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ENGINEERS & CONTRACTORS ~ WILLIAM PENN PLAZA » 2790 MOSSIDE BLVD. » MONROEVILLE, PA 15146 « PHONE: 412-373-8020 FAX: 412-373-7065

EASTERN QOPERATION

May 7, 1993

Peabody Coal Company

1951 Barrett Court

P.O. Box 1990

Henderson, Kentucky 42420-1990

WAY 111933

LWL Y
N. K. DOSHI

Attn: Mr. Nick Doshi
Project Manager

Subject: Hawthorn Mine Thermal Dryer
Emissions - Compliance Testing
R&S #9125

Dear Mr. Doshi:

Attached are two (2) copies of the report prepared by Clean Air Engineering on
the Compliance and Diagnostic testing performed at the Hawthorn Mine Thermal Dryer
on April 8, 1993. Note-that 3,625 hours per year were used in calculating the
emission rates in tons per year.

If you have any questions concerning the report, please don’t hesitate to call.

Sincerely Yours,

Thomas M. Gigliotti

Project Manager
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SUMMARY

INTRODUCTION

Clean Air Engineering was contracted by Roberts & Schaefer Companyto
determine the levels of Particulate, Sulfer Dioxide, Nitrogen Oxides and Visible
Emissions at the Peabody Coal Company, Hawthorne Mine facility located in
Carlisle, Indiana for diagnostic purposes-

The testing took place at the Scrubber Stack on April 8, 1993. Coordinating
the field testing were:

T. Gigliotti © Roberts & Schaefer Compény

A. Casile Indiana Department of Environmental Management
G. Tumbali Clean Air Engineering .

To the best of our knowledge, the data presented in this report are accurate
and complete.

Respectfully submitted,

CLEAN AIR ENGINEERING
' _ L4 R
Wil . ol € g
William Ansell David G. Perkins

Project Manager Manager, Technical Communications

B

illl

"ﬁi

;



L

ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SUMMARY OF TEST RESULTS - Table 1 ; 1-2
EPA Method 1,2, 3,4,5,6,7and 9 :
Particulate, Sulfur Dioxide, Nitrogin Oxides and Opacuty
Scrubber Stack
Run No. 1 2 3 Average
Date (1993) April 8 April 8 April 8
Start Time (approx.) 12:15 15:00 17:30
Stop Time (approx.) 13:50 16:33 19:50
Gas Condit . S
Ts Temperature (°F) 102 101 99 101
Bwo  Moisture (volume %) . 5.30 3.90 5.30 4,83
o) Oxygen (dry volume %) 19.6 18.4 - 18.4 18.8
CO, Carbon dioxide (dry volume %) 1.0 2.0 18-~ 16
Yolumetric Fiow Rate
Qa Actual conditions (acfm) 82,750 85,470 85,120 84,447
Qstd  Standard conditions (dscfm) 72,730 76,290 75,170 74,730 |&8 o000
c Concentration (gr/dscf) 0.0245  0.0072  0.0168  0.0160 | @ 3!
E Emission rate (ib/hr) 15.2 4.7 10.8 10.24
E Emission rate (tons/yr) . 276 8.5 19.6 18.6
Sulfur Dioxid
c Concentration as SO, (lb/dscf) 7.39E-06 5.24E-06 2.88E-06 5.17E-06
E Emission rate (Ib/hr) 32.25 23.96 12.99 23.07
E Emission rate (tons/yr) _ 58.45 4343  23.55 41.81 | 28.25 T/m
R R Do e T RN (e
Nif Oxid ‘ _
C Concentration as NO, (lb/dscf) 3.10E-06 2.30E-06 5.70E-06 3.70E-06
E Emission rate (lb/hr) 13.53 10.561 26.73 16.59
E Emission rate (tons/yr) 24.53 19.05 46.63 30.07
Visible Emissi |
. % Minimum Reading 0 0 0 0
% Maximum Reading 35 35 25 30
% Total Average _ 15 10 .10 10

:
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

DESCRIPTION OF INSTALLATION K 2-1

The Peabody Coal Company. operates the Hawthomn Coal Mine located near
Carlisle, Indiana. The mine is equipped with a pulverized coal fired fluidized
bed thermal coal dryer with a through-put capacity of 332 tons of dried coal per
hour. The coal blend used for fuel is 30% #6 seam and 70% #7 seam.

Particulate éfﬁissioﬂs are doﬁirblled by two éyclonéé and one venthfi scrubber.
SO» and NOy-emissions are controlled by a perforated tray. scrubber using a-
sodium hydroxide solution as the scrubbing medium and a venturi scrubber in
series. L e e e SEHNTE

TN B [ L

The testing reported in this document was performed at the Scrubber Stack.

-

A schematic of the process is shown below. | .
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ROBERTS & SCHAEFER COMPANY:
CAE Project No: 6489-1

SUMMARY OF PROCEDURES :_

SAMPLING PROCEDURES

‘The sampling followed procedures as detalled in U S Enwronmental Protectlon
Agency (EPA) Methods 1,2,3,4,5, 6 7 and 9. These methods are titled:

e Method 1 — “Sample and Veloclty Traverses for Statnonary Sources.

e Method 2 — *“Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube),”

e Method 3— “Gas Analysis for the Determination of Dry Molecular Weight;”

» Method 4 — “Determination of Moisture Content in Stack Gases;”

« Method 5 — “Determination of Partlculate Emissions from Stationary
Sources;”

» Method 6 — “Determination of Sulfur Dioxide Emnssnons from Stationary

, Sources;"

e Method 7 — *“Determination of Nitrogen Oxides Emissions from Stationary

Sources (Colorimetric);”

» Method 9 — *“Visual Determination of the Opacity of Emissions from
Stationary Sources.”

