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Coke Oven Cimbustion Stack Emission

In a tolephone counversation with Joe Kunz, I learned that the U.S.
Steel coke oven plant, Fairfield, Alabama, tested its Ho. 3 battery stack
.. on August 19, 20, and 21, 1975. Prior to these tests, rehabilitative

work had started resulting in a reduced number of ovens in operation. The
company used an in-stack thimble followed Ly impingers. All tests lasted
a total of 160 winutes. The ccke oven production for all ovens was 11.0
tons per push. The coal charge was 15.17 tons. Sixteen ovens were charged
during the first two tests, while 15 were charged during the third test.
The test reports were as follows:

700.0.3.1.5). R,

Filter Cani'ons ibles Probe Wash Volume Emizaion Flow

| 1. 0.3955 gms. 0.2305 gms. 0.0183 gms. 53.09 scfd 0.115 gr/scfd 37500 scfd
| 2« 0.3405 gms. 9.2140 gus. 0.0146 gms. 49,55 gefd 0.1056 gr/scfd 37739 scfd
I 3. 0.3370 gms. - 0,095 gms. 0.0256 gms. 46.99 scfd 0.110 gr/scfd 36600 scfd
; .

Undarfire Gas ! Opacity 003731
i ! 58 mins. 0 wins. Average
f 1. 5210 mef #1 ' 20 60 35 to 45
| 2. 5140 wcg #2 29 60 30 to 40
3. 5020 mef #3 First 0.5 hr. as abave but last half hour was 60% op.

! Total emission = 0.64 lbs/ton coal charge w/condensibles

’ = 0,50 1bs/ton coal charge w/o condensibles
I
|

‘ Additionally, information was received on the performance of the Lone
| Star Steel coka oven stack which was equipped with a dry ESp in Declmber,

! 1972. The precipatator was purchased from Precipitair and resulted in e-
: missions as follous:

Stack temperature - 530°F _
Air Voluae - 33139 scfun, 36983 gcfm, 38263 scfa
Outlet Grain Loading (Pront hz2lf only) - 0.0249 gr/acf, 0.0172 gr/act,
0.0222 gx/act
Outlet Grain loadiag (Full train) - 0,038 gr/aei, 0.23 gr/acg, 0.0292
gr/aef
Opacity - NVE

This battery was fired with coke oven gas. Ninety eight percest (98%)
of the particulajzes was less than one micron in diameter.

700 .D.3.1.53
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September 17, 1975 o

Mr, Don Ellis

Public Health Engineer

Air Pollution Control Program
Jefferson County Department of Health
P. 0. Box 2646 ~

Birmingham, Alabama 35202

‘Dear Mr. Ellis:

Stack Test = Battery No. 3
zgirfield Works = U, 8. Steel Corporation

Attached is ome copy of results of stack testing performed on August 19,
20 and 21, 1975, on Battery Ho. 3. These tests were conducted pursuant

to Condition No. 8 of the Jefferson County Department of Health resolution
passed May 21, 1975, and in zccordance with provisicns mutually agreed
upon in a meeting held on June 19, 1975, 0O 73/

Tests were performed using WP=-50 equipment described in the attached
sampling procedure, Thirty-two sampling. points were isokinetically sampled
for five minutes. Condenser water and sample tube rinsings were collected
and evaporated using & steam bath,

Routine analyses were run on the underfiring coke oven gas and the stack
gas, and coke oven charges and pushes were recorded during the tests. A
description of the coal is included along w1th back pressure on the battery
and pressure charts.

/

Attachments

1700.0. 3. 1. G;ES_
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, Fairfield No. 3 Coke~Battery Pushing and Charging Data

