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The Almqu Conponﬁiow

EMISSION TESTING OF THE NO. 3 COKE SIDE
GAS CLEANING CAR: INLAND STEEL COMPANY

Testing was performed December 30-31, 1980, by The Almega
Corporation to determine the particulate emission rate from
_the No. 3 Coke Side Emission Control Gas Cleaning Car in Plant

2 at Inland Steel Company in East Chicago, Indiana.

The report details the test procedures and results of
this emission test. Attached as appendices is a complete doc-
umentation of all test methodologies, field test data and cal-
culation summary data sheets, and sampling equipment calibration
data.

The emission test was performed by Mr. D. Chapman and
Mr. T. Schroeder of The Almega Corporation. Mr. D. Chapman was
team leader and certifies to the accuracy of the report.

~ Respectfully submitted,

THE ALMEGA CORPORATION
N/ ' i:::t>.c1> Lrchn

D. Chapman

DC/av

'L\mj




The Alméq/s CORpORATION

EMISSION TESTING OF THE NO. 3 COKE SIDE
GAS CLEANING CAR: INLAND STEEL COMPANY

INTRODUCTION

particulate emissions testing was performed December
30-31, 1980 on the No. 3 Coke Side Emission Control Gas -
Cleaning Car at Inland Steel Company in East Chicago,
Indiana.

The purpose of this test series was to determine

" degree of compliance of this quench car scrubber exhaust

stack with applicable State of Indiana and USEPA emission
regulations.

Mr. Mike Turner of Inland Steel coordinated the test
and monitored quench car and coke battery operations dur-
ing the testing. Also present during the test series was
R. Griscom of National Steel Corporation who monitored
scrubber operations throughout the test.

Mr. B. Dihu and Mr. S. Wynnchenco of the FPederal
EPA witnessed the test procedures during testing.

SUMMARY OF TEST METHODS

The stack emission test, comprising three repetitions,'
followed the protocol requested by Inland Steel and includ-
ed in Appendix B.

Testing was performed using the four sampling ports
located on the short side of this 30 1/2 x 57 inch rect-
angular tapered stack. At this location testing was con-
ducted at three points along each of four stack traverses
making a total of 12 sampling points for each test repet-
ition. Each stack sampling point corresponded to one coke
oven push. Sampling at each test point was conducted from
the time each coke push was commenced and terminated when
the coke car arrived at the quench tower, the fan dampers
closed and the quench sprays were switched on. Each test
repetition consisted of 12 sampling points and 12 coke
pushes with a total of 36 coke pushes and 3 test repetit-
ions representing the entire emission test.

Emission testing was conducted using a Western Preci-
pitation Method 5 EPA sampling train generally following
the procedural requirements as detailed in Method 1 through
5 in the Code of Federal Regulations, (CFR) (Ref. 1).

The location of the 12 sampling points for this test
followed the CFR Title 40, Method 1 (Ref. 1) included in
Appendix C.
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The stack gas velocity was determined using an S type

- pitot tube and followed the CFR Title 40 Method 2 (Ref. . 1l)

included in Appendix D.

Stack gas Orsat samples were taken following the CFR
Title 40 Method 3 (Ref. 1) included in Appendix E for deter-
mination of COy, 03 and molecular weight.

The stack gas moisture was determined following the
CFR Title 40 Method 4 (Ref. 1) included in Appendix F.

Particulate concentratration and emission rate was deter-
mined generally following Method 5 of the CFR Title 40
(Ref. 1) included in Appendix G. The gas velocity and

- moisture determinations were conducted simultaneously

with the particulate emission testing.

The particulate catch included nozzle, probe, cyclone
and prefilter washings and filter particulates.

A stainless steel lined 54 inch long sampling probe
and 0.1860 inch I.D. stainless steel sampling nozzle were
used for the three test repetitions.

SUMMARY OF TEST RESULTS

Results of this test series are summarized in Table 1.

A diagram of the one spot quench car showing the
stack and sampling port location is shown in Figure 1.

The field test and laboratory analysis data, calcu-
lation summaries and egquipment calibration data are includ-
ed in Appendix A.

DISCUSSION OF TEST RESULTS

1) Scrubbér'stack particulate emissions in lbs per
ton of coke pushed are calculated below:

lbs/ton of coke

Test Repetition # 1l 2 | 3 AVERAGE
Particulate emission lbs/hf* 7.51 7.67 7.67

Test time mins. 26.85 26.33  42.45

Coke production tons/test 11¢6.3 123.7 115.4

Particulate emissions** | 0.0289 0.0272 - 0.0470 - 0.0344
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*NOTE:

The pounds of particulate per hour figure is calculated based on a
continuous pushing operation. This number is used solely to deter-
mine pounds of particulate per ton of coke and should not be

viewed as the actual pounds of particulate per hour for normal oper-
ation.

**For test repetition #1, this is calculated from:

7.51 x 26.85
0

116.3

= 0.0289 1lbs/ton of coke pushed

2) Since the stack gas velocity, temperature and moisture was
variable between the time the coke was pushed into the car to the
commencement of the water sprays at the quench tower, 100% isokinetic
sampling during each test repetition was difficult to maintain. How-
ever, using the stack gas temperatures and velocity head readings
obtained at the beginning and end of each sampling point and calcul-
ating the average for each test repetition, isokinetic sampling rates
were 102.7, 106.6 and 94.1% for test runs #1, #2, and #3, respectively.
Based upon the nature of the process itself, fluctuations in the stack

. gas parameters and motion of the car, these isokinetic sampling rates

are, in our opinion, extremely good.

3) The average stack gas velocity and temperature determined
for the beginning and end of each test repetition and the average used
in the calculation for the stack gas volume flow rate are shown in

the summary calculation data sheets included in Appendix A.

Typically, the average stack gas temperatures ranged from
95 to 135°F and the average velocities from 88 to 98 ft/sec. Stack
gas moistures ranged from 9.9 to 14.3% on a vol/vol basis.

4) The sampling time for each point in repetitions #1 and #2
ranged typically between 2 and 2 1/2 minutes. Consequently, the
total sampling time for both runs was about 26 minutes. The sampling
time for each point in repetition #3 also ranged typically between
2 and 2 1/2 minutes. The total sampling time for repetition #3 was
increased by 15 minutes due to a delay in raising the hood on push #10.
During this time delay, the scrubber was operated normally, thus
permitting the continuation of emission testing. The testing times
follow the sampling protocol of Appendix B, but is less than the 1
hour minumum test repetition time required by CFR Title 40 (Ref. 1).
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_ 5) Due to the shorter test times for repetitions #1
and #2 detailed in (4) above, the total sample volumes

are less than 30 scf db prescribed by CFR Title 40 (Ref.l).
However, dvue to the extremely high stack gas velocities en-
countered during the test, using a larger nozzle in order
to sample a larger volume of stack gas was not possible and
at the same time maintain isokinetic sampling rates.

Velocity pressure head readings of the stack gas
across the stack ranged from 0.20 to 5.50 inches of water.

CONCLUSION

Particulate emissions testing was performed December
30-31, 1980 on the No. 3 Coke Side Emission Control One
Spot Quench Car in Plant 2 at Inland Steel in East Chicago,
Indiana.

Fmission testing was conducted by D. Chapman and
T. Schroeder of The Almega Corporation generally following
[ 7™ the Code of Federal Regulations, Title 40, Methods 1
et through 5 (Ref. 1) and following the protocol as re-
quired by Inland Steel and detailed in Appendix B. '

Results of this test series indicate No. 3 quench
car stack particulate emissions as follows:

Test Coke Stack Particulate Stack Particulate
" Repetition Production Concentration ' Emission Rate
No. (tons/test run) (grains/scf db) (1bs/ton of coke)

1 "116.3 _ 0.0165 0.0289
2 123.7 0.0173 0.0272
3 115.4 0.0171 0.0470

AVERAGE ©118.5 0.0170 ' 0.0344

-
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SUMMARY OF EMISSION TEST DATA

" TABLE: 1
PLANT: Inland Steel Company, East Chicago, Indiana
LOCATION: No. 3 Coke Side Emission Control One Spot Gas .
Cleaning Car: Scrubber Exhaust Stack
D. Chapman and T. Schroeder
TEST DATE: 12/30/80 12/31/80 12/31/80
REPETITION#: 1 -2 3 AVERAGE
STACK GAS |
Average temperature, °F 116.17 118.46 119.29 117.97
- Velocity average fps 93.38 94,22 91.13 92.91
Volume flow x 10 scfh db 3.19° - 3.10 3.15 3.15
Volume flow x 103 acfm 67.64 68.25 66.01 67.30
Moisture % 13.20 14.28 9.98 12.49
Carbon Dioxide % 3.00 3.23 3.37 3.20
Oxygen % 16.33 15.90 15.83 16.02
PARTICULATE SAMPLE
\_’ Time, mins. 26.85 26.33 42.45
" Volume scf db 23.53 22.88 33.46
Particulates collected, grams 0.0251 0.0257 0.0370
Isokinetic Ratio, I% : : 102.7 106.6 94.1
90 < I < 110 : ‘ ‘
COKE PRODUCTION RATE
Tons/Test run (12 pushes) 116.3 123.7 115.4 118.5
PARTICULATE
Concentration grains/scf db 0.0165 0.0173 0.0171 0.0170
x 1076 1bs/scf db 2.35 2.48 2.44 2.42
Emissions lbs/hr* 7.51 7.67 " 7.67 7.62
lbs/ton of coke 0.0289 . 0.0272 0.0470 0.0344

*NOTE:

The pounds of particulate per h

continuous pushing operation.

mine pounds of particulate per
viewed as the actual pounds of Par

ation.

our figure is calculated based on a

This number is used solely to deter-
ton of coke and should not be .

ticulate per hour for normal oper-
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 Code of Federal Regulations, Title 40,

Parts 60 to 80, July 1, 1979.

