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CHAPTER 1
INTRODUCTION

The purpose of this study was to measure the concentration

of particulate matter in the exhaust gases from the under-
firing stack serving the #2 coke oven battery at U.S. Steel

in Fairfield, Alabama. The underfiring stack receives the
combustion products of the by-product gas which is burned to
supply_heat. for the coking process. These tests were performed

at the request of U.S. Steel exclusively for their own use.

. 3

The particulate samples were collected on January 16 and 17,
1979. Mr. Gary Euler of U.S. Stecl's Engincering Department
coordinated the sampling with process operation. Bill Morgan
and Alan Todd of CH2M HILL conducted the tests.
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CHAPTER 2
SUMMARY OF RESULTS

Table 2-1 is a summary of the various parameters measured
during the three particulate runs conducted on the under-
firing stack serving the #2 coke oven battery at U.S. Steel.
As sRown in this table, the average grain loading measured
during these tests was 0.0276-gr/sdcf.
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_ CHAPTER 3
SAMPLING AND ANALYTICAL PROCEDURES

Sampling lLocation and Procedures

An EPA sampling train as described in the Air Pollution
Control Office publication, APTD-0581, was used for collect-
ing the particulate samples. Figure 3-1 shows a schematic
of tth sampling equipment. The only modification to this
basie_configuration was the substitution of a glass right
angle for the cyclone and flask.

Layout of the sampling poris in relation to flow disturbances
for the stack is shown by Figure 3-2. Based on the stack
diameter and the upstream and downstream distances of the
sampling ports from the closest flow disturbances, the
required number of sampling points according to Figure 1-1
and Method 1 of the August 18, 1977, Federal Register,

Volume 42, was determined to be 44, Sampling was conducted

_through four ports at these 44 points for two minutes per

point for Runs 1 and 3 and three minutes per. point for

Run 2. Table 3-1 shows the dimensions from the stack wall to
each sampling point as directed by the previously mentioned
Federal Register.

Prior to the start of the first particulate sampling run,

stack temperature was measured and a velocity traverse was

made in the stack. Moisture was estimated based on sampling
data from similar sources. Using the above data, the nomograph
was set up to utilize an appropriate size nozzle. Settings

for the nomograph and the exact nozzle diameter are shown on
the field data sheets (Appendix). '

The particulate sampling procedures followed were as outlined
by Method 5 from the previously mentioned Federal Register.
Sampling data for each run is a part of the Appendix.
Acceptable isokinetic sampling rates were achieved during
Runs 2 and 3 as indicated by the data summary sheet of
Chapter 2; however, the rate for Run 1 was slightly above

the acceptable limit of 110% due to an estimation error
before the run of the moisture percentage. Calculations for
the isokinetic rates are also a part of the Appendix.

Analytical Procedures

Particulate sample recovery procedures were as outlined in |
Method 5 of the Federal Register. Acetone was used to wash
down all parts of the sampling train prior to the glass
fiber filter. A probe brush was utilized to ensure that the
probe was properly cleansed following each run, and the
nozz)le was removed at the conclusion of each run and cleaned
with.a nozzle brush. Laboratory data for all runs are a
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FIGURE 3-2
LOCATION OF SAMPLING PORTS
K Table 3-1
F Location of Sampling Points
' _ % of x ©Stack I.D. _ Distance to Sampling
E Point Stack I.D. (Inches) Point (Inches)
1 1. 240,75 - 2.65
_ 2 3.5 240.75 8.43
- 3 6.0 240,75 14.45
' 4 8.7 240.75 20.95
; 5 11.6° 240.75 27.93
r 6 14.6 240.75 35.15
; 7 18.0 240.75 : 43.34
= 8 21.8 240.75 52.48
‘ 9 26.2 240.75 63.08
: 10 31.5 240.75 75.84
o 11 39.3 240.75 94.61
r_ 12 60.7 240.75 146.14
N 13 68.5 240.75 1l64.91
14 73.8 ) 240.75 177.67
_ 15 78.2 240.75 188.27
r‘ 16 82.0 240.75 ‘ 197.42
17 85.4 240.75 205.60
' 18 88.4 240.75 212.82
| r 19 91.3 240.75 219.80
L 20 94.0 240.75 226.31
21 96.5 240.75 232.32
r 22 98.9 240.75 238.10
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part of the Appendix. Using the field data taken during
each sample run, along with corresponding laboratory data,
calculations were made to determine various exhaust gas
parameters and particulate emissions. A summary of these is
found in Chapter 2, Table 2-1. Calculation sheets on each
run are also a part of the Appendix. Fyrite readings taken
during the study for calculating gas densities are shown on
the fleld data sheets. Parameters used for all calculations

are Iisted on each calculation sheet and are a part of the
Appendlx also.
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' r ' - MONTGOMERY OFFICE

