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ABBREVIATIONS

ACFM actual cubic feet per minute

cc (ml) cubic centimeter (milljliter)

DSCFM standard cubic foot of dry gas per minute
DSML dry standard milliliter

DEG-F (°F) deqgrees Fahrenheit

DIA. ¢g1ameter

FP finished product for plant

FT/SEC feet per second

q gram

GPM gallons per minute

GR/ACF grains per actual cubic foot

GR/DSCF grains per dry standard cubic foot
g9/dscm grams per dry standard cubic meter

HP horsepower

HRS hours -

IN. inches

IN.HG. inches of mercury

IN.WC. : inches of water

LB pound

LB/DSCF pounds per dry standard cubic foot
LB/HR pounds per hour

LB/1OEBTU pounds per million British Thermal Units heat input
LB/MMBTU pounds per million British Thermal Units heat input
LTPD long tons per day

MW megawatt

ma/Nm; milligrams per dry standard cubic meter
ug/Nm* micrograms per dry standard cubic meter
microns (um) micrometer

MIN. minutes

ng nanograms

ohm-cm ohm-centimeter

PM particulate matter

PPH pounds per hour

PPM parts per million

ppmC parts per million carbon

pom,d parts per million, dry

ppm, W parts per million. wet

ppt parts per trillion

pSl pounds per sguare inch

SQ.FT. square feet

TPD tons per day

ug micrograms

v/v percent by volume

w/W percent by weight

< < (when following a number)

Standard conditions are defined as 68 ®e (20 %) and 29.92 IN. of mercury
pressure.






1 INTRODUCTION

On January 25, 1990, Interpoll Laboratories personnel conducted a
particulate and sulfur dioxide emission engineering test on the Line 7
Grate Kiln at the USX Minnesota Ore Operation Facility in Mt. Iron,
Minnesota. On-site testing was performed by D. Van Hoever and C. Mosser.
Coordination between testing activities and plant operation was provided
by Nick Brascudli of USX.

Particulate determinations were performed in accordance with EPA
Methods 1 - 6, CFR Title 40, Part 60, Appendix A (revised July 1, 1988).
Appropriate nozzle diameters for isokinetic sampling were selected from
previous flow data. An Interpoll Labs sampling train which meets or
exceeds specifications in the above-cited reference was used to extract
particulate samples by means of a heated glass~lined probe. sSultfur
dioxide samples were collected in the back half of the Method § sampling
train in accordance with the large impinger version of Méthod 6 without
the isopropanol. In addition, the probe wash and filter catches were
combined and analvzed for sulfate by ion chromatography.

Intearated flue gas samples were extracted simuitaneously with each
particulate and sulfur dioxide sample using a specially designed 9as
sampling system. The integrated flue gas samples were collected in 44-
liter Tedlar bags housed in a protective aluminum container. After
sampling was complete, the bags were sealed and returned to the laboratory
for Orsat analysis., Prior to sampling, the Tedlar bags are leak checked
at 15 IN.HG. vacuum with an in-1ine rotameter. Bags with any detectable
inleakage are discarded.

Testing on the waste gas stack was conducted from a set of four test
ports oriented at 90°. The test ports are located 3.4 diameters downstream
of the nearest flow disturbance and 2.3 diameters upstream of the stack






exit. A 24~-point traverse was used to collect the particulate samples.

Each traverse point was sampled 2.5 minutes for a total of 64 minutes per
run.

The important results of the test are summarized in Section 2.
Detailed results are presented in Section 3. Field data and all other
supporting information are presented in the appendices.






2 SUMMARY AND DISCUSSION

The important results of the particulate emission engineering test
are summarized in Table 1. As will be noted, the particulate emission
factor averaged 0.20 LB/10°BTU.

A summary of the sulfur dioxide resuits 1s presented in Table 2.
The sulfur dioxide concentration averaged 7 bpm,Ww wWith a corresponding
averaqe emission rate of 27 LB/HR.

The results of the sulfate analysis conducted on the particulate

catech were as follows:

Sulfur Content

Run % by Weight
1 64.0
42.6
46.6






TAEBLE 1. Summary of the Resultse of the January 235,

ITEM

1998 Particul ate
Emission Engineering Test on the No. 7 Waste Gasz Stack at
United States Steel Flant

Iron, Minnesota.

Run 1

Run 2

the

Date of test

T: & runs were done {HRS)
P ,cess Rate (LTPH)
YValumatric flow
actual {ACFM
standard {DECFM)
Gas temperature {DEG-~-F
e stwre content P AV
S m compositlion (VAN L diry
carbon diovide
oxygen

ritrogen

Ay

Iz eimetic variation L)

F: ticulate concentraticn
; actual (GR/ACF)
standard (GR/ADBCF
P: t. emiszsion rate (LE/HR)
Emissicn factor
By Ratio (LE/MMETU)
By F—-Fact. (LB/MMBTWD

NC E: Dy catch only

21~25-50
1013/1115

L2

445526

LE998s
183

717

Z.06
17,18
TI.3

8.2

81-25-20
1148/1245

566
o D1

4525674
276138

183






Summary of the Results of the January 25. 1990 Sulfur Dioxide
Determinations on the No. 7 Waste Gas Stack at the United
States Steel Plant in Mt. Iron, Minnesota.

Concentration Emission Rate
Test/Run (pom, W) {LB/HR)
1/1 6 22
1/2 7 28
1/3 8 30
Avg. 7 27






3 RESULTS

The results of all field and laboratory evaluations are presented in
this section. Gas composition (Orsat and moisture) are presented first
followed by the computer printout of the particulate and sulfur dioxide
results.