ri

8-19-75 8-20~75 §-21-75
Oven No. Pushed Charged Pushed Charged Pushed Charged
Pushed p.m, . p.m. _p.m. p.m, p.m. _p.m.
77 3:10 3:45 3:13 3:35 T 3:10 3:22
79 4:00 4:23 3:32 3:50 3:26 3:48
59 4:19 4:36 . 3:47 4:42 3:45 . 4:03
17 4:33 4:53 4:44 4:58 4:00 4:55
9 4:50 5:04 - 43155 - 5:09 4:19 4:35
19 5:06 5:23 5:07 5:29 4:32 5:05
12 5:30 5:30 5:26 5:40 7:00 7:28
14 5:35 5:50 5:37 6:43 - -
27 5:45 6:05 5:45 6:54 7:25 .- 7:58
37 © 6:34 6:40 6:40 7:00 5:25 5:41
47 - 6:45 6:58  6:51 7:16 5:38. 5:57
57 6:55 7:18 7:11 . 7:38 5:54 6:00
29 7:15 7:35 7:35 7:50 7:32 7:35
.39 7:52 - B:00 7:47 . 8:09 7:45 7:48
49 7:45 8:16 g:06 .. B8:23 7:55 8:22
32 8:19 8:40 8:20 8:36 *8:19 8:36
11-Ton Ovens
Pushed per ' 23 23. 22
8-Hr Shift : '
: . 50% Concord 50% Concord 50% Concord
Coal Mix - 45% Black Creek 45% Black Creek 45% Black Creek
5% Pond 5% Pond 5% Pond :
Back Pressure
on Battery 6 mm 6 mm 6 mm
Under-Firing

Gas Volume 5210 mct 5140 mcf 5020 mct

Y

Coal Charge/Oven = 15.17 tons theoretical

Confidential y
For use within United States Steel §
by authorized personrel only




Ao jauuossad paruoyine Ag
13MS SANS PAUN WIYLIM BN 03

jeruspiuaYy . 5
: ) 96Z0°0 Sre0"0 .t '
. 9%10°0 orTZ 0 S 4
£8T0°0 S0£Z°0 1
: i EbuTyseM aqoxgd Ul 3ajesuapuc) Ul _TON .
: . wb ‘3ybisy onpisadgd uoriezodead 359
: é
. snpysay uojjwiodead Uo wieQ
¥Ze'o 60T z°s¢ 1T°o 00€‘LE 811 1%:1 *bay
)
9zZE"0D 901 9°%E 170 QLEE"D 009°9€ 6691 F°1T 8Ly 031 0061-0091 1Z-8 £
IzE°0 20T T°ve 901°0 SoFE"D 00L"LE SST6k 6721 o1s 0971 0E6T-509T oz-¢ 4
i sTL"0 AN 0°LE STI 0 SS6E°0 009°LE 60° €S e 1T 09¢ 051 0202-STLT 61-¢ 1
n3g WW/GT IU/NIE WK ay/qi  pjos/ib sueab 'IIITTd {AIP) (X3ip) 358 Toa Xq J ‘dweg uTw SWTL 359 GL6TT TON
3sng sandul nag ‘burpeol 1 Lo asng Jo ybiam wgyos “’‘pardwes [oA OTH % )oeas 389}l jo faye( I83]
) Isnq 3Isng *mo0T3 SEYH yibuag

Joe3ls A1333eg £ "ON
Jueld 940D PIT33TRy
. .



Sample Calculations from Test 2

-t

Cas Velocity in Flue - o 1/2
29.92 1.00

V =2.9PF [ x T XH ] '
P s
g " "h a pg g )

| 29,92 _ 1.00
vy = (2.9)(0.82) [30.04 X 9.93

_ P
) . -] 520
Vopg = Vg ¥ A X 60 X 55757 * T

30.04 )(530
29.92 970

1/2 '
x 970 x 0.038 ] T = 14.94 ft/sec

Vs = (14.94) (87.9) (60) = 43,225 scfm

Point - Fast 3

Tm ' 9 P
R =0.33 x —xV_X ad” x
m Tg g pl'.) Pm

.. (540) L1, o (29.92) _
L= (0.33) <555y (14.94) (0.1406) 5715y =

%
i

0.48 cfm

Vw X Tm
v 0.00267 x P -
b m

(125) (545) _ 3
, = (0.00267) =g = 7.4 ft

<.
]

C <
]

Moisture Correction
v

m
My = v+ vV
: m

v

. 65.24 65,24
= . = == = 0,90
Mc 65.24 = 7.4 72.64

/

Cdrrécted Meter Rate

R =R xM

me m c

"R
mc

(0.48) (0,90) = 0.43 cfm

Corrected Volume of Gas Sampled Confidantial

P, " pm - P, 570 For use within United States Steel {

=V by authorized personnel onl
Vetd ™ 'm 59.92 T_ el omy

(65.24) 29,92 - 5.34 - 1.21] [530

Vst ~29.92 545}= 49.55

B




-1

Sample Calculations from Test 2 (éontinuéd)

-

Dust Loading

"W x 15.4

Vsta ) ~

(0.3405) (15.4) _ '
29.55 = 0.1058 gr/scfd

Moisture Content of Gas

Moisture remaining in gas.