BL/\CK.CRO'; D EIDSNESS, INC, . b <7 F
807 SOUTH NeCONQUGH STREET Plant L7— S E[—

11 MONTGOMERY, ALAGAMA 36104
r bdis 205/834-2670 A DIVISION OF CHEM MILL Date // /'W Run # /

CH2M I- L

Sampling Locatlon

o .
CokE_PLANT. - W DERFIFE  Ci7kek
1. Calculatc Stack gas velocity-- | ‘m"”"“"“ baca
4 g TS )’ ' : 'r'- n“" et 'Ry 'r - 57% *1
r Vg = 85 48 Cp (\Mp)'lvg\‘P Mg . % = -—'?—-—' (r‘:_f“’f-ﬁ"
i 23 . P, = K dnigy M= 200 4/frote
Vg = 85.48 (.85 )(.2%) I 90 A =L M eq gy v, w283 tx.
Vg = 47;3?[ fps 1,0 (condensate) = __/ 727 ris
- ) N,0 (sflica gel} = ____/_ﬂ__q:-s
r2. Calculate volume of water vapor in gas sample-- o1ty = L5230 1300 pyn _FC- Ctn -
- . - mls HZO : grams ”20]) Total particulate = ‘!ZE&iS“’ grans
r Vistd = (0.0474) \condensate + silica ge :

sz td

(0.0474)( /85 + 1723% (0.0474) (202.39) = 9.599 cu.ft.
. / ———

- ®™3. Calculate gas sample volume at standard conditions--
AH

| r Voopq = (17.71)(V )(Pb + 13 e)

/.63
Vastd = (17.71) (/) ( 200 t’/f,- 6_) (el 2 (0.087)

é4.517 cu. ft.

) r4. Calculatc _percent moisturce in gas strcam--
wstd 7 ’35’7

= Vi =i
Byo "mstd + Vwstd A// s17Y 9.5¢ 0. f27 = /31

o

530  Pg
WA, T 29.92

3600(1-B

Qstpd wo -
Qg¢pg = 3000 (1-  129) (129 (3/5.3) (530/_823 ) (29-69/29.92)=5 V12 7u. It ./

rS-. Calculate stack gas volumetric flow rate, dry basis, std. conditions--

6. Calculate grain loading-- .
grains/sdcf = (15.43) (grams)/Vmstd = (15.43)(24B/((45/D=__w.02.26 _

L . L 4
7. Calculate mass cmission rate--
' r 1bs/hr = (grains/stdcf) (Qst)d) (1.43 x 10~ 4)
" Ibs/hr = (. 0226 )(5»};@(1 43 x 10°%) - 19.0¢




r ' - MONTGOMERY OFFICE ) .
. BLACK,CRO . ND EIDSNESS, INC, Cl wt .S STEEL
) 807 SOUTH McDONCUGH STREET ’
_ e ~ | MONTGOMERY, ALABAMA 33104 Date / , /-73" )
r b id &Y 205/834-2670 A DIVISION OF CHEM HILL ate /f1e/ 7% Run
! /

CH2M HILL | Sampling Location

CokrE SLAYT

g};m CALCULATION OF STACK GAS MOLECULAR WEIGHT (Mg)

FAVera'ge Orsat Analysis (dry) Moisture Contcnt = _ /27 %
| %C0p = 5 '

3 0p = /0

5CO = —

o
=
%]

|
\_\'\

£

Moisture Molecular. . Wt./Mole
Componecnt % Vol1/100 X Corrcction X Weight = (wet base)
R ]
r H,0 AL x 1.0 X 18.0 = 232
co, .08 x L &71 x 44,0 = J-9/C
"
0, WAY X &7 X 32.0 = o787
€O - X x 28.0 = —
| r N, . 35 X L8 x 28.2 = J0.%27¢
r Average Molccular Wt., wet basis (Mg) = ’,’._70 1b/1b-mole

rDensity of gas referred to air = 23.95 =

": r - 1.00
. rGzens density correction factor = =

|




MONTGOMERY OFFICE

BLAC . TROW AND EIDSNESS, INC.
807 . TH McDONOUGH STREET o)

