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Iniand Steel Company :

T = -
- & Indiana Harbor Works —_
3210 Watling Street -

East Chicago, Indiana 46312

219 392 3261
Donald C. Lang

Director
Air & Water Control

4P Inland Steel

September 2, 1980

Ms. Sandra Gardebring

Director, Enforcement Division

Region V

U. S. Environmental Protection Agency
230 South Dearborn

Chicago, Illinois 60604

SUBJECT: EPA Consent Order H79-75
Inland Steel Company

Dear Ms. Gardebring:

In our letter to you dated July 31, 1980, we had indicated that

a compliance test on the second pushing emission control car for
Coke Oven Batteries Nos. 6, 7, 8, 9 and 10 was scheduled for
August 4, 1980, That test has been completed, and a copy of
the test results are hereby submitted.

If you have any questions, please call me at 219/392-3261.

Very truly yours,

XN \
!l-‘q.-‘ (“ >
{ ! N - e
. . X&L"WL{, l

JDF:mb
Attachment
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The Almega CORpPORATION

EMISSION TESTING OF THE NO. 2 COKE SIDE
GAS CLEANING CAR: INLAND STEEL COMPANY

Testing was performed August 4-8, 1980, by The Almega
Corporation to determine the particulate emission rate from
the No. 2 Coke Side Emission Control Gas Cleaning Car in Plant
2 at Inland Steel Company in East Chicago, Indiana.

This 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. H. M. Taylor and
Mr. J. Lewis of The Almega Corporation. Mr. H. M. Taylor was
team leader and certifies to the accuracy of the report.

Respectfully submitted,
THE ALMEGA CORPORATION

/ /
4L W) /&;ﬁ/ﬁ/

H. M. Taylor -

HMT: nw
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The Almega CORPORATION

EMISSION TESTING OF THE NQ. 2 COKE SIDE
GAS CLEANING CAR: INLAND STEEL COMPANY

"ITNTRODUCTION

Particulate emissions testing was performed August 4-8, 1980
on the No. 2 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 com-
pliance 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 mon-
itored quench car and coke battery operations during the testing.
Also present during the test series were representatives of
National Steel Corporation who monitored scrubber operations through-
out the test.

Mr. Stephen Gronberg and Mr. Peter Spawn of GCA Technology Div-=
ision (contracted by the Federal 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 included in Appendix B.

Testing was performed using the four sampling ports located on
the short side of this 32 1/2 x 57 inch rectangular tapered stack.
At this location testing was conducted at three points along each of
four stack traverses making a total of 12 sampling points for each
test repetition. 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 repetitions
representing the entire emission test.

Emigsion testing was conducted using a Western Precipitation Method
5 EPA sampling train generally following the procedural requirements
as detailed in Methods 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.

The stack gas velocity was determined using an § type pitot
tube and followed the CFR Title 40 Method 2 (Ref. 1) included in
Appendix D.
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Stack gas Orsat samples were taken following the CFR Title
40 Method 3 (Ref. 1) included in Appendix E for determination
of COy, 0, and molecular weight,

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

Particulate concentration and emission rate was determined
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 particuiate catch included nozzle,'probe, cyclone and
prefilter washings and filter particulates.

A stainless steel lined 72 inch long sampling probe and

0.1875 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, calculation
summaries and equipment calibration data are inclnded in Appendix
A.

DISCUSSION OF TEST RESULTS

1) Scrubber stack particulate emissions in 1bs per ton of
coke pushed are calculated below:

Test Repetition# ' 1 2 K}
Particulate emission lbs/hr 8.437 8.822 10.813
Test time mins. -23.08 28.38 25.37

Coke production tons/test run 119.6 123.8 120.9

Particulate emissions* /
lbs/ton of coke 0.0271 0.0337 0.0378

*For test repetition #1, this is calculated from:
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8.437 x 23.08
60 _ : S
= 0.0271 lbs/ton of coke pushed

119.6

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. However, using the stack gas temperatures and velocity
head readings obtaihed at the. beginning and end of each sampling
point and calculating the average for each test repetition, isokinetic
sampling rates were 93.4, 97.8 and 95.1% for test runs #1, #2, and
#3, respectively. Based upon the nature of the process itself,
fluctuations in the stack gas parameters amd motion of the car, these
jsokinetic samplina 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 108
to 1390F and the average velocities from 70 to 83 ft/sec. Stack
gas moistures ranged from 14.9 to 16.1% on a vol/vol basis.

4) The sampling time for each -point ranged typically between
1 3/4 and 2 1/2 minutes. Consequently, the total sampling time
for each 12 point run ranged from 23 to 28 minutes for each of
the three repetitions. This follows the sampling protocol of

Appendix A, but is less than the 1 hour minimum test repetition
time required by CFR Title 40 (Ref. 1).