These methods appear in detail in Title 40 of the Code of Federal Regulations
(CFR), Part 60, Appendix A.

The sampling apparatus is shown in Figures 1 and 2 on pages 3-2 and 3-3. All
equipment was calibrated at the Clean Air Engineering laboratory prior to
shipment to the job site.

Sampling Locat

For Particulate and Sulfur dioxide sampling six points were sampled per port.
The sampling time per point was five minutes for a total sampling time of sixty
minutes. For Nitrogen Oxides sampling a flask was obtained at fiteen minute
intervals in one port. The samplmg locations are shown in Figure 3 on

page 3-4.

|
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SUMMARY OF PROCEDURES - Figure 1

The combined EPA Method 5 and 6 sampling apparatus is shown.

TEMPERATURE OF
GAS LEAVING LAST

AN

- |mpinger Contents

1) 80 % isopropyi alcohol, 100 ml
2) 3 % hydrogen peroxide, 100 ml
3) 3 % hydrogen peroxide, 100 ml
4) 300 g silica gel

CHECK
VALVE

VACUUM
LINE

11111
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SUMMARY OF PROCEDURES - Figure 2 '

The EPA Method 7 sampling apparatus is shown,

HEATED

PROBE : FLASK g PUMP

I VALVE V.ALVE —~
> P=S=0——0—8—(")
. g ' PUMP

§ MANOMETER
THERMOMETER

‘iﬂi!l
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SUMMARY OF PROCEDURES - Figure 3 :

The cross section of the Scrubber Stack shows sampling point locations.

l% 7é INCHES —%I

GAS FLOW
INTO PAGE

ONHLH W=

3-4
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SUMMARY OF PRQCEDURES ' s 3-5

ANALYTICAL PROCEDURES

Particulate

The particulate emissions were determined following procedures detailed in
EPA Method 5. Particulate samples collected on Whatman 934 AH glass fiber
filters were analyzed gravimetrically. The probe and nozzles were washed with
acetone. The wash was transferred to tared beakers.and evaporated to

dryness. These weight differentials were combined to determine total .
particulate matter. - - E

s I[ D- - I . - ’ . .

" The sulfur dioxide content was measured followmg the analysrs by titration
procedure detailed in EPA Method 6. In this procedure. the sulfur droxrde -
fraction is measured by banum-thonn trtratrorr R

mﬁnﬂmﬁ S LR ILY L TE S T PRLRUP

The nitrogen oxides emission rate was determined using procedures detailed
in EPA Method 7. A sample was collected in an evacuated flask containing a
dilute sulfuric acid - hydrogen peroxide absorbing solution. The nitrogen
oxides, except nitrous oxide, were measured colorimetrically using the
phenoldisulfonic acid (PDS) procedure.

Opacity

The visual opacity was determined following procedures detailed in EPA
Method 9. In this procedure, a set of observations taken at 15 second intervals
was averaged.

QUALITY CONTROL PROCEDURES

Quality control procedures for all aspects of field sampling; sample
preservation and holding time; reagent quality; analytical method; analyst
training and safety; and instrument cleaning, calibration and safety were
followed. These procedures are generally consistent with EPA guidelines
documented in “Quality Assurance Manuals for Air Pollution Measurement
Systems,” Vol 3, “Stationary Source Specific Methods” (EPA-600/4-77-027D).

i
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

(comments | ) 4

Sampling was stopped in the middle of all three sample runs due to clogged
coal and flame outs in the unit. These problems may have had an adverse
effect on the reported emission rates.

No other deviations from standard U.S. EPA testing procedures were noted.

:
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Nomenclature

A - absorbance _

An . - cross sectional area of nozzle (ft2)

Asg - ‘cross sectional area of stack (ft2)

Bwo - proportion of water vapor in the gas stream by volume

Bws - proportion of water vapor in the gas stream by volume at saturated
| . conditions

Cp - pitot tube coefficient (dimensionless) . .. .

D¢ - dilutior factor

Fd - ratio of dry gas generated to gross calories (dscf/MBtu)

Fe - ratio of gas generated

GCV - gross calorific value of fuel (Btu/lb)

DH -  average pressure drop jeross mater, hex, grifice (in., Hz0)
JoP - average square roots of velocity heads of stack gas (vin. Hz0)
DH@ - . meter orifice calibration coefficient (in. H20)

%l - percent of isokinetic sampling (acceptable 90 £ %I £ 110%)

| (b /b -mole)(in. Hg)

Kp - - pitot tube constant: 85 49 (ftl ) \/ R)(n HzO)
Ke - spectrophotbméter'déiibfatﬁ.:)h factor

Md - dry molecular weight of stack gas (Ib/lb-mole)

Ms - molecular weight of stack gas, wet basis (Ib/lb-mole)
Mn - total amount of pamculata matter collected (gm)
mmBtu -  millions of British Therrnal Units (Btu)

N - normality of titrant (meg/mi)

Pb - barometric pressure (in. Hg)-

P - final absolute pressure of flask (ln Hg)

Pi - initial absolute pressure of flask (in. Hg)

Ps - . absolute stack gas pressure (in, Hg)

Qa - volumetric flow rate, actual conditions "