P_xV_
¢ =SB
m Pb Pm
_(0.738) (65.24) _
G = 34.58 = 1.36

Moisture Content

V+G
M=G_r\7—
v i
7.4 +1,96 _ _9.36 | '
M= o rss 55~ 7.4 X 100 = 12.9%

Confidentlz! Y,
For use within United Stotes Staol 1.:

by suthorized parsennal only RN ,'



[

Nomenclature

K Symbols Used in Calculationé

Cross-sectional area of stack, £r2

Ccross-sectional area of noizle, ft2

Proportion by volume of water vapor in the gas stream,
dlmenslonless - . .

Pztot tube coefficient, dimensionless
Concentration of particulate matter in stack gas, lb/sef,

dry basis

A}

Cconcentration of particulate matter in stack gas, gr/scf,
dry basis

Specxflc gravity of gas in atack. dimensionless

Average pressure drop across the orifice meter, inches
B,O :

2
Peréent of isokinetic sampling
Total amount of particﬁlate matter colleéted, mg
Barometric pressure, inches_ﬁg .
Absolute pressure at meter, inches Hg
Absolute pressure in stack, inches Hg
Absolut; pressure at standard conditions, 29.92 inches Hg

Velocity head measured by pitot tube, inches H,0

Average of the square roots of the velocity heads
measured in the stack, (inchaes HZO) 1/2 o

-

Volumetric flow rate, dry basis, gtandard conditions,
£¢3/hr

Meter rate at mater conditiona, ft3/min

Abaclute dry ga a-moter temparature, °R

Coniidantidd
For urs within United Statas Stesl fa\ﬂ"ﬂ_)
by cuthorized paronnal only




Ts(a_xvg)

T std)

_Vm(std)

Vs(a@g)

v"w(atcl)

gel, ml

’

Nomenclature (cpntinued) .

N Symbols Used in Calculations

Absolute stack;gas tempgrature, °R

Absolute average stack-gas temperature, °r

Absolute temperature at standard_conditioné, 530 bR
Volumetric flow rate, wet basis, stack conditions, acfm

Total volume of liquid collected in impingers and .silica

h

Volume of gas sample through the dry gas meter (meter

conditions), cu ft

Volume .0of gas sample through the dry gas meter (standard
conditions), cu ft ) .

Average stack~gas velocity, ft/sec

Volume'of water in the gas sample (standard conditions),

cu ft

=, Total sampling time, min : .

Confirantial
Fot uta wiihin United States Steol
ty authorizad personnzl only
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vt . SAMPLING PROCEDURE

I, Determinéﬁion of Flow Conditions
A. Use a pitot tube similar to that shown in Fiéure 3.

_ B. Mark the pitot tube to indicate the distance to the center
N of each area. : )

1. For round flues (Table I and Figure 4), the radius of
the flue plus the length of the sleeve and collar - _
through which the pitot tube will be inserted should be
measured from the end of the tube and marked. The dis-
tances (Rj, Rz, R3..., @8 shown in Table I) should then

~ be measured in both directions from the above reference
' mark‘and marked on the pitot tube. -

2. For rectangular flues (Figure 2), the distance from the
wall of the flue to each station or area, plus the length
of the sleeve and collar through which the pitot tube
will be insested, should pe: measured from the end of the
tube and marked. : ' )

C. Connect the pitot tube to an inclined draft gage.

D. Insert'the pitot tube into the flue and record the differential
pressure indicated for each point of the traverse on a data
sheet (Figure 8).

[ . . _

E. Measure the temperature of the gas in the flue with a thermo-

couple or metal thermometer.

F. Measure the static pressure of the gas in the flue with a
manometer. .

G. Calculate the individual=-point velocities of the gas by using
Equations 1 or 2. . ‘

H. Calculate the average velocity for the entire Cross section
of the flue by taking the average of the individual velocities
obtained during the traverse. o

-

1I. Determination of the Probes Gas-Sampling Conditionrs

_ Calculate the meter~sampling rates for each station used in the
.pitot-tube traverse by using Equation 4,

-1
=)
]
(9]

ollsction of the Dust Sample

A. Set up the gas-sampling equipment as- shown in Figure 5.
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Insert the alundum extraction thimble into the holdef.