5) Due to the shorter test times for each repetition as detailed
in (4) above, the total sample volumes are less than 30 scft db
prescribed by CFR Title 40 (Ref. 1). However, due to the extremely
high stack gas velocities encountered 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 gaé across the
stack ranged from 0.50 to 3.60 inches of water.

CONCLUSION

Particulate emissions testing was performed Aﬁgust 4-8, 1980
on the No. 2 Coke Side Emission Control One Spot Quench Car in
Plant 2 at Inland Steel in East Chicago, Indiana.
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N © Emission testing was conducted by H. M. Taylor and J.

i Lewis of The Almega Corporation generally following the Code of
Federal Regulations, Title 40, Methods 1 through 5 (Ref. 1) and
following the protocol as required by Inland Steel and detailed
in Appendix B. .

Results of this test series indicate No. 2 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)
1 119.6 0.0238 . . 0.0271
2 123.8 0.0253 0.0337

3 120.9 : 0.0266 0.0378
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SUMMARY OF EMISSION TEST DATA

TABLE: 1

PLANT:
LOCATION:
Cleaning Car:
OPERATOR: H. M. Taylor and J. Lewis
TEST DATE:

REPETITION #:

STACK GAS

Average temperature, OF
Velocity average fps
Volume flow x 108 scfh ab-
Volume flow x 102 acfm
Moisture %

Carbon Dioxide %

Oxygen %

PARTICULATE SAMPLE
Time, mins.
Volume scf db
Particulates collected, grams
Isokinetic Ratio, I%
90 £ I g 110

COKE “PRODUCTION ‘RATE
Tons/Test run (12 pushes)

PARTICULATE
Concentrxation grains/scf db
x 107° 1lbs/scf db '
Emissions lbs/hr
lbs/ton of coke

8/4/80
1

122.8
70.89
2.48
54.72
14.87
0.63
19.33

23.08
13.297
0.0205

93.4
119.6

0.0238

3.40

8.437
0.027

Inland Steel Company, East Chicago, Indiana

No. 2 Coke Side Emission Control One Spot Gas
Scrubber Exhaust Stack

8/5/80
2

122.1
70.38
2.44
54,32
15.68
0.60
19.67

28.38
16.827
0.0276

97.8

123.8"

0.0253

3.62
8.822
0.034

8/8/80

3

126.9
82.72
. 2.85
63.85
16.07
0.87
19.33

25.37
17.085
0.0294

95.1
120.9

0.0266

3.79
10.813

0.038
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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 ﬁarticulate
Emissions from Stationary Sources

Nomenclature
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APPENDIX A

FIELD TEST AND ANALYSIS DATA, CALCULATION
' SUMMARIES AND EQUIPMENT CALIBRATION DATA
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THE ALMEGA CORPORATION

PARTICULATE: CALCULATION SUMMARY

‘SOURCE: _24-\1_4##& -§.‘.1’-'A_ . #92 /'-"5 c;.-r;e. -gf—ﬁf.. &2—;.&:&' 6,2 _féﬁ;-‘.—?ﬁ'f& gﬂa‘r‘

REPETITION: Jow / &-+-80
' ENGLISH UNITS CONVERSION METRIC UNITS

. (29.92in. 58°F)  FACTOR (760mm_20°C)
Volume of sample at standard conditions, ' -
dry basis
Vosea = | 17-3% °r v Phar + 1;\'“6 | 5
' in.Hg —T = 43,5222011.1:'1;. x 0.02821 . M
Volume water vapor in sample at standard
conditions -
_ | 0.0474 cu.ft. v. 3
vwstd = l: T ] le = 2. 322 cu.££. x 0.0282) M
Moisture content in stack gas
vﬁrstd
Bwo' = \Y) =M .

v
nstd + wstd

Particle concentration in stack gas on

dry basis _ M. Tao.5
e o| 0-01543 gr _ . 3
c's ) ng_ vmst 3 = o223 grains/scf x 2297 ma/M
2,205 107 -6
: n = 3 29945 x10 = lbs/scf
vmstd
Stack gas volume flow rate on dry basis
B Tsta.Fs 6 3
Q. = 3600 (1-"wo) v, A —-—-l—l—,—— =2.¥8/777 %10 scfh x 0.02821 M~ /hr
(Ts)avg std ‘
(A =/22040sq. ft. Vs= - 7089  fps)
Process rate or BTU rating PW =
-Emission Rate
Qs c's = £ ¢37 lbs/hr. x 0.4536 kg/hr
Os ¢'s
Pw = 1bs/ x 0.4536 kxg/
. v v (P + M)
 (1.667 min o (0.00267 in.Hg.cu.ft.) "lec + m bar e
I = ) s o T
sec ml "R m
) 6v P A
s'sn
(r =2000/9/7 saq.ft.) : = 9342 = %

.
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STACK VOLUME FLOW RATE CALCULATION