| 27 BC&E MONTGOMERY, ALABAMA 3Gl04

ne 205/834-2870 A DIVISION OF CHZM HILL

CH2M HILL  client_ /.S STEEL

| ' | Date ///ﬁ/‘?g Run#. /
7

Sampling Location

T Coke AAPT
' CALCULATION OF ISOKINETIC RATE
S | |
= .66 . - . . v
=T (1 667 sec) [(0.00267 10 ml;g—C\:th) v+ R (pbar + An
m 13.6
OV P A
5 S n
Where I = % of isokinetic sampling Ts = Avg. stack temperature = &3°R
Vl = Total volume of ligquid collected in impingers & silica gél = A3 ml
vm = Gas sample thru dry gas meter @ meter conditions = ¢2-183 cu.ft.
T = Average dry gas meter temperature = 5/1/ °R

30-0 in.Hg

]

Poar = Barometric pressure @ sampling site

/.53 in.H.0

AH = Average pressure drop across orifice

2
< = Total sampling time = ' ?Q min.
\.75 = Stack gas velocity = 9‘-24/ fps
P_ = Stack gas pressure = 2997  in.ng
An = Cross-sectional area of nozzle = O.0021 sd.ft.
| il ]
1= ¢ K13y (1.667) (0.00267) (=02.3) + 574 70.0 + 13.6
: ( &2 ) ( 9.74 ) (29.87) (. 0027)
I-= (R’?I 94D [( 0540) + (03 ) 30113 )]
423t )
1= (U344 1 0590 +3.431 = (391 4,23 1 = 573%.979
S S$vEt ) ( 5§ -3¢ ) gl 252

I= 9l = /4] -9 % of isokinetic sampling
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P/\R"i‘ICU]ATIZ ET-lISSl()N DATA CALCULATION SHEET
MONTGOME. OFFICE '

BLACK,CROV AND EIDSNESS, INC. Yy T
807 SOUTH MeDONCUGH STREET Plant 54(5' STEEC

R ~ 1 MCNTGOMERY, ALARANMA 36104 / . -
7y Y 205/834-2870 A DIVISION OF CHZM HILL Date //, 2/7 4 Run #
A

CHoM HILL

Sampling Location

COKE F2fwr - ATkl ke, sTpkk

Calculate Stack gas velocity--~ Saling Data
i TS i"n -f?: *R) ?; - J:’-/é i
. g - .12 |
Vg = 85.48 Cp (Jap)avg\P M, s SR RLEAL AR (K53 D g = 22
' = 933 I Y ’ln gy nw QA8 (H/R-mle
vS = 85. 48 ( '5(5- ) ( A2 ) WD' A i '3 squttey VP-YC.#-%\:.H'..
VS = g. ?6 fpS n,0 (condensate) = r‘:'l",?_m;
l|20 (silfca gcl) = /J’ g8
2. Calculatc volume of water vapor in gas qample——‘A"“g'éﬁﬁn"ﬂ'hfzﬂiﬁjﬂv
(mls HZO grams ”20 rotal particulate = &,/ ZO?~ Grans
Vietd = (0. 0474) condensatc +.silica ge
sztd = (0_0474)( DyR s L/\= (0.0474) (X . J ) = /2.427 cu.ft,

Calculate gas sample volume at standard conditions--
" All

Voo.q = (17.71) (V) (Pb . T‘s‘"ﬁ)
T
Visea = (17.71)(F:24) (<9?7’ . T 5 ) (/227.m) (0 052 ) = 99793 cu.fts

r 4. Calculatec percent moisture in gas stream--

wstd _ WEZy 42-67 :
= 7 = — —— =
Bo ‘mstd + Vwstd §q43* 1A -6 : Oa/rl‘/ = /',.2"7/

r'S. Calculate stack gas volumectric flow rate, dry basis, std. conditions--

. 530 _Pg
Qstpd ° 3600(1-B, JVA, T, 29.92
Qppg = 3600 (1-.0d )¢ £.96) (3/4.43) (530/ ¢33 ) (2725 /29.92)=5¢eggefeu.ft./h

6. Calculate grain loading--
grains/sdcf = (15.43)(grams)/vmstd = (15.43)(r|l'1g1/(55’.7’5/3)= o.o't.“t_(
[

7. Calculate mass ecmission rate--

1bs/hr = (grains/stdcf) (Qsgpa) (1.43 x 10 4)
Ibs/hr = (__.0295 _ ) (5537240€1.43 x 10° 4 - 23.7
_ ééué 8’5‘7




’ : MONTGOME™ " OF FICE S
a BLACK.CRO%: AND EIDSNESS, INC, Clicent
807 SCUTH McDONOUGH STREET
B2 _ | MONTGOMERY, ALABAMA 36104
rid N 205/834-2870 A DIVISION OF CHEM HILL Date

