evap HOH 0.6216 11.19 235.1 151 79
NOx CALCULATION fuel thermal ppm condition 1b/1b scf/lb
Fuel 481 481 stoichometric 0.0099 0.0810
England 300 225 525 @ 3% Excess Air 0.0111 0.0912
AP42 217 132 349 stoichometric 0.0072 0.0588
Standard Flow at measured %HOH
wSCFM 110900 NOx emission model )
mhoh 23.56% . : ' NOx meas fuel eng
mole/1lb 1b/1b scf/lb tout tin btu/lb ppm 48 103 115
Dry Flow ’ 789.56 1b/hr 29.7 63.5 71.4
Stk HOH . 11.582 243.35 . IR ’
Net HOH -0.0305 -0.548 -11.52 151 89 -572 -7.07 evap gpm
Scrubber HOH 45.564 : 130. 89 1868.
Excess Air 621.00 : Stack gas composition
EA 00 0.3442 11.015 130.19 151 89 158 %HOH 00 0Co Mdry
EA NN 1.2977 36.337 490.81 151 89 567 ‘std 23.56% 16.49% 3.47% 29.21
total 19051 p + rk  24.40% - :
' inlet  23.49% )
meas 23.56% 14.50% 4.50% 29.30
ACE 25.74% 14.60% 4.30% 29.27
. Cyclonic Flow @ saturation %HOH .
. . WSCFM  106580. NOx emission model
shoh = 26.04% NOx meas fuel eng
: mole/1b 1b/1b scf/1b tout. tin btu/lb ppm 48 110 124
Dry Flow 734.16 - 1b/hr 27.6 63.5 71.4
Stk HOH 12.303 258.51 ’ : ’
Net HOH 0.0096 ~ 0.173 3.64 151 89 181 2.23 evap gpm
Scrubber HOH 44.842 130 89 1839 . o
Excess Air . ; 565.60 - Stack gas composition
EA 00 0.3135 10.033 118.57 151 89 144 %HOH . 00 0Co Mdry
-EA NN 1.1820 33.095 447.03 151 89 516 sat  26.04%
: ' total 19710 cyc 26.04% 16.15% 3.73% 29.24
: pt+rk ) -

Btu/1lb
1015

RT/p.
378.20

btu/1b
163
42

983
1188

btu/1b
3507
615
11721

aph?

46.1 -

©3.482

2.495
2.655

aphL2’

46.1

3.172




B. FUEL ANALYSES




" PEMBROKE LABORATORY

PEMBROKE, FLORIDA

{8131 633-0969

Mailing address: 528 Gooch Ad., Ft. Meade. FL. 33841

IMCC ~ NORALYN
Fo 0. Box 867
Bartow, FL 23870

Attn: J. N, Allen

Lab Numberé

Sample [.D.

MC—-Z7@4

Date Reported: B6-27-

F.0. #UCF7543

MC-Z705 MC-I706

Date Received: 26—11—87

87

MC-327@7

o e T m s e e e e e o e e = o e e S e e = T 4 e o S At i+ meee e S T s B e i T e e = S . — T s i " e - W, - T T T S - —— A a— ——

BTU/1b
Density

Carbon

. Hydrogen.

MNitrogen

(i vgen

-Sﬁlfur

. Ash

Continued on

4
/e

page 2

18497,

B.97z2

86,59
10.16

B
w ooz

2A ZA
18538, 18521.

0.973 @.972

86.79 86. 65
10. 10 10.58
0.14 ;zé
1.68 .. }23
1.25 1.26
0.042 2.021



PEMBROKE LABORATORY

PEMBROKE, FLORIDA (813)533-0969
Mailing address: 528 Gooch Rd., Ft. Meades, FL. 33841 :

PMEE — NORALYN ' o . Date Received: 0&-11-87
F.oC. Box S&47 '

Bar bow, FlL 25520 | ) 'Dafe Reported: D6—2E-87
Attn: J. N. Allen : _ | F.0. BUCF7543 |
l.ab Numbers : MC-3708 mc;37m9 MC-3710
Sample 1.D. o - 5 bA 76

ETU/1b | 18497, 18545, 18509.
Density - 2.971 .969 - ©0.973
Carban % : : -86.79 B&. &7 86.9Q
Hydrogen . 10.54 10,52 10. 47
‘Nitrogem % | _@.is. @.27 0.30

. Oxygen YA 1.26 o 1.53 1.29

Sul fur o ' 1.26 1.5 1.24

Ash ' AR ' 0.0218 9.050 . 2.056

Thank vyou for this opportunity to serve you!