SUMMARY

COMPANY: Zliue Sress
LOCATION : "';2 /‘}. S‘. pygld:# (‘4 -
OPERATOR: s 5

TEST DATE: & 4¢i¢2 42,/

Dry molecular weight of stack gas
Md = 0.44 (%CO5) + 0.32 (%02) + 0.28 (%Nz +
263 /233 X
Molecular weight of stack gas, wet basis
Ms = Md (l~Byg) + 18 B
Pitot tube coefficient
Cp (from calibration curve)
Average velocity head of stack gas, inches H,0
. (V/Bp) avg.
Avefége absolute stack gas temperature
(Tg) avg. =/4&.3£/35‘.'?F. + 460
Absolute stack gas pressure
Pg = P, + (Static Pressure/13.6)

Stack gas velocity

3CO)

= 282 £74% 1b/1lb-mole

#

K7 257 1lb/1b-mole

= 28Y0
SPREr St -
PO Dosuew -———_—-% vl

s Y7 AT 2

//ggseﬁdﬁ_
L70.3 _s5¥53OR §E2.8

R7328£ in. Hg

Tg) avg.
(Vg) avg. = (85.48) Cp (vBp ) avg/ - P, Mg

Stack gas volume flow rate, dry basis

Qs = 3,600 (1-Byo) Vga Tsta * Ps N
. (Tg)avg 'PSt‘il .

'%5«“5‘
= @50 7237 ft/sec. “70.85

L, Y8/ 999 scfh Aveice

5_2/ 775 Ar?  doavscs
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SAMPLE AUALY'TICAT, DATA FORM

Plant __:2—_4,,\,9 éﬁg Run nuwber  / -y

e ———— L N — _ - e e r———

Sample location _.'#_;_Z_ Coass _),;__ s ,5_-__ . 4@

Relative humidity 440 l

Dumﬂy of acetone (p ) ____& 7‘5:5’4, R T 74 | } §
Sample ‘ .;amp.‘l_e R " Liguid level marked
type identifiable and/or container scaled
Acetone rinse e e
£il .er( ) o
Acetone rinse container nuwber __ / L _ i
Acetone rinse volume (Vo) - RKRAY : ml !
Acetone blank residue c.onr entration (C ) O003% " ng/qg .
W, =cC, Vv p 0y = (00039) (224 ) (0.7952,) N - AUV - S
Date and time of wt E--20 Gross wt /353020 wg

Date and time of wt F-H-20 Gross wt _ /352020 wg
Average gross wt _/35°309.0 ng

= Tare wt /3592£9/  Rg.

Less acetone blank wt (W) 0.7 . mg

weic.rht of particulate in acetone rvinse _ /9 & mg

Filter(s) containecr number / __________'__,____'__ L o
" Date and time of vt S-L-£0 Gross wt 29/ 4 mg
‘Date and time of wt Varzit 200 " Gross wt __ 79U Y mg
| ' Average gross wt 7Y ng
' Tare vt _ 790./... __mg
Weight of particulate on filter(s) 43 ng

Weight of particulate in acetone rinse /2.2 ng -

Total weight of particulate R0.5_ mg

Hote: 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 '0/.'0.1'»;/ 7. 7‘/*{:14‘-7-; :
Signature of reviewer X K A 7
/ L / m——

Quality Assurance Handbook i5-5.3"