/.S . STEEC

/ )
/A?/?K Run # -2
71

CH2M HILL

Sampling Location

COKE SUANT TV A 1rrs ST

e

CALCULATION OF STACK GAS MOLECULAR WEIGHT (Mg)

FAverdgc Orsat Analysis (dry) Moisturc
 %C0, = 5
.. %0 = /9
5CO = “"_
F % N2 = 35

o2

Content

r

Moisture Molecular

Wt./Mole

- Component % Vol/100 X Correction X Weight = (wet basc)
r H,0 124 x 1.0 X 18.0 = S2-a32
: co, 105 x 976 x 44,0 = 1927
0, /o x 876 x 32.0 = R.303 ‘
co - X X 28.0 =
N, ) x L7 P 28.2 = 20.998
Average Molecular Wt., wet basis (Mg) = JfL?b lb/]b—n;EL

28.95

’1.00

Density of gas rcferred to air

o

Gas density correction factor

o |

|




MONTGOMERY OFFICE

BLAC  “ROW AND EIDSNESS, INC.
807 L _JTH McDO!OUGH STREET

BC Q([ LIONTGOMERY, ALABAMA 36104

E.lf" Q& 205/834-2870 A DIVISION OF CHzm HILL.

CH2M HILL o cuiene (Ls' e

Date ///7/70? Run# A
T

1= /09. 0%

Sampling Location

-

[Z%Qf /Z@VT"

CALCULATION OF ISOKINETIC RATE

. min .
= T .66 in. -cu, .
t s(l 667 sec) 0.00267 h-_HI“cn fr v, + om (Phar + An
: _ ml - °R 1 Ty 6

13.
OVsPéhn
Where I = % of isokinetic sampling Ts = Avg. stack temperature ==€zsz
. /
Vl - Total volume of liquid collected in impingers & silica gel = fEi:ﬁ“l
Vm = Gas sample thru dry gas meter @ meter conditions = 56'°}3().cu.ft.
T = hverage dry gas meter temperature | = s/ °R
Ppar = Barometric pressure @ sampling site = 29.94 in.Hg
AH = Average pressure 4drop across orifice = 3 in.H20
< = Total sampling time = /3 min.
v, = Stack gas velocity = Y, 86  fps
P, = Stack gas pressurc = RYLS in.Hg
A = Cross-secctional area of nozzle = 0.00%/ sq.ft.
: [ ' 5'(,..:230( /Al ]
1= _¢ £33) g.oon Lw.o0n) iy« BT\ 2% + 136

(73> ) ( &) (a7.8%) (.003])

1= (/3” LIy [( D 7// Yy + ( 06T ) 30-053 )]

73.66 )
x = (pRLIy) [ 07 a5oar) = (/3N 5.133 = __ 7940 543
( 7x66 ) ( 74-66 ) . 73-660

_[08./ % of isokinetic sampling
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r — MONTGOMERY OF FICE | .
. BLACK.CRC. WD EIDSNESS,INC.  ~ Plant "_‘*,( S . SIFFL

. £07 SCUTH KcDONCUGH STREET
vy MCHTGOMERY, ALABANMA 36104 ]
ki s / 505/834-20870 A DIVISION OF CH2A HILL Date / // 7/7,_:3 Run # 3
—LH : -

CHaM HiILL | Sampling Location

-, _ T
| _ : | COKE ALANT = UMNDELFE IR
.‘ ) - . v . sar'p]..lng Pata -

. 1. Calculate Stack gas velocity-- 4l = . s .

:_ Tg Te ™= FLCRy T = :)‘b-l ¥

h ’ _;__ - L -’/'2.:;

r - Vg = 85.48 Cp (Jap)avg\|PcMg % ——;6’——-’ ‘m"’:vg' —=L

- 54‘/ t N CWICT - g A ferale

VS = 85.48 ( -r.c‘;) ( 2 ) m- n - 20l /'.:ﬁq.ft.; v_ - oot

IVS - ‘]‘-32‘ fps R0 (condensate) = X nls

1,0 (silica gel) = L gus

rl. Calculate volume of water vapor in gas sample--‘ antyg = (- 254n 1508 C Pt LY

- . . -- (mls 1‘]20 gramS 1120 ) Total part_jcu]_am - C'-/’.:‘- /(; GrES

- r Vistd = (0.0474) \condcnsate + silica gel

Vestd = (0-0474)( /60 * //.-_/)= (0.0474) (/7037 ) = Q016 cu.ft.