Respectfully submitted,

Scagt Foste;
Chemist

"Allah E. Schreiber
l.aberatory Director

Labcfatory ID 84172



BEST AVAILABLS COPY

P. E. LaMoreaux & Associates

Geochemistry Laboratory 4320 Old Highway 37 Lakeland, Florida 33803
| } Teiephone 813/646-8526

nn-

REPORT OF ANALYSIS

TO: ~ INTERNATIONAL MINERALS & CHEMICAL CORP Project No.:

P.0.BOX 867 . : Sampled by: CLIENT
BARTOW, FL 33830 Date Collected: 04-03-87
- ATTN.: C.D. Turley ' : Date Received: 04-07-87
P.0. No.: UCP 6544 S . Date Completed: 05-13-87 :
Lab No.: 04-07-IMC-56
Invoice No.: - 5563
IDENTIFICATION: LONESOME DRYER FUEL OIL #2
) OIL ~
BTU/Lb. . | 19,620
Density (lbs/gal) 8.12
"4 Carbon : : S 86.84
% Hydrogen. : ' ' 10.33
% Nitrogen : : 0.40 -
% Oxygen _ : ' 0.94
%2 Sulfur 1.84
%

Ash : . 0.11

Results exprassed in mg/l (ppm) unless otherwise designated.
S _ : : Respectfully Submitted
P. E. LaMoreaux & Associates, inc.

State of Florida Certification #84183
State of Alabama Certification #40120 _

Chemist

 METHODS: “Standard Methods for the Examination of Water and Wastewater”, Latest Edition, APHA, AWWA, AND " -~
\ . WPCF and/or othsr EPA approved mathods which meet FOER or ADEM protocol, uniess otherwise designated. "/




SN

P. E. LaMoreaux & Associates

Invoice No.:

IDENTIFICATION: LONESOME DRYER FUEL OIL #1

OIL

BTU/Lb. : . 19,360 -
Den51ty (lbs/gal) : ‘ _ 8.15
% Carbon ' - 86.93
# Hydrogen - 9,90
% Nitrogen ' 0.41
# Oxygen - : ' - ' 1.25
% Sulfur R , ©1.87.
% Ash 0.13

Result‘s.expres'sed in mg/l (ppm) unless otherwise designated.

State of Florida Certification #84183
State of 4jJabama Certification #40120

D = Geochemistry Laboratory 4320 Old Highway 37  Lakeland, Fiorida 33803 )

= | . o Telephone 813/646-8526
REPORT OF ANALYSIS
TO: INTERNATIONAL MINERAL.S & CHEMICAL CORP PrOJect No.: S
: P.0.BOX 867 : ) Sampled by: CLIENT .
BARTOW, FL 33830 ' : : Date Collected: 04-03-87
ATTN.: C.D, Turley . A .. Date Received: 04-07-87
P.O. No.: UCP 6544 : _ . Date Completed: - 05-13-87
: ' o ' Lab No.: O04-0T7~IMC~55

5563

| ‘Respectfully Submitted .

P. E. LaMoreaux & Associates, inc.

Chemnst

y;

METHODS: “Standard Methods tor the Exammanon of Water and Wastewater Latest Edition, APHA AWWA, AND

. WPCF and/or other EPA approved methods which meet FDER or ADEM protocol, uniess otherwise designated. -

R




BEST AVAILABLE COPY

PEMBROKE LABORATORY

PEMBROKE, FLORIDA (813) 533-0969
Maliing address: 528 Gooch Rd., Ft. Meade, FL. 33841

AL@;

IMCC — NURALLYN . Date Receivad:t @4-30-87
. . Bax Hao/ ) . _ : o ’
Bartow, FlL 33810 _ ‘ Date Reporteds 05-29-87
pttn: J. N. Allen ‘ . P.0. WUCF7343
Lab l_'Jl.u‘nbc-.ers : MC-31389 PlC-3390 MC-3391