Attach a sampling nozzle to the thimble holder. The size
of the sampling nozzle depends upon the gas velocity and
the sampling rate to be maintained. Sampling nozzle size
to give an isokinetic sampling rate between 0.5 to 1.5
cubic feet per minute should be selected. :

Connect with tubing the gas-outlet side of the thimble
holder to the condenser.

Test ghe equipment for leaks.

Mark sampler in same manner as pitot tube described under
Section I-~-B.

~ Insert the sampler through the hole provided in the flue
and spot the nozzle at the first point as quickly as
possible with the nozzle turned down stream.

Turn on the exhauster and set the control valve to the
meter rate computed for the first point and face the nozzle
directly into the gas stream.
Observe and record meter rate, meter volume, temperature,
and vacuum on a data sheet similar to the one shown in
Figure 7.

At the proper time, move the sampler quickly to the next
position and correct the meter rate. '

Continue until at least one complete round of all sampling
points have been made.

At the end of the run, remove the sampler without changing
the flow rate through it.

“Bold the sampler in a verticle position, nozzle up, and tap
on the tube to cause any dust sticking to the inside of the
sampler to enter the filters.

 purn off the exhauster and open the sampler.

Rrush the dust or filter fibers that may have collected on
the inside of the nozzle into the filter.
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P. Remove the filter and place it in a dust-tight container

for transport to the laboratory.

Q. Measure and record the amount of water collected in the
 condensate receiver. -

calculation of the Dust Loading and Moisture Content of the Gas

A. Calculate dust loading by using Equations 8 and 9.

B. Calculate the percent moisture by using Equations 10, 11,
and 12, and Table I. ' .

Weighing Thimbles and Dust

A sufficient number of clean thimbles to conduct the
test should be marked for jdentification. They are then placed
into a drying oven at 103 C for a minimum of four hcurs: follow-
ing which the thimbles are removed from the oven and placed into
a desiccator for cooling. After the sample run, the thimbles
are transported back to the laboratory for weighing. The thim-
bles are again placed into the oven for drying and desiccater
for cooling. The drying time, drying temperature, and desicca-
tor cooling time must be uniform both vefore and after sampling.
Weighing shall be done to the nearest 0.1 of a milligram. The
weight of the dust collected in the filter is then determined by
differences. ’
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(6) M_ =

na

‘ ‘Equations .

Gas Velocity in Flue

- 1/2
2.9 7, [29.92 L 100 o H]

(1) ~VG = 5 S G
s P9
- _ 1/2
(2) Vg = 2.9 Fy [H TG]
L P
(3) V =V 2] 520
‘ -std avg x A x 60 x 25.92 X TG
: Tm -2 | Ps
. (4) Rm‘—' 0:33 x-T—xVGxd- xr_—'l;—
G b m
‘ v-W X Tm |
(5) VV = 0.00257 m
c b m

Moisture Correction

v
m

¢ Vi + Yy

Corrected Meter Rate

(7) R =R xM
me m c

‘Corrected Volume of Gas Sampled

-

. P, - P -0p ] |
- b m W 520
(8_) Vata = Vi [ 29.92 [T ]

m

pDust Loading

*9) W x 15.4

vstd

Moisture Content of

ol -]
2GS

Moisture remaining in gas _
P v N .

(10) G 8 X m Confidantial {?ﬁjﬁ
T

= .
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(11) Moisture Content

v, + G .
M = §Fv
v m
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Nomenclature

Cross-sectional area of flue, sq ft
Diameter of sampling qozzle, inches
Piﬁot-éube correction factor
Moisture remaining in metered gas, cu ft at mefer conditions_
Gage reading, equivalent inches of water

Moisture correction

Barometric pressure, inches Hg

.Suction at meters, inches Hg

Absolute pressure of gas in the flue, inches of Hg
Vapor pressure of water at the meter tempefature, inches Hg

Vapor pressure of water at the temperature in the condensate
flash,. inches Hg

Meter rate, cfm

. , _

Corrected meter rate, cfm.