The results have been calculated on a personal computer using
programs written in Extended BASIC specifically for source testing cal-
culations. EPA-published equations have been used as the basis of the
calculation technigues 1in these proagrams. The particulate emission rate
has been calculated using the product of the concentration times flow
method. ~






3.1 Resuits of Orsat and Moisture Analvses







Interpoll Report No. 8-I935
US Steel
Mt. Iron, Minnesota

Test Na. 1
No. 7 Waste Gazs Stack

Results of Orsat & Moisture Analyses———~ Methods 3 & 4(4v/v)
Fun 1 Run 2 Run 3
Data of run D1i-25-98  P1-25-70  B1-25-92

Dry basis (orsat)

carbon diotide....vuieeenan Z.68 3.78 4.00
- B = PE Y x T-7  T . 1i7.18 17.86 15.80
carbon monoxidec e ae.. - @.aa 0.8 .23
MitrOGEM e s s s nuvrenesasvunsan 79.36 79.3@ 79.2C

Wet basis (orsat)

carbon diowide....ua.o.-.. - 3.34 .44 372
UN YIS s e v s nnweessssuannnasas 5.87 15.82 15,648
carbon monoXide..careevense. a.00 Q.88 2.80
Pt OO e v v e e eenecenneann 73, 68 73,81 7E. TS
water VaDor....cveeeancuaans 7.19 5.92 &£.88
Dry molecular welghte.oooan. 228 29,27 29.351
Wet molecular weight........ 23.45 2B.49 28.53
Sﬁeci%ic gravity..... s me e @8.983 @a.984 8.986
Water mazs flow...... {LR/HR} 28416 784467 78B33
il 1,884 L.@a54 1.825






3.2 Results of Particulate Loading Determinations







Test Nao. 1
Mo. 7 Waste Gas

Stack

Interpcl]l Regort

Mt .

Tron,

No. @-2935

U5 Steel

Mirmmesota

Results af Particulate Loading Determinations———————Method S

Date of run

Time run start/end.e.... {HRS)

Static pressur@.cacess. (IN.WED

Cross sectional ares (SH.FT2

Fitot tube coefficient..e.e..

Water in samnle gas
CON e i Ee e v aevseeanana (ML)
I inGer S, v e eenmnenn {GRAMS?
(o =20 Bl iV o o {GRAMS)
total s i s v anu e aue GRAMS!

Total particulate material..
.......... collected {grams)

Gag meter coefficient.......
Barometric pressure.. (INJHG?

fvg., orifipres.derop. . (TRLWE)
Awy. gas matar temp.. (DEF-F)

Vaolume through gas metar. ...
&t meter conditiocns... (CFJ
standard conditicons. (DSCF)

Total sampling time.... (MIN)
Mozzle diameter.....o.ua. {IMD
Avg.stack gas temp .. {(DEG-F)

YVolumetiric fFlow ratee ... ...
=T ad o U= AN (AECEMD
gry starmdardeeeso-- {DSCFMD

Isokinetic variation..... (%)

Particulate concentrration...

actual. .. . ii.aa. (BR/ASCF)
dry standarrd..... {GR/DEO

Farticle mass rate... (LB/HRS

10

Rurm 1
B1--25-98

1819/1118

-d.24
201.848
-548

.2

—r
e

165.8
88.8

&
=
o
i
oy

©
i}

@Ko
Lflal

N L
V&3

S58.085

[ A —4
et

&8, 60
. 83

1 €ATT

A Wt

446324

I&PP86

¥8.9

. 015686

$.81818

37 .66

|

Run 2
B1-25-78

1148071245

-2.2&
201.06
. 240

38.4&4

S35. 50

&0, 02

=
v 2S2

183

452674
761358

1.4

o-
L4 h

[
i
&

aa
&8
[

I
s
Lol S

n

8.84=1

@.9942
28.58
AT
88.4

37.88

35,72

53.03
. 232

183

45%524

IT&EBY

1.9

“.212438
2.@818s62

&D.2s






3.3 Results of Sulfur Dioxide Determinations

11






Interpoll Report No. B-2935
Ug Steel
Mt. Iron, Minnesota

Test MNo. 1
Na. 7 Wast= Gas Stack

Results of Sulfur Dioxide Determinations Method &

Rur 1 Run 2 Run X
Date of run B1-25-938 A1-25-78 21-23-98
Time@ run start/end..... (HRS) 121@-1118 114@2-1245 130@3-1488
Baromatric pressure.. (IN.HG) 28.5% 28.58 28.39
Metar temperature.... (DEG-F) 8=,90 835.82 88. 49
Meter corvecticon cogefficient @.9%942 @.9942 @.9942

Volume thirough gas meter....

at meter conditions... {(CF)} o8. 258 38,5648 I9.8s88
standard conditions.. (SCF: 535.3548 35.582 35.728
Total sampling time.... (MIN} 40.0 &BR.0 &R0. 8
Moisture content...... LAY FAVS B 7.19 &.92 4.88
Ouvgen content.... (UMWY DRY) 17.18 17.88 14.86

Millisguivalents of S04 in..
Has SaMGl@ece e encnnneeen . B.7648 A. 46269 @.86778

Sulfur dioride concentration

(GR/DBEF) it i et et e nna e e “ve 2.0271 B.oasy 2.28%4
ME/D8CM) .. n e na ceve-aua l1& 29 2
(FFM-DRY) i s e s s e et e e e e e e & 8 e
(F'PP'_NET) ------------- FEE N \f: 7 8
S02 Emission rate....(LB/HR) 22.39 £8.14 38.22

12






APPENDIX A

SAMPLING TRAIN CALIBRATION DATA
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Interpoil Laboratories. Inc.
(612) 786-6020

Nozzle Calibration

Data Sheet
Date of Calibration: January 25, 1990 Nozzle Number 8-~5
Technician: D. van Hoever

- Nozzle rotated bv 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter
(inches)
1 0.293
2 0.303
3 0.302
Average: 0.300

A-3



Interpoll Laboratories, Inc.
(612) 786~-6020

Nozzle Calibration

Data Sheet
Date of Calibration: January 25, 1990 " Nozzle Number 8-4
Technician: D. Van Hoever

Nozzle rotated by 60 dedree 1ncfements and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter

(inches)

1 0.258

2 0.248

3 0.250
Average: 0.252

A-4




Interpoll Laboratories
(612)786-6020

S-Type Pitot Tube Inspection Sheet
Pitobe No. ___é-.-?./

Pitot tube dimensions:

1. External tubing diameter (Dt) - 3/5 IN.
2. Base to Side A opening plane (PA) , Y& / IN.
3. Base to Side B opening plane (PB) ’ //L/ IN.