e e e e e e L

m /7 %uvaalaw

viva 04u_{mh<4=o_hm<m

l

E102-992  (z15) \EE 6 5970 ) 45 J—
N JLILNIIYS ODYOMD i) id [ 74 (£4 / { &€& d31337100 IWNT0A TY.LOL
Q?\.\\ Q el V
v g \\am...m -MM ...WM mu...«.\n.«\ Sér). 50 £ o7 2 {7 |52 | aamaoo anon
: < =4 1567 50 4 ooT 4> O eor| 07| wviem
O 60 ! o7F T {7 5877 vnd
OO anz NI oy, > N b oplg [0 [ amr | Inawaunsvan 1vsag Ew_m; ¥ ot 7. P
M\ B0 07 L2004 WaEAD Ypzy  SINIWHOD A& 330,y 2 " mzﬁ_.“g QoI 40 INNT0A
7/ \ _ 92¢7Y&s477
“ SES  $98 (0504l 480 ES€/ s 00/ @%.@355
I A A R e e WICL
I
: 200 {857 STV A0 B oGy
- VAR 0T [ OCE | &3 /5 0779 050|050 ov7 7 707 00, )
7 oL AN EINRE /& 74 $EONOS7I1OL7EA47 [ o7 To.T | €
I3 (A 0oL [T L& o6 |3TET 67 WEENOCENTA7 [ 507 | £5.7 /g
= =z o008/ o¥e| & 88 158778 /A O\ITO|0TO[TE7 [ 57 g5/ 1€
1 oc 0oL [ _See| %5 62 P07 54U | SO0 T JE7 214 oo’ 14
L ol 00S [ FCE| S& I ¥ 14 WX e EN e o7 T | SA7 T 7>
= —oZ oL [ KE( S8 | 3B | 37F cevooselaso L&y J 507 A
K3 _5Z 0os [ SCE EE | 93 X4 20077 o5 7T 047 7 377 257 | ¢
Z o7 00E / ozE 03 (] 657 o087 {oee|oos| 47 / 8 S 7Y
5 & | ST /ST 08 T8 |57 St OV SCO5L0] Bs7 7 o EAR:
5 S O0% ] SCE| OF T8 | O7A7 4 O [CE ALV TA7 ] 7 o= | °
5 o5 oot/ _SeE LL Ll QLEEIST 080 A7 0A7 | S27 7507 | 9% 2S. /4 w 174
sd) | obnos 4o S »(1R0G, M1y “wa). {a3¥153a WnLov s o (5 eyuy | . dtie)™
ALIDO3A By ‘m HIINIAWI 1SY7 | 3unLvaadwal u—.ﬂ.mnﬂ”_n.-_. ) m..u_.%-...__z_.c m“—._m_%.” 4 - w..m_amw_ﬂm"_ v mmaﬂchm.._".__!m " mm_u:_m._nmmwm WL ) w_.wu__“uﬂz
wanova |40 m_m_ﬁm%_zou x08 FdHvs | - D ] 3dwvs svo oﬁ_n_s ALDOTIA WIY2S Juves | ONIGWYS | 3suaAvaL
dind - ¥313N Sv9 A¥Q LV ¥3Law IS Jvaes
TnLvaIaNaL aﬁuﬁ\ T | 3untvaiadwal 31dwvs svo DO S vy Mooy [y .
: _ WiNIEdag [0 S s ) s
; 3UNSSANd
. g:.l IHILL3S X08 43aLvay e \rhmu\\qn ‘ON X08 ¥31aw - O: Zﬂ_ﬂmn mwﬁu k
V1oL : ) ‘
9NILLIS ¥31VIH 2808 S0 "ON X08 UdHYS
NIVO Lo | —o 0T Cu 5 _ T
7OEL O | 1uaiam 3uvl ETCRZ T M ¥3Lanvia ovis 7 ONNNY Bowvunisg lﬂl
e EL ML T U ‘4ILINYIQ 31ZZON jﬂ.ﬂul “ON NOV1S H
HSYM 380Hd | ¥3Lwd | 3dwys WSS/ . w\“\\r\\\ Doy Foue - _
s _aus |
%, % 'a3193T103 ILYINDILLVA J0 1H9NK L Y HIONTI 3800 LLem L2 oLvad0 ONTIdNS _‘ 1
ALYd LHSI2M $530044 T Z7 % J¥RLSION a3wnssy S.\N.\ TP ZSZ2 NOILYIOT A !
i R mmww_m\ d  T7F ZZ " uNssIud dLawouve 0F4-% — 3lva 2\ =
T, $Z " SUNLVHIANIL INTIRHY TG aRE T LY ADVLS 40 JILVHIHOS wm




THE ALMEGA CORPORATION

PARTICULATE: CALCULATION SUMMARY

‘SOURCE: —7;-4-.#::3 -g;;ﬁ;‘.f_ . #92 AUS, (:#5 5:;.-_-' @f.:.a:,# C;:.‘, S:_—A-P‘-.gg;_t_. Soca

REPETITION: fon 2  £-5Tp0
ENGLISH UNITS CONVERSION METRIC UNITS

. (29.92in. #8%)  racTor (760mm_20°C)
Volume of sample at standard conditions,
dry basis
Vasta = | 173 °r v Phar + l—g‘-“-g 5
.m.!_ig -———,i_:—~ = é'é_ngcu.ft. % 0,.02821 M

Volume water vapor in sample at standard

conditions
. - _10.0474 cu.ft. |v . 5
vwstd a [ ml :, le é /2Ly cu.fr. x 0.02821 M

Moisture content in stack gas

V.
wstd ‘

mstd + sztd

Particle concentration in stack gas on

dry basis _ Mn 29.6 -
0.01543 gr = . a3
tg =) = = .
c's , mg_ ',:vms ¢ d:' Q. 02 5 2 grains/scf x 2297 mg/M
= 2.205 10°° M‘ 2 | -6
Vm_s,t:a '
Stack gas volume flow rate on dry basis
B Tsta.®s 6 3
Q.s = 3600 (1-"wo) Vs A — =, .Z_EZJ/& %10 sefh x 0.02821 M~ /hx
(Ts)avg std

(A =/287sq. ft. V= 70.3% fps)

Process rate or BTU rating . =

w

Emission Rate

Qs e's 3 = zg,‘zg Ibs/hr. x 0.45%36 kg/hx

Qs c's ‘ '

Pw = lbs/ %X 0.4536 kag/
_ . v \'4 (43 + _AH)
L - (1.667 min ) Ts (0.00267 1n.Hg.zu.ft.) le + :1_‘_15 barx 13.6
sec i ml g m

oV P A
s s n

(An =2.000/7/7  sq.ft.) ='_Zl?_3_% —_—
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The Almega CorporaTion