Qstd - volumetric flow rate, standard conditions, dry basis

std - standard condmons. 29.92 in. Hg, 68°F
b - Filter temperature (°F)
Te - Conditioner temperature (°F)

|
|

i
|




final absolute temperature of flask (°R)

average dry gas meter temperature (°F)

average stack temperature (°F)

absolute temperature, standard conditions (528°R)
total sampling time (min)
Pump vacuum (in.Hg)
volume of aliquot (ml) ~
volume of flask (ml) __
total volume of liquid collected in impingers and silica gel (ml)

volume of gas sample through the dry gas meter at meter conditions (ft3)
volume of gas sample through the dry gas meter, standard conditions (ft3)
volume of flask sample, standard conditions (mi)

total volume of solution (ml)

volume of titrant used to titrate aliquot (mi)

volume of titrant used to titrate blank (ml)

volume of water collected, standard conditions (ft3)

stack gas velogity (ft/sec)-- .

gas meter correction factor (dimensionless)

»
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SAMPLE CALCULATIONS

5-2




ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1 o

SAMPLE CALCULATIONS - SCRUBBER STACK, RUN 1
(Note: results are taken from computer analysis)

1. Volume of water collected
View  =(0.04707 it*/ml) (Vi)
= (0.04707) (35.6)
=1.68 wscf

2. Volurna of gas metered, standard conditions

Vm, _(17.64°R/in. Hg) (Vo) P +m]%)
o (460+T,)

(17 64) (30.08) [29. 57+%?§],0 9966)

(460 +62)
= 30.03 dscf

3. Moisture conter'\t:--e:
O S Vg + Vi
“ 1,68

~30.03+1.68
~0.0529
. =5.29%

4. Molecular welght of dry gas stream
My  =0.44(%C0,) +0.32(%0,) + 0. 28(%CO + %N,)
=0.44(1.0) +0.32(19.6) +0.28(79.4)
=28.94

5. Molecular weight of stack gas
| M, =My (1-Byw)+18(By)
' =28.94(1 - 0.0529) + 18(0.0529)
=28.37

6. Stack pressure (in. Hg)

P, =R+ (STATIC P)
| 13.6

=29, 57+('° ‘)

13.6
=29.56



ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

7.

8.

9.

10.

SAMPLE CALCULATIONS (Continued)

Velocity of stack gas

V, = K,, C, (DP) (op)ille* 460)°
[(M,) (P.)]*

= 85.49 (0.84) (0.831) 192+ 460"

[(28.37) (29.56))%

=48.87 ft/sec
Total flow of stack gas

Q, (60) (As) (V)
(60) (28.22) (48.87)

82, 750 acfm

_Q.Ps (17.64 °R/in. Hg) (1-Byy)
T, +460
(82 750) (29. 56) (17.64) (1-0.0529)

: 102 +460
=72, 730 dscfm

Qua

Percent Isokinetic ' '
o - (0.09450) (T, + 460) Vmﬁ
RV,A,0(1 - B,)
(0 09450) (102 + 460) (30.03)

(29 56) (48.87) (0.000191) (60.0) (1-0.0529)
=101.8%

Particulate

aridsef = (15:430r/9) (My)
_(15.43)(0.0476)

30.03
=0.0245.

b/hr = {87/950h) Q) (60)
7,000gt/lb
_ (0.0245) (72, 730) (60)

7,000

= 15.2



ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SAMPLE CALCULATIONS (Continued)
10. Particulate (contlnued) N

_(lb/hr) (3,625 hrlyear)

(2,000 Ib/ ton)
_(15.2) (8, 625)
- (2,000)
=27.6

tons/yr =

The calculations for ionsl yr of sulfur dioxide and nitrogen oxides are performed
in a similar manner. '

11. | Sulfur dioxide 2\
' (Vma)
(12 6-0.05) (0.01005) (25. O)(7 061)(10 Ib/ meq)
(30.01)

= 7.39x10°

om = (brdscn ((335 3ft/|bmo|e)(1o“))

MW
= (7.39x10°) (335( 3’;‘°°)

i a

.=44'44
bb/hr  =(lb/dscf) (dscfm) (60)
= (7.39x10%) (72, 730) (60)
=32
12.  Nitrogen oxides (Method 7), Run 1, Flask A

Sample volume at standard conditions, dry basis

Ve =17.64°R/in. Hg (V-25) [(%) (%)] __
= 17.64 (2,088-25) [(70) (2;,95)]

= 1,931
Total NO, per sample _
Hg  =2(K)(A)(D)
= 2 (970.78)(0.070) (1)

= 135.9



ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

SAMPLE CALCULATIONS (Continued)

12.  Nitrogen oxides (Method 7), Run 1, Flask A (Continued)

Sample qoncentration

bidscf < (6.243x10° &) (ug NO,)
_ V.

o (6.243x10°) 335.9)

| 1,931
= 4.394x10°®

. (385.3ft"/Ib mole)(10°))_
ppm = (Ib/dscf) ( Yo

= (4.304x10%{285:3(10)
46)

= 36.80

lo/hr = (lb/dscf) (dscfm) (60)
= (4.394x10%) (72, 730) (60)
= 1917 |
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ROBERTS & SCHAEFER COMPANY

CAE Project No: 6489-1
Scrubber Stack

SULFUR DIOXIDE PARAMETERS

Date (1993)
Start Time (approx.)
Stop time (approx.)