Alignment:

4. & <10° o
5. a, <100 7) -
6. B, < 5 z
0
7. Bz< 5 /
8. 7 <.125" =2

9. W <,0625" A

Distance from Pitot to Probe Components:

10. Pitot to 0.500 IN. nozzle , P& 2~ 1IN,
11. Pitot to probe sheath =22 .
12. Pitot to thermocouple (parallel to probe) s.I2 IN.

13. Pitot to thermocouple (perpendicular to probe) , 74 2_1N.

Date of Inspection: Inspected by:

2—-g—85 Mé‘

s-348(1)



Interpoll Laboratories, Inc.

(612) 786-6020 (;Aﬁ'/
EPA Method 5 Gas Metering System

Quality COntrpl Check Data Sheet ﬁéﬁgﬂz

/ .Z.s“/?a

Module No. 3 .
Job _ USk ~ PlmiZec

Operate the control module at AHs for 10 minutes without the
umbilical. Note the following data:

Date

Operato

Instructions:

Barometric pressure (Pp) 90,50 INHG. AHe /70 IN.WC.

| Gas Meter Temperature (°F)
Time (MIN) volume (CF) Inlet ' Outlet
2 V.57 &7 £3
4 716 .02 7 L3
6 717.49 7Y #47
8 ‘7/aoa 7s 77 20
10 ( To.43) 8§72 7L
Va =/ 33cCF Average Meter Temp (tm) =(5,SOF
Calculate Yen as follows: 1. 55i8

L83

T Va Po

Yen = 1.786 [_(l! + 46&)_ x =
735k Yy, 500

If Yen 1s-not within the range of 0.97 to 1.03, “the volume metering system
should be investigated before beginning the test”.

CFR Title 40, Part 60, Appendix A, Method 5, Section 4.4.1

§—-432
A-6 ' | Page 10



Interpoll Laboratories, Inc.

Temperature Measurement Device
Calibration Sheet

Unit under test:
vendor A)TEIA~S P bT—g.
Model WS E — K Serial Number 881027528 ~ /27
Range < Ji2.6__7o 1999 % Thermocouple Type _ 7F7% A

Date of Calibration __/ / Technician D. Come7hH

Method of Calibration:

0 Comparison against ASTA sercury in glass thersoseter using 3 thersastatted and insulated aluminus block designed
to provide wnifors tempersturs. The temperature is adjusted by adjusting the voltage on the block heater
cartridge.

o Ouega Model CL-300 Type K Thersacouple Sisulator which orovides 22 precise temperature equivalent millivolt
signals, The CL-300 15 cold junction compensated, Calidration accuracy is & 0.1 of soan 12100 %) & 1 degree
(for egative temperatures add & 2 degrees. The CL-300 sisulates exactly the pillivoltage of a Type U
thernccouple at the indicated temserature.

Desi rgd Temperature of Response of Deviation |
Temp (“F) Standard or Unit Under Test
Nominal Simulated Temp (°F) (%F) At (F) (%)
0 o D1 i 022
100 —_Joo__ 97 _ 2.& Y%
200 - doe 00 o [2)
300 300 %E? 2 226
400 Yoo 32 - 2 Py i
500 500 — £ 63
600 Y -T2 — 56 L4 :
700 Z0 © £95 5 L Y3
800 500 0O ) o
900 2 0 o/ ,07
1000 Jo00 /00 27
1100 1760 7710 7 . V5
1200 Y 1207 7 .66
1300 1300 310 70 52
1400 — (Yoo L4913 k) )
1500 /S0 /5¢ 7
1600 Zoo — e — -+ | 5%
1700 {720 1702 2 =29
1800 ___18e0 / 2 «oF_
1900 . f200 /7 7] Y7
2000 2000 / 18 .72
2100 Al100 oOFF — —
Averages: S5.725 | .37
OF = off scale response by unit under test (°F)
X dev = 100 At / (460 + §t)

g Unit in tolerance
Unit was not in tolerance: recalibrated - See new calibration sheet.

$-433
- A-7
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APPENDIX B

LOCATION OF TEST PORTS







< Four Sameze Bwwrs @ 70°

Step IO A
( Agglomcrator
' Waste Cas

Py~ T —— e o ot ¢+ -.-.-—. - .

Elevatfon Vicw
1. Eniss:lon Source Number - 8,2/

2. b Flow Sheet Number

3. Stack Diazeter - 15.07.

4. Desigu Gar Velocity = SL.OFPS

s. " " Volume - 531,000CM
6‘ [ ] " "

* Temperature — 125 to 150°F,
. 7. Pollutant ~ Taconire Dust

8. Stack Loading - 0. 061 CR./Cubic Fe

9. Traverse Poiuts - 39

- Step T Agglo=crator
Miancsota Ore Operations
Minatac, Mt. 1con, Minncsota

B-1 -






APPENDIX C

METHODS 2-6 FIELD DATA SHEETS







INTERPOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET

Job OS X = PlunTAC
Source A@e "
Test _d_ Run ____ Date ¢-D ¢
Stack dimen. 192" IN, & &
Dry bulb SF Wet bulb oF
Manometer: /kraeg. 0 Exp. O Elec.
Barometric pressure .50 in Hg A~ A
Static pressure _, . in WC ‘ A B
Operators ; - M .
Fitot No. Cp ff/ e gggggagégt?gn
Traverse Fraction Distance Digg;gzg__TVelncity Temperature
“No. Diameter | Watl ooy |'Pore tind | <inwer | ey
. £/ O/ Ho3 7.53 3¢
% A 125 /43¢ i
3 8 A, Ll 2k Yo /03
o W17 33.98 35.94 c 3
s ASO g 53,5 35"
4 350 453 73.85 3
Z [
2
]
—
]
([
z_ |
7
i s H
A A
2D s |
—
;
=
| Temp. meas. toa17§1§ﬁ;:__72§/:. "'"___‘??FETEFE?_________F:;Y