Specific gravity'of gas referred to air
Absolute temperature of gas, Rénkine R

Tenperature of gas at meter, Rankine

Velocity of gas, feet per second

. Volume of gas gsampled through meter, cubic feet

Volume of water vapor condensed at meter conditioﬁg, cu ft

Volume of water condensed, cubic centimeters of liquid.
Average gas velocity, feet per second

Volume of flue gas sampled at standard conditions, scfm

Weight of collected dust, grams
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' Mable II

Pressure of Saturated Water Vapor

Pere | Hy
=
47 10.3240
L8 | 3362
49 | 3492
50| 3624
— SV .376/
152 | 3903
33 | L0049
52| 4200
S5 | 4356
S6| 45¢7
S7 1 587
SP| 4ESS
59| 503z -
60 | .5 214
6/ | 5203
G2 | .5597
63| .5798
&2 | . 6005
65| 6218
66 | .6438
' 67 | 6664
68 | L8958
&G . 7139
70| 7326
72/ | .7642
72| .79 05
- 723 .8177
2"39 721 .8256
!
45| .3003 ?i.’f ggﬁ
461 .3120 iR AT Y

“H. j#rme) M,
TEmel “Hg el e
78 | 9658 109] 2 820
77 9REr /10| 2. 594
B0 |/.0314 t1t[ 2670
&/ |1.0656 (121 2748
82 |/-/1¢03 11312827
&3 /1370 1114 2. 909
&+ 1 /174 [£/5] 2.993
&85 112172 3//‘6 3079 |
86 1/.25/ ;/17 3,67 |
.87 1/.292 118 3257
183 |/ 334 11§ 3346
&9 113277 ] 20| 3a<dz
o | /421 121 [ 354/
Q| 1.<6h Y1221 3 €40
92 1/.572 17231 3 24
- 93 |/.560 1241 3.845
oL\ /] 6U7 125 3.252
95 |/.659 126|906/
6 V1770 12214172
92 14763 128|4.286
98 | 18/8 1291|4303
99 | /874 /304323
100 | [ 93/ 13/ | 4625
/00 | 1950 1321770
/02| 2.057 /331 7 898
1031 2./13 135| 5029
/6] 2176 /35| 5763
10§5| 224/ /361 S 30
06} 2.308 /371 g
/071 2.377 /39| 558
103] 244 3 /1391 573

Terares “Hg. I~ M-”g 7/7-
| o : |
t120] £A75 171 )12 4¢
(741 & o3 122 1277
42t 6 12 1731 /730¢
/431635 2AWEED
14| G S7 /)51 /36,
/451 €677 174 /jf,?
PARY PN
1471 7022 78 st
/481 220 /7% 1290
149 | 738 /18518527
/50| 7566 | 18/ 115 5:
15/ 7755  1&7) /5%
/82| 7948 | /B3 | J6 3~
/1531845 | 184) b 7c
/1841 B 347 /1851170
/55| £S5 IEG | [Tk
/56! 8. 7¢4 /187 1750
/S71 8979 /88 /cP.L’/
/5819./198 ' &P AG
S| Gy 21 =23 /C—?o
/609649 | 9/
/671944 i 122 -:'M
1621,0/2 ,  J9x] 2o
/631,036 | 194 Zar
162107 . (95 27 /-
168 /76.800 | 1961 20 5
266 s/ 42 21200
R YAWINY: 198 1225
/168 /1 65 /1991 22.9
/769! /1.92 7001 254
/701/2.20 2/2]29.9
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DUST SAMPLING DATA SHEET

Gao Sampled Test No. - -
Sexpling Station Date 9
‘ Project Xo. Operatora(l) ' L
. Ambient Temp. , & Time: Fronm to .
. SR
Barometer, in. Hg ~_ Remarke: .
Nozzle Diameter, inches o
wi. of Condensate, gus. -
Thimble lio. —_—
Cross Wt. grams -
Tare WL, greams
Dust Wt. . grams
stAaTen] | Diiier~ | Qea)un—:&
" [Zlapsed | - ential Mater Meter | Batura~ mdiew
Time Mater Mzter Average| Suction Exit tion Ruae -
£ Test, Reeding,| Reading, Rate, inches Temp.,| TS@EP., £ v
{31nutes cu.ft. cu.ft. cfm of Hz F T
- -
—
el
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Y'Y TRAVERSE DATA SYUET

- -r
. rraverted o Iate
wierse Point . “pperator(s) .

~aNaet Do e

i3S Faue

Wi

- -

o —————

— -

« of Flue -

Rerarks _ e

i, Pobe Correction Factor

3
2\
g

- -—---1--0- o

Averure

P

;
4

Tiro

i,
.. i Flue Texp. .
{

¥lue Preso.

Time Time

Flue Tomp. Tlue Termp. |
Flue Prens. Flue Prean.

calculations:
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