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I. INTRODUCTION 

RECEIVED 

APR 0 8 2015 

AIR QUALilY DIV. 
'' • •'- • •• - • • ' •" •• , • • • • ' ": • ' , ' ' I 

Network Environmental, Inc. was retained by MetaiTechnologies, Inc. of Auburn, Indiana to conduct · 

emission sampling· at their Ravenna Ductile Iron Plant, located in Ravenna, Michigan. The purpose of the 

sampling was to meet the testing requirements of the State of Michigan Renewable Operating P~rmit (ROP) 

No. MI·ROF"N5866-2014 . 

. The following is a list of the sources that w~re sampled and the emission limits for each source: . ' - ' . . . - ' . . . . . 

FG-SAND 

. EU-CLEAN 

FG-MEtTING 

Compeund(s) S;Jmpl~d < ·•.•··. ·· .. · 
., . ; ·., . -' - ... ·. 

Pal'ticulate, Carbon Monoxide (CO), 
Benzene, Formaldehyde,. Arsenic (As), 

Cadmium (Cd), .(::hromium (q).& 
Manganese (Mn) 

Particulate 

Paf'ticulate, Total Hydrocarbons · 
(VOC), Carbon Monoxide (CO), 

Oxides of Nitrogen (NOx), Benzene, 
Formpldehyde, Arsenic (As), 

Cadmium (Cd), Chromium {Cr), · 
Manganese (Mn) & Lead (Pb) 

Particulate: 0.01 Lbs/1000 Lbs, 
Dry, 6.0 Lbs/Hr & 26.3 

Tons/Year; £Q: 98.5. Lbs/Hr & 
270 Tons/Ye<Jr; Benzene: 0.77 

Lbs/Hr & 2.2 Tons/Year; 
· Formaldehyde:0.12 Lbs/Hr & 

0.32 Tons/Year; As: 0.0002 · 
· Lbs/Hr .& 0.00034 Tons/Year; 
Cd: 0.00037 Lbs/Hr & 0.0006 • · 

·Tons/Year; .cr: 0.002 Lbs/Hr & 
· 0.0046 Tons/Year; · Mn: 0.003 

Lbs Hr & 0.006.Tons/Year 
Particulate: 0.01 Lbs/1000 ·Lbs, 
Dry, 2.2 Lbs/Hr & 9,6 Tons/Year 
Particulate: 0.01 Lbs/1000 Lbs, 

Dry,. 2.5 Lbs/Hr & 10.95 
· Tons/Year; voc: 4;4 Lbs/Hr & 

10.8 Tons/Year; CO: 15.1 
Lbs/Hr & 42.8 Tons/Year; NQ.: 

3.1 Lbs/H(& 13.2 Tons/Year 
Benzene: 0.07 Lbs/Hr & 0.19 .. 
Tons/Year; Formaldehyde: 

0.022. Lbs/Hr & 0.06 Tons/Year;. 
· · As: 0.00044 Lbs/Hr & 0.0011 
ronsjYear; Q!: 0.00035 Lbs/Hr 

& 0.00086Tons/Year; Cr: 
0.00078 Lbs/Hr & 0.002 

Tolls/Year; Mn: 0.0042 Lbs/Hr, 
&0.010 Tons/Year; Pb: 0,07 

Lbs/Hr & 0.16 Tons/Year · 
• F.G-MEL TING consists of two (2) exhaust stacks; East Innoculation & West Melt. These exhausts 

·. were sampled simultaneously in order to determine the FG-MEL TING emissions. . 
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The s<Jmpling in the study was conducted over the period of February 10-13, 2015 by Stephan K. Byrd,.R. 
' ' ' ' - -

Scott Cargill, Richard.D. Eerdmans and David D. Engelhardt of Network Environmental, Inc .. Assisting 

"'ith .the study were Mr. Dan Plant of Metal Technologies, Inc. and the operating staff of the faciliw .. Mr . 

. . Eric Grin stern and Mr. Jeremy Howe of the MDEQ _:_Air Qual icy Division were present to observe the· 
. - ' ' . . 

sampling and source operation. . . . 
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II. PRESENTATION OF RESULTS . 

. · . 

II.1 TABLE 1 
PARTI(:ULATE EMISSION RESULTS 

RAVENNA DUCTILE IRON 
RAVENNA, MICHIGAN 

. 

.. , '. . . . . .· . 

: 1 2/10/15. 09:52-11:17 107,268 0.0075 . 3.58 

f=G-Sand 
2 . 2/10/15 12:09-13:30 

- 3 2/10/15 14:30,15:59 

.. · 106,052 ,. 

·. 106,302 

.. 0.0091 

0.0084 

4.29 

4.01 

. Average . 106,541 0.0083. .· 3.96 
. . 

.. . 
. ... 

1 2/11/15 09:42-10:59 56,783 0.00075 0.19 
. 2 2/11/15. 12:17-13:34 

EU-Cieah 
' . . ' 

. 3 .• 2/11/15 14:00-15:15 

. ' 0.27 
·0.23 

54,9?4 

54,883 

0.00110 

. 0.00094 

.·. · ·Average 55,530 0.00093 ·. 0.23-

·• 
. · . 

. 

1 2/12/15 11:35-12:56 61,619 0.00022 0,060 

0.151 62 370. 0.00054 FC-Melting 2 2/12/15 15:02:16:23 
East 

· . 

.· 0.060 60,264 0.00022 

61,418 
Innoculation . _.;---· '_,:3 _. ---'--2-'-/~12_,./_1.cc5~ . .__17:-: 3_2-'--"-18'-'-:4-'9-+---'-~-+-.-~':---~___._--t---,-___._~-u 

.· · .· .. Average 
. 

. . 

. · 
. . 

... 
.0.00033 .0.090 

.. 

o.io 
0.19 

.·. 
69,078 0.00066 

72,532 0.00057 

1 2/12/15 11:35-12:56 
f'G-Melting . r:--~.-2 -t--'-2"-/1,_2.,_/1--'5-'--t-1-5:-,0"-2-"-16::..::"-23'-+-,_.,_~~t----~~-+----,-'--~c-ll 

West 
Melt 3 2/12/15 17:32-18:49 73,980 0.00079. 0.26 

.·. · Average .... 71,863 0.00067 0.22 
. . . . 

. . ... 

I 
0.26 

·o.34 

130,697 0.00045 

134,902 0.00056 
f=G-Melting 

1 2/12/15 11:35-12:56 

Combined East . 2. 2/12/15 . 15:02-16:23 

0.32 
. 0.31 

134,244 .• · . ·. 0.00053 .·.· 

133,281 
. . 
. 0.00051 

.. &West 3 2/12/15 ' 17:32-18:49 
Exhausts. Average 

·· (1) DSCFM = Dry Standard Cubic F¢et Per Minute whe.re STP = 68 °F and 29.92 in. Hg 
(2) Lbs/lOO(l Lbs, Dry = Pounds of Particulate Per Thousand Pounds of Exhaust Gas on a Dry Basis 

. , (3) Lbs/Hr = Pounds of Particulate Per Hour · 
' 

. 
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. · ... 
. 