R o- rmothipg= reg. mancmeter;(§T elpanded: E

§-392.1

electronic



INTERFOLL LARORATORIES EFPA METHOD 5/17 SAMPLE LOG SHEET

Job éﬁ_&/ (S I Test l Run /
Source _ * 7 cokr Otack oint 2
Method _S%f Filter holfier: S.5 Filter “ype: ber
Sample Train Leak Check:
Fretest: ¢ 0.Q2 cfm at 1 in. Hg. (vac)
Fostest: ~ cfm at | in. Hg. (vac)
Particulate Catch Data:
No.s of filters used: Recovery solvent (s)
ISDG- ;E(/acetone
O ether(s)
No. of probe wash bottl !
Sample recovered by: _JEj%EgF%
Condensate Data:
l Weight (g) . u
Item
I " Final Tare Differencen
Impinger No. 1 I ) __n
Impinger No. 2 272 200 Fz Iﬂ
Impinger No. 3
Condenser
Desiccant /(360 /3;{({ V{7 i
Total 54

Integrated Gas Sampling Data:
EBag Fump No..

Bag Material:

og-laver Aluminized Tedlar

l ’2& Box 'N;-. lL Bag No. I |

Size: 44 L

Fretest leak check: (2 cc/min at lf;' in. Hag.

'd
Time start: /6 6

—

Sampling rate: 400 cc/min Operator:

(HRS)

Time end:

/
V/4 7 ([RS)

S/N of 0= Analyz.er used to monitor train outlet:'j

C-2

CF-023

S-0046RR
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INTERFOLL LABORATORIES EFA METHOD 5/17 SAMPLE LOG SHEET

Jab Usx ﬁfmn'/'n.c Date" /Z:::ZS'_/_éa Test i Run a
Source #T Wincte loas D*az./( No. of ‘tr@verse pointg a4Y -
Method _&5 -, Filter holder: $.S Filter type: ‘}lnc,q ther
Sample Traim Leak Check:
Fretest: (¢ 0.02 cfm at 15 _ in. Hg. (vac)
Fostest: . cfm at g’ in. Hg. (vac))ﬂ
Particulate Catch Data:
No.s of filters used: Recovery solvent(s)
f33g K acetone
: I other(s)
No. of probe wash bottles: ’_
Sample recovered by: _ﬁﬂ,
Condensate Data:
H Weight (g) |
Item _ -
ﬂ Final Tare Difference
Impinger No. 1 ( \
Impinger No., 2
sing 2 | 2% | 4
Impinger No. 3 ' (
Condensér
Desicecant /L/L/7 /12‘37 b4
Ir
Total Ay
Integrated Gas Sampling Data: ..
Bag Fump No. l’_).g Eox No. Jl/aag No. _ L
Bag Material: S-layer Aluminized Tedlar Size: 44 L
Fretest leak check: o cc/min at !5 in. Hg.
s
Time start: nt (HRS) Time end: _ /R 757 (hrs)
Sampling rate: H50  ccrmin Dperatc:'%ﬁ-
S/N of Oz Analyzer used to monitor train autletzs___
CF-023
S-0046RR
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INTERFOLL LAEBORATORIES EFA METHDD.5/17 SAMPLE LOG SHEET

Job US X — rran/7rc - Date /)& /40 Test I Run 3
Source _F 5 Liksre fas Sreck No. of kriverse poinks 24
Method _ &7 Filter holder: 99 Filter type: q[ggﬁ :c:b.éf

Sémple Train Leak Check:
Fretest: ¢ 0.02 cfm at o im. Hg. (vac)
Fostest: -~ @& cfm at in. Hg. (vac)
Particulate Catch Data:

‘No.s of filters used: Recovery solvent(s)

/§3f ‘;hf’;cetone

O other (s)

No. of probe wash bottles: 4
‘Sample recovered by:

Condensate Data:

Weight(qg)
Item

Final Tare Difference -

Impinger No. 1

248 | S20 | 77

Impinger No.

il

2
Impinger No. 3

(I
Condenser
Desiccant /3¢ F /3¢ s
Total _S—-é

Integrated Gas Sampling Data:

Eag Fump No. Box No. / 2- Bag No. :?

Bag Material: S-layer Aluminired Tedlar Size: 44 L

. Pretest leak check: £ _ cc/min at (5_ in. Ha.

0
Time start: l?oog (HRS) Time end: fﬁ G _(HRS)
Sampling rate: ‘%ﬁ cc/min Dperator=%}g'

S/N of Oz Analyzer used to monitor train outlet: ;3

CF-023

C-6 S-0046RR
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APPENDIX D

LABORATORY DATA SHEETS







.Int

Samp

Job &?{gg;_x/ Z

erpoll lLaboratories
(612) 786-6020

Chain of Custody
le Deposition Sheet

Source 5’27&&57%’ @’“UC"‘/ \S%?-Qé

Team Leader 3/

Test Site (7w |

Date of Test /25759

Date Submitted }%%ﬁV?

No. of Runs Completed_3=

Test No. Z
No. of Type of Sample Analysis Required Comments
Samples
Frobe Wash: \g&s per EFA M-5 7Bl n ‘
(Other 1

9[3 ‘Eécetcme
DD.I. Water
Filter:
E&" G.F.
7 .5. Thimble

Dz.s" G.FI
0847 mm G.F.

S22 2rZ 5d S</
S@hs per EPA M-5 I AAe

[As per EPA M-17 —— P — cbjh

[other - ///,5’

Impinger Catch:
.I. Water

4/ >g§3’. H=z0=

[]8M5 Hg Only

M Protocol
W1l Protocol
P4 M—6 or 8
cid Gases

: aAMS Metals Formaldehyde
0 0

| 01-@ N NaOH Metals
DDther DDther

Integrated >{P5 per EPA M-3
j%; Gas sample [As per EFA M-10
[Other
Oxides of DAs per EPA M-7A Date
Mitrogen (NOL) OOther Time (HRS)

0 Fuel Sample
[] fggregate

DAttached fuel Form
#5-01463FRRR

Particle Size

X-Ray Sedigraph
0

DBahcn Method
[Other

Audit Samples
DSulfur Dioxide
DDxides of Nit.