Sampling Conditions

02

Vpsy  Volume metered, standard (ft%)
Qyq Volumetric flow rate, standard (dscfm)

Oxygen (dry volume %)

Sulfur Dioxide

Laboratory Data :
Vi Volume titrant (ml)
Vi Volume blank (mi)
N - Normality of titrant (meg/mi) -
Vson  Volume solution (ml) - '
Va Volume afiquot (ml)
c Concentration as SO, (Ib/dscf)
c Concentration as SO, (ppm)-
E " Emission rate (Ib/hr)
E

Emission rate (tons/hr)

April &
12:18
13:5C§

19.6

30.0%
72730

12.58
0.05
0.01005;
500

2

7.39E-061
44 .44
32,25
58.45

2

2

April 8

15:00
16:33

18.4
I 48.46
'+ 76,290

14.35
0.05

~70.01005

500
20

-5.24E-08
- 3149

23.96
4343

o
April8 '
" 17:30
19:50

18.4
48.35
75,170

_ 780

0.05

~ 0.01008

500
20

- 2.88E-06
+17.32
12.99
23.55
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

Scrubber Stack
April 8, 1993
NITROGEN OXIDES PARAMETERS
Pbi  29.57 inHg Pbt 29.36 in Hg
Run Flask Time Flask Vi T Pi Tt P Vse
No. mi °F InHg °F inHg mi
1 A 12:25 1 2088 79 275 70 08 1931
B 12:40 11 2059 80 275 69 1.0 1922
C 1330 214 2019 79 272 70 04 1820
D 1345 8102 1944 83 271 70 0.0 1721 -
2 A 1505 25 2091 83 275 74 02 1878
B 1520 91 2078 84 278 74 02 1887
C 1555 108 2028 84 274 74 03 1820
D 16:10 97 2077 83 274 74 01 1852
3 A 1740 8134 1988 84 274 60 01 1822
B 18;15 8127 1987 84 275 60 02 1836
c 19:10 84 2087 84 273 60 0.2 1916
D 1925 65 2042 82 275 60 03 1894



r

ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

Scrubber Stack
April 8, 1993
NI_'I_'ROG_EN OXIDES PAR_AMETE_RS*‘- Al
" Run Flask Qug A Ke m C C E E
dscfm J75 ] Ib/dsct ppm, dry Ibhr tonslyear
1 A 72730 0.070 970.78 135.9 4,394E-06 36.80 19.17 348
B 72730 0.105 97078 2039 6.623E-08 55.48 28.90 524
C 72730 0005 970.78 9.7 3.329E-07 279 . 145 2.6
D 72730 0015 970.78 29.1 1.056E-08 8.85 4.61 8.4
Average for Run 1 3.102E-08 25.98 13.53 24,53
2 A 78290 0060 97078 1165 3.872E-06 3243 17.72 32.1
B 76290 0.005 970.78 9.7 3.212E-07 2.69 1.47 27
C 76280 0.070 97078 1359 4.662E-06 39.05 21.34 38.7
D 76290 0.005 970.78 9.7 3.272E-07 2.74 1.50 2.7
Average for Run 2 2.296E-06 19.23 10.51 19.05
3 A 75170 0.090 97078 1747 5.988E-06 50.16 27.01 49.0
B 75170 0.110 970.78 213.6 7.263E-06 60.84 3276 - 594
C 75170 0.050 970.78 97.1 3.163E-06 26.49 14.26 25.9
D 75170 0.100 970.78 1942 6.401E-06 53.62 28.87 523
'Average for Run 3 ) 5.704E-08 47.78 25.73 46,63

Average for Runs 1,2and 3 110.8 3.700E-06 30.99 16.59 30.07



ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

- Scrubber Stack

April 8, 1993

Time:; 12:15 - 13:43

Run 1

VISIBLE EMISSIONS PARAMETERS

5
5

10 o 10 10

10 5 10 5

10 10 15 20

20 25 25 20
.25 30 20 25
2 15 15 10

10 5 5 5

5 0 0 5

S 5 5 5

5 5 15 15

20 15 25 20
20 25 25 30|
25 15 10 5
5 0 ] 5
15 20 28 15
15 20.. 15 15
20 20 15 5

5 5 5 5

5- 0 0 5

5 15 15 15

25 20 20 15

15 15 20 20

15 15 15 20

15 15 20 15

15 10 20 20

15 10 5 10

15. 10 10 15
Average 15 Average 15
Minimum Reading 0
Maximum Reading 35
"~ Total Average 15



ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1
Scrubber Stack

April 8, 1993

Time: 15:00 - 16:22

Run 2

VISIBLE EMISSIONS PARAMETERS

151

U
5 5 5 5 10 15
10 5 5 20 20 15 25
20 20 25 20 20 25 20|
20 25 25 15 10 0 10
20 25 20| 15 5 §. 5
) 10 15 15 100 10 107 0
10 0 o] 5 0 0 0
0 5 5 5 § 0 0
0 0 5 Q 10- 10 15
25 20 20{ 15 10 10 5
20 20 20 15 10_ .15 10}
25 25 25 5 10 10 10
25 25 15 5 5 5 5
0 0 o] 15 6§ 0 0
5 5 5 10 10 5 5
0 0 0 5 00 _0 0
0 15 20 5 0 5 15
3/ 25 20 15 20 15 10
-20 25 15 - 5 15 15 20
25 156 15 20 20 20 25{
25 20 5| . 20 15 15
5 5 10r 25 30 15 15
15- 10 5 15 15 5 5
0 0 0 0 0 5 5
0 5 5 10 5 5 10|
5 0 0 15 20 20 15
5 5 10 25 2028 20
s 5 10 15 10 15 20
0 0 0 15 10 .10 5
Average 10 Average 10
Minimum Reading 0
Maximum Reading 35
Total Average 10