II.2 TABLE 2 

.· 
TOTAL HYDROCARBON (VOC) EMISSION RESULT~ 

RAVENNA DUCTILE IRON 
RAVENNA, MICHIGAN 

. ··.···········.··.'···,····· , , • / I , > < 
.·· > '· > .. • ·. 1 ' · · · · ; . · • • · ' · • • • Mass·. : . 

· ir Flow· • ·.· · · • • · " • · ·· ·• · · ·• · ·. • 
[ •.sQur~e· .•• :.i ··~~h1ple ···P~te:.•·····l ' ~~rn~.·; . ·.·. •• ARafe\ll · Contentration<

2
> .. · . · !Omis~lon · .. ·· . ·. . . . . . . . . . .. ·.·. (3) . 

L£'' •. < ••• • ':> ·.·•·· . '· '·. • $CfM : •• ·• •• ,·. ·•·•. • PPM , · • / , ~ate •. , .••.... ·., ·• 
'-"''···· .... ·: .. :,.··: .· ....... ;; · .. ,· ... ·, ·• • ··•·· .... ·· ·.·· · .. · LbsiHr : 

. 

I 1 2/12/15. 11:36-12:5i 
.· 

61,941 •· .. 2.6 1.10 .. 
. · FG-Melting 2 . 2/12/15 14:35-15:40 62 692 2.5 1.07. 

East ·. 
.· Innoculation . 3 2/12/15 15:57-16:57 60,638 2.7 . 1.12. 

. .. 
61,757 

. · . 
· . 

. Average 2 .. 6 1.10. 
. · .. • 

.• 
. 

1 2/12/15 11:36-12:51 69,473 . 2.8 .· 1.33 
FG"Meltirig . 

2 .2/12/15 14:35-15:40 72,930 · .... 2.3 . 1.15 . 
·West· . . 

3 . 

Melt 2/12/15 15:57-16:57 74,379 2.4 1.22 

Average 72,261 
. 

2.5 1.23 . 
··. 

•. ·. . . . 

. 

1 2/12/15 11:36-12:51 ; 131,414 2.7 2.43 FG-Melting . . . 

Combined East 2 2/12/15 14:35-15:4.0 135,622 .. 2.4 2.22 
&West 3 2/12/15 .. 15:57'16:57 .. 135,017 2.5 2.34 

Exhausts· 
AVerage 134,018 2.5 2.33 . · .. 

. 

. . 

(1) SCFM .~Standard Cubic Feet Per Minute where STP = 68 °F and 29.92 in. Hg 
(2) PPM = Parts Per Million (v/v) On An Actual (Wet) Basis As Propane 
(3) Lbs/Hr = Pounds of VOC Per Hour As Ptopane I 

. ·. . . . . . 
. · 
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. 

· .. 

·. 

i 

II.3 TABLE 3 
CARBON MONOXIPE(CO) EMISSION RESULTS 

. RAVENNA DUCTILE IRON 
. RAVENNA, MJCHIGAN . 

2/10/15 09:51-11;09 107,268 . 84,2 .· 39.27 
. 29.24' 

29.49 

2 2/10 115 11:38-13:22 106,052 
FG-Sand · f---c-~~f---c-· '----'1'-'-·-t--,---~~~-+~----'-------il---~~-~-c--+----c-c!l 

3 '2/10/15 l3:3Sc14:35 106,302 

. 63.4 

.I 63.8 
·. · · Average 106,541 . 70,5 

·.· 
.... 

·.·. 
.. · 

. . 
1 2/13/15 10:16-11:1.6 61,353. 6.5 

6.6 

7.5 

FG-Melting . 
East. 

Innoculation 

2. 2/13/15 .13:00-14:00 60 600 

3 2/13/15 14:2H5:25 62,130 · 
.. · ·Average .· · . · . · 61,361 . 6.9 

.. . . . 

1 .. 2/13/15 10:16-11:16 68,523 13.0 .. 
FG-f':'lelting 

West 
.· 

Melt .. 

·2/13/15 13:00-14:00 72,901 12.0 

2/13/15 14:25-15:25 70,451 18.7 

2 

3 
·. Average·· .· 70,625 14.6 

. . . 
. 

FG-Melting 
Combined East 

1 2/13/15 10:16-11:16 129,876 . 9.9. 
... 

2/13/15 13:00-14:00 133,501 9.5 2· 
& West· 

Exhausts 
3 2/13/15 14:25-15:25 132,581 13.5 

Average . 131,986 . 

11.0 
. . . · 

(1) bSCFM ;= Dry Standard Cubic Feet Per Minute where STP = 68 'F and 29.92in. Hg 
(2) PPM " Parts Per Million (vfv) On A Dry Basis 
(3) Lbs/l:lr = Pounds of CO Per Hour 

. . 

5 

32.67 . 
.·· 

1.73 

.1.74 

2,03 
·.·· 

1.83 

3.87 
·. 3 .. 80 

5.73 

4.47 
. .. 

I 

5.60 

5.54 

7.76. 

6.30 
. · . 

. 



. 

II.4 TABLE 4 
OXIDES OJ= NITROGEN (NOx) EMISSION RESULTS 

RAVENNA DUCTILE IRON . .. . 
RAVENNA, MICHIGAN 

. . 

.·. · -c::· ? .~ ·.. .. - ·.~ .... : .. .~ <· ·· • • • • · . : ·. ··.: • ·Mass• • ·. 

',· s .•. ~u.r.c. e.·.···.··.:·., Sa.m .. p .. le.'·. '·.· ~ate.·.·. ···.T.lm .. "'.e'. ·····I.A,·~.~fe.'? .. ~.f ... ·.·.··•.···· :.'c ... on··.c .. ~··Pf)Pt.rM~t.ici~(.'.?·)· .· .. ·· •. Emission 
.. ··.·• . '· .. · .. ·.···LR ... basJ/eH<·.3r)· .. ·:.·· i. I' , .. :., •' ...... ·,· .. , .. ,. ' : .. ··.···········',I.: .D.!)CR'M> .. / ·. ,:• • • ...... ,., 

I 
1 I· 2/13/15 10: 19-11:16 61,:l53 1.0 0.44 

FG-Melting 
East. 

2 2/13/15 13:00-14:00 60 600 '1.6 0.69 

: Innoculatlo(l 3 . 2/13/15 14:25-15:25 62;130 . 1.6 0.71 
. .. Average . 61,361 I . 1.4 0.61 

.· . . 

i 2/13/15 10:16-11:16. 68,523 1.7 ·. . 0.83 
I FG-Melting 2 2/13/15 13:00-14:00 72,901 1.4 

West 
Melt 3 2/13/15 14:25-15:25 70,451 1.8 

0.73 

0.91 

I . Average 70,625 I 1.6 0.82 

: .. FG-Meltlng 1 2/13/15 10:16-11:16 129,876 1.4 1.27. 

Combined East 2 2/13/15 13:00-14:00 133,501 1.5 1.42 ·.· 
&West 3 2/13/15 14:25-15:25 132,581 1.7 
Exll~usts 

Average 131,986 1.5 

1.62 

.1.44 
. 

I 
(1) DSCFM ~Dry Stahqard cubic feet Per Minute where STP ~ 68 °F and 29.92 in. Hg 
(2) PPM ~ Parts Per Million (v/v) On A Dry Basis · · · 
(3) Lbs/Hr = Pounds of NOx Per Hour 

. . . . . . . . .· . 