Uﬂther

[jAs per EPA M-S
DAS per EPA M-7A
DDther

Source Information

1) T ‘of Source: [] Boil
Other

er [] Asphalt Plant [] Incinerator [ Dryer

2) Fuel: Coal O Wood 0

Gas 0 0il ] RDF 0 Other

3) Is sample combustible? No [] Yes
4) Does sample need speci#l andling})ﬁ:yo [ Yes 1f yes, explain
v S—278RRRR

D-1






Inter

pol
(512

1
)

Laboratories
7846-6

aza

EPA Method 3 Data Reporting Sheet
rsat Analysis '

Source &7 Waste lecover

Job Usx v
Team Leader INZa Test Site Yfac 4
Date Submitted -2 6-G¢ Date of Test _/-23~9e
Test No. { No. of Runs Completed__J
Date of Analysis 1Ll ~90 _ Technician £
Test/ Sample No. Buret Readings (ml) Conc. Conc.
Run |Log Number |of COx 0= Fa
and Type |An.|Zero Pt.| After CO:|After @x |iv/v Dry [%v/v Dry
// 1] 0.00 3.0 20.70 | 3.60 1.0 (oSS
/1 | 8448-07 [2 [ 000 .00 20.70 | .0 | (Tuo _|less]
/B 0 F |Avo | oSSR SRENEINC SN 360 [ .10 |
1 |p.00 | 3.7C 20-70 370 {,00 |ios¥
gavs-1l 12| p.00 | 3.70 20.70 | 3.70 (7.00 |81
@B nF |avg 2.20 |17 e
1/ 1 {o.0e | 400 2.0.¥0 (00 .80 |iows
3 Saui- 15l 2 | .o | 4.00 20.80 | 400 /.50 1025
g oF |Ave| eeeeeiasesesessssessess| /- 00 Io.80 |mum
1
2
AL LAAe— | e
1
2 i
08 0Ff [av]| esessssiwsvssmssssiosemsenn )
1
o8 0F (oo esessemivesmsssnsuiossmmens _ s
: ]
2 b
DB pQF |Avg e
1
2 ]
LA e
1
2 B
0 B o0 F_ |Ava | SRS -':]
B/Ambiant Air QA Check EPA Method 3 Guidelines
& Orsat Analyzer System Leak Check Fuel Type F@ Range
O Fe Within EPA M-3 Guidelines Coal:
for fuel type. Anthracite/Lignite 1.016-1.150
Bituminous 1.983-1.25@
Where Fg= 20.9-0o Dil:
CO=x Distillate 1.260-1.413
5 Residual 1.210-1.370
as:
Natural 1.600-1.8355
Propane 1.434-1.586
F=Flask (25@ cc all glassz) Butane 1.405-1.555
B=Tedlar Bag (5-layer) Wood/Wood Bark 1.000-1.122

LSC-04-BR






"Interpoll Laboratories
(612) 7846-461320

EPA Method 5 Data Reporting Sheet
Probe/Cyclone Wash

Job qsx Source '#7 WasTe fecovery
Team Leader DV H Test Site Jtack !
Date Submitted__/~2(=-%0 Date of Test__(=*5~90

Test No.__ [/ — No. of Runs Completed_3
Date of Analysis__ /[~ 26"%¢ Technician__ (L&
Transport Leakage [None [] ml Solvent_Gcetogwe

Test__/ Run_@ Dish No. /Co

Field Blank Dish Tare Wt.__75.9678 Q

@ | Log Number__ 574§~ 0/ Dish+Sample wt._zgj_ie_a:o__ a
Vol. of Solvent_/00 ml Sample Wt. (0P % q
#Solvent Residue_JZ.d ug/ml
Test__/ Run_/! Dish No._ /Ol

1 | Vol. of Solvent_/20 ml Dish Tare Wt. _494.7949 9
Log Number__ §94Yf- 0 Y Dish+Sample Wt. %% §£2/0 a
Comments Samplae Wt. 0.0 261 9
Test_ / Run_2- Dish No. ) 02

2 Yol. of Solvent_90 ml Dish Tare Wt._“4. 3230 =]
Log MNumber Sa45-08% Dish+Sample Wt. 7Y 3390 g
Comments Sample Wt. J.010Y g
Test [/ Run_.J Dish Mo.__[08

3 | Vol. of Solvent_95 ml Dish Tare Wt. 47. gL 2| Q
Log Number__ G 9495-/2 Dish+Sample Wt.4¥. Y721 Q
Comments Sample Wt. V.01 5] =)
Test Run Dish Mo.

4 Vol. of Solvent ml Dish Tare Wt. g
Log Numbar Dish+Sample Wt. (=]
Comments Sample Wt. g
Test Run Dish No.

S YVal. of Salvent ml Dish Tare Wt. g
Log Number Dish+Sample Wt. q
Commants Sample Wt. g