Yd



ROBERTS & SCHAEFER COMPANY

CAE Project No: 6489-1

Scrubber Stack
April 8, 1993

Time: 17:30 - 19:45

Run 3

VISIBLE EMISSIONS PARAMETERS

Average

: . e
25 2 25 15 5 0
10 5 5 5 0 o
10 0 5 ol 5 0
5 5 5 0 5 5
5 0 5 5 5§ .5
5 5 5 5 0 5
20 15 15 1§ 5 5
15 10 15 5 5 0
5 0 15 20| 5 5
20 25 15 15 0~ 0
10 15 10 10| L R
5 5 0 5 o 15
0 0 5 5 15 25-°25 20
10 10 5 10| e 26 15 20I
15 20 20 25 10 25 20 15
20 20 15 15 . .18 15 10 * 5§
15 15 . 6 5 ) 5 5§ 10
5 0 15 5 10 0 5 OI
5 10 15 10 0 05 - 0]
10 20 20 20| 1@ 15 15 .25
15 15 15 20 20 15 25 25
25 15 15 15 20 15 10 10]
10 20 5 5 0 10 5 15
10 5 5 5 20 25 . 25 20|
5§ 10 5 15J 25 20 15 15
10 - 10 20 10 20 10. .5 10
10 16 15 15 5 5 0 0
20 -5 s 10] .0 5§ 10 15
5 0 0 0 Q 15 20 15
10 Average 10
Minimum Reading 0
Maximum Reading 25
Total Average 10
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ROBERTS & SCHAEFER
CAE Project No: 6489

PARAMETERS
COAL DRYER SCRUBBER STACK

\J

Run No. 1 : 2
Ap .000191 .000322
Ag 28.22 - 28.22
Bwo .0529 | .0393
%CO, 1.0 2.0
Cp | .840 L840
DH .780 2.28
DHE@ 1.702 1.702
(DP) % .831 . .863
ST 101.8 92.7
M3 28.94 29.06
Mp .0476 .0226
Mg 28.37 28.62
%0, ~19.6 18.4
pg 29.57 29.57
Ps ~ 29.56 29.56
e 60.0 . 60.0
Tn 62 : 68
Tg 102 101
Vic 35.6 42.1
Vi 30.08 48.94
Vmstd 30.03 48.42
Vs 48.87 50.48
Vwstd 1.68 1.98

Y4 .9966 .9966

3
.000322
28.22

.0535

1.8
-840
2.23

_1.702

.859
93.9
29.02
.0526
28.43
18.4
29.57
29.56
60.0

71

929

38

49.12
48.32
50.27
2.73

.9966
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Pyrometer Calibration Data Sheet
NG D
(Q (.o C, 5 OﬁiCEZDA(.'A rineg
Cahbrated By Im) Date: DJ.?.&I 72
Recalibration Due; ALE c:.u.Efy Replaced:  Yes
" Calibration Reference | Pyrometer Reading -
Setting '
O -
1C0°F Tetesra
=nC .
1507 /5C%
Qr )
200°F QQZC"’_
~ 250°F . 3 5’@%'-" '
: " moo%e o oL -
s e ¢ o).
=08 7. °
Bl 3Y9%F
O~ O
R T
T (ASOE, HYelr
SR L - ._ Q it )
=n° — -
530°F 54%°k
600°F 59%%

‘Calibration Reference inform §tlon (from cahbratnon seal on reference)

_Reference Used. Dlglmrte

Serial Number:_

| Calibrated By

Calibration Report Number:

i\ vplorma\ pyramee




NOZZLE CALIBRATION DATA

lCLlENT fober fs 5 Schefer |DATE //5’/?/}?
PLANT 2o L ooty s re CALBRATEDBY &7
lUNITNUMBEH-' Scvibher

|RUNS ' 4

[ NOZZLE Di. | D2 D3 D4 AD ADavg
Identification (inches) | (inches) | (inches) | (inches) | (inches) | (inches)

/%7 | /%7 BT\ g7 |87 | © |- /&
250 | Yz | W 25243 |, ooz| TS

Where:
D1, D.2, D3, D4 = four nozzle diameter measurements

AD = maximum difference between any
- two diameters AD<0.004 inches

ADavg =average of D1, D2, D3, D4
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WEIGHT SHEETS
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Particulate Testing

Weight Sheet Page_ | of__| —
Client Fobheple 450 Ab=p Pro:iect Number lolo- 0489 | Analyst 3-..\1. AT
Plant S| Unit  Siack Balance gagoob| 6A N0

Test Date <« ,% a3

Type F V= ) /4SS
Run Rjad'cC 1| creas) dlae 18351 .9 (o _
Location S-l-AcL_-_- D (2_3_' 14-01 T(E)B . 3469 sq to -cool
| Type 51 ¥ 20439 ) 9131 920 255% 1339 Myand
Run |- Comp 3 | Daek Bk At i&l 122§ '_3553 ——
_Location Siac k. 30314-073 TOB 3552 | .3392 PYTY
Type F =2 W 30434 B [.3500 [,33%5 | 'hama
Run: 9-me 4 | Dupr S 7 e 1538 o SK}qq _
Location Stack . Qu3e-o04. [TOB| . | 3w | .2385 LoiiS
- Type £ Hee | ®30433 ;9| acs 2583 |, 2904 [Phs i '
Run. 3-Come |9 | Orek Slack Orek. " 4l 54d 3543 :
Location Sac i QL3144 -0S TOB | 2359) | .oy 0187
Type - Fol <15 /P %q0 | 33.618% 13998 [Shaed |
Run @419 | 6| Crems i (g3 6985 1
Location Stack ™ | | 8b314-0L TEQ 153-: 69851 Ja3 LAR )
| Type \:\/a_ Ace K3 g9 [l $:50 ?O.L-ba-? qp.0301 _|9n 1030
Run |- Comp | 8 | BedlBuahat. | /7 ldfnssve) 904635
Location Giac . 80319-08  |TFB®] - -~ [Fopgas|ao 031k
Type [ 5 Ace 140 g0 L 235 | 022778 1092864 [ 05
Rut DCamp | 9 | BlnkiBowPheivle | ) AL .0
Location Stac it 3314~ 04 TFD | Lo 3178 lroq 3wed Loul2
Type F'lyace X9<. o TG0 1101432 L0V [Blw &S
'Run 2.Coup |10 B Cachale _/_ 2045451 /10449
Location Slac k- - 3G -10 T F B) 710 192] | 110.0091 0340