_ : _ "3 . w2 3%
Sample 1.D. . Sample 9389 - bryer 0il DPryer 0il

FCE's mqg/L A 1.6 mmme- s _
BTU/1b. | e 18246, 18386,
Denzity ‘ —_—— @.986 - 8.987
Larbon A A ——— _ 86.93 _r .86.75
Hvdroden % | '—;—; 4.92 1@.22

 Nitrogen 2 s '6,27 | | af13
Oxygen % m——— - 1.34 1.49
Sul fur % ‘ e '._’ 187 _- 1.8%
“Ash | . % —— -  2.055 0. 048

Thank you far this opportunity to serve you!

Respectfully lubmxttad,

-

g~ eV Fluat TN

8cott Foster
Chemist e

Allan E. chreiber
Laboratory Director

Laboratary ID 834172 % 83139



z ) BEST AVAILABLE COPY

. P. E. LaMoréaux & Associates

= Geochemistry Laboratory. 4320 Old Highway 37 Lakeland, Florida 33803 )

T\

RN L
‘ l"". I‘JU.:

LONESOLE DRICE 43

State of Florida Certification #84183
State of Alabama Certification #40120

MET_HODS: “Standard Methods for the Examination of Water and Wastewater”, Latast Edition, APHA, AWWA, AND

— Telephone 813/646-8528
REPORT OF ANALYSIS
TO:  UOLLATTOHAL fiieBALS L CHULICAL SOLS Project No.:

RPNV QY iy { Sawpled by: . CLIENT
SaUTChw, FLO3LCS5U Date Collected:  03-12-07
AT s David Turiey Date Received: (G3=16=387

UZP 06543 04-CG-37

Date Coipleted:

-Lab -No.:

Invoice lo.:

JDENTIF ICATION:
' 46 OIL
':";":/E_I__:. 19,1(7
Senovoy (iba/oal) RN
g CU oo ' oy, 0
Toydiro e 10,42
Tolinrosen 2.1¢
Gy < 10(—’7 .
Syl 1.96
it 0,05
} F\esults'expressed iﬁ mg/l (ppm) unless othem)ise desighated. o :
; . . : " Respectfully Submitted
P. E. LaMoreaux & Associates, Inc.

07 -16=I1C=146

Shed

WA T
=

Chemist

WPCF and/or other EPA approved methods which meet FDER or ADEM protocol, uniess otherwise designated. Y,




| | BEST AVA!LABLE CoPY
P.'E. LaMoreaux & Associates

“Geochemistry Laboratory 4320 Old Highway 37 Lakeland, Florida 33803 ﬁ .
: Telephone 813/646-8526

REPORT OF ANALYSIS

ul()‘IhL frinl \HLU a ChEilICAL Cul't Project No.:

TO: OlTER ] -
P L0l 00T : . Sampled by: CLILNT
SHRETOU, FL 338350 _ o Date Collected: 02-26- 8’(’.
ATT . Davia Turicy : ~ Date Received: 03-02-37
7.0, Ho.: UCP 7544 - _ Date Canpleted: 03-20-87
' ' Lab No.: 03-02-IMC=-03
Invoice No.: - 5391 :

i

IDENTIFICATION: FT. LCINESOME WEST DRYER

OIL .
. SCRUBDER FUEL CIL

LTU/Lu. : 17,9 53

Deansivy (les/zal) : 8.17
b At 2.24
5 Sulfur 1.33
w Oxyeit 1.16
Goditronen 0.77
olyirosen 9.39
ToCairhon , BG,

Results expressed in mg/l (ppm) unless otherwise designated. .
, Respectfully Submitted
. ' P.E.LaMoreaux & Associatés. inc.

State of Florida Certification #84183 "
State of Alabama Certification #40120 ‘ : / '
Chemist | >

'METHODS: ‘Standard Methods for the Examination of Water and Wastewater" Latest Edition, APHA, AWWA, AND
\_ WPCF and/or other EPA approved methods which meet FDER or ADEM protocol unless otherwise designated. )




C. OPERATING LOGS
Contents: Measqrement Sheets
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