*Solvent ResidueéﬁLug/ml=[(Sample wWt. g){19¢)1/Vol. of Sol. ml

EFPA-MS Acetone Residue Blank Spec. (7.8 ug/ml

Results:z _
Field Blk. Run 1 Run 2 Run 3 Run 4 Run S

0.0259 | 0.040223] c-.0149 SC-01YR







" Interpoll Laboratories
(612) 784&-46020

EPA Method 5 Data Reporting Sheet
Filter Gravimetrics

Job USX

Source #7 Jasie /Zefauer\,v

Team Leader nyit

Test Site  Jfagclc

Date Submitted [~ He—490

Date of Test /-25-40

Test No. /

No. of Runs Completed_2

Date of Analysis__ /- x990

Technician LE

Test [ Run @

Field Blank
Log MNumber CA4HE- 0%

Filter No. [ S0¥4
Filter Type_ Y “GF

a Filter Tare Wt. 940/ a
Comments Filter+Sample Wt._9%2 9
i Sample Wt. 000/ g
Test_/ Run_/ Filter No._ /¥0%
Log Number 59 4g~05 Filter Type__ 7" GF
1 Comments Filter Tare Wt.__,945< a
Filter+Sample Wt._. 9F2Y <]
Sample Wt. Q.03 72—~ g
Test__/ _Run & Filter No. (Y38
Log Number__ £4v§-99 Filter Type__ 4"CGF _
2 Comments Filter Tare Wt.__ . 9565 g
Filter+Sample Wt.__. 79%/ g
Sample Wt. O.0=2 7L g
Test_/ __Run_J Filter No._ /¥39
Log Number__ S&4f~ /3 Filter Type g 6F
3 | Comments Filter Tare Wt. VAN o d g
Filter+Sample Wt._. 7866 g
Sample Wt. Q.02 ¥3— g
Test Run Filter No.
Log Number Filter Type
4 Comments Filter Tare Wt. q
Filter+Sample Wt. g
Sample Wt. (=]
Test Run Filter No.
LLog Number Filter Type
S Comments Filter Tare Wt. (=}
Filter+Sample Wt. a
Sample Wt._ (=]
Results:
Field Blk. Run 1 Run 2 Run 3 Run 4 Run 5
0.0372 | 0.027b| O.0282>
Field Blk. Run 1 Run 2 Run 3 Run 4 Run S
0,063/ | 0.0313 |0.0%3/
LSC-02PR
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EFPA Method & Sulfur Dioxide
Titration Data 2a

Vol. Titranmt for Method EBlank: g.15 _ _ml Audit No.

£ I pH X3.5 Adiust

Tab LC§>( Source F 7  weasfe ﬂ3‘°ue"y
" zam Leader Bv Test Site JTeck !
" ate Submitted [ =26~ YD Date of Test [-1T-%0
Test No. / _ No. of Runs Ca&e}eted 3
Date of Analysis /~L9~%¢ Technician
EVETAY PO I YO
Sample| pH of Dilution|Aliquot |[No. |Start|Final {Volume
Test/| Log Original |[Final Vol.]| Factor |Titrated]of |Vol. |Vel. |of Tit.
Run [Number |[Sample #| (Vaocin) (DF) (Vo) An. |Buret |Buret}] (V.)
| (ml) {ml) (ml)
H<{3.9 S00 ml 1 DF i ml 1 Y 00
M| sl B R Fle B | B, A IR
2. m - m - A i
//0 590510 P A =1 |8 %8 or | 536 mi 700 |77
E 0 DF O ml |Avyg | &
EepH<3.5] @S0@ ml @1 _DF | gt mi| t | 2¢c |7.50] 3.7¢
pH<3.S S / . .
[; leseoulp on___| B 338 o HI2RE | B3, 0l 0.¢0 [7.57
~ m - m e 0 . ,
ﬂ” §44¢-06/0 P e ml |0 58 OF | g28 ml 259 1/ g
mj DF (] ml {Avg J
2pH<3.5| @500 m1 @t DF | oL m| 1t |/0.60 |/3.3 2.76
d - wf Y . -
ﬂ’/ P 0250 ml [J1@DF | @5 ml 4 ! :
T lyqvB-joln pH 0 189 ml |§ 25 DF O 10 ml{ 2 |/9296 /590 | 2:60
0 - _m1l |01 5@ DF | B20 ml —
) - O ___DF | 0 __ml|Avg|EEasslseems| 2 .69
i HEZ. 5 “S00 ml ' DF 1 ml] 1 b /P95 12.9
Hils T BERE o B By mS e il
Iy T 29 4 s . .
| goug-1410 B B2 % |HE3 B | B30 mipodiloe (M5 1210
ﬂ D _DF | O __ml|Avg |SEEss SRl 7 55
pHL3.3 =208 ml 1 DF 1 ml
g B 2508 ml E 1@ DF 8 S ml
O pH giee ml {0 25 DF | 0 1@ ml
| B ml |g 5@ DE | 0 20 ml
0O _ DF g ___ml '
— e ——— e
H{3.5 @00 ml 1 DF 1 mwl
! OopHes.s) B350 M [Bioor | B2 o
O pH 0 180 ml 0O 25 DF 0O 1@ ml
: u | ml |} S@ DE 0 20 ml PR B
0 __ . OF | 0 ___ml|Avg |jsEnes) simes
H<3.S] 0O SO0 ml 1 DF 1 ml 1 H
H _ e 0 250 ml B 1@ DF 8 S ml
DpH_____ | O 102 m1l |0 2% DF O 10 ml| 2
X 0 ml g Se DF 0 20 ml e
u O ___DF | O ___ml|Avg s Shske
b ———— == o ________{]
HS3. S S0 ml 1 DF 1 ml 1
Opes-= B389 M BilobE [ B2
n 0O pH 0 180 ml 0O 25 DF O 10 ml 2
i o ml {0 S@ DE 0O <90 ml P B
___ O ___DF | D ___ml|Avg|5Emss snsmes
= — —— |
O pHLIS. Sl QS8 m) IN 1 DF N1 mlf &
! o RIS E Bk B
i = m
Qe o mi |H 52 BF | B 28 mi — b
g ___DF 0 ___ml |Avo | R | ek
_—————————————p— —_—
| H3.S5| g 502 ml 1 DF 1 ml| 1
or | B356m |[Bieor | B i
O pH 108 ml |25 DF | [ 1@ ml| 2 |
0 ml | S@ DF | O 20 ml
g oF 0 RSN B
dormality of Titrant(N):0/ICC) N 0 lon Exchange
. 0O EPA Audit(s)
Vol. Titrant for Field blank(Vo):_/L{5 ml Audit No.

with conc. perchloric acid ta pH 2.8 5-421

D-5






APPENDIX E

RESULTS OF PARTICULATE CATCH SULFATE ANALYSES







"-O'e ‘C,

Blonk

Interpoll Laboratories, InNc.
(612)786-—-6020

Ton Chromatography Laboratory

DIONEX MODEL 40001 WITH ANION MICRO MEMBRANE SUPRESSTON

Analyst: D7 Date of Analysis:_ 2 ~/4-%o

Job: 4.5, X. Source: Nu-T Wuste Recwvery gite: SHac£

Chromatogra Conditions

Column Flow Rate Eluent Flow Rate Suppressor Acid
= —
AS3 mi/min | 2.4 mM Na2€0a & 3.0 mM NaHCO; 1o mi/min [12.5 mM Sulfuric Acid

)( ASAA [2.0ml/min | 1.8 mM NazCOa & 1.7 mM NaHCO3 ml/min

ASS mi/min | 100 mM NaOH )( IIsocr'at'lc

ml/min Gradient(List program below)

|

Gradient Program Time (Min.)