1 Note appearance of particulate

Two volumes (e.g. 500/100) indicate an aliquot was taken.
Indicate (T)himble, (F)ilter, or (B)eaker in box below.

S Ehetadone

:

|

iiii




CAE Project # 64891

WEIGH SHEET # B AS ENTERED

R R w F
=T T B WASH
85 N # IDENTIFIER T ML, CORR. GROSS TARE NET

-.-it't't.‘ﬂ'!"i‘*i‘ii"'t't'lttiti*i."I""t"'t.ti'iiit"""t!Q"I'!!iﬁ.‘

1 BLANK B 75 0.0000 122.6985 '122.6984 0.0001
2 Xé8 B 90 0.0001 123.3278  123.2926 ©  0.0351
01 1 3 K8 B 80 0.0001 90.6625 90.6309 0.0315
02 2 4 T90 B 80 0.0001 109.3976 109.3864 0.0111
03 13 5 X95 B 90 0.0001 110.1421  110.1081 . 0.0339
6 20431 F esse  mm-e- - 0.3568 0.3403 " 0.0165
01 1 7 20429 P === mm=aa- 0.3553 0.3392 0.0161
02 2 8 20434 F ———— mem—-- 0.3500 0.3385 0.0115
03 3 9 20433 F “ees  a———~ 0.3591 0.3404 0.0187

(X2 X322 12222222 1222222 R 2 A2 2laX 22212 3121222l 22222222

CAE Project #,64851

ALL WEIGHTS SORTED BY RDS

R R 5 W F ' ) .
D U H T B WASH T .
S N & # IDENTIFIER T ML  CORR. GROSS TARE NET
CX XY YYTIZZ A2 22222 RSS2 222 2 222 X222 X 22 X222 X2 22X 2 Y X0 2 Y N a Xy ayyyyyyiyy
1 1 BLANK B 75 0.0000  122.6985 122.6584 . 0.0001
Mgl ‘1 3 K8 B 80 0.0001 90.6625  90.6309  0.0315
dlaxl - 1 7 20429 F ==== ==--e- 0.3553 0.3392°  0.0161"
: RDS TOTAL : - D 0.0476
02 2 © 1 4 7190 B 80 0.0001 ° 109.3976 109.3864  0.0111
02 2 1 8 20434 P meme  eomee- 0.3500 0.3385  0.0115
i RDS TOTAL B T e Tt T 0.0226
03 3771 5 x9% B 90 0.0001  110.1421 110.1081° ~ 0.033%
03 3 1 9 20433 P —--= amee-= . 0.3591 0.3404 - 0.0187
: ~ RDS TOTAL ) _ . 0.0526
1 2 xe8 B 90 0.0001  123:3279 123.2926  0.0351
1 6 20431 F  =mm=  —mmee- 0.3568 0.3403 - 0.016%
110 END e cwe, memmee 0.0000 - 0.0000 - 0.0000

LE Y T Y R T T L L Y T 2 T T
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ROBERTS & SCHAEFER COMPANY
CAE Project No: 6489-1

FIELD DATA PRINTOUTS




RAW DATA SET # 1

1) Plant HAWTHORNE MINE 17 ) Heater Box Setting

2 ) Location SCRUBBER STACK 18 ) Probe Length’,*' Ft.

3 ) Operator G. TUMBALI 19 ) Nozzle Diameter’,’In. 0.187

4 ) Date 4/8/93 20 )} Probe Heater Setting -

5 ) Run No. 1 21 ) % 02 . ... 19.86

6 ) Sample Box No. 6 22 ) s TOT” TS T 1.0

7 ) Meter Box No. 66-1 .23 ) Ml, H20 26.0

8 ) Meter HG 1.7018 24 ) GgM, silica Gel 9.6

9 ) K Factor 1.12 : 25 ) .Total . 35.6
10 ) Pitot Factor 0.84 26 ) start Time 12:15 M
11 ) Leak Rate Before = 0.012d15 27 ) Finish Time . e . 1:50.PM
12 ) Leak Rate After © 0.004007 28 ) vd. 0.9966
13 ) Static Pres,, in H20 -0.10 29 ) Stack Area 28.22
14 ) Ambient Temperature 60 30 ) Sampling Time (MIN/PT) S

15 ) Barometric Pressure 29.57 31 ) Initiil Volume 423.40
16 ) Assumed Moisture, % 32 ) PILTER & BEAKER #'S .01

20429F

Pr. # 0 Vac. Ts DPs DH vm Tm in Tmout Te Tb L 34
""'Q"'l.iti""".l'-*ii't*i'ti'!'.'ﬂ'.ti.tttt.t""'t"'"!I'Q'ﬁ'*tt"'lt'tt
0-0 423.40 G. TUMBALI
1 -1 S 3.0 105 0.68 0.76 425.84 60 62 47 255 99.9