Field Test and Analysis Data, calculation
Summaries and Equipment Calibration Data

Test Protocol: Coke Side Emission Control
System: Scrubber Exhaust

Method 1 -~ Sample and Velocity Traverses for
Stationary Sources

Method 2 -- Determination of Stack Gas Velocity
and Volumetric Flow Rate (Type S Pitot Tube)

Method 3 -- Gas Analysis for Carbon Dioxide,
Excess Air and Dry Molecular Weight

Method 4 -- Determination of Moisture in
Stack Gases

Method 5 ~- Determination of Particulate
Emissions from Stationary Sources

Nomenclature
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The Almega CorporaTion

APPENDIX A

FIELD TEST AND ANALYSIS DATA, CALCULATION
SUMMARIES AND EQUIPMENT CALIBRATION DATA




The AlﬁEQA CorporaTion

PARTICULATE CALCULATION SUMMARY

COMPANY: Twowend Sreee.
SOURCE: R3¢ SkaT CAR
REPETITION NO: |

TEST DATE: '11{30/?0

\

ENGLISH DNITS
(29.92in., Hg 6€89F)

Volume of sample at standard
conditiongs on dry basis

+_ AH

P
Vmstd = 17.64 bar 7376 = Q 3,532 ) dsef.

Volume of water vapor in sample at
standard conditions

Vustd = 0.04707 cu.ft. Vie <773 scf.
ml

Vic = hlﬁ mi.

Fractiona)l moisture content of stack
gas

it

O 1320

. = v
. Bws = wstd

(L Vmstd *+ Vwstd
- Particle concentration in stack gas

on dry basis

E01543g;__] = OO LS grains/dscf.
e's = mstd
= 2.205 10°8& M, S o= o 289 x 10-61bs/dscE
vmstd
Stack gas volume flow rate on dry basis
Q_ = 3600 (1-Byg) Verg |Tstd . Pg = 31924 x 10%dsce
(Tglavg - P_ig Ave,
A_ = sg.ft. v
(Ag =ROT3Ea s =qa',;3€g{lséec)
Process rate or BTU rating Py =
Emission rate
Qs c's = 1.51 ibs/hr
Qg ¢'s = 1bs/
Py
Isokinetic sampling rate
Ce 0.002669 in.Hg.cu.ft. Prhar + AH
I = {1.667 min ml.“R 13.6
: sec » -
OVsPsAn
h S0.000189  =q-ft. o= 103.7 %




The Almega CorporaTion

STACK VOLUME FLOW RATE CALCULATION SUMMARY

COMPANY: T woanD StTese

> SOURCE: B30 wng Seor Cre
" REPETITION NO: |

TEST DATE: IA/so/eo

Dry molecular weight of stack gas

My = 0.44 (3C0p) + 0.32 (%03) + 0.28 (5N, + *CO)

29.133 1b/lb-mole

Molecular weight of stack gas, wet basis

2 1 bl 1b/1b-mole

Ms = Md (1-B,g) + 18 Byg
Pitot tube ccefficient

CP (from galibration'curve) o= D, KXY

"Average velocity head of stack gas, inches H,0

. IEnNiTIAL FinaL

(/Ap ) avg. = | (0A4E ,/ L4665
L;? 'Average absolute stack gas-temperature . 7

(Tg) avg. = OF + 460 =_562.67 [ S22LTR

" Absolute stack gas pressure

NG 5G4 in. Hg

P, = P + (Static Pressure/13.6)

Stack gas velocity

(vg) avg. = (85.49) Cp (VAp ) avg ///(Ts) avyg.

P_ M

s s

-97.817 02 992 £t/sec.

Stack gas volume flow rate

60 Vs Ag | . =30300 [ (4,394 actn

Stack gas volume flow rate, dry basi&

! T . P
Qs = 3,600 (l—Bws) Vg Ag v std s
(TS) avyg - Pstd

= 21934 x 108asce/
/ Ave
B 3,3‘5’76/ a497a
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. ~The Almega CORpPORATION

607 C Country Club Drive
- Bensenville, lllinois 60106 -
SAMPLE ANALYTICAL DATA FORM Phone: (312) 595-0175
PLANT _ Julonel Sieel - RUN NUMBER /
'SAMPLE LOCATION 3 One Spet (o
RELATIVE HUMIDITY 2¢ —
DENSITY OF ACETONE_ (P5) 0. 78€4¢ g/ml
Liguid ljevel marked and container sealed Y& <
Acetoﬁe rinse container number | 7
Acetone rinse volume (Vaw) | /57 ml
Acetone blank residue concentration (Cgz) 0.002.5 mng/g
Wy = Ca Vaw Pa = (0.0025 § (/87 ) (o756¢) = 0.3 mg
Date and time of wt - )=2 5/ Gross wt __ (324 9273. € mg
Date and time of wt /-4-&) Gross wt /24372.& mg
Average gross wt /24772 € mg
Tare wt /24 960.5 ng
Less acetone blank wt (W) 0.3 mg
Weight of particulate in acetone rinse | /2.8 il
Filter (s) container number 7
Date and time of wt /-2 -&/ Gross wt 795.9 - mg
Date and time of wt -4 -5 Gross wt 796, 1 ‘mg |
Average gross wt 796.6  mg
' Tare Wt 7§3.7 mey
Weight of particulate on filter (s) /2.5 mg .
Weight of particulate in acetone rinse 77,6 . mg
Total weight of particulate . 25,7 mg -
Note: 1In no case should a blank residue >0.01 mg/g or 0.001% of the .
weight of acetone used be subtracted from the sample weight.
REMARKS

Signature of analyst /f}//_,,;.g / /7% ,Z”,_,/J*/D
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PARTICULATE CALCULATION SUMMARY

COMPANY: Twrnmd Sreec
SOQURCE: ¥23 Ong Srot Caie
REPETITION NO: 7

TEST DATE: |3 [5 g,

ENGLISH DNITS
(29.92in. Hg 68°F)

Volume of sample at standard
conditions on dry basis

P +_AE_ _ o
Vasta = |17-64| VoY | Par 13.% = N2 883 dscf.
™ -
m-
Yy =_ 1.007
Volume of water vapor in sample at
standard conditions
Vystd = 0.04707 cu.ft. Vie = 2 KXiad scf.
ml
Vlc = %l ml.
Fractional moisture content of stack
gas
BWS = sztd . = o. 'L{::lc;\’
Vmstd * Vustd
Particle concentration in stack gas
on dry basis i ‘
E:01543g£ Mn = O O3 grains/dscf.
c's = . m Vmstd |
= 2.205 10786 M, = N 4764 x 10" 61bs/dscf
Vmstd
Stack gas veolume flow rate on dry basis
Q, = 3600 (1-Byg) Vgh, [Tstd . Ps = 2.09%1 x 10%asct
(Tglavg . Pgeq Ang
A = 2 . . v = )
(Ag =13on3sq.ft s —q4ndt sec)
Process rate or BTU rating Pw =
Emissiaon rate
0g ¢'s = /| 1bs/hr
Qg ¢'s ‘ = ibs/
Py

Isokinetic sampling rate

. 0.002669 in.Hg.gu.ft. Vie)* Vm Y Phar + AH
1.667 min Tq ml.*R T 13.6
sec *

GVSPSAD

I

(A, = ooCcorgy s9-£.) e _106.6 N




 The Almega CorpoRraTion

I ' STACK VOLUME FLOW RATE CALCULATION SUMMARY

COMPANY: i bAMU oTEEL
» SQURCE: 23 One SmoT (i
REPETITION NO: 3

Dry molecular weight of stack gas

Mg = 0.44 (%COp) + 0.32_(%02) + 0.28 (%N, + 3CO)

= 29 |83 . 1b/1lb-mole

Molecular weight. of stack gas, wet basis

Ms = MA (1-B,g) + 18 By 27 560 1B/1b-mole

pitot tube coefficient

Cp (from palibration'curve) = O 8-
Average velocl;y head of stack gas, inches ﬂZOIhw:nu ) eee
(/Bp ) avg. =_] 8930 / 1,428)
kﬁf‘ Average absolute stack gas-temperature - 7
(Tg) avg. = OF + 460 = 51311 [ 5%315°wr
; : . : ) o

absolute stack gas pressure

p_ = + (Static Pressure/13.6) 39920 in. Hg

s . Pb

Stack gas velocity

(v,) avg. = (85.49) ¢, (YBp ) avg J//(Ts) avg.

Ps Ms

96 985 / qlLYSsqEE/sec.

Stack gas volume flow rate

60 Vg A

S

70254 ) G(6ayTactn

" Stack gas volume flow rate, dry basis

' T . P
Q_ = 3,600 (1-B,.) Vs Ag std s

(Tg) avyg . Pgtd

= : | 3.09<1 b4 ltgsdscf/
3.2/73 _/a.qme )
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~The Almega Corporation

607 € Country Club Drive
S : . Bensenville, lllinois 60106
SAMPLE ANALYTICAL DATA FORM Phone: (312) 5950175
PLANT  Tulowel Steel ' - | RUN NUMBER 2.
'SAMPLE LOCATION _ "3 Oue Spo? Cor
RELATIVE HUMIDITY 26 %,
DENSITY OF ACETONE (P.) 0.7956 g/ml
Liquid level marked and container sealed YES
Acetone rinse container number | 2
Acetone rinse volume (Vaw) /5% ml
Acetéhe blank residue concentration (Cj) 0.0028 mg/g
Wy = Cy Vay Pa = (000250 (/62 ) (o735¢) = __0.3 mg
Date and time of wt /-2-€1 Gross wt _/2632€.4 mg
Date and time of wt /- 4-8Y - Gross wt /3€326.5 g
Average gross wt /26 22€.5 mg
Tare wt /26 3/13. 9 mg
Less acetone blank wt (Wg) - 0.3 mg' _
Weight of particulate in acetone rinse . /2.4 mg
Filter (s) container number 2
Date and time of wt __ /- 2-8) Gross wt g00.5 mg
Date and time of wt /- 4-% Gross wt : ©00.5 ' mgw‘
Average gross wt ¢00.5 mg
Tare Wt Te 7. 2 mg
Weight of particulate on filter (s) /3.2 mg
Weight of particulate in acetone rinse R mg
Total weight of particulate 25. 7 ng

Note: In no case should a blank residue >0.01 mg/g or 0.001% of the .

weight of acetone used be subtracted from the sample weight.

REMARKS

Signature of analyst /jmrfn/ ?’7/ /-/;,-,-,;;,V....
. [ .. : I_ - . - P — . . . ’ . . .- /




The Almega CorporaTion

PARTICULATE CALCULATION SUMMARY

COMPANY: ThernD STEEL
SOURCE: 3 One SPotrCrir
REPETITION NO: 3

TEST DATE: 3[3,(30

ENGLISH DNITS
(29.92in. Hg 68°9F)

Volume of sample at standard
conditions on dry basis

+ AH
Vpstd = Emsﬂ v,y |Fpar 13,{]
T
- 1,007 m

Y_

23463 dscf.

Volume of water vapor in sample at
standard conditions

Vwstd = 0.04707 cu.ft. Vlc 26115 sef.
ml

Vie = !E ml.

Fractional moisture content of stack
gas ’

Bys = Vwstd = OO‘??CI
Vmstd * Vwstd

Particle concentration in stack gas

on dry hasis :

E01543£ Mn = O oLl grains/dsct.
.e's = m Vmstd
- 2.205 10”6 M, : = A H3%] % 10-61bs/dsce
Vnstd ’ : ‘
Stack gas volume flow rate on dry basis
> .
Q. = 3600 (l-Byg) VgAy |Tstd . s = 3.1419 x 10%dscE
(Tg)avg . Pgrqg Ane,

(ag =peiysqg.ft. Ve =q|.(%faéf‘ec)
Process rate or BTU rating e, a
Emission rate

| Qg ¢'s - 767 - 1bs/hz

Qg c's = 1bs/
Pw

Isokinetic sampling rate

. 0.002669 in.Hg.cu.ft. V, |+ Vy Y{ Ppar +_oH
I = 1.667 min T . ml.°R T 13.6
- — ] m -
sec )

OVSPSAn

(A, =0.0001%9 sg.£t.) = 94,/ %
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The Almega CoaponATion

g . ' STACK VOLUME FLOW RATE CALCULATION SUMMARY

coMpany: Tuoawp Sveer
» SQURCE: #3 Owneg Sror Capg
REPETITION NO: 3

Dry molecular weight of stack gas
M, = 0.44 (3C05) + 0.32 (%03) + 0.28 (3N, + 3CO)

d
= 219.(72 . 1b/lb-mole

Molecular weight of stack gas, wet basis

Ms = Md (1-B,.) + 18 By,g = AR Ol lb/lb—mole
Pitot'#ube coefficient |

CP (from gélibration'curve) ' _ = O %4
Average velocigy head of stack gas, inches gZ%fuxﬂﬁL” -

(/Bp ) avg. - . L= LLS5I13 // L4486

N ;Average absolute Qtack gas-teﬁperatuﬁg f. N ) '

(Tg) avg. = ___ors+4s0  =_g7.02 [ SRISOR
Absoiute stack gés pressure ' |

Pg = By (étatic Pressure/lB.G)' = Y tr%7 in. Hg

Stack gas velocity

(Vg) avé. = (85.49) C, (VAp )-avg ///(Ts) avg.

Py Ms

=_ 93176 /I R8. 4IrE/sec.
Stack gAs volume flow rate ' “

o ver, -£1,929 [ GH4,030acem

Stack gas voiume flow rate, dry basis

’ T . P
Q. = 3,600 (1-B,.) Vs Ag std s
. (TS) avg . Pstd

: Ave,
3.284] / 3018
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[ The Almega CORpPORATION

607 € Country Club Drive
Bensenville, lllinois 60106
SAMPLE ANALYTICAL DATA FORM Phone: (312) 595-0175
PLANT _ Julpwol Stee/ RUN NUMBER 3
SAMPLE LOCATION 7 3 Oue Sso7 Cow
RELATIVE HUMIDITY 2C N
DENSITY OF ACETONE (P,) 0. 705¢ g/ml
Liquid level marked and container sealed Y s
Acetone rinse container number 3
Acetone rinse volume (Vaw) /77 ml
Acetone blank residue concentration (Cé) o, 0C2% ng/g
W, = C, Vay Pa = (00025 § (/77 ) (0.7856) = 0.3 mg
\_ - Date and time of wt /-2~ & Gross wt /215912 mg
Date and time of wt /- 3-8 Gross wt /37/568Z.0 mg
Average gross wt /3/58/. 2 mg
Tare wt - /3/5€3.2  mg
Less acetone blank wt (W) C.3 ng
Weight of particulate in acetone rinse /8. ng
Filter (s) container number 3
Date and time of wt /-2-351 Gross wt £03. 2 mng -
Date and time of wt (-5-5) Gross wt 0 32.2 mg
' Average gross wt ' fe3. 2 mg’
_ Tare Wwt 7$4.6 ___ mg
Weight of particulate on filter (s) /e & mg
. Weight of particulate in acetone rinse ¢4 . g
Total weight of particulate - 32.0 mg
- Note: 1In no case should a-blank residue >0.01 mg/g or 0.001% of the .
N weight of acetone used be subtracted from the sample weight.
REMARKS

Signature of analyst ﬁa,u,r;/ 7. Zy%_e.-./_f}so."?




_[The Almega Corporation

607 C Country Club Drive

Bensenville, lllinois 60106

t _ : S - Phone: (312) 595-0175
BLANK ANALYTICAL DATA FORM ) '

PLANT fu //_:vno// S7Tee/

Sample Location #3 One Spi?t Con

Relative Humidity 28

Liquid level marked and container sealed YES

Density of acetone (P3) 0. 7‘6‘_54‘ g/ml

Blank wolume (Vz) /00 ml

Date and tine of wt /)2 e-C/ Gross wt /35 ¢2%7.7  mg

Date and time of wt /- T-0/ Gross wt /35439.7 g

Avérage gross wt /2843 7.7 mg
' Tare wt /389437 & mg
Weight of blank (my) 4. 2 mg
_ mn
Ca =__a = (02 ) = ___p o0oz% ng/g
Va Pa (e ) @ z5e€)

Note: In no case should a blank residue greater than 0.0l mg/g or
0.001% of the blank weight be subtracted from the sample
weJ.ght.

Filters Filter number

bate and time of wt Gross wt . g

Date and time of wt Gross wt ' | ng

-Average gross wt B mg’
Tare wt ' mg
Difference wt mng

Note: Average difference must be less than 15 mg or 2% of total

sample weight whichever is greater.'

REMARKS

'ﬂf{.w o7 /4 Z,éx-oj}p/ —
//

Signature of analyst




The Almega CoORpORATION

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

Date 1-5-81 Thermocouple number _54" Joy Probe
Ambient Temperature 68 OF Barometric pressure _29.24 in. Hg.
Calibrator DC + TS _Reference;-MercurYAin—glass X ‘
Other
REFERENCE ' REFERENCE THERMOCOUPLE
© POINT b SOURCE.b THERMOMETER POTENTIOMETER TEMPERATURE c
NUMBER (Specify) TEMPERATURE, © TEMPERATURE, ©OF DIFFERENCE, ~%
1 ICE 33.0° 33.0° 0.00
o2 BOILING H,0 210.0° 211.0° 0.15
3 oIL 330.0° 329.0° 0.13

‘\._\_

2 Every S50°F

for each reference point.

b Type of callbratlon system used.

E%ef temp,

OF + 460) - (test thermom temp, °F + 467
ref temp, °F + 460 100 <L, SA

Quality Assurance Handbook M2-2.10
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V4 ] . - - TR S
' . calibrated by: .

The Almega CORpORATION Pitobe nusber: Jai”“\’ﬁ'f“; -

' pate:_\olajgo
o~ . o . Manufactures TG o .
6 S ‘ ' _ Effective length: =q» N
- | TYPE § PITOT TUBE INSPECTION DATA FORM - '
pitot tube assenbly Ievei" ' / - yes_- R no .

"pitot tube openingé damaged?_. yes (explain below) ¥~ v~ 'no -

0] = \.Oo . 0( <100), o2

-3;5 0 (<100), By = 30 (<59),

By = _to 905D o | L
= 2.5 % o=_lo 0, a=1{a3) ©om (in.)
z = A@in_T)'_—'-' ('0.633\ - cm (:Ln }; <0. 32 cm (<1/8 in.). |
w=a sin © = (_5.5\3\’ _ cm (in.):' <0.08 cm (<1-/:f»2 in.).
o, _ (0s238) o (in.) By (0:Bes) < om(iAl)
E | S ~ . ’ ) LR . el T - L
p."s _(0.05F) ém (ind) -
. \,, - . .

'Cmnments- e'\-u‘k _h)gj__ "W cx_\\ Adux edo&at "C’J—h‘-'aQo_?aaﬁlgz_

ek, (Sed) S T

calibra_tion required?- o - yes ) no Q:g;._,‘_) -

Quality Assureance Handbook' M2~-1.7
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The Alﬁqu CORpORATION

DIFFERENTIAL PRESSURE GAUGE CALIBRATION DATA FORM

Gauge type t!!g%h[zbz({a.

o-1"

Serial or ID number q

Mihr Boy S

' Gauge-oil manometer AP

Differential pressure
guage AP

Pressure :
difference 3

initial

Sidz 0. Ol -
. K-804 O.,S én o
©,L< O 25 OO
. 0‘-\-'2( O FS 5,0 .

. SB ot 0.’ - o 2

Oy o ’S’ i

_ ' 6.0

o | 9 0.0

ha Qa5 AR
_Calibratidn: -;pdéttest /

.Date %:alibrate'd l['l/ 13 /8_0

by siﬁirvz L LS

e

Quality Assurance Handbook M2-2.12




e e et ke e 7 Rt L A T mmr T s a1t oo

The Almega CorporaTion

T '
( DIFFERENTIAL PRESSURE GAUGE CALIBRATION DATA FORM
Gauge type MM?.PJ: lrr/.'r' | Serial or ID number /)
d Meter B S
Scale. o-" '
. ST | Differential pressure Pressure
Gauge-oil manometer Ap __ guage AP difference 3%
‘ oo
: SI'CL‘E.- # o x5 0% . Ord
: 6.50 | 050 | eve
o¥s | 0% | e
| & 1.0 OO
| s h2s | | 6.0
. ' : [ 52 hsa - ' .
Sidz R e - S
| ' oS | pezs 0.2
e : - 0.0 ’ : - P 3Y)
x . 0.80 S
(\' , aua": O.q-s’ 0‘9
' . 1!& i -4 a a .E.?‘
l_l 2" . - ['-Ls" B : ) - N X ﬂv; B )
JaS2 4. 1So .- L 2" .
Calibration: initial posttest pf”’/J

.Da'te @:alibrafed %[15/50 by_&v:uz&g,ﬂu& .

Quality Assurance Handbook M2—'2.12




" | The Almega CorpoRATiON

DIFFERENTIAL PRESSURE GAUGCE CALIBRATION DATA FORM

)

" Serial or ID number 20 7;_/,-,9)-:;,;.9 ':

Gauge type %ﬂ@-_f(ﬂé_{_f‘g )

ISca'.I!.e ﬂ 719 rlucﬁ.i.ﬂ /'_%0 - __% . . )

N Differential pressure Pre;ssure,
_Gauge-oil manometer AP guage AP - ' |difference 3%
o.50 | 0.5 0
sloo ).00 .0
2,00 | 2.00 o
341 . | 3so | 0.3%
| ¥. 18 | s | e
& | : |

jnitial 2~ " posttest L7

Calibration: 57/

.Date C:‘.alibrated g-/—gg 3 by "{/‘—Z\' .

-- . R
- -

Quality Assurance Handbook M2—2-j_2' :




The Almega CORPORATION

NOZZLE CALIBRATION DATA FORM

Date | | 2 /QR/%Q

Calibrated by'F:I:>-CLJ+F?FW4%%N

Nozzle Nozzle Diameter &
jdentification Dqs D., — Di, . aDp, P D
number mm (in.) mm (¢n.) mm (in.) mm (in.) avg ©

Jdoy 3-16-/| ©.18G"

0187 0.185'" 0.003'| 0186

avg

(i
where:
aD1 2,3, = three different nozzles diameters, mm (in.): each
! diameter must be within (0.025 mm) ).001 in.
b AD = maximum difference between any two diameters, mm (in.),
‘ AD <£(0.10 mm) 0.004 in. .
¢ D = averége of Dl' D2, and Dj.

Quality Assurance Handbook M5-2.6




The Almega Conrporation
a
{5 APPENDIX B
TEST PROTOCOL:. ' _COKE SIDE EMISSION CONTROL
SYSTEM: SCRUBBER EXHAUST
v
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[P RFRES SEE

prhTICULnTs EMISSTONS: SAMPLING PROCEDURE ron THE . oo T
ENCLOSED ONE-SPOT COKE PUSHING EMISSION CON;ROL sxsr;n .

3

: FOR CF&I STEEL CORPORATION
SUPPLIED BY NA‘I‘IO‘IAL STEEL CORPORATION

- GENERAL IR ‘.ffﬂ-s 'Ai‘f;jkj:

a.

TN

’ P

.u_fOPetatlon as follows:-;*um *if

e these procedures due to the functional limitations

'Regxster. Vbl. 43, No. 57, Thursday, March 23, _l_‘f :}gf

L] -

Methods 1 through S as contazned in the Federal

Register, Vol. 42, No. 160, Thursday, August 18,
1977, "Standards of Performance for New Statlonary
Sources, are to be generally used as-a prlmary 1;}"'Aﬁ;*

':gulde in conducting thls test. Modifications to

of operation of a one~spot push;ng control systcm._'

are included. Correctlons as noted 1n Federal

1978, pages 11984 to 11986 as apply to Methods l
.ithrough 5 Wlll be lncorporated in. thls pro-edurc.;ﬁj
One—spot coke pushrng ehrsslon control syste m is
_operated on a batch type process and w111 oe testedl"iu;F
'-as such under any appllcable seotlons as contarned _:"
in Methods 1 through 5, reterenced above. - |

Each sampllng pomnt w111 be sampled for ono CYC1e e

whirh w111 include the time perxod to push the cokei;;i*if

._..———"'-_

from the oven into the system and the travel of B

R

the system to the quench tower.- Thls sampllng

perlod is dEleEd ‘with regard to the systems'




J VTR L C S S . E ) -
‘ . Vo -

The samolrng of each pomnt wzll start wrth the
opening of the fan louvers and stop when the fan ;
in the quench tower. L N ._ ‘ {ﬁ;'
d.. The objective of the eampling.techniqae willlbe to
" measure the solid dry particulate collected on the
*front portlon of a USEPA sampling traln, such |

measurement to be represen -ative of the emlsszon

i e louvers arc closed upon the lnltlatlon of the quenCh_;;V

- | from the stack trlbutary to the partlculate scrubblng

:“7_.equrpment.used . The back half of the sampllng train '

- ' w;ll also be analyzea for coal tax pltch volatrles
_(CTPV) accordlng to the attached method entltled ;L
‘!Analytlcal Method for Coal Tar Products“ (Appendlr

-_ I).- The results of the front half of the aampllng ‘

be reported separately. o

R

'~ 7 IX. METHOD 1 'dgﬁ'gf;‘lwlf;ff':{i ;jf;- f';g;l?;f'

_'A. The sampllng ports wzll be located on a strarght '_‘h

sectlon of the rectangular stack at one-half an

from the transrtlon into the fan.“ Aasumlng the

' f'dr? - '_ cross-sect;onal d;mens;ons of the stack to be thlrty
inches by seventy—two 1nches, four samplrng ports |
| will be located on the thlrtjllnch srde of the '_ill;
" . stack Thrs locatlon is necessary due to clearance.ils*fi
_ . . ,

traln and the back nalf of the sampllng truln are to fﬁ};

- one and one-half equlvalent dlameters downstream fQ;:f'

ecurvalent d1amete- tpstre \ £xom the epeni ng ana-f*ﬂg
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-t restrzctlone encounuchd durzng ‘the travel;ng of :,jf

i - PP . e - Y

-the system to thc qucnch tower. Stralghtenlng

‘Qanes will be included at the base of the stac? to =
help assure the proper dlrectlonal flow of the N
gases.' Stack configuration W111 be malntaaned to j]gi=f:;_
as close to a square as p0551b1e dur;ng desxgn but ‘

1s l1m1ted due to the prev1ously mentloned re—-

strlctlons.

TII.. METHOD 2 _

Iv.

.
Fll -

- Method 2 will be used to obtain the necessary pref_a _f[;QJ

llmmnary velocxty and temperature measurements
‘W1th admlnlstrator approval of the stack con-

'fflguratlon and port locatlon as prev1ously de-

SR scrlbed.._ ;,- o TR ;;f; -
. METHOD 3 "“'- L -,'u-f“fl’ -‘;" RN | i
" a. ',Integrated gas samples will be taken over three L

finGLVLdual sampllng perlods as prevlously defzned.;:ig
:The samples-wxll be analyzed for CO, C02' Oxygen,‘;féic
. and nltrogen by means of an Orsat ana YZ_--;lmhe i;ih”
f :isampllng and analys;s wlll be performed in agcorgf”{
-_dance w1th Method 3. The average values from theig

three samples wlll be used ln determlnlng the dry

. -_molecular welght of the ethaust gas. I£ a complete;_
test is not performed durlng the day, at least one ff”igff?

.sample wlll_be taken. o '.vki_'-




- a, Based on desxgn and prev;ous test data, saturated

' moisture condltlons are assumed ‘The molsture con—_ﬁ_'ﬂ
:tent will be calculated as per Method 4 based on uf.
the stack’ condltlons obtaxned from the prellnlnary

[ velocmty and temperature traverses.
.’-

METHOD & . . |
‘a. The stack sampling equzpmen“ and procedure as

descr;bed ln the prev1ously referenced Method 5 }: o

period'as described in II, Method.l, will be at- '_- ' feif

least 30 dscf uslng the pump supplied w1th a stan- B ﬁ
._dard USERA salelng taln. The followmng varlatlons _.“
_from the method as descrlbed are recommended for the
purpose of this. appllcatlon RS

1. Due to the varying times required for;the "

L/
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o o
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]
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.
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o]
!.Q
_H
=
)]
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M
n
]
0
!

;f ment cannot be guaranteed ' Therefore, the

sqmplzng w;ll be perrormed for the actual cycle
tzme perlods of the samgl;ng perlod as prev1ously
B, descrlbed : These vary;ng sampllng tlmes wxll then Q

*  be used to tlme—welght the averages necessa y

in the flnal calculatlon.i _
2. The use of a glass cyclone between the probe
and Iilter holder will be optlonal based upon jiﬂ{i?ﬂ'

approval of the adnlnxstrator. :e-‘ '.}.;,3j"};"fﬁl'

e
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VII ADDITIO\TAL REQUIRLMEWTS AND 'DROCEDUR.ES .

. test run.

_performlng the washlng procedure as descrabed

~in the prevxously referenced Method 5._ Cleanup B

. of the admlnlstrator. :

A probe and f;ltcr temperature of 320° F wxll

. .. .
L] - ) ~'_. R

Acetone w111 be used as the rlnSLng agent xn

wlll be done after each test.

The heat;ng of the sampllng probe no¢zle and

. atlon as the total sample time prlor to

washlng w111 be optlonal based upon approval :f"fff

L

1‘.

JThe follow;ng Operatlng pazameters w1ll be recorded

durlng each test and lncluded in the flnal repor

L

" be malntarncd during the partlculate cmlSSLOnS __"

| _connector flttlng at’ 320° F for the ame dur-fﬁﬂffgfi

lPressure dlfferentlal (lnches Hzo) across venturl 51

a.
Coemreath o Lo ooaon
o # - ' - T ";Hffi
h."-Feedwater rate (gpm) and temperature (°F) to o
‘ . 'scrubber.. ;'_a._g'f.-;"'f'”--§3;i@ffff%pf?Fifiﬁff
| ¢-' inam amp age. - -;‘. LT
f&;-' Coal charged/push. ]- .
.;egl'_Prorlmate and dltimate coal analysrs;ii'tfe
£. 'CokLng tlme/push. ."__' "'; S
. g};.'Standard calculatxon for amount of coce
- pushc;_d_/oven.' R A




"eﬁof alumrnum-redactaon plant emxss;ons contalnlng 1 3‘0

;(109). Experlmental verlfzcatlon of thls methcd usrng

' advantages ‘and Disadvantages of the Method

e T APPENDIX I. T

ANALYTICAL METHOD FOR COAL TAR PRODUCTS

Prlnclole of the Method

‘The cyclohexane-soluble matcrlal in the partlculates on
the glass flber fllters is extracted ultrasonlcally.. Blank '

filters are extracted along with, and rn the same manner as,-:

?the samples. After extractloa, the cyclohexane solutlon is

-

-ffaltered through a frxtted glass funnel.' The total materlal ‘f;jfﬁ;

‘extracted is determlned by welghlng ‘2 dried allquot of the -

extract.

- i .- " L -
o

Range and Sens1t1v1ty . . KO t.-

“ When the electrobalance 15 set at 1 mg, thls mefhod can 7f_'

}detect 75- 2000 ug/sample. | - f~
Precision and Accuracy f-_ R g{ )
When nlne aquuots of a benzene solutlon from a sample fﬁrf;fl?

_'ug/sample were analyzed the standard devaatlon was 25 ug

-
-

jclohexane is not yet complete.

(a}. Advantages

Thls procedure 1s much faster and easxer to run than

' the Soxhlnt nethod. LU e e T T




j_samples shall be prlmary standards made from elther :

:-Bureau of Standards,-a commerc1a11y avallable prl—"

_ASTM Hethod E—200 67 should be consulted for the d;j;*g;%

' the actual ‘test. All such cal;bratxon d;ta must

. the responslble party. | .

'The final test report should be in a format srmllar

-All standaros utlllzed for the analy51s of stack

-approprzate methodology for the preparatlon,

standardlzatlon and storace of standard solutlons.;

P AT NP

AL source test and analytlcal lnstrumentatlon .

shall bc callbrated agalnst the aoproprlate prl-fﬁ

R P E

mary standard wlthln a ‘six-month per;od prlor to .'”
be certified by the res ponsible party and 1ncluded -
in the final report. e

-

All raw source test and operational data must be

included in the final report and certified by'*f75?
to- thao presented in eppend-x II (attached).

certlfzed standard samples obtalned from the Natlonal ;

mary standard dlrectly traceable to such, or where e

no certlfled NBS standard ls avallable,'an appro-?.‘F'

prlate commercxally avallable prlmary sfandard

By




- (b) Disadvantage_, .'L-‘ B

If the wholc sample is not used for cyclohcxanc-extractzon':

analyszs, small we;ghlng errors make large errors Ln f;nalvu;”ii

-Agg‘aratus T R B .

~{a) Ultrasonlc bath, 90 hc, 60 Watts, partlally fllled

-v_thh water.-"' — ) :
- (b) Ultrasonlc ‘generator, Serzes 200, 90 Kc: 60 watts.{' =
'u,Sc)-_Electrobalance capable of welghlng to 1 ug.-ﬁ_

T(d) .Stoppered glaSS test tube, 150~ x 16-mm..

”f;(e) Teflon welghlng cups, 2—m1, approxlmate tare

F?f'g:-._ o | welght 60 ng. _ _
| (f)- Dlspen51ng bottle, S—ml.

(gi‘ Plpets, wmth 0. S-ml graduatlons..f* '{ -u:.f",' *Q,f

'&“; _"-;'(h) Glass f;ber fllters, 30—mm dlameter, Gelman Type A

. or equzvalent. .

o4y Sllver membrane fllters, 37—mm dlameter, 0 8

'micrometer pore size. . o '},Q_

'u;fj) Vacuum oven,

o '-"(k) ?Tweezers,_ o ., _ﬂj;f i;f.,“'

-:}‘:'ﬂ fl)_ Beaker, So—ml. ‘

: f'”'{ﬁ)'_cla551ne paper, 3.5- x 4 5-1uches.“.:- _ |
-'_';.i ?(Qi- Wood applzcatlon stlcns for manlpulatlng flltérs,-r
'(o) Punnels, glass frztted, lS—ml. i

'(p). Graduated evaporatlve concentratcr, 10-m1.-




Roaﬂcnts_*

(a),‘cjclohekane, ACS nanograde reagent.

ff1 . 1(b) pichremic acid cleaniné_solution;:-f ' -

(c) Acetone, ACS reagent grade.

Procedure . . _ :
: -~ : : ' .
' (2). All extractlon glassware is cleane

d with dlchromxc o
l acid cleanlng solutlon; rinsed flrst thh tap water,_lfgf%

then with delonlzed water followed by acetone, and

R 1lowed to dry completely. - The, glassware is rlnsed R,

with nanograde cyclohexane before use.-'"he Teflon_'““}

cups are cleaned wath cyclohexane, then wath acetone.,

~ (b) Prewelgh the Teflon cups to one hundredth of a "l?ff .

*

-l mllllgram (0 o1 mg)._: _ :

g“f‘-' o {e) Remove top of cassette ‘and hole over glassxne paper;5

T Remove plug on bottom of: cassette. Insert end of |

_appllcatlon stlck through hole and gently ralsg uﬁuq;::“
filters around tweezers. Sllde rolled leters 1nto ??1],
test tube and push them to bottom of tube with R
AR | appllcatlon Stlck._ Add any partmculates remalnlog-anﬁ
".elfi o cassette aud on glass;ee paoer to test tube. Qihfgtkm

(a) Plpet 5 ml of cyclohexane lnto test tube from dlspenSLng

- bottle. : :':-;".- f :r: t ?51°3 ;e-fiilffir;f r}fl
. ke) Put test tube 1nto sonlt bath so-that water level ln'
bath 1s abave llQle level in test tube.t Do not hold

o - '.' | tube 1n hand whxle SinfYLng. A So-ml beaker fllled
QJ;f : | with water to level of cyclohexane 1n tube workr well.

(£) Sonxfy sample for S minutes.

AT
(I -




Y T”@(é) -PiltCJ thc cxtract in 15-nl medxum glass;f#i%?éae:

: the sample (ln mg) may be determlned accordlng to the followxng'ﬁf

_equatzon-e__ ; n'f]_fq,-7f 'f_?jf"f 'VUfif '

- the alr may then be determlned accordrng to the follow1ng equatro

funncls._ | .-
.t;(h) Rinse test tube and f;lters wrth two l S—ml aquuots

: of'CYCIohexane and flltcr through the frltted—glass | .

funhel.

(i) Collect the extract and two rlnses in the 10-m1

S “graduated evaporatxve concentrator. '_' _ 5_3?'u*{£ﬁ
, (j)’ Evaporate down to 1 ml whrle rxnsrng the s¥}des wiuh;fﬁc;
| 'cyclohexane. . - | ‘ | i Ea
' f$k) Pipet 0.5 ml of the extract to preweighed Teflon':
| _weighing cup. These cups can be, reused efrer-washingnic'
w;th acetone.' o | . IR
(1{ vaaporate the dryness in a vacuun-oven:etAAO é for ée:f?g
| 7hours._" : _ | e L
(m) WELQh rhe Teflon cup. .Use counterwelghlng techniquese;f
&on electrobalance with full scale range of 1 mg to o
determxne werght of alxquot to nearest mlcrogram. fnéfﬁ
: WELth galn ls due to the cyclohexane-soluble resxdue.ﬁi
. Calculatlone .t-_'f-fa,7 7... "jﬁj"fl ;"'{°'¥f;ﬁi:f ;;5

The amcunt of cyclohexane—extractable fractlon present in i

mg/sample = 2 X (wt sample allquot [mg] - wt blank allquot;r

The amount of cyclohemane- xtractable fractlon present ln Q;

* mg/cu m= - ma/s amule o Ut TR
A aLx volume collcctcd Lcu m)_u i '.;%ﬁfg_Q! '
- 'o-_., .
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METHOD 1--SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES

1. Principle and Applicabiliiy.
1.1 Principle. A sampling site and the number of traverse

points are selected to aid in the extraction of a
representative sample.

1.2 Applicability. This method should be applied only when
specified by the test procedures for determining compli-
ance with the New Source Performance Standards. Unless
otherwise specified, this method ig not intended to
apply to gas stireams other than those emitted directly
to the atmosphere without further processing.

2. Procedunre.

2.1 Selection of a sampling site and minimum number of
traverse points.

2.1.1 Select a sampling site that is at least eight stack or
duct diameters downstream and two diameters upstream
from any flow disturbance such as a bend, expansion,

- contraction, or visible flame. For rectangular cross
. section, determine an equivalent diameter from the
= following equation:

. . - (length) (width)
equivalent diameter 2 (\length T widtih

equation 1-1
9.1.2 When the above sampling site criteria can be met, the
minimum number of traverse points is twelve (12).

2.1.3 Some sampling situations render the above sampling site
criteria impractical. When this is the case, choose a
convenient sampling location and use Figure 1-1 to
determine the minimum number of traverse points. Under
no conditions should a sampling point be selected within
1 inch of the stack wall. To obtain the number of
traverse points for stacks or ducts with a diameter
less than 2 feet, multiply the number of points obtained
from Figure 1-1 by 0.67.

' 9.1.4 To use Figure 1l-1 first measure the distance from the
chosen sampling location to the nearest upstream and
downstream disturbancés. Determine the corresponding
number of traverse points for each distance from Figure
1-1. Select the higher of the two numbers of traverse

. points, or a greater value, such that for circular

N stacks the number is a multiple of 4, and for rec-
tangular stacks the number follows the criteria of
section 2.2.2.
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Minimum Number of -
Traverse Points
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NUMBER OF DUCT DIAMETERS UPSTREAM*

(DISTANCE A) !

0.5 1.0 1.5 2.0 2.5
50 I \ 1 ] ] I )
Disturbance
| A
40 sampling_ _ | L. _ N
Site }
30 B -
Disturbance
20 — —
10 L *From point of any type of -
disturbance (bend, expansion,
contraction, etc.) '
-0 l ! | 1 ] ] ] ]

2 3 4

5 6 7 8 9 10

Number of Duct Diameters Downstream

(Distance B)

Figure l-1. Minimum number of traverse

Figure 1-2.

points.

Cross section of c¢ircular stack
divided into 12 equal areas, showing

location of traverse points at centroid
of each area. )




2.2
2.2.1

THE ALMEGA CORPORATION
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Cross-sectional layout and location of traverse points.

For circular stacks locate the traverse points on at
least two diameters according to Figure 1-2.and Table
1-1. The traverse axes shall divide the stack cross
section into equal parts.

For rectangular stacks divide the cross section into
as many equal rectangular areas as traverse points,
such that the ratio of the length to the width of the
elemental areas is between one and two. Locate the
traverse points at the centroid of each equal area
according to Figure 1-3.

Refenences.

Determining Dust Concentration in a Gas Strean,

ASME Performance Test Code #27, New York, N.Y., 1957.

Devorkin, Howard, et al., Air Pollution Source Test-
ing Manual, Air Pollution Control District, Los Angeles,
California, November, 1963.

Methods for Determination of Velocity, Volume, Dust
and Mist Content of Gases, Western Precipitation Division
of the Joy Manufacturing Co., Los Angeles, California,
Bulletin WP-50, 1968. '

Standard Method for Sampling Stacks for Particulate
Matter, In: 1971 Book of ASTM Standards, Part 23,
Philadelphia, Pa. 1971, ASTM Designation D-2928-71.

i ' '
L] [}
© + & | © . @

v N '
b-----d--'.---r ----- .-----
J ] :

[0 : o] : 0] \ o]

' ’ '
p-_-----.h------'-----‘. - e o w
[ i ;
© , © o0 0
[} [l '

Figure 1l-3. Cross section of rectangular stack
divided into 12 equal areas, with

traverse points at centroid of each
area.
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METHOD 2--DETERMINATION OF STACK GAS VELOCITY AND VOLUMETRIC
FLOW RATE (TYPE S PITOT TUBE)

1. Principle and Applicability.

1.1 Principle. Stack gas velocity is determined from the
gas density and from measurement of the velocity head
using a Type S (Stauscheibe or reverse type) pitot tube.

.2 Applicability. This method should be applied only when
specified by the test procedures for determining com-
pliance with the New Source Performance Standards.

2. Apparatus.

2.1 Pitot tube-Type S (Figure 2-1) or equivalent, with a
coeffcient within + 5% over the working range.

2.2 Differential pressure gauge—Inclined manometer, or equivalent,
to measure velocity head to within 10% of the minimum
(H% value.
~ 2.3 - Temperature gauge—Thermocouple or equivalent attached to

the pitot tube to measure stack temperature to within
1.5% of the minimum absolute stack temperature.

2.4 Pressure gauge—Mercury-filled U-tube manometer, or
equivalent, to measure stack pressure to within 0.1 in.Hg.
2.5 'Barometer—To measure atmospheric pressure to within
0.1 in.Hg.
2.6 Gas analyzer—To analyze gas composition for determining

molecular weight.

T Pitot tube—Standard type, to calibrate Type S pitot tube.

2
3. Procedure.
3.1 Set up the apparatus as shown in Figure 2-1. Make sure

all connections are tight and leak free. Measure the
velocity head and temperature at the traverse points
specified by Method 1.

3.2 Measure the static pressure in the stack.

3.3 Determine the stack gas molecular weight by gas
analysis and appropriate calculations as indicated in
Method 3.
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4, Catibration.

4.1 To calibrate the pitot tube, measure the velocity head
at some point in a flowing gas stiream with both a
Type S pitot tube and a standard type pitot tube with
known coefficient. Calibration should be done in the
laboratory and the velocity of the flowing gas stream should
be varied over the the normal working range. It is rec-
ommended that the calibration be repeated after use at
each field site. :

4.2 Calculate the pitot tube coefficient using equation 2-1.
_ AP
Cptest B Cpstd APStd
test Equation 2-1
where.
Cptest = Pitot tube coeffcient of Type S pitot tube.
-~ Cpstd = Pitot tube coeffcient of standard type
(Jf pitot tube (if unknown, use 0.99).
Ap = Velocity head measured by standard type
std :
pitot tube.
Aptest = Velocity head measured by Type S pitot tube.
4.3 Compare the coeffcients of the Type S pitot tube

determined first with one leg and then the other pointed
downstream. Use the pitot tube only if the two coeffcients
differ by no more than 0.01.

5. Caleulations.

Use Equation 2-2 to calculate the stack gas velocity.
T )avg

= S
(Vs)avg. KpCp( YAp avg. PsMs

Equation 2-2

where:
(Vs)avg = Stack gas velogity, feet per second (f.p-s)
1b. % '
= ft.
; Xp = 85.48 oo, 1b.mole-"R ﬁg?g tgiseus q
S are used S © ©
C = Pitot tube coeffcient, dimensionless.
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(Ts)avg. = Average absolute stack gas temperature, R°.
(/Ap )avg. = Average velocity head of stack gas, inches

H20 (see Fig. 2-2).

PS = Absolute stack gas pressure, inches Hg.

MS = Molecular weight of stack gas (wet basis),
1lb/1lb-mole. .
Md(l_Bwo)'l'lSBwo

Md = Dry molecular weight of stack gas (from
Method 3).

Bwo = Proportion by volume of water vapor in

the gas stream (from Method 4).

Figure 2-2 shows a sample recording sheet for velocity
traverse data. Use the averages in the last two columns
of Figure 2-2 to determine the average stack gas velocity
from Equation 2-2.

Use Equation 2-3 to calculate the stack gas volumetric
flow rate.

| Tstd \ _Ps
Qg 3600 (1—BWO)VSA (Ts)avg.} Pstd

Equation 2-3

where:
Qs = Volumetric flow rate, dry basis, standard
‘ conditions, ft3/hr.
A = Cross-sectional area of stack, ft.2?.
T = Absglute temperature at standard condition,
std.
530~ R.
PStd = Absolute pressure at standard conditions,

29.92 inches Hg.
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PIPE COUPLING TUBING ADAPTER
b
| np— ——
= > %_’ij
TYPE S PITOT TUBE . -
i W
a
MANOMETER :é ;
B LR
~ i
LN

FIGURE 2~1: Pitot Tube
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METHOD 3--GAS ANALYSIS FOR CARBON DIOXIDE, EXCESS AIR

2.
2.1

2.1.1

2.1.2

2.2

2.2.1

2.2.2

2.2.3
2.2.4
2.2.5

2.2.6

AND DRY MOLECULAR WEIGHT
Principle and applicability.
Prinéiple. An integrated or grab gas sample is extracted
from a sampling point and analyzed for its components
using an Orsat analyzer,
Applicability. This method should be applied only when
specified by the test procedures for determining compliance
with the New Source Performance Standards. The test
procedure will indicate whether a grab sample or an inte-
grated sample is to be used.
Appanrnatus.
Grab sample (Figure 3-1).

Probe—Stainless steel or Pyrex! glass, equipped with a
filter to remove particulate matter,

Pump—One-way squeeze bulb, or equivalent, to transport
gas sample to analyzer.

Integrated sample (Figure 3-2).

Probe—Stainless steel or Pyrex! glass, equipped with a
filter to remove particulate matter.

Air-cooled condenser or equivalent—To remove any excess
moisture, '

Needle valve—To adjust flow rate.
Pump—Leak-«free, diaphragm type, or equivalent, to pull gas.
Rate meter—To measure a flow range from 0 to 0.035 cim.

Flexible bag-Tedlar!, or equivalent, with a capacity of
2 to 3 cu. ft. Leak test the bag in the laboratory

before using.

Pitot tube-Type 8, or equivalent, attached to the probe so
that the sampling flow rate can be regulated proportional
to the stack gas velocity when velocity is varying with
time or a sample traverse is conducted.

Trade name.
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2.3 Analysis.

2.3.1 Orsat analyzer, or equivalent.

3. Procedusre.
3.1 Grab sampling.

3.1.1 S8Set up the equipment as shown

all connections are leak-free,.

stack at a sampling point and
PROBE

{ !

FILTER(GLASS WOOL)

f

Method 3 - Page 2 of 4

in Figure 3-1, making sure
Place the probe in the
purge the sampling line.

FLEXIBLE TUBING

TO ANALYZER

s

SQUEEZE BULE

Figure 3-l. Grab-sampling .train.

AIR COOLED
CONDENSER PUMP 9] RATE MATER
VALVE l
PROBE , a

—sC

{g.————QUICK'DISCDNNECT

FILTER (GLASS WOOL)
| =5 R
r V-
RIGID——
VALVE CONTAINER

Figure 3-2. 1Integrated gas -~ sampling
train. :




3.1.2

3.2
3.2.1

3.2.2
3.3
3.3.1

3.3.2

4.

4.1
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Draw sample into the analyzer.
Integrated sampling.

Evacuate the flexible bag. Set up the equipment as
shown in Figure 3-2 with the bag disconnected. Place
the probe in the stack and purge the sampling line.
Connect the bag, making sure that all connections are
tight and that there are no leaks.

Sample at a rate proportional to the stack velocity.
Analysis.

Determine the CO 9 and CO concentrations as soon
as possible. Mage as many passes as are necessary to
give constant readings. If more than ten passes are
necessary, replace the absorbing solution.

For grab sampling, repeat the sampling and analysis
until three consecutive samples vary no more than 0.5
percent by volume for each component being analyzed.

For integrated sampling, repeat the sampling and
analysis of the sample until three consecutive
analyses vary no more than 0.2 percent by volume
for each component being analyzed.

Caleulations.

Carbon dioxide. Average the three consecutive runs
and report the result to the nearest 0.1% COZ'

Excess air. Use Equation 3-1 to calculate excess air,
and average the rumns. Report the result to the nearest
0.1% excess air.

(%02)-0.5(%C0)

% EA =
0. 264(%N,)-(%0,)+0.5(%c0) * 100
Equation 3-1
where:
% EA = Percent excess air.
% 02 = Percent oxygen by volume, dry basis.

%N, = Percent nitrogen by volume, dry basis.
% CO
0.264

Percent carbon monoxide by volume, dry basis.

Ratio of oxygen to nitrogen in air by volume.

Dry molecular weight. Use Equation 3-2 to calculate
dry molecular weight and average the runs. Report the
result to the nearest tenth,

M@ = 0.44 (%COz) + 0.32 (%02) + 0.28 (%N2+%C0)

Equation 3-2
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Dry Molecular weight, 1lb/lb-mole.

%C02 Percent carbon dioxide by volume, dry basis.

%02 = Percent oxygen by volume, dry basis.

%Nz = Percent nitrogen by volume, dry basis.

0.44 = Molecular weight of carbon dioxide divided by 100.

0.32 = Molecular weight of oxygen divided by.100.
0.28 = Molecular weight of nitrogen and CO divided by 100.

5. References.
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Manual, Air Pollution Control District, Los Angeles,
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METHOD 4--DETERMINATION OF MOISTURE IN STACK GASES

BN N W

.9

.10

Principle and Applicabdility.

Principle. Moisture is removed from the gas stream,
condensed, and determined volumetrically.

Applicability. This method is applicable for the
determination of moisture in stack gas only when
specified by test procedures for determining com-
pliance with New Source Performance Standards.

This method does not apply when liquid droplets are
present in the gas stream! and the moisture is
subsequently used in the determination of stack gas
molecular weight.

Other methods such as drying tubes, wet bulb-dry
bulb techniques, and volumetric condensation techniques
may be used.

Apparatus.

Probe--Stainless steel or Pyrex’ glass sufficiently
heated to prevent condensation and equipped with a
filter to remove particulate matter.

Impingers--Two midget impingers, each with 30 ml.
capacity, or equivalent.

Ice bath container--To condense moisture in impingers.

S5ilica gel tube (optional)--To protect pump and dry
gas meter.

Needle valve--To regulate gas flow rate.

Pump--Leak-free, diaphragm type, or equivalent, to
pull gas through train.

Dry gas meter--To measure to within 1% of the total
sample volume.

Rotameter--To measure a flow range from 0 to 0.1 c.f.m.
Graduated cylinder--25 ml.

Barometer--Sufficient to read to within 0.1 in.Hg.

If liquid droplets are present in the gas stream, assume the stream to be
saturated, determine the average stack gas temperature by traversing according
to Method 1, and use a psychrometric chart to obtain an approximation of the

meoisture percentage.

2 Trade name.
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Pitot tube-~Type S, or equivalent, attached to probe
so that the sampling flow rate can be regulated pro-
portional to the stack gas velocity when velocity is
varying with time or a sample traverse is conducted.

Procedure.

Place exactly 5 ml., distilled water in each impinger.
Assemble the apparatus without the probe as shown in
Figure 4-1. Leak check by plugging the inlet to the
first impinger and drawing a vacuum. Insure that flow
through the dry gas meter is less than 1% of the '
sampling rate.

-

Connect the probe and sample at a constant rate of
0.075 c¢.f.m. or at a rate proportional to the stack
gas velocity. Continue sampling until the dry gas
meter registers 1 cubic foot or until visible liquid
droplets are carried over from the first impinger to
the second. Record temperature, pressure and dry
gas meter readings as required by Figure 4-2,

After collecting the sample, measure the volume
increase to the nearest 0.5 ml.

Caleoculations.

Volume of water vapor collected.

WC

where:

std
std
H,O

]

3
(Ve=V3) PHO BTy = 0.0474 el (Vp-¥))
P M . 1

sta M,0

Equation 4-1

Volume of water vapor collected (standard
conditions) eu. ft.
Final volume of impinger contents, ml.

Initial volume of impinger contents, ml.

Ideal gas constant, 21.83 inches Hg - gu.ft/lb.mole—oR.

Density of water, 1 g./ml.
Absolute temperature at standard conditions, 530°R.
Absolute pressure at standard conditions, 29.92 in.Hg.

Molecular weight of water, 18 1b./lb.-mole.
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Gas volume.

0 vP
v Tstd _ R mm
me Psth( 17.71 in.Hg ( Tm)
Equation 4-2
where:
Vme = Dry gas volume through meter at standard
conditions, cu.it.
Vm = Dry gas volume measured by meter, cu. ft.
Pm = Barometric pressure at the dry gas meter,
inches Hg. .
Pstd = Pressure at standard conditions, 29.92 inches Hg.
Tstd = Absglute temperature at standard conditions,
5307R.
Tm = Absolute temperature at meter (°F + 460) °©

Moisture content.

_ Vwe _ Vwe
wo Vwc + vmc Bwvm = woe + vme (0.025)
Equation 4-3

where:

Bwo = ©Proportion by volume of water vapor in the
gas stream, dimensionless.

Vwe = Volume of water vapor collected (standard
conditions) cu.ft.

Vme = Dry gas volume through meter (standard condltlons)
cu.ft.

Bwm = Approximate volumetric proportion of water vapor

in the gas stream leaving the impingers, 0.025.
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Figure 4-1. Moisture-sampling train.
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Flgura 4-2. Field moisture daterminatlon.
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METHOD 5--DETERMINATION OF PARTICULATE EMISSIONS FROM
STATIONARY SOURCES

1, Principle and Applicability.

1.1 Principle. Particulate matter is withdrawn isokinetically
from the source and its weight is determined gravimetrically
after removal of uncombined water.

1.2 Applicability. This method is applicable for the deter-

. mination of particulate emissions from stationary
sources only when specified by the test procedures for
determining compliance with New Source Performance

Standards.
2. Apparatus .
2.1 Sampling train. The design specifications of the par-

ticulate sampling train used by EPA (Figure 5-1) are
described in APTD-0581. Commercial models of this
train are available.

2.1.1 Nozzle--Stainless steel (316) with sharp, tapered lead-
ing edge. _ -

2.1.2 Probe--Pyrex! glass with a heating system cagable of
maintaining a minimum gas temperature of 250°F. at the
exit end during sampling to prevent condensation from
occurring. When length limitations (greater than
abogt 8 ft.) are encountered at temperatures less than
600°F., Incoloy 825', or equivalent, may be used.
Probes for sampling gas streams at temperatures in
excess of 600 F. must have been approved by the
Administrator.

2.1.3 Pitot tube-—Type'S, or equivalent, attached to probe
to monitor stack gas velocity.

2.1.4 Filter Holder--Pyrex! glass with heating gystem capable
: of maintaining minimum temperature of 225°F.

2.1.5 Impingers/Condenser--Four impingers connected in series
with glass ball joint fittings. The first, third, and
fourth impingers are of the Greenburg-Smith design,
modified by replacing the tip with a #-inch ID glass
tube extending to one-half inch from the bottom of
the flask. The second impinger is the Greenburg-Smith
design with the standard tip. A condenser may be used
in place of the impingers provided that the moisture
content of the stack gas can still be determined.

1Trade name.
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2.1.6 Metering system--Vacuum gauge, leak-free pump,
thermometers capable of measuring temperature to
within 5°F., dry gas meter with 2% accuracy, and
related equipment, or equivalent, as required to
maintain an isokinetic sampling rate and to determine
sample volume.

2.1.7 Barometer--To measure atmospheric pressure to # 0.1
inches Hg.

2.2 Sample recovery.
2.2,1 Probe brush--At least as long as probe.
2.2.2 Glass wash bottles--Two.
2.2.3 Glass sample storage containers.
2.2.4 Graduated cylinder--250 ml,
2.3 Analysis.
(:; 2.3.1 Glass weighing dishes.
2.3.2 Desiccator,
2.3.3 Analytical balance--To measure to + 0.1 mg.
2.3.4 Trip-balance—-BOO g. capacity,-tq meésure to + 0.05 g.
3. Reagenits.
3.1 Sampling.

3.1.1 Filters--Glass fiber, MSA 1106 BH!, or equivalent,
numbered for identification and preweighed.

3.1.2 Siliga gel-=-Indicating type, 6-16 mesh, dried at 175°C.
(350" F.) for 2 hours.

3.1.3 Water.

3.1.4 Crushed ice.

3.2 Sample recovery.

3.2.1 Acetone--Reagent grade.

3.3 Analysis,

Trade name.
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Water.

Desiccant--Drierite!, indicating.
Procedure.

Sampling.

After selecting the sampling site and the minimum
-number of sampling points, determine the stack pressure,
temperature, moisture and range of velocity head.

DPreparation of collection train. Weigh to the nearest
gram approximately 200 g. of silica gel. Label a
filter of proper diameter, desiccate? for at least

24 hours and weigh to the nearest 0.5 mg. in a room
where the relative humidity is less than 50%. Place
100 ml. of water in each of the first two impingers,
leave the third impinger empty, and place approximately
200 g. of preweighed silica gel in the fourth impinger.
Set up the train without the probe as in Figure 5-1.
Leak check the sampling train at the sampling site

by plugging up the inlet to the filter holder and
pulling a 15 in. Hg vacuum. A leakage rate not in
excess of 0.02 e¢.f.m. at a vacuum of 15 in. Hg is
acceptable. Attach the probe and adjust Bhe heater

to provide a gas temperature of about 250 F. at the
probe outlet. Turn on the filter heating system.
Place crushed ice around the impingers. Add more ice
during the run to keep the temperature of the gases
leaving the last_impinger as low as possible and
prgferably at 70°F. or less. Temperatures above

70"F. may result in damage to the dry gas meter from
either moisture condensation or excessive heat.

Particulate train operation. For each run, record the
data required on the example sheet shown in Figure 5-2.
Take readings at each sampling point, at least every

5 minutes and when significant changes in stack
conditions necessitate additional adjustments in flow
rate. To begin sampling, position the nozzle at the
first traverse point with the tip pointing directly
into the gas stream. Immediately start the pump and
adjust the flow to isokinetic conditions. Sample for

at least 5 minutes at each traverse point; sampling
time must be the same for each point. Maintain isokin-
etic sampling throughout the sampling period. Nomographs
are available which aid in the rapid adjustment of the
sampling rate without other computations.

21 Trade name. 1 o o
Dry using Drierite’ at 70 F.+ 10°F.
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APTD-0576 details the procedure for using these nom-
ographs. Turn off the pump at the conclusion of each
run and record the final readings. Remove the probe
and nozzle from the stack and handle in accordance
with the sample recovery process described in

section 4.2,

Sample recovery. Exercise care in moving the collection
train from the test site to the sample recovery area

to minimize the loss of collected sample or the gain of
extraneous particulate matter. Set aside a portion of
the acetone used in the sample recovery as a blank for
analysis. Measure the volume of water from the first
three impingers, then discard. Place the samples

in containers as follows:

Container No. 1 Remove the filter from its holder,
place in this container and seal.

Container No. 2 Place loose particulate matter and
acetone washings from all sample-
exposed surfaces prior to the filter
in this container and seal. Use a
razor blade, brush or rubber police-
man to lose adhering particles.

Container No. 3 Transfer the silica gel from the
fourth impinger to the original
container and seal. Use a rubber
policeman as an aid in removing silica
gel from the impinger.

Analysis. Record the data required on the example
sheet shown in Figure 5-3. Handle each sample container
as follows:

Container No. 1 Transfer the filter and any loose
particulate matter from the sample
container to a tared glass weighing
dish, desiccate, and dry to a constant
weight. Report results to the nearest
0.5 mg.

Container No. 2 Transfer the acetone washings to a
tared beaker and evaporate to dryness
at ambient temperature and pressure.
Desiccate and dry to a constant
weight. Report results to the nearest
0.5 mg.

- Container No. 3 Weigh the spent silica gel and report

to the nearest gram.
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Calibration. Use methods and equipment which have
been approved by the Administrator to calibrate

the orifice meter, pitot tube, dry gas meter, and
probe heater. Recalibrate after each test series.

Caleculations.

Average dry gas meter temperature and average orifice
pressure drop. See data sheet (Figure 5-2).

Dry gas volume. Correct the sample volume measgred
by the dry gas meter to standard conditions (70°F.
29.92 inches Hg) by using Equation 5-1.

o

+ AH
Vi =Vmf Tsta bar = 3o 1.
std 5 )
m std
P + AH
op\ v bar 773
17.71 m_l-lg) m Tm

Equation 5-1

where:
VmStd = Volume of gas sample through the dry gas
meter (standard conditions) cu.ft.
Vv = Volume of gas sample through the dry gas meter
m e
(meter conditions) cu.ft.
T = Absglute temperature at standard conditions,
std o
530°R.
Tm = Average dry gas meter temperature, R.
Pb = Barometric pressure at the orifice meter,
ar -
inches Hg.
AH = Average pressure drop across the orifice
meter, inches HZO.
13.6 = §Specific gravity of mercury.
P = Absolute pressure at standard conditions,

. std 29.92 inches Hg. )

6.3 = Volume of water vapor.
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PH,O RTS

LR ZR L _1b.
std ¢ H,0 std 454 gm,
cu.ft. V
= 0.0474 —mL -1c
Equation 5-2
where
sztd = Volume of water vapor in the gas sample \
(standard conditions) cu.ft.
Vlc = Total volume of liquid collected in 1mpingers
and silica gel (see Figure 5-3) ml.
20 = Density of water, lg./ml.

o
o

2 Molecular weight of watér, 18 1b./1b.-mole.
R = Ideal gas constant, 21.83 inches Hg--cu.ft. /1lb.
~mole-
T = Absolute temperature at standard conditions,
std 0
5307R.
PStd = Absolute pressure at standard conditions,

29.92 inches Hg.

Moisture content.

_ VW
B - std
wo Vm + Vw
std std
Equation 5-3
where:
Bwo = Proportion by volume of water vapor in the
gas stream dimeansionless.
sztd = Volume of water in the gas sample (standard
conditions) cu.ft.
Vmstd = Volume of gas sample through the dry gas meter

(standard conditions) cu.ft.

Total particulate weight. Determine the total
particulate catch from the sum of the weights on the -
analysis data sheet (Figure 5-3).
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6.6 Concentration.

6.6.1 Concentration in gr./s.c.f.

Mn
c'. = (b.015435;:) i
mg. Mot q
Equation 5-4

where:
c's = Concentration of particulate matter in stack

gas, gr./s.c.f., dry basis.
Mn = Total amount of particulate matter collected,

) mg‘

vmstd = Volume of gas sample through dry gas meter

(standard conditions) cu. ft.

6.6.2 Concentration in 1lb./cu. ft.

1 1b. M
c_ = _4531300 mg., n - 2.205X10'6V n
(;5 Bstd Psta
Equation 5-5
where:
Cg = Concentration of particulate matter in stack
gas, 1lb./s.c.f., dry basis.
453,600 = Mg/1lhb.
Mn = Total amount of particulate matter collected, mg.
Vmstd = Volume of gas sample through dry gas meter
(standard conditions) cu. ft.
6.7 Isokinetic variation.
0.00267 in. Hg-cu. ft. LV H min
I="Tg K ml - OR ) Vig T% (Pba.r"'r'g;z'j(lEG'7 Sec)

OVgPghn

‘Equation 5-6
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Percent of isokinetic sampling.

Total volume of liquid collection in impingers
and silica gel (See Figure 5-3) ml.

Density of water, 1 g./ml.

Ideal gas constant, 21.83 inéhes Hg-cu. ft./1lb.
mole-"R.

Molecular weight of water, 18 1b./1lb.-mole.
Volume of gas sample through the dry gas

meter (meter conditions) cu. ft.

Absoclute average gry gas meter temperatufe
(see Figure 5-2) “R.

Barometric pressure at sampling site, inches Hg.

Average pressure drop across the orifice

(See Figure 5-2) inches, H20.

Absolute average gtack gas temperature
(See Figure 5-2) "R.
Total sampling time, min,

Stack gas velocity calculated by Method 2,
Equation 2-2, ft./sec.

Absolute stack gas pressure, inches Hg.

" Cross-sectional area of nozzle, sq. ft.

Acceptable results. The following range sets the
limit on acceptable isokinetic sampling results:

If 90%

-
1 110%, the results are acceptable; otherwise,

reject the results and repeat the test.
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Figure 5~3. Analytical data.
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Cross sectional area of stack ft.?
Cross-sectional area of nozzle, sq.ft.

Approximate volumetric proportion of water vapor in
the gas stream leaving the impingers, 0.025

Proportion by volume of water vapor in the gas system,
dimensionless

Concentration of NOx as NO2 (dry basis), 1lb/s.c.f.
Percent carbon monoxide by volume, dry basis

Pitot tube coefficient dimensionless

Pitot tube coefficient of standard type pitot tube
(if unknown, use 0.99)

Pitot tube coefficient of type S pitot tube

Concentration of particulate matter in stack gas,
lb./s.c.f., dry basis

Concentration of sulfur dioxide at standard conditions,

dry basis, lb,/cu.ft.

Percent excess air

Average pressure drop across the orifice, inches Hzo
Density of water, lg./ml,.

Percent of isokinetic sampling_

Mass of NO2 in gas sample, mg.

Dry molecular weight, 1lb./lb-mole

Molecular weight of water, 18 1b./lb-mole

Total amount of particulate matter collected, mg.
Molecular weight of stack gas (wet basis) 1b./lb-mole

Normality of barium perchlorate titrant, g.-eq./1

Percent nitrogen by volume, dry basis

Percent oxygen by volume, dry basis

Average velocity head of stack gas, inches sz
Barometric pressure at the orifice meter, inches Hg.

Final absolute pressure of flask, inches Hg.
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Density of water, lg./ml,

Initial absolute pressure of flask, inches Hg.

Barometric pressure at the dry gas meter, inches Hg.
Absolute stack gas pressure, inches Hg.

Absolute pressure at standard conditions, 29.92 in.Hg.
Velocity head measﬁred by standard type pitot tube
Velocity head measured by type 8 pitot tube

Volumetric flow rate, dry basis, standard conditions,
cu.ft./hr.

Ideal gas constant, 21.83 inches Hg-cu.ft./1lb. mole-°R
Final absolute temperature of flask, °r

Initial absolute temperature of flask, ]
Average dry gas meter temperature, °rR

Average absolute stack gas temperature, °r

.Absolute temperature at standard conditions, 530°R

Volume of sample aliquot titrated, ml.
Final volume of impinger contents, ml.
Initial volume of impinger contents, ml.

Total volume of liquid collected in impingers &
silica gel. ml,

Dry gas volume measured by meter, cu.ft.
Dry gas volume through meter (standard conditions), cu.ft.

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

Stack gas velocity, ft. per second (f.p.s.)
Stack gas velocity, feet per second (f.p.s.)
Sample volume at standard conditions (dry basis) ml.

Total solution volume of sulfur dioxide, 50 ml.
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v, Volume of barium perchlorate titrant used for the
sample, ml,.

th Volume of barium perchlorate titrant used for the
blank, ml.

A% Volume of water vapor collected (standard conditions)

we
cu,.ft.

sztd Volume of water in the gas sample (standard conditions)
cu.ft.