Eluent
= =
¥ A
B
—— e ———————
Results of Sulfate Determination
Interpoll Tot. Sample Solution Total ug meq of
Sample Name Log Number [Volume (m1)§ Dilution }Conc.(ug/ml) Sulfate Sulfate
—-—_——ﬁ—__—_.__

T Ro §G4E 14 oy i 0.Sv7 50,7 oo Ivé
TR, -7 o i Yoy oM xig" 0.9
T~ —f 102 { 161 lo) xioY 0. 338
TR3 —lq 197 I 20/ 2401 %07 | g.q19

Total ug = (Sample vol.) x (Dilution) x (Solution Conc.)
meq = Total ug / 48000 .

LSC-0BRR






APPENDIX F

PROCESS DATA







Minntac Agglomerator Operating Data Summary

Interpoll Testing -

January 25,

1990

Fuel Ratesx* Solid ratesxx Moisturel Scrubber
Gas Coal Feed rate|Bentonite Green GPM
std. 1bs./hrjGreen Ball|Pounds/hr Ball
Run Time MCF/hr LTPH %
1 0955-1100 107 {11,638 {24 557 7678 9.1 2900
2 1132-1238 106 |11,975 53L456§ 7692 9.2 2900
3 1253-13569 108 |12,100 {LY 1573 7800 9.2 2900

* Rates are based on hourly log readings.
Preheat burners.

A11 gas used was used in the
The kiln burners were firing 100% coal/coke blend.

*x The green ball feed rates are close to the highest ever acheived on a
Step 3 line.

F-1






APPENDIX G

PROCEDURES






Particulate Loadings and Emission Rates

The particulate emission rates were determined per EPA Methods
1-5, CFR title 40, Part 60, Appendix A (revised July 1, 1988). In this
procedure, a preliminary velocity profile of the gases in the flue is
obtained by means of a temperature and velocity traverse. On the basis
of these values, sampling nozzles of appropriate diameter are selected
to allow isokinetic sampling, a necessary prerequisite for obtaining a
representative sample.

The sampling train consists of a heated glass-lined sampling
probe equipped with a Type S pitot and a thermocouple. The probe is
attached to a sampling module which houses the all-glass in line filter
holder in a temperature controlled oven. In add‘ition: the sampling
module also houses the impinger case and a Drierite drying column. The
sampling module is connected by means of an umbilical cord to the
control module which houses the dry test gasmeter, the calibrated
orifice, a leakless pump, two inclined manometers, and all controls
required for operating the sampling train.

Particulate samples were collected as follows: The sample gas
was drawn in through the sampling probe isokinetically and passed
through a 4-inch diameter Gelman Type A/E glass fiber filter. The
particulates were removed at this point and collected on the filter.
The gases then passed through an ice-cooled impinger train and a
desiccant-packed drying column which quantitatively absorb all moisture
from the sample gas stream after which the sample gas passes through the
pump and the dry test gasmeter which integrates the sample gas flow
throughout the course of the test. A calibrated orifice attached to the
outlet of the gasmeter provides instantaneous flow rate data.

A representative particulate sample was acquired by sampling
for equal periods of time at the centroid of a number of equal area
regions in the duct. The sampling rate is adjusted at each site such
that an isokinetic sampling condition prevails. Nomographs are used to
aid in the rapid determination of the sampling rate.

- 3a P1(1-5)
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Sulfur Dioxide Emissions

The sulfur dioxide concentrations were determined per Method
6, CFR Title 40, Part 60, Appendix A (Revised July 1,1987). In the
procedure employed, the back half of the Method 5 sampling train was
used to collect SOp samples during the particulate determinations. Each
of the first two impingers was filled with 100 cc of freshly prepared 3%
hydrogen peroxide. The samples were quantitatively recovered in the
field and returned to the laboratory for sulfate analysis by a barium-
thorin titration method.






APPENDIX H

CALCULATION EQUATIONS







CALCULATION EQUATIONS

METHOD 2

T
- s(avg)
V., = 85.48 C, (\/ Ap)avg '\/ 'F;TS'
L

P
- 528 ]
Q = 60(1-8B,)V,. A (s ) (35=g3)
s,d ws’ s Ts(avg) 29.92
Qa = 60 V§ A
4.995 Q d Gd
L T8,
RH* = 100 (vptwb 0.0003641 Ps (Tdb - wa))/thdb
Brs = RH(vP 4p)/P¢
_ 4.585 x 1072 P
Ts Lavg)

*Alternate equations for calculating moisture content from wet bulb and
dry buld data.

H-1



CALCULATION EQUATIONS

METHOD 3

100(%0,, - ).5% C0)
A 0BEN, - %, +0.5% 00

My = 0.48(%C0,) + 0.32 (%0,) + 0.28 (%N, + %C0)
Mg = M (1-B,)+0188,

B = __ 'w(std)

WS Yw(std) © 'm(std)




CALCULATION EQUATIONS

METHOD 5
P, .. + AH/13.6
bar

v = 17.65 V_v (

m(std) m Tm(avg)
B = Vu(std)

" Vu(std) * Vm(sta)

T v
I = 0.0044 (y—gslave) m(std)
P;VS An oll- Bws)
15.43 M

¢ = o

> m(std)
. _ 272.3 M P

: Ts(avg) (Vw(sta} 'm(sta)’
(h)); = 8.5714 x 1073 ¢, q

1.3228 x 1071 M_ A

(b ), = P

p’2 0A,
mp = (mp)l ; ("'p)z
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SYMBOLS

-Cross sectional area of stack, SQ. FT.