1 -2 H 3.5 101 0.82 0.92 428.57 64 63 47 238 101.0

1 -3 5 3.5 105 0.75 0.84 431.15 64 63 48 247 100.1

1 -4 5 3.0 103 0.70 0.78 433.65 64 63 - 49 248 .100.2
1.5 § 3.5 101 0.75. 0.84 436,22 62 . 62. 49 238 99.7
1-6 5 3.0 100 . 0.66. .0.7¢ 438.66 61 61 49 . _.263..101.0
2-1 S 3.0 98 0.52 0.58 440.84 58 59 49 255 101.9
2-2 5 3.0 .103 0.54 0.60 443.04 60 60.. 50 262 101.1
2-3 5 3.5. 100 0.65 0.73 445.45 62 . 60_ 50 242 100.5
2+-4 5 3.5 100 0.70 0.78 447.96 63 61 51 244 100.7
2=-5 § 4.0 102 0.81 0.91 450.65 64 61 51 249 100.4

2 -6 5 4.0 106 0.75 0.84 453.48 64 -6, 51 250 110.1 *

ttil'it't'*'*l!*."lt‘t-.""!'ﬂ'ﬂ'..ilii"tit!tt"'t'.tw!it".'twl!!i'ltti'tifi

60 102 .83 .78 30.08 62~ ™
Total Avyg. RoOt  Avg. volume * Avg. .



RAW DATA SET # 2

1 ) Plant HAWTHORNE MINE 17 ) Heater Box Setting

2 ) Location. ! 7 SCRUBBER STACK ..18 ) Probe Length’,* Ft. 4

3 ) Operator - - G. TUMBALT - 19 ) Nozzle Diameter’,‘’In. 0.243

4 ) Date 4/8/793 20 ) Probe Heater Setting

S ) Run No. 2 21 ) % o2 18.4

6 ) Sample Box No. 6 22 ) & co2 2.0

7 ) Meter Box No. 66-1 23 ) M1l. H20 16.0

8 ) Meter HG 1.7018 24 ) GM, Silica Gel 26.1

9 ) K Factor 3.03 25 ) Total 42.1 .

10 ) Pitot Factor 0.84 26 ) Start Time 3:00 PM

11 ) Leak Rate Before 0.008@15 27 ) Finish Time 4:33 EM

12 ) Leak Rate After 0.0074¢13 28 ) vd. 0.9966

13 ) Statie Pres., in H20 -0.10 29 ) Stack Area 28.22

14 ) Ambient Temperature 50 30 ) Sampling Time (MIN/PT) S

15 ) Baremetric Presgsure 29.57 ' 31 ) Initial Volume 463.00
16 ) Agssumed Moisture, % 32 ) PILTER & BEAKER #’'S 7908

. 20434F

Pe. ¢ 0 Vac. T3 DPs DH vm Tm in Tmout T¢ Tb %I
tttti'.l’tit"il"ﬂ""""'ii’""""l’.i"""ﬂ!'lit'f"'""'.'_‘itii""!'l"!.i
0-0 463.00 : G. TUMBALI
1-1 5§ 6.0 99 0.68 2.10 466.97 64 62 40 252 94.7
1-2 S5 7.0 103 0.88 2.70  471.43 68 62 41 247 93.7
1-3 S 7.0 100 0.90 2.70 475.88 71 63 41 241 91.8
14 5 7.0 99 0.82 2.50 480.20 73 63 41 249 93.1
1 -5 S 6.5 99 0.79 2.40 484.36 74 64 42 245 91.1
1 -6 S 6.0 98 0.70 2.10 488.29 75 6S 42 246 91.1
2-1 5 5.0 105 0.52 1.60 491.76 65 63 41 247 94.9
2-2 5 5.0 100 0.65 2.00 495,61 69 64 42 247 93.4
2-3 5§ 6.0 105 0.62 1.90 499.37 72 64 42 249 93.5
2-4 S 7.5 103 0.80 2.40 503.58 76 64 42 253 91.8
2-5 5 8.0 101 0.86 2.60 507.79 82 66 43 258 87.8 +*
2-6 5 7.5 103 0.77 2.30 511.94 as 67 44 250 91.2

1""-.'I'l""‘--"II’"'*'.""""'....I’Iﬁ'f"".."I'"'."ﬂ.'.'."."'ﬂ"...i.

€0 101 .863 2.28 48.94 (]
Total Avg. Root  Avyg. Volume Avg.



RAW DATA SET # 3

1 ) Plant HAWTHORNE MINE 17 ) Heater Box Setting

2 ) Location SCRUBBER STACK 18 ) Probe Length’,’ Ft.
. 3 ) Operator G. TUMBALI 19 ) Nozzle Diameter’,’In. 0.243

4 ) Data 4/8/93 ' 20 ) Prcbe Heater Setting

5 ) Run Neo, 3 21 ) & 02 18.4

6 ) Sample Box No, [ 22 ) % CO2 1.8

7 ) Meter Box No. 66-1 23 ) M1, H20 33

8 ) Meter H@ 1.7018 24 ) GM, silica Gel 25

9 ) K Factor 3.03 25 ) Total 58

10 ) Pitot Factor 0.84 26 ) Start Time 5:30 PM

11 ) Leak Rate Before 0.005615 27 ) Pinish Time 7:50 FM

12 ) Leak Rate After 0.003613 28 ) va. 0.9966

13 ) Static Prea., in H20 -0.10 29 ) sStack Area 28.22

14 ) Ambient Temperature 50 30 ) Sampling Time (MIN/PT) 5

15 ) Barometric Pressure 29.57 31 ) Initial Volume 526.93

16 ) Assumed Moisture, % 32 ) PILTER & BEAKER #’S X958

20433F

Pe. ¢ 0 Vac. T3 DPa DH Vm Tm in Tmout ¢ Tb &I
t.lt"ﬂi'tit.t'w.l"ltt'ﬂ'tiit.""w.'.tit'tit.itlI"'t"'ﬂl'ti!i't"t!ﬂ'tiii".
0-0 526.93 G. TUMBALI
1-1 5 6.5 101 0.73 2.20 531.05 66 65 42 248 955.7