e e —— e ——— -

™ 3. Calculate gas sanﬁale volume at standard conditions--
AH

' r Vo og = (7.7 (V) (ph 4 ““13‘.“6)
Tm
. /,.:?i.;
N - - /. 2% NG G_'j : - > ! e - T -
Voepg = (17.71)(E238) (w--‘ /o “T3.6) = (u3r72) (0:087) = 6/ 3¢ cu.ft.

r_ 4. Calculatc_percent moisture in gas stream--
B =¥ wstdv - ?.O‘?“La _
-. r wo 'mstd + "wstd (. 2kt g.090 2.139 = 2.9
5. Calculate stack gas volumetric flow Tate,
i 530 Pg
Qstpd 3600(1—13“,0)VSAs T, 29.92

. r Qgipa =.3600 (- 29 ) (7.30) (306 13) (5307 244 )(,:7:7_;/29.92)=§Zr39mcu.rt.,<

[

dry basis, std. conditions--

It

" 6. Calculate grain loading--
grains/sdcf = (15.43)(grams)/vmstd = (15.43) (ﬂ_rlklb)/(é/-?&“)’ 0.0306
A —

- »
7. Calculate mass cmission rate--

1bs/hr = (grains/stdef) (Qsepa) (143 x 10':)
- 1bs/hr = ( 0.0306 ) (ger=)(1.45 x 1074) = 25.17
B . . 5755170
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MONTGQMERY OFFICE

DLACL  1OW AND FIDSNESS, INC. o
07 S... (11 McDCHCUGH STREET e

] BC QE MCHTGCMERY, ALABAMA 36104
& N 2C5/834-2870 A DIVISION OF CH2M HILL
CH2M HILL

(.5
bate //'77/73 Runil 3

Sampling Location

CONrF fLAVT

i CALCULATION OF ISQKINETIC RATE
. m' .
'I =T (1'667 522) [(0.00267 1n.mlllg:c1:}.zft.) v, + ;;:ﬂ (pbar +-AE>
m ' 13.6
OVSPSAn
Where T = % of isokinetic sampling Ts = Avg. stack temperature = {fng
V1 = Total volume of ligquid collected in impingers & silica gci = Mml
Vm = Gas sample thru dry gas meter @ meter conditions = 6117F cu.fe.
Tm = Average dry gas meter temperature = 551? °R
Ppar = Barométric pressure @ sampling site = ;’?~3¢! in.Hg
AH = Average pressure drop across orifice = £ 25 in.H20
-9 = Total sampling time = x5 min.
Vs = Stack gas velocity _ = 5/‘37’ fps
P = Stack gas pressure = 2973 in.Hg
An = Cross—sectionél area of nozzle = . 0021/ sq. ft.

) (1132 ( L ) 35 ]
( Y46 ) (1.667) [(0.00267) (177) + <2g NS94+ 3306

I =
( XY Y ( 3L (L7175 ((weli)
I=_ (U913 T( 052y + (O 29.9%9 )]
_ ( S/ 47 )
1= (/J,o.-g?A y [ 0.5 +3400 ) = (/2N 2973 1 = &E0A .20
( 57,447 ) ( S1.997 ) <lAYT
I= [0 -§9 = /08 -9 % of isokinctic sampling
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CH2M HILL
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MONTGOMEP OFFICE

BLACK,CROL_ “ND EIDSNESS, INC. - Cl.
807 SOUTH McDCNOUGH STREET
MONTGOMERY, ALABAMA 36104
005/834-2870 A DIVISION OF CHZM HILL

ot /.S, S7TELL

Date / /7/7? Run # 32
I —

Sampling Location

CoKE /Y AT

r ~ CALCULATION OF STACK GAS MOLECULAR WEIGHT (Ms)

rﬁweragc d&sat Analysis (dry) Moisture Content = )2 %

: r;ensity of gas referred to air =

T

23.95

. | ' . 1.00
_ rGas density corrcction factor = =

5C03 = 5
$ 0y = __ /2

| 5C0. =

F $ N2 = R5
- Moisture Molecular: wt./Mole
_ Component % Vo1/100 X Corrcction X Weight = (wet base)
 _ r H,0 AR x 1.0 X 18.0 = o322
o, .05 x 27/ x a0 = /76
| 0, /o X T X 32.0 = &%

r co — X X 28.0 = "
» N, ¥5 x Xl X 28.2 = o0.8M
_-r ' Average Molecular Wt., wet basis (Mg) =&7.90 1b/1b-mole
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