Cross sectional area of nozzle, $Q. FT.

Water vapor in gas stream, proportion by volume

‘Pitot tube coefficient, dimension]ess

Concentration of particulate matter in stack gas,
wet basis, GR/ACF '

Concentration of particulate matter in stack gas, dry
basis, corrected to standard conditions, GR/DSCF

Excess air, percent by volume

Dry test meter correction factor, dimensionless
Specific gravity (relative to air), dimensionless
Isokinetic variation, perceht by volume

Molecular weight of stack gas, dry basis, g/g - mole.
Mass flow of wet flue gas, LB/HR

Particulate mass flow, LB/HR

Molecular weight of stack gas, wet basis, g/g, mole.
Total amount of particulate matter co1lected, g
Atmospheric pressure, IN. HG. (uncompensated)

Stack static gas pressure, IN. WC.
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Pstd

Qs ,d

RH

Tdb

Tm(avg)

Tg(avg)

Tstd

Vm(std)

Vw(std)-

VPtdb

Absolute pressure of stack gas, IN.HG.
Standard absolute pressure, 29.92 IN. HG.
Actual volumetric stack gas flow rate, ACFM

Dry volumetric stack gas flow rate corrected to standard
conditions, DSCFM

Relative humidity, %

Dry bulb temperature of stack gas, OF

Wet bulb temperature of stack gas, OF

Absolute average dry gas meter temperature, OR
Absolute average stack temperature, OF
Standard absolute temperature, 528 OF (68 OF)
Total sampling time, min,

Total volume of 1iquid collected in impingers and
silica gel, ml

Volume of gas sample as measured by dry gas meter, CF

Volume of gas sample measured by the dry gas meter
corrected to standard conditions, DSCF

Volume of water vapor in the gas sample corrected to
standard conditions, SCF

Average actual stack gas velocity, FT/SEC

Vapor pressure at Tdh, IN. HG.

H-5



VPtwb

oy

AP

1t

Vapor pressure at Typ, IN. HG

Average pressure differential across the orifice
meter, IN. WC.

Velocity pressure of stack gas, IN. WC.
Dry test meter correction coefficient, dimensionless

Actual gas density, L8/ACF
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METHOD 6

CALCULATION EQUATIONS

VP
17.64 -ETBI- (MIDGET IMPINGER VERSION)

Vstd =
m
M
17.64 Vm (Pb + 13.6)Y
Vetd - - (LARGE IMPINGER VERSION)
m
vsoln
MEQ = (v, - V) N (5210 oF
a
c - -5
s 7.06x10 MEQ
vstd
c _ 20.90 Cst ) Fccs
20.90 - B B
0, 0,

Cs (MG/DSCM) = 1.60186x107 Cg
Cs (GR/DSCF) = 7000 Cg
Cs (ppm, dry) = 6.02119x106 Cq

MC
Cs (ppm, wet) = 6.02119x106 Cg (1 - %)



- -]
(=
N

o,

Cs

Cs (GR/DSCF)
Cs (M6/DSCH)

DF

MC

MEQ .

SYMBOLS

Average oxygen content in flue gas, % v/v, dry

Average carbon dioxide content in flue gas, % v/v,
dry

Concentration of sulfur dioxide in flue gas, dry
basis, corrected to standard conditions, LB/DSCF

Concentration of sulfur dioxide in flue gas, dry
basis, corrected to standard conditions, GR/DSCF

Concentration-of sulfur dioxide in flue gas, dry
basis, corrected to standard conditions, MG/DSCM

Dilution Factor
Emission factor, LB of S0,/1068TU
Dry oxygen F-Facfor for given fuel type, DSCF/lOGBTU

Carbon dioxide F-Factor for given fuel type,
DSCF/1068TU

Average pressure drop across calibrated orifice, IN.

Dry test meter correction factor, dimensionless
Moisture content of flue gas; % v/v

Total mi]ligquivalents of S02 in gas sample
Normality of baripm perchlorate titrant

Barometric pressure at the dry gas meter, IN. HG.
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Concentration of sulfur dioxide in flue gas, dry
basis, (v/v), ppm

Cs (ppm-dry)

Concentration of sulfur dioxide in flue gas, wet

Cs (ppm-wet)
E basis, (v/v), ppm

Tm = Absolute average dry gas meter temperature, OR

Va = Volume of sample aliquot titrated, cc

m = Dry gas volume as measured by the er gas meter, DCF
Vstd = Dry gas volume as measured by the dry gas meter,

corrected to standard conditions (at 68 OF and 1
! atmosphere), DSCF -

i Vsoln =  Total volume of the solution in which the sulfur dioxide
| : sample is contained, cc
Vi = Volume of barium perchlorate titrant used for the sample,
cc (average of replicate titrations)
Vib = Volume of barium perchlorate titrant used for the blank,

cc






Taconite ore processing Date: 10/24/96
USS Minnesota Location: Moumtain lron, MN
January 25, 1990 Ref. No.: 26
Grate kiln _ Basis for process rate : production
Emission | Process Volumetric
Run| rale, rate, |Emission factor fiow rate, |Concen
Source control Pollutant No.| Ib/hr ton/hr | kg/Mg ibfton | DSCFM %
Waste gas Wet fit. PM 1 57.66 | 468.00 0.062 0.12
(coke/coal scrubber filt. PM 2 §2.97 | 475.50 0.056 0.11
fired) fitt, PM 3 60.06 | 481.50 0.062 0.12
grate/kiin AVERAGE 0.060 0.12 |RATING:
802 1 22.39 | 468.00 0.024 0.048
s02 2 28.14 | 475.50 0.030 0.059
802 3 30.22 | 481.50 0.031 0.063
AVERAGE 0.028 0.057 |RATING:
Co2 1 91425 | 468.00 98 195 369,986 | 3.60
co2 2 95627 | 475.50 100 201 376,138 | 3.70
co2 3 103328 | 481.50 107 215 376,339 4.00
: _ AVERAGE 102 204 |RATING:
Notes: Furnace production rates estimated as 75% of feed rates, based on information provided by MPCA (Reference 53)