6 
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II.5 TABLE 5 
BENZENE EMtSSION RESULTS 

RAVENNA DUCTILE IRON 
RAVENNA, MICHIGAN · 

. . 
,., .• 

':•': ';, .. · .. · · .. ·.: •... . :'. ....... < 1· .. :.· . : :: ... :: ··.·. . . ·' : >'Mass .··: :./ ··.·.··......... •.....• : ... ·.: .· .. : Air Flow.·.·.· ,-,- --. :;:-_-,:_ ,' '-_ '_< _. 

__ .,:,·.,-, . :' . . ..... · :: : 

·. · O:incentr~tionm • .. · Emis.sioil··· 
source. .··.· ... · s~mple' ••··. D~te .. · .. · .. · ... Time • /'Rate<lJ .. 

I M /M3 .•.• : . 1 , l~.at~:P! : ' • .• • . • I ' •• :. ·. oScFi-1.> •• .. ,. g : •· .. •···. " . : . < '.· : : . : ., ···:.·.:: . :: ·. ,· ·.···:··.·· .· '· ... ·· .. 'lps/Hr·· : .. ' : ' ·.· .· ' ' :' >;·:-.• •,,1_- .- ., 

1 2/10/15 11:10-12:10 107,268 1.74. 0.70 

2 2/10/15 13:05-14:0S 106,052 
... 1.17 0.46 .. 

FG-Sand 
2/10/15. 15:17-16:17 106,302 1.86 0.74 3 . 

: .. ·.·. 1. Av(lrage ' ·. '106,541 
. 1.59 0.63. . 

. . . 
: 

' 1 L./13/15 08:40-09:40 61,353 0.060 0.014 
·. 

FG-Melting 2 2/13/15 10:41-11:41 60,600 
.· 

0.066 O.Q15 
East 

0.058 .· 
Innoculation 3 2/13/15 12:29-13:29 62,130 . 0.014 

. 

:. Average 61,361 0.062 0.014 

. 
·. . . . · . 

. 

1 2/13/15 08:40-09:40 68,523 
. 

0.070 ·o.ot8 
. 

FG-Melting ·. 10:41:11:41 2 2/13/15 72,901 0.084 0.023' 
West 

. Melt 3 2/13/15 12:29-13:29 70,451 0.071. .. 0.019 

Av(lrage . 70,625 . . 0.075 0.020 
: 

. . 

1 2/13/15 08:40-09:40 129,876 
. . 

0.032 FG-Melting . 0.065 . 

Combined East 2 2/13/15 10:41-11:41 133;501 0.076 0.038 
· ·· & west 3 2/13/15 12:29-13:29 132,581 o:o65 . 0.033 

. Exhausts Average '131,986 0.069 0.034 . 

(1) .DSCFM =Dry Standard Cubic Feetper Minute where STP.,; 68 °F and 29.92 in. Hg 
. 

· (2) Mg/M3 = Milligrams Per Dry Standard Cubic Meter 
(3) Lbs/Hr = Pounds of Benzene Per Hour · 

. : 

': 
. 

.. 

. 
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. ·. ·• ,.; ' . 

source· 
.·.· .•. ··,·' :, 

FG-Sand 

. ·. 

FG-Melting 
·:'East: 

. · 

· Innoculation 

. 

FG-Meltlng 
West 

. -Melt 

FG-Melting 

. 

·. .· 

combined East 
&West 

Exhausts 

.. 

. . 

II.6 TABLE 6 
FORMALDEHYDE EMISSION RESULTS 

RAVENNA DUCTILE IRON 
. RAVENNA, MICHIGAN 

. ·. 
' 

·· ' < ··.··· ..... ··· . lli{Fiq~/ ·. ··c··.·'_o···_··nc. ·e'n· t·'r.·a·•t·l·o''nt2l 1 ·· ·.·_.E•_-m·_M_.·_,'as._s
5

,ro.:n· · .. '. · . 
I' · ··· . . Tim'e • • ··R_ ·a_t,e_< __ 'r '. ·.• ·· .. " •··. '3·.· .... ·. ·· : 'S&mj)e Dat~ . . .. . .· .•: . Mg/M . .. '.Ra. te_<Jl_,_ .•. _ 

· I . ' ·bS<;:FM:, . •.· ·.·. · .. · 
·i,_ • . <. • ... :_: .•• : · .... , • •< · .• Lbs/l:fr' . 

l 2/10/15 16:39-17:39 106,937 . N.D.<4l N.D.<•l 

2 2/11/15 10:46-11:46 106,953. N.D.<4l N.o.<•l 

.. 3 2/11/15 . 11:51-12:51 106,931 .. 0.153 0.061 

.. ·Average . .106,940 0.084 0.034 
.. 

1 2/13/15 14:42-15:42 N.o.<•l N.o.<•l 
. 2 2/13/15. 16:50-17:50 N.o.<•l N.D:<•l 

3 2/13/15. 18:04-19:04 N.D.<4l N.D. i•l 
. 

·Average ........ 
'. ' ' . .. ' .· 

1 2/l)/15 14:42-15:42 0.232 ·• 0.061 

2 2/13/15 16:50-17:50 . 70,367 0.166 . ' 0.044 

3 . 2/13/15 18:04-19:04 71,525 . 0.134 0.036 . 

Average . · 70,889 0.177 . 0.047 

·. 

1 2/13/15 14:42-15:42 129,774 0.150 0.073 

2 . 2/fJ/15 16:50-17:50 131,526 0.113 . 0.056 

3 2/13/15 18:04-19:04 131,528 0.096 0.048 

:' Average .130,943 ·. 0.120 0.059 

; ' 

1. (1) DSCFM ~Dry Standard Cubic Feet Per Minute where STP ~ 68 °F and 29.92 in. Hg. 
(2) Mg/M3 ~-Milligrams Per Dry Standard Cubic Meter 
(3) lbs/Hr ~ Pounds of Formaldehyde Per Hour 
(4) N.D. ~ Non Detected at detection limits of 0.050 Mg/M3 & 0.020 Lbs/Hr the ·FG-Sand and 0.051 Mg/M3 & 

0.012 Lbs/Hr for the East Innciculation. The detection limit values were used In calculating the· FG-Sand 
averages. The East Innoculation detection limit values were used when calculating the combined FG-Melting 
results. · · · · .. 

. . 
· . 

. 
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. 
II.7 TABLE 7 

ARSENIC (As) EMISSION RESULTS. . 

RAVENNA DUCTILE IRON 
.RAVENNA, MlCHIGAN 

.. 
".-,-', 

' ·-· . · .· ., . / . <•'. . ···: ,·.·.··· . I ' ·.· . ;:. / • ·. M ... ·. ·'· ·. · : • · · '• 1 •. . · ·, ••• · ·· · ass· , ,. 
'' · · .. · rr F ow. 1 . · ·. · · .... ·. · · 

·. sourc~ .> '. . I ':. b~te ' t·~ , · AR. 1
1 (tl : I Con¢entration<2> · >Emission\ Sarl)ple · 1 e i , a. e • , • , • 3 .· . • · .· c3l. .·.• 

\ : ·.·.· ... ·. ····· '.:·.·.···· .. · ... ··.· 
1··········.·' : 

· · .. ·,,.·· ' .···. bsci=M .··' . .ly19lf;1 : · · Ra~e > 
.· .,.:.• .. · .. ·····.::. ·"····;.:·Lbs/Hr.. 