1 -2 5 7.0 101 0.80 2.40 $35.27 76 66 43 247 92.7
1 -3 -] 7.5 99 0.82 2.50 539.70 82 66 43 248 95.5
1-4 § 7.0 98 0.72 2.20 543.68 72 66 43 260 92.2
1 -5 5 7.5 100 0.79 2.40 547.99 80 €8 44 248 94.7
1-6 S5 7.0 95 0.73 2.20 §52.02 74 67 45 247 92.2
2-1 5 6.0 97 0.57 1.70 = 555.62 74 66 45 246 93.4
2-2 S 6.0 959 0.61 1.80 559.32 77 67 44 240 92.6
2-3 5§ 7.5 99 0.70 2.10 563.32 78 67 45 243 53.5
2-4 S 8.5 99 0.80 2.40 567.55 79 66 46 248 92.5
2-5 § 8.5 100 0.80 2.40 571.78 80 66 46 248 92.5
2-~-6 5 8.5 99 0.80 2.40 576.05 79 66 46 249 93.4

"'I-'.'t'!I'"I.'.QQI"'Ii"".'ﬂ"..‘i'ili'.'i.ii.I"'Q!'t'llt.IIII!I'IIItttIi

60 99 .859 2,23 49.12 71
Total Avg. Root  Avg. Volume Avg.
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Method 6 .
SO, Analysis / Calculations page |

C:ieqt%bp*q O(—-é . Project Number (0 L\%q Anzlyst /pM

of |

rlant Unit Date
\ Ml Stack | Uha]43
Calculation
Standardize Titrant . HAS R .
) Normality of Titrant (N) = (Normality Ho804 Standard) x (ml HoSO4 Standard)

(ml Titrant)
O | X 10 ‘
N = T e — — Q!Qm
Volume Metered Standard : T Fas FTK0O
Py + &% T
Vo = (17.64) (Vo) (Vi) x —2"T32- 0
| et = ( )‘c)( )X(T,,..+460)
80, Concentration o " 32,63 v v.)N"'* J
Concentratlon (ibldscf) = 7.061 x10’ -
Ccncentratlon (lbl Mbtu) = lbldscf X F’ X209
' 209 - %0,
Concentration (ppm) = 6.016x10°xIb/dscf -
Analysis ~ Rasults
RunNo. | Veam | Va | v | msz [Avg(vi)] %0z Vs ;b/dﬁﬁu‘lgfmstu ppmd
Rantc |l acolgo lashae)asd e Mo N2 08 |
RundC | 500 lap [MMWWH W - e 5, 24us¥ 2LH4
Runze | 500120 |14 [7.4] 18 u%. 22238069 1'1.23
Audtiqans | 100 | A0 1A TS TS| 19ve? 1138 WEO
Aucit: : _

sanded | og) | 10 | 198[103) 199

BerkVa) | 5001 20 | .08 L.OR| .05 |
Slank (V) | TPA AN TG 106 10 =

i
i




CUSTOMER: ROBERTS & SCHAEFER COMPANY
SAMPLE TYPE: . DATE RECIEVED:
PARAMETERS: JOB NUMBER:
DETECTION LIMIT: DATE REPORTED:
COLORIMETRIC RESULTS
Audit No: 3831 Standard Absorbance
Lot No: 0498 (1g)
Audit Actual mg/dsem
Audit mg/dscm 0 0.00
%Error 100 0.10
200 0.21
300 031
400 041
_ K 97078
Lab Client Sample Absorbance.  Total NO,
Sample 1D Sample ID Description S (7))
26314-24 - Run1Flask A 0.07 135.9
26314-24 " Run1FlaskB '~ S 0405 2039
26314-24 Run 1 Flask C 0.005 .97
26314-24 — 8102 Run 1 Flask D 0015 T T 2941
26314-25 .Run 2 Flask A 0.06. 116.5
26314-25 Run2FlaskB - 0.005 9.7
26314-25 Run 2 Flask C 007 . . 1359
26314-25 ~ Run 2 Flask D 0.005 9.7
26314-26 8136 Run 3 Flask A . 0,09 174.7
26314-26 8127 Run 3 Flask B 041 213.6
26314-26 Run3 FlaskC 005 - 9741
26314-26 Run 3 Flask D - .01 194.2

Analyst; 2.4 )3"52_“,,,/ -ge

Paul McGary
Analyst

Reviewed By:

O~
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STATISTICAL ANALYSIS HAWITHORNE MINE

LOCATION - SCRUBBER STACK

AVERAGE STANDARD DEVIATION E VARIANCE RMS DEVIAT

8Q. RT. SQ. RT. 8Q. RT. 8Q. RT.
RUN DATE OF RUN VEL PRES TEMP VEL PRES TEMP VEL PRES TEMP ) VEL PRES
1 4/8/93 - 0.831 - 102.0 " 0.058 2.4 " 0.003 . 6.0 6.921
2 4/8/93 0.863  101.3 0.069 2.5 0.005 6.0 .  1.970
3 4/8/93 0.859 98.9 0.048 1.7 0.002 2.8 5.619
]
-

i

u
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