STACK VOLUME FLOW RATE CALCULATION SUMMARY

COMPANY : ﬂﬁmo 57-'{‘1;.2,
LOCATION: =2 AE Fvrew &
OPERATOR: =y -")':72_‘

TEST DATE: #5220 rin

Dry molecular weight of stack gas

Md = 0.44 (3C02) + 0.32 (30,) + 0.28 (3N, + 3CO)
: .60 4 . 4
- et 77 2 2p222 1b/lb-mole

Molecular weight of stack gas, wet basis

R7 /77 1b/lb-mole

]

Ms = M3 (l‘BwQ) + 18 BWO

Pitot tube coefficient

Cp (from calibration curve) = __o:.8Y0
. " el ' / EE
Average velocity head of stack gas, inches H,0 ‘f;’:,}_ 2,,;’,_, Lo
. (V8p) avg, = L1309 L1578 AI¥5T

Average absolute stack gas temperature /ymae.r.

(Tg) avg. = ﬂ.géxsfff‘ + 460 SZLY SPR Ny N

Absolute stack gas pressure

Pg = Py, + (Static Pressure/13.6) = _22225 in. Hg
Stack gas velocity

Tg) avg. ‘
(Vg) avg. = (85.48) cp (VAP ) avg Pg Mg
. éyf.&’&,ﬁ.‘"z

= L8720 72.00Et/sec. 20,35

I}

Stack gas volume flow rate, dry basis

Qg = 3,600 (1~Byg) VA Tstqa * Ps _I _
(Ts)an 'Pstcll = Y329 224 'Sthﬂouxg

5’% 323 Jerm sosence




SAMPLE AHALY'LICAT, DATA FORM

Plant __Zoegun Sowee ... __ Run nuwber NP
Sample location %2 o~ 7. .. <,. 2, 5,—947-[ e e

 Relative humidity _ £47%2

o —t— o - - — - s - i e v e m—— + —

Density of acetone (p ) g;f,s"@ e . 9/ml
Sample _ Samp.‘l.e ‘ ' " Liquid level marked
type identifiable and/or container sealed
Acctone rinse o _ e
filter(s) e ]

Acctone rinse container nuwber o2

T TS S S merbe S Al oy e = v m e L E F b e R S e i o v

Acetone rinse volume (Vo RRA7 o | : ml:?

Acetone blank residue com entration’ (C ) . ng/qg -

L = Cy Vau Py = (2 032 ) (227 ) (0.795'2'. ) = __r Q._Z,___.___,_ ng

Date and time of wt E-H-50 Gross wt /35"m g :
{ (_ Dai_lzcu:.h_and time qf wt 8450 Gross wtt /3 _{/ﬂ ng

Average gross wt /26 Y5RE ng
" Tare wt __/34YRY 7 g

Less acetone blank wt (W, ) 2.7 mg
\Je:wht. of particulate in ac.e.i.one rinse _ 93¢ mg

Filter(s) container number 2 = . - -
" Date and time of wt P-Lfe PO Gross wt 77 ng
‘Date and time of wt &80 _ Gross wt __ 2947 mg
' ' Average qross wht 79,7 ng
_ Tare wt __'Z_.S_’Z__Sf_'. __ mg-

Weight of part:l.culate on filter(s) YA ng

Weight of particulate in acetone rinse A3, 4 mg -
Total weight of partlculate 220 mé"

“HNote: 1In no case should a blank residue >0.0l mg/g or 0.001% of
the weight of acetone used be subtracted from the sample weight.

Remarks

( L

Signature of analyst ﬂwq}/,’y Tihpimers :
Signature of reviewer ,Mc—/é/

. . ‘ ' Quality Assurancé Handhook ii5-5.3"
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THE ALMEGA CORPORATION

PARTICULATE: CALCULATION SUMMARY
SOURCE: Zoiiny Srsee ! "2 M8, Cowe Sive Plemew Cott Scevsser Swrca

REPETITION: Aoy B S-£-20
ENGLISH UNITS  CONVERSION METRIC UNITS

(29.92in. $8°F) _ FACTOR (760mm_20°c)
Volume of sample at standard conditions,
dry basis
Vg =|_R | v Thar + S . :
ms Afnmg | ™| ——p="| =_/2084 cu.ft. x 0.02821 M
. ' .

Volume water vapor in sample at standard

conditions
0.0474 cu.ft. |V 3
. = _— = .ft. .02821

vwstd [ oL :l 1lc Z,JZZOch ft. x O M
Moisture content in stack-gas

V.

wstd : -
Bwo =9 Y | _—12442552

mstd + wstd

Particle concentration in stack gas on

dry basis 20.Y
0.01543 gr . 3
c's =[ _I mst d:l =0 CQGQ grains/scf x 2297 mg/M
= 2.205 10°° " _ ' = 3 79YY x10" 1bs/scf
vmstd
Stack gas volume flow rate on dry bas;s
P _

_ 'std.t 3

QS = 36Q0 (1~ wo) Vs A —-—-——-— ,237243‘;10 scfh »x 0.02821 M~ /hr
_ (T )avg std

(A =28 46sq. ft. Vo= £RJ2  fps)

Process rate or BTU rating P =

W N

Emission Rate

Q. c's = /2543 Abs/hr. x 0_.4536 kg/hr
Os c's
Pw = lbs/ x 0.4536 kg/

. v \' (P, _+ M)
_ (1.667 min T (0.00267 J.n.Hg.cu.ft.) e+ m bax m—
I= ——) s ) . T
sec . ml R m
6v P A
s'8s n

(= go0cos777 sq.ft.) : = 95 %

l..




The Almega ConponATion

STACK VOLUME FLOW RATE CALCULATION SUMMARY

COMPANY : ZM:\JO rEs L
LOCATION: w2 s @L’:HM(I}'&-
OPERATOR: 407 v

TEST DATE: &#-£-50 /ﬁ; 3

Dry molecular weight of stack gas

Md = 0.44 (%COp) + 0.32 (%02) + 0.28 (%N2 + %CO)
a£7 /733 77.& = REZ/2 1b/1b-mole

Molecular weight of stack gas, wet basis

' 22/5% 1b/lb-mole

1

Ms = Md (l-Byo) + 18 B,
Pitot tube coefficient

2 EY0

Cp (from calibration curve) =
L) E . - 1?7- ﬁ .
Average velocity head of stack gas, inches H;0 6;4; o ﬁj-e?‘ %’gaxza

Average absolute stack gas temperature

(Tg) avg. = y#57/328F + 460

Absolute stack gas pressure

' //m:&lﬁ&'

SHE S9PR sw0.9

29 425" in. Hg

Pg-= Pp + (Static Pressure/13.6)

Stack gas velocity

Tg) avg.
(Vs) avg. = (85.48) Cp (VYAp ) avg 'TS'M—S""

Stack gas volume flow rate, dry basis
Qg = 3,600 (1-Byo) VgA [rstd " Ps ]

(Tg)avg ‘Pstéﬂ = % s’zz 63/  scfh sumemes

C3950  FeFr? socease

%«sif-&:&
£032 SYY7tt/sec. g2.7s




'Relative humidity __£5 2

SAMPLE AHALYTICAL DATA VFORM

Plant s é,, h o, ‘Run m'mbﬂr B E-&-FC

sample location *;2_{;-» e &;:.Ea""é-é_ SR —

—— e & 4w - - - - R ——————_ P

Dum11y of acetone (p ) A;yg’g i : _ g/ul.
Sample - ' Sample " Liguid level mm'kc.d

- type jidentifiable and/or container secaled -

Accetone rinse ~ e

- filter(s) : L

o e s e et rm = hmmt i mee mves $4 (EEme Swe m e = hmmiy  Si—mims s s e s S S mees el smems

——— e s+ m—— o

Acetone rinse container number 3

Acetone rinse volume (V) .__ 260 = . ml

Acetone blank residue concentr atlon (C ) . . ng/qg:
W, = C, Voo (00035’) (2¢0) (o 755’@) OB Mg
Date and time of wt g-1/-£0 Gross Wt _ 344225 Wg

| Date and time of wt £-/7~-89 | Gross wt' /34 22.5 Wg

 Average gross wt _)3¥£22.5._mg
| | Tare wt _/3#598/ w9,
Less acetone blank wt (W_ ) _ o5 __ wg

\'Jeiéllt of particulate in acetone rinse ___26.6 ng

Filter(s) container number __'__'_U_v_-_________ . - L
~ Date and time of wt B4 50 Gross wt 7382 ng
“Date and time of wt __ S4if0 . Gross wt 7322 mg

Average gross wbt ___7Z32.2. Mg h
. Tare wt 23; Y. _mg

Weight of particulate on filter(s) 2.2 mg
Weight of particulate in acetone rinse 26.C mg
‘Total weight of partlculate 27,4 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 we:l.ght

Remarks

Signature of analyst ,UM;O/ y/ 4 7y/w.m7ta -
Signature of reviewer /4,;/?/5- '

Quallty Assurance Handhook dS 5. 3
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(f\ L | BLANK AMALYTTCAL DATA FORM
Plant rELl e e S S
sawple location 27 -~ . . 5__@,. e, S' (4}_@-_ e e e

Relative humidity g5 P o
- Tignid level marked-and contaiuer spaled h;-,_g - .em
Densily of acetone (p. ) __ Q272856 . __. . e G/mL

Blank volume (V) __R90 . . .. ol . L m
Date and time of wt ___L-4tg0 _ __ Gress wbt ___J3¥Y57 4. ¢ WY

" Date and time of wt ___;?;z_/_-f_g_ s Guoss wh BPAI LA AN ]
' | I‘.vor.'*y- qgruss wh _/35/_5'75/(4. g

Tare wt  /3YSTFSO ‘.=‘.g':

_ Welght of blank (m ) _._____é’____(_,___ Mg,

- o | -
S C 06 ) - . .

“a Va Pa T Taoo ) (0785%) Q. _5039 ng/qg

(C : l*Iote-' In no case should a blank residue greater than 0.01 mg'/g)‘
" or 0.001% of 1-he blank welght be subtractcd from lthe s~wple

weight.
Filters - | - . Filter nu.u:ﬂ)cp: o _
Date and time of wt - ____ Gross wt __mg
- Date and time of wt __ _ Cross wt . mg
' Average gross wt _ _ . mg
' Tare wt _ : _my
Difference wt ' ' g

Note: Average difference mnsh be less Lhan i85 wg or 2% of total
sample weight whichever is greater.

Remarks

S:Lgnature of analyst Aﬁmum/ ’ﬁ M )Ma-m

RUUE Slgnature of- rev1ewerﬂ---——;f§4 o

.

Quality Assurance Handbook M5-5.4
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The Almega Corporation

PITOT TUBE_CORRECTION FACTOR AND CALIBRATION DATA

Y
o Probe Description: 7 \70)/ SBrsr  soriw G

44 ¥

Pitot Tube Type: )

Identification No.: |

Calibration Date: 7-30-§0

Calibrated By: _#%

WIND TUNNEL - SPECIFICATIONS -

Type: Plexiglass (Round)

Inside Diameter: 12 inches

Length: 10 feet

Port Locations:

Cp std = ,99

'

70°

o sl brRacmon

8 feet downstream

( oo [ Tam fiow| "A" SIDE CALIBRATION _ |
4:j 'RUN NO. Apgtd Ap (sg) db(s) ‘ DEV.
(IN. H20) (IN. H50) : :
o /00 0./39 O .80
0.750 /045 O 839
] /. REO /738 0, 840
AVERAGE ;2‘52%9
!
-._.-.\J .
2 v F/‘\ J B Crond "B" SIDE CALIBRATIOM I
RUN NO. | Ap Ap - Cp DEV.
(IN: H50) (IN.(§;0) (s) -
0. 200 Q2/37 0.240
0.752 Loy 7 2835
o AVERAGE 0.939

"A" Side Average Deviation

"B" side Average Deviation =

Must be~g 0.01




The Almega Conpomﬁou

NOZZLE CALIBRATION DATA FORM

Date &~/ 20N ' . Calibrated by ,gs;f“'__'

. Nozzle - Nozzle Diameter & _
number mm (1n ) mm (gn ) mm (in.) |mm (in.) avg ©
Toy ¥ Nw | -
oy | 0. 187 0. 188 0.187 0. 188 0.1875
C -
where: - '
aDl 2,3,4% three different nozzles diameters, mm (in.); each
re dlameter must be within (0.025 mm) ).001 in.
b AD = maximum difference between any two dlameters, mm (in.),

AD <(0. 10 mm) 0 004 in.

c ‘Davg = average of Dy, Dz,gpnd Dy;.

Quality Assurance Handbook MS5-2.6




The Almega CorporaTion

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

Date 52—/—5%9 B Thermocouple number 722'” ygb,,éagp
. 7
Ambient temperature 70 "0 Barometric pressure 29.98 in. Hg.
Calibrator Y, »—7 % Reference: mercury-in-glass / .
other '
- Reference ' 1 Reference i Thermocouple
point SourceP thermometer ! potentiometer . Temperature,
number & (specify) |temperature, OF | temperature, O |difference, 3
/- see 8ATH 33,5 °F 33 % O
(:! ;& . -éﬁdwﬁéﬁﬁﬁﬁ LRI . R IO°F o0./5"
S o 3288 F 326F . 0.35"

apvery 30°C (5'6°F) for each reference point.

brype of calibration system used.
' | (ref temp, ©F + i?é}) + (test thermom temp, °F + -;'-7"3‘) ]1005_1_5%.
ref temp, ©F + -%(-7‘3 .

Quality Assurance Handbook M2-2.10




The Almega CorporaTion

m DIFFERENTIAL PRESSﬁRE GAUGE CALIBRATION DATA FORM
Gauge type /ﬁmﬂ._‘@;,& ' Serial or Ib number #7 //Zzseﬁf#'j

_S.cale &7‘&9 1 4:4{,0

Differential pressure Pressure

. Gauge-oil manometer AP ~_ guage AP o difference %
S0 S 08 ' o
g? o0 ’ e;; o0 0
3. 00 3.00 - O

Calibration: g5 initial_/ posttest "

Date éalibrated &=/ 50 by Wﬁf

Quality Assurance Handbook M2-2.12




The Almega CorporaTion

DIFFERENTIAL PRESSURE GAUGE CALIBRATION DATA FORM

Gauge type /7/‘,?,@._,__,,.;4;,.;,.9- ~ Serial or ID number gpi2/ K08

S?ale ﬂ 7;"6-’ r/ycﬂ:f.ﬁ /ﬂ) ﬁ;/fi

Differential pressure Pressure,

_Gauge-oil manometer AP ~ guage AP o difference 3%
¢.50 0.5 | | o
//. o0 J. 0_0 o
R.00 Q.00 . o
3,97 | - 3.8 0.3 20
Y. 1% | "
$.60 o.4 0
Calibration: H///. initial ¢~ ~ posttest 44'
Date calibrated - /-850 by VL.

Quality Assurance Handbook M2-2.12
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APPENDIX B

C Y TEST PROTOCOL: _“COKE.SIDE..EMISSION CONTROL
SYSTEM: SCRUBBER EXHAUST




“PXRTICULATE EHIQSIONS SANPLING PROCEDURR FOR THE

ENCLOSED ONE-SPOT COKL PUSHING EMISSION CONTROL SYS“EM

FOR CFP&I STEEL CORPORATION _
SUPPLIED BY NATIONAL STEEL‘CORPORATION

-

- GENERAL ' ot .

a. Methods 1 througﬁ $ as contained in the Federal

-

Register, Vol. 42, No. 160, Thursday, August 18,
1977, "Standards of Performance for New‘Stationary°
Sources,” are to be generally used as a primary
~guide in condocting this test. Modifications to
these procedurev due to the functional limitations.
'of operation of a one-spot pushlng control system

are included. Corrections as noted 1n Federal

'['55252555, Vol. 43. No. 57, Thursday, March 23, . ' ‘;,r
".;'1978, pages 11984 to 11986 as apply to. Methods 1 _ '
'.'through 5 w11l be 1ncorpordted 1n thls pro*eduro.

‘b,

One-spot coke pushlng emission control system is
_operated on a batch type pzocess and wlll be testad

~as such under any appllcabie SECtlQnS as contalned

'in Methodg 1 through 5, reierenoed above.

Fach sampling p01nt.w111 be sampled for one.Cycle

‘which will include the time period to.push.tﬁe coko-

(R

e
—

PRy

from the oven into the system and the travel of

the system to the quench'tower; __This sampling

D p——

period is deflned wzth regard to the systems'
-operatron as follows: . A . r




IT.

METHOD 1 : : e;.. . ’ -. -
" A.

The sampling'of:each_point will' start with the-

" louvers are closed upon the initiation of the quench

‘equipment used.

FAnalytlcal Method for Coal Tar P;oducts”

.The sampllng ports will be located cn a strazght

'sectlon of the rectangular stack at one-half an

. one and one—half equlvalent dlameters downstream

inches by seventy—two 1nches, four sampl;ng ports

wi)ll be 1ocated on the thirty inch sxde of the

.

opening of the fan louvers and stop when the fan - .

in the quench tower. . I A
The objective of the aampling'technique will be to
measure the solid dry particulate collected on the
*front portion” of-a USEPA sampling train; such'
measurement to be reéresentative of the emission

from the stack tributary to the particulate scrubbing
. ' _The back half of the sampliog train
wxll alsoc be anaeyzea for coal tar pitch volatlles
(CTPV) accordlng to the attached method entltled
(Appendix
I).- The results of the front half of the .ampl:ng
train and the back half of the sampllng traln are to

be reported separately.

P . D

egulvalent d*ametet Lfstreem F'oﬂ ehe cpening and

from the transition lnto,the fan. Assumlng the

cross-sectlonal dimensions of the -stack to be thxrty

stack, Th;s 1ocatlon is necessary due to clearance

e e A




restrictions encounhcrcd during thc travelzng of

'the system to the qucnch tower. Stralghtenlng

‘§anes w;’l be included at the base of the gtack to
help assure the proper directional flow of the
gases. Stack configuration will be maintained to
as close to a square as possible during dgsign but
is limited due to the preyiouély mentioned re-

strictions. -

IIT. METHOD 2

Method 2 will be used to obtain the necessary pre-

. a.
| l%mihary velocity and tempe&gture measurements
with administrétor approval of the stack con-
-'figufétion and;port-location as previoﬁél&_deé
o . séribed. | R ' jf L |
% . I v n

IV. METHOD 3 R .
_Intégrated éaé samples‘will be taken ;Qer thrée

e
‘ ;ind;v;dual sampllng perlods as prev;ously deflnea._
The samples-w11l be analyzed for CO, CO,, oxygen,
and nitrogen by means of an Orsat ana’jz,_.‘_The
‘sampllng and analys;s w;ll be performed in éccér_"
dance WLtQ_Method 3. The average values from the
three samples will be ﬁsed in dete:miﬁing thé dry.

_molécular weight of the