1 2/10/15 ' 09:52-11:17 107i268 N.D.<•> · . N.D.<•> 
. 

N.D.<•> 
·. 

. N.D.<4l 2 2/10/15 12:09-13:30 106,052 
FG-Sand 

14:30-15:59 . · 106,302. N.D.<4l . N.D.<4l 3. 2/10/15 

Average :1.06,54:1. ' 
........ ----

. ' 

.. 1 2/12/15 ' 11:35-12:56 61,619 N.D.<4l N.D.<•> 
FG-Melting 2 2/12/15 15:02-16:23 62 370 N.D.<4l N.D.<•> 

East 
N.D.<4> N.D.<4l Innoculation · 3 2/12/15 17:32-18:49 60,264 

.. Average · . 61,418 . ......... .. ...... 
•' 

' 

.. . 
' 

1 2/12/15 11:35-12:56 69,078 ·.· ' N.D.<•> · N.o.<•l 
FG-Melting 2. 2/12/15 15:02-16:23 72,532 · N.D.<4l N.D.<4J 

West 
I 2/12/15, ' N.o.<•> · .. N.D.<•> Melt 3 17:32-18:49 73,980 

. Average 71,863 ' 
...... ., ' . .. ----

' . . 

' . ' ' .·' 

FG-Melting 1 2/12/15 11:35-12:56 130,697 N.D.<1> N.D.<~l 

Combined East 2 2/12/15 15:02-16:23 134,902 N.D.<•> N.D.<•> 
& West 3 ,2/12/15. 17:32-18:49 134,,244 N.D.<•> · · · N.o.<•> 

Exhausts 
Average 133,281 ·---~ ' 

. ......... 
. ·. 

,· (1) 
(2) 

DSCFM = Dry Standard Cubic feet Per Minute. where STP = 68 'F and 29.92 in. Hg 
Mg/M3 = Milligrams Per Dry Standard Cubic Meter 

(3) Lbs/Hr = Pounds of Arsenic Per Hour · . . . . . 

. 
(4) N.D. = Non Detected with detection limits of.0.00016 Mg/M3 & 0.000066 Lbs/Hr for the FG~Sand, 0.00013 

Mg/M3 & 0.000030 Lbs/Hr for the East Innoculation, 0.00014 Mg/M3 .& 0.000037 Lbs/Hr for theW est Melt 
and O.Ob014 Mg/M3 & 0.000067 Lbs/Hr for the Combined Melt Exhausts. 

' 

', 

RECEaVIED 
. APR 0 8 20\5 

A\R QUAL\TY Q\V. 
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II.8 TABLE 8 
CADMIUM (Cd) EMISSION RESULTS 

RAVENNA DUCTILE IRON . . 

RAVENNA, MICHIGAN 
... 

. ' .· 

' •.. ·_.·· ,· "< ' .. 
:'.• . .. _·, ' . ·. '····:.:·.··. ':;-- : '·' ' < ' 

I:'· :--, Mass_.\ 

-. sambici ',_ ' ' : . · · · _ .• ·: Air Flow · · , •• )l)lr~sib~ · · 

1 

.\>S()Utce,,,.- •·. 
Tim~ : · Rate<'> . ·. I Concentratiqn<

2
l 

-·_ ~qte··--••.• ' :. ·. : J · . < ,_-.-_ Mg/M3 
·, ' ·. Rat€PL · 

•·.·.·· •· ' '' ' ., ' _,, :.•., -... ·_ .DSCFM ' , · ··- 't.bs/Hr : • ,_ .. ' : ': _, . ·., .... .::.'' > •. :_: ' ' . ,, ' '. ' ' '< ·.' ,, '- ' . - . - . . . . - .· 

: 1 2/.10/15 09:52-11:17 ltl7,268 0.00026 '0.00011 

2 2/10/15 '12:09-13:30 106,052 0.00027 ' 0.00011 
FG-Sand · 

3 2/10/15 ' 14:30"15:59' 106,302 0.00028 0.00011 ' 

,Average. 106,541 0.00027 ,· . 0.00011' 

' .' . . . 

1 2/12/15 11:35-12:56 ' 61,619 0.00055 0.00013 . 
FG-Melting 

East 
2 2/12/15 15:02-16:23 62 370 . o:ooon - 0.00017 

Innoculation 3 2/12/15 17:32-18:49 60,264 0.00031 0.00007 

Average 61,418 0.00053 0.00012 

' ' 
. 

1 . 2/12/15 11:35-12:56 69,078 0.00025 0.00007 
FG-Meitlng 2 2/12/15 15:02-16:23 72,532' O.OOP39 0.00011 

. West 
17:32-18:49 ' Melt 3 .2/12/15 ,73,980' . 0.00059 ' ' 0.00016 

·.·Average 71,863 0.00041 0.00011' 
' . ' 

I_: 

- FG-Melting ' 
1 2/12/15 11:35-12:56 130,697 0.00039 0.00020 

Combined East 2 2/12/15 15:02-16:23 134,902 0.00054 0.00028 
&West 3 2/12/15 17:32-18:49 134,244 0.00046 0.00023 

Exhausts . 
Average 133,281 0.00046 

. . 

0.00023 ··. 

. 
--

. 

(1) DSCFM =Dry Standard Cubic Feet Per Minute where STP = 68 °F and 29.92.in. Hg-
. (2) Mg/M3 = Milligrams Per Dry Standard Cubic Meter-
(3) lbs/Hr = .Pounds of Cadmium Per. Hour 

.. 
' ' 

' .· 
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II.9 TABLE.9 . 
TOTAL.CtfROMXUM (<;r} EMISSION RESULTS 

RAVENNA DUCTILE IRON. 
RAVENNA, MICHIGAN 

. 

. 1· • .•. ,':< ... ' . :. '/·,'·· i< '.: •.. ····•· .. :·, ...... . . ' ' . : . '·: .··.· ··.· .. :;' . ·. . . . .Mass ··•·· ., ·· ... ; .: salllpl~ ·.• 
·, AirFlow:· ... 

c;:cinGentration(4J. 
. [:1m1Si;io~. ,.···· ' s6ur~e '' ',, oate • ,TirnN } Rate(!) ·. 

i{ 
,• .. ·. J .. 

·.·.·.·· R~te(~) I .. ·. '< ·:._· 
• j' .. · •• ·.·. 

J)SCFM · •· .. 
... Mg/M:. · 

,,, . ·' . ..... ,· .. . · .. :·· .. • ':> . . .. .. . . .•' . ·. . .· . . · Lbs/Hr .. · ... 

1 '2/10/15 09:52-11:17 107,268 O.Q056 '. 0.002'2 

.2 2/10/15 12:09-13:30 106,052 0.0032 . 0.0013 
FG-Sand· 

14:30-15:59 
•••• 

3 2/10/15 106,302 0.0021 0.0009 

Average 
. 

106,541 0.00~6 O.OOi4 
. . . 

. 

1 2/12/15 11:35-12:56. 61,619 . 0.0009 0.00022 
FG-Melting 2 '2/12/15 15:02-lG:23 62,370 0.0024 0.00055 

. East 
0.00029 Innoculation 3 2/12/15 17:32-18:49. 60,264 0.0013 

. Average 61,418 • 0.0015 . 0.00035 
. 

· . . .· .. . . 
.· 

.· 1 . 2/12/is 11:35-12:56 69,078 Q.0019 0.00049 
. FG-Melting 2 1. 2/12/15 15:02-16:23 72,532 . 0.0013 0.00034 

. ·West 
17:32:18:49 0.00031 Melt 3 . 2/12/15 73,980 . Q.0011 

. . ·.· ·.Average . . 71,863 0,0014 0.00038' 

. ·. . 

FG-Melting · 1 2/12/15 11:35-12:56 130,697 . 0.0014 0.00071 

Combined. East 2 2/12/15 15:02-16:23 134,902 •• 0.0018 . 0.00089 
&West 3 2/12/15 . 17:32-18:49 134,244 0.0012 0.00060 

Exhausts . 
Average 133,281 0.0015 0.00073 I 

. . . 

· (1) DSCFM "' Dry Standard Cupic Feet Per Minute where STP = 68 °F and 29.92 in. Hg 
(2) Mg/M3 = Milligrams Per Dry Standard Cubic Meter .. 
(3) Lbs/Hr = Pounds of Chromium Per Hour 

.· . 
. 

. 
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11.10 TABLE 10 
MANGANESE (Mn) EMISSION RESULTS 

RAVENNA bUCTILE IRON . 
' 
' RAVENNA, MICHIGAN 

.. 

. ' e:·. ·· ... ' ·.': ----_-_';, 1 .. · •. ···:. ·•• : 

.·. :Ai4!60. . . > ' '< "' •. 
. M<)~s ••··'·.· .•.. I : •. ·s6~rc~·· 

.. 
l'i~e <: . ccin~ef]tration<2) •.. . . E.mls~ion' • I· san1pie . . Date'· ,.· 'R t (!J .. ·,.· . 

\ta ~.-.. ·· .. ·. I> M9/M3 .· ... ·· •. . ·.··. RahPl : 

I· .. . -i .·. : 

I • ••.•··•·· 

• · DSCFM • 
,._. 

· .. ·····.· . . .•. ··< . IJ:ih!Hr • ·. . '. . ...... ; ... . . .. I,.· ,:.·. -.•:· ·. ·, . ,·• 

I 
1 2/10/15 09:52-11:17 107,268 0.0066 0.0027 

. FG-Sand 
2 2/10/15 12:09-13:30 106,052 0.0046 M018 

3 2/10/15. 14:3\)-15:59 106,302 0.0040 .0.0016 . 
. Avera11e . 106,541 .. 0.0051 0.0020 

. 

1 2/12/15 .· . 11:35-12:56 . 61,619 0.0006 0.00014 
FG-Melting 2 2/12/15 . 15:02-16:23 62 370' 0.0025 0.00058 

East 
17:32-18:49 60 264 . Innoculation 3 2/12/15 I . 0.0004 0.00009 

Average 61,418 0.0012 0.00027 
. 

. . .. 
1 m2115 11:35-12:56 69,078 .· 0.0052 0.0014 

FG-Melting 2• 2/12/15 15:02-16:23. 72,532 0.0.040 0.0011 
West 

3 2/12/15 17:32-18:49 73,980. 0.0072 0.0020 Me.lt .· 

Average 71,863 0.0055 0.0015 
.· . . . 

. . . 

· FG-Melting 1 2/12/15 . 11:35-12:56 . . 130,697 . 0.0030 0.00.15 · . 

Combined East 
. 

2 2/12/15. 15:02-16:23 134,902 0.0033 0.0017 
&West 3 2/12/15 17:32-18:49 134,244 0.0041 0.0021 

Exhausts 
Average 133,281 . 0.0035 0.0018 

. ·. · .. ·; 

(1) DSCFM .~ Dty Standard Cubic Feet Per Minute where STP ~ 68 °F and 29.92 in. Hg · •' 

(2) Mg/M3 ~ Milligrams Per Dry Standard Cubic Meter · 
(3) Lbs/Hr ~ Pounds of Manganese Per Hour 

.· 
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II.ll TABLE 11 
LEAD {Pb} EMISSION RESULTS 

RAVENNA DUCTILE IRON. 
RAVENNA, MICHIGAN 

. .· .. ·. ·. .. . 

. 

1 2/12/15 11:35-12:56 61,619 0.0021 0.00047 
FG-Melting 2 2/12/15 15:02-16:23 62 370 0.0025 0.00058 

East 3 .·. 0.0008 .·.· 0.00019 Innoculation 2/12/15 17:32-18:49. 60,264 

· Aver<tge : 61A18. '0.0018 0.00041· 
... 

· .. 1 ?./12/15. 11:35-12:56 69,078 0.0031 0.00080 . 
FG-Melting 2 2/12/15 15:02-16:23 72,532 0.0019 0.00052 

West· ·. . 
0.00088 Melt 3 2/12/15 17:32-18:49 . 73,980 0.0032 

Aver<tge . 71,863 0.0027' 0.00074. 
. . 

. 

1 2/12/15 11:35-12:56. 130,697 
·. 

0.0026 .. 0.0013 
FG-Melting 

Combined East 2 2/12/15 15:02-16:23 134,902 0.0022 . 0.0011 

&West . 3 2/12/15 17:32-18:49 134,244 0.0021 0.0011 
E:xhausts. 

· .. Aver<tge 133,281 0;0023 0.0012 . 

.· . 
(1) DSCFM = Dry Standard Cubic Feet Per Minute where STP = 68 °F ano 29.92 in. Hg 
(2) Mg/M3 = Milligrams Per Dry Standard Cubic Meter · 
(3) Lbs/Hr = Pounds of Lead Per Hour 

.. 

13 
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III. DISCUSSION OF RESULTS 

The results of the emission sampling are summarized in Tables 1 through 11 (Sections II.l through 

II.ll). The results are presented as follows: 

· III.l· Particulate Emission Results (Table i) 
Table 1 summarizes the particulate emission results as follows: 

• . Source 

• Sample. 

• Date 

• Time 

• · AirFlow Rate (DSCFM) -'-.Dry Standard Cubic Feet Per Minute (STP =6S 'F& 29.92 in. Hg) 

• Particulate Concentration (Lbs/1000 Lbs, Dry) -Pounds of Particulate Per Thousand Pounds ,of 

. Exhaust Gas Oil A Dry Basis 

• Particulate Mass Emission Rate (Lbs/Hr}- Pounds of Particulate Per Hour .· 

. A more detailed breakdown for each sample can be found in Appendix A. 

~II.2 Total Hydrocarbon (VOC) Emission Results (Table 2) 

Table 2 summarizes the FG-MELTING VOC emission results as follows: 

• Source 

• Sample .. 

• Date 

• ·Time 

• Air Flow Rate (SCFM) -Standard Cubic Feet Per Minute (STP = 68 'F & 29.92 in. Hg) 
. ' . ' . 

• VOCConcentration (PPM)- PartsPet Million (v/v)On An Actual (Wet) Basis As Propane 

• VOC Mass Emission Rate (Lbs/Hr) ~ Pounds of VOC Per 1-jour As Propane 

III.3 Carbon Monoxide (CO) Emission Results {Table 3) 

Table 3 summarizes the CO emission results as follows: . ' . . . . 

•. Source 

• . Sample 

• Date 

14 



• Time 

• Air Flow Rate (DSCFM)- Dry Standard Cubic Feet Per Minute (STP = 68 °F & 29.92 in. Hg) 

• CO Concentration(PPM)- Parts Per Million (v/v) On A Dry Basis 

• . CO. Mass Emission Rate (Lbs/Hr)- Pounds of CO Per Hour. 

. . . . 

III.4 Oxides of Nitrogen (NOx) Emission Results (Table 4) 

. Ta.ble 4 summarizes the NOx emission results as follows: . 

• Source 

• sample 

• ·Date 

. . Time . . . 

• Alr Flow Rate (DSCFM)- Dry St!Jnc:Jard Cubic Feet Per Minute {STP;, 68 °F& 2.9.92 in. Hg) 

• · NOx ConcentrCltioll {PPM) - Parts Per Million {v/v) On A Dry Basis 

NOx Mass· Emission Rate. (Lbs/Hr) - Pounc:Js of NOx Per Hour 

. . . 

xn;s Benzene .Emission Results (Table 5) 

. Table 5 summarizes the benzene .emission results as follows: 

• ·Source · 

· •. Sample 

·• Date 

·• Time 

• Air Flow Rate {DSCFM)- Dry Standard Cubic Feet Per Minute (STP ,;, 68 °F & 29.92 in. Hg) 

• Benzene. Concentration (Mg/M3
) .,- Milligrams Per Dry Standard Cubic Meter 

• Benzene Mass Emission Rate (Lbs/Hr) -Pounds of B.;mzene Per Hour 

A spiked (spiked with '!8.3 ug of benzene)/duplicate sampling .train was run simultaneously with each 

sample. All the benzene results were corrected for the recovery efficiencies obtained from the· 

spiked/duplicate samples (as specified in U.S. EPA Method.18). The benzene recovery efficiencies for 

each sample were as follows: 

15 



. . . ,- · .... ~ 
··.sample.···· if' > • ·~7~\··. .·. • •• · ...•• •.·. Benzene ·.. : .. · .•.. ·s~ui<:~ • 

·••·· D~te • 
. . ("1111'1e. .···• • · % Retover\i Effi<iiencv 

1 2/10/15 ·11:10-12:10 88.85 

l'G-SAND 2 2/lb/15 13:05-14:05 8fo2 

3 2/10/15 15:17-16:17 90.83 . 

. . 

I . 1 2/13/15 08:40-09:40 90.14 
East 

2 2/13/15. 10:41-11:41 90.20 Innoculation 
3 2/13/15 12:29-13:29 

. 
88.84 . 

.· .. 

1 2/13/15 08:40-09:40 87.06 
West 

2 . 2/13/15 10:41-11:41 86.28 Melt 
: 
3 2/13/15 12:29-13:29 87.56 . 

. 

All the results of the spiked/duplicate sampling trains and the % recovery efficiencies can be found in .· · 

Appendix F. 

III.6 Fcmnaidehyde Emission Results (Table 6) 

Table 6 summarizes the Formaldehyde emission results as follows: 

• Source 

• Sample 

• ·Date 

• Time 

· • Air Flow Rate (DSCFM)- Dry Standard Cubic Feet Per Minute (STP = 68 °F & 29.92 in. Hg) 

• Formaldehyde Concentration (Mg/M3
) - Milligrams Per Dry Standard Cubic Meter 

• Formaldehyde Mass Emission Rate (Lbs/Hr)- Pounds of Formaldehyde Per Hour 

The formaldehyde results were field blank corrected. The field blank value of2.63 ug N.D. (SampleT-

. 13) was used for any of the sample values (EU-SAND samples 1 & 2, East Innoculation samples 1, 2 & 3) 

that were at or below the field blank detection. Hmit. 

. A spiked (spiked with 49.3 ug or' formaldehyde)/ duplicate sampling train was run simultaneously \'lith one . 

(1) sample on each of the three (3) sources sampled. The formaldehyde recovery efficiencies for ea¢h 

source were as follows: 

16 



FG-SAND 2/11/15 . 10:46-11:46 102.70 
. . 

. ·. . 
East Innoculation 2/13/15 18:04-19:04 86.93 

. . .. . . 

·West Melt . 2/13/15 ·. 16:50-17:50 93.77 . 

. . 

All the results of the spiked/duplicate sampling trains and the. o/o r~covery efficiencies can be found in 

Appendix F. 

. . 
UL7. Metals (As; Cd, Cr, Mn & Pb).Emission Results(Tables 7-11) 

· Tables 7 through 11 summarize the metals emission results as follows: 

• Source 

• Sample 

• Date 

• Time 

• . Air Flow Rate (DSCFM)- Dry Standard Cubic Feet Per Minute (STP = 68 °F & 29.92 in. Hg) 

• ,Metals Concentration (Mg/M3
)- Milligrams Per Dry Standard Cubic Meter 

• Metals Mass Emission Rate (Lbs/Hr) -, Pounds of Metal Per Hour 

· All the metals results were field blank corrected. Sample T-Hl is the field. blank. All the calculations can· 

be found in Appendix F. 

IV. SAMPLING AND ANALYTICAL PROTOCOL 

The· sampling location for each source was as follows: 
' - - - > ' 

• FG-SAND ~A 80 inch I. D. diameter exhaust stack with 2 sample ports in a location approximately 2.5 

duct diameters downstream and> 2 duct diameters upstream froni the nearest disturbances. 

17. 



Twenty- Four (24) sampling points were used for the isokinetic sampling on this source. Sixteen (16) 
'- ' ' . 

sampling points were· used for air flow traverse determinations. 

• El)-CLEAN -:- A60 inch LD. diameter exhaust stack with 2 sample ports in a location approximately 

• 

' ' 

25 duct diameters downstream and > 2 duct diameters upstream from the nearest disturbances. 

Twenty-Four (24) sampling points were used for the lsokineticsampling on this source. 

East Innoculation (FG-Melting)- A 52 inch LD. diameter exhaust sta~kwith 2 sample ports in a 

location.approximately 4.5 duct diameters downstream and> 2 duct diameters upstream from the 

nearest disturbances. Twenty-Four (24) sampling points were used for the isokinetic sampling on.· 

this source. Sixteen (11:;) sampling points were used for air flow traverse determinations. 

• West Melt (FG-Melting)- A 60 inchJ.D. diameter exhaust stack with 2 sample ports in a location 

approximately 4.5 duct diameters downstream and > 2 duct diameters upstream from the nearest 

disturbances. "rwenty-Four (24) sampling points were used..forthe isokinetic sampling on this source . 

. ·Sixteen (16) sampling points were used forair flow traverse determinations. 

sample Poi11ts For lsokinetic Sampling 

l •. .· 

. 1.68. .·' 1.26 ,· 1.09 1.26' 
. ·,. 2 5,36 4.02 3A8 . 4.02 .· 

3 ·.· . 9A4 . 7.08 . 6.14 7.08 

4 14.16 10.62 9.20 10.62 
. 

5 20.00 15.00 13.00 15.00 
. 

•6 28.48 21.36 18.51 21.36 

'' 7 . . 51.52 38.64 . 33,49 38.64 
. 

8 60.00 . 45.00 39.00 . 45,00 . · . 

9 65.84 49.38 42.80 
. 

. 49.38 

10 . 70.56 52.92 45.86 . 52.92 

11 74.64 55.98 48.52 55.98 

12 78.32. 58.74 50.91 58.74 
.· 
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Sample Points For Air Flow Traverses 

1 2.56 1.66 I . 1.92 

2 .·. 8.40 5.46 . ·6.30 
. 

3 15.52 10.08 11.64 
. 

4 . 25.84 16.79 19 .. 38 . 

. 5 54.16 . 35,20 40.62 

6 64.48 41.91 . 48.36 ·. 
·. 

.7 .. ·. 71.60 46.54 53.70 

8 77.44 50.33 58.08 
. 

. The emission sampling was conducted by employing the following reference methods: . 
' .. ' i . 

. • Particulate & Metals- U.S. EPA Method 29 

• Particulate (EU-CLEAN Only)~ U.S. EPA Method 17 

• Total Hydrocarbons (VOC)- U.S. EPA Method 25A 

• carbon Monoxide (CO)- U.S. EPA Method 10. 

• Oxides of Nitrogen (NOx)- U.S. EPA Method 7E 

• Benzene- U.S. EPA Method 18 

• Formaldehyde - NACSI Method Cl/WP-98.01 

• Exhaust Gas Parameters (air flow, temperature, moisture & density)- U.S. EPA Methods 1A 

IV,l Particulate & Metals (FG-SAND & FG-MEL HNG) 

The total partic;ulate & metals emission sampling was determinedbYemploying.U.S. EPA Method 29 

(multi pie metals train). Three (3) samples were collected from each of the sources tested. The samples 

were seventy-two (72) minutes in duration. Each sample had a minimum sample volume of thirty (30) dry . 

standard cubic feet The.samples were collected jsokinetically on quartz filters, in a nitric acid/hydrogen 
'' ' - ' ' ' 

peroxide solution. 

The filters, nozzle/probe rinses (front half) were analyzed gravimetrically for particulates in accordance With 

· U.S. EPA Reference Method 5. The front half and the nitricacid/hydrogen peroxide solutions were analyzed 
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for the specific metals by inductively coupled argon plasma mass spec (ICAP/MS) analysis. All the quality 

· a~surance and quality control procedures listed in the methods will be incorpor<;~ted in the sampling and · 

analysis. 

The metals analyzed were as follows: 

• Arsenic (AS) · 

• Cadmium (Cd) 

• Chromium (Cr) 

• .Lead (Pb}(OnJ=G-MELTING Only) 

· • · Manganese (Mn) 

·Adiagram of the particulate and metals.(Method 29)sampliligtrain is shown in Figure.L 

IV.2 Padiculate (EU·Ci.EAN Only) 

The particulate emission sampling was conducted In accordance with u.s. EPA Methor:l17: .. Method 17 is 

an in-stack filtration method. Three (3) samples were coUected from the EU-CLEAN exhaust. Each . ' . . . . 
sample vias sixty (60) minutes in dura(ibn and had minimum sample volumes of thirty (30) dry standard 

cubic feet. The samples we~ecollected lsokinetically and analyzed for Particulate by gravimetric analysis ... 

All the quality assura~ce and quality control procedures listed in the methods were Incorporated in the 

sampling and analysis. Figure 2 is a diagram of the Method 17 particulate sampling train. · 

IV.3 Total HydroCQrbons (VOC) -: rhe VOC sampling was conducted in accordance with U.S. EPA 

Reference Method 25A. J.U.M. Model3-500 and Thermo Environmental Model 51 flame ionization detector 

.. (FlO) analyzers were used to monitor the two (2) FGcMELTING exhausts. Sample gas was extracted. 

· through heated probes. Heated teflon sample lines were used to transport the exhaust gases to the 

analyzers~ The analyzers produce instantaneous readouts of the VOC concentrations (PPM). 

The analyzers were calibrated by system Injection (from the back.of the stack probes to the analyzers) prior 

to the testing. A span gas of 85.78 PPM Propane was used to establish the initi.al instrument calibrations. 

Calibration gases of 30.37 PPM and 50.19 PPM Propane were used to determine the calibration error of the 

analyzers. After each sample, a system zero and system injection of 30.37 PPM Propane were performed to 
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. . . 

establish system drift and system bias during the test period. All calibration gases used were EPA. Protocol 

calibration Gases. Three (3) samples were collected from each of the sources, Each sample was sixty (60) 

minutes in duration, The sampling on the two FGcMELTING stacks was conductedsimultaneo~sly. 

The analyzer was cal.ibrated to the output of the data acquisition system (DAS) used to collect the data from 

the exhaust. The. analyzer averageswerecorrectedforcalibration error and drift using formula EQ.?E-5 

from 40 CFR Pa.rt 60, Appendix A, Method 7E. Figure 3 is a diagram of the VOC sampling train. 

. . . ' ' . . - ·:· - '' . - ' ' -. . ' - ' . ' 

IV.4 Carbon .Monoxide (CO) -The Carbon Monoxide (CO) emission sampling was conducted ·i~ 
. . . 

accordance with U.S .. EPA Reference Method 10. The sample gas was extracted from the exhausts through 

heated teflon sample lines. which led to a VIA MAK 2 sample gas conditioner and then to eith~r a Thermo 

· Environmental Model 48 or 48C portable stack gas monitor. These analyzers are .capable of giving 

· · instantan~ous read0yts of the co concentra.tions (PPM) .. Three (3) samples were collected from each of the 

exhausts sampled. Each sample was sixty (60) minutes in duration .. The sampling on the 2 FG-MELTING 
., . - ' ' - - - ' ' '. - ~ ' . ' . -

stacks was conducted simultaneously. 

The analyzers were calibrated with EPA protocol CO calibration gases. For the FG-SAND exhaust a span gas 
' . . . 

of 492.5 PPM was used to establish the initial instrument calibration. For the FG,MEL TING exhausts a span 

gas of 92.97 PPM was used to establish the Initial instrument calibrations. On the FG-SAND calibration 

gases' of 250.2PPM and 169.2 PPM were used to determinethe calibration error of the iinalyzer. On the 

. fG•MEL trNG exhausts a calibration gas of 49.66 PPM was used. to determine the calibration error of the 

analyzers. The sampling systems (from the back of the stack probes to the analyzers) were injected using 

either the 169.2 PPM or the 49.66 PPM .gas to determine the system bias. After each sample, ;l system zero 

and system injection of either 169.2 PPM or 49.66PPM were performed to establish system drift andsystem 

bias during the test period. All calibration gases were EPA Protocol 1 Certified. 

The analyzers w~re calibrated to the output Of the. data acquisition system (DAS) u~ed to collect the data 

fro~ the. exhausts. The analyzer averages were ~orrected for calibration error and drift using formula 

EQ.?E-5 from 40 CFR Part 60, Appendix A, Method 7E. A diagram of the samplir)g train is shown in Figure 

4. 

IV;S Oxides of Nitrogen (NOx) -The oxides of nitrogen (NOx) emission sampling was conducted in 

accordanc~ with U.S. EPA Reference Method 7E. The sample gas was extracted from the exhausts through 
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heated teflon sample lines which_led to a VIA MA!< 2 sample gas conditioner and then to either a Thermo 

·. Environmental Model 42H or 4:2i-HL portable stack gas monitor. These analyzers are capable of giving 

instantaneous readouts of the NOx concentrations (PPM). ·Three (3) samples were collected from each of . . . 
the exhausts sampled. Each sample was sixty (60) minutes in duration. The sampling on the two FG-. 

MEL11NG stacks was conducted simultaneously .. 

. . The analyzers were calibrated with EPA protocol NOx calibration gases,· A span gas of 99.46 PPM was used 

to establish the initial instrument calibrations. Calibratlon,gases of 54.58 PPM and 25.27 PPM were used to 

det.ermine the calibration error of the analyzers. The sampling systems (from the. back of the stack probes 

. to the analyzers) were injected Using the 25.27 PPM gas to deter1111ne the system bias .. After each sample, 

· a ~ystem zero and system _injection of 25.27 PPM were performed to es~ab.lish system drift and system bias 

·during the test period. All.calibration gaseswere EPA Protocol 1 Certified. 

The analyzers w~re calibrated to the output of the data acquisition system (DAS). used. to collect the data 

from the exhausts. The analyzer averages Were corrected for calibration err9r and drift using formula 

EQ.7E-Sfrom 40 CFR Part 60, Appendix A, Method 7E. A diagram of the sampling train is shown in Figure 
4.,. 

·It should aiso be noted that after the first sample on the West Innoculation exhaust (2/13/15) a p<Jrtial 
. ; . 

· blockage(restrictlon) on the calibration side of the sampling system (line) was discovered that caused a 

partial pressurization on the NOx analyzer during the post calibration drift/bias check. The analyzer was 

disconnected from the sampling system and allow~d to stabilize. The restriction was resolved and then the 

· analyzer was re-connected. A calibration drift/bias check was then performed to demonstrate compliance 

. with the drift/bias requirement. At no time was this NOx analyzer adjusted during the issue. 

. . 

IV;6 Beh:tene- The sampling for benzene was conpucted by employing U.S. EPA Method 18. The 

. samples were collected on charcoal sorbenttubes using pumps equipped ll>(ith calibrated critical orifices 

(calibrated at approximately 500 cc/min). The samples were analyzed for benzene by gas 

chromatography (GCFID); A duplicate spiked sample was run simultaneously with each sampling run. 

Six (6) samples (3 sample runs &.3 spiked/duplicates) were collected from each ofthe sources tested. 

Each sample was sixty (60) minutes in duration .. The final results were corrected in accordance with 

Method is by using the recovery efficiencies of the spiked samples. The calculations for each sample can 

be found in Appendix F. All the quality assurance and quality control procedures listed in the method 

· were incorporated in the sampling and analysis. Figure 5 is a diagram of the benzene sampling train 
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IV.7 Formaldehyde ~.The formaldehyde emissions were determined by employing NCASI Method 

CI/WP-98.01 (Chilled Impinger Method). Three (3) saf"l1ples were c~llected from each of the sources 

tested. Each sample was sixty (60) minutes in duration. In addition, a spiked duplicate train was run 

during one of the samples on e9ch source to document recovery efficiency for formaldehyde (See 

Appendix F). 

The samples were collected iri midget impinger trains containing de~ionized distilled water. The samples 

were collected using a pump equipped with a calibrated critical orifice (calibrated at approximately 1000 
' . ; ' ' 

cc/min). The samples were analyzed for formaldehyde by colorimetric analysis (acetylacetone 

procedure). All. the quality assurance and quality control procedures listed in the method were. 

incorporated in the sampling and analysis. Figure 6 is a diagram of the sampling train. 

IV.!J Oxygen & Carbon Dioxide 

IV.B.l FG-SAND. 2/10/15- The 0 2 & co, sampling was conducted in accordance with u.s. EPA· 

. Reference Method 3A. Servomex Model 1400M portable stack gas analyzers were used to monitor the FG- · 

SAND exhaust. A heated teflon sample line was used to transport the exhaust gases to a gas conditioner to 
• ' < ' ' 

remove moisture and reduce the temperature. From the gas con(jitioner stack gases were passed to the · 

analyzers. The analyzers produce instantaneous readouts of the 0 2 & C02 concentrations (%). ·Three (3) 
. . 

samples were collected from the FG-SAND on 2/ll/15 .. Each sample was sixty (60) minutes. in duration .. 

. . 

The analyzers were calibrated by direct injection prior to the testing. Span gases of 21.03% 0 2 and 

20.42% co, were used to establish the initial instrument calibrations .. calibration gases of 12.06% 

.· 0,/5. 989% C02 and 5. 989% 0,/11. 98% C02 were used to determine the calibration error of the analyzers, 

The sampling system (from the back of the stack probe to the analyzers) was injected using the 12.06% 

0,/5.989% C02 gas to determine the system bias. After .each sample, a system zero and system injection · 

·12.06% 0,/5,989% co, were performed to establish system drift and system bi.as during the test period ... 
. . . 

All calibration gases were EPA Protocol 1 Certified. 

The analyzers were calibrated to the output of the data acquisition system (PAS) used to collect the·data . 

from the exhaust. . The analyzer averages were corrected for calibration error and drift using formula 

EQ.7E-5 from 40 CFR Part 60, Appendix A, Method }E. A diagram of the sampling train is.shown in Figure 

4. 
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· IV.8.2 J;U·CLEAN 2/11/15 &FG·MELTING 2/l'J./U ·~Integrated bag samples were collected from ·. 

the back of the lsoklnetic sampling trains and analyled by Orsat to determlnll the 02 & .C02 content. 
' - . - . - ' ". . 

.. IV,8.3 FG·SAND Ull/15 & FG·MELTING 2/13/15- Because prior analysis showed ambient . 
-· ,' - ' ' ' ' - ' ' ' ' 

concentrations, the ambient default values of 20.9% 02 and 0.0°/o Cb2 were used on.these days . 

. IV.9 exhaust Gas Parameters- The exhaustgasparameters (air flow rate, temperature, moisture and . 

denslty)weredetermined byemploylng U.S. EPA Methods l through 4. 
. . . . . . . ' . ' 

. · Air flow rates, temperatures and moistures were determined using the lsoklnetlc sampling trains (when .. 

· .·possible) .. Separate velocity and temperature traverses were conducted for the testing when.lsoklnetlc 

· ·. sampling was not being conducted. During these velocjty traverses, moisture was determined by employing · 

the wet bulb/dry bulb technique. 

All the quality assurance and quality control procedures llstecJ in the. methods were incorporated In the .. 

sampHng and analysis. · 

·This report was prepared by:. 

David D. Engelhardt 
· Vice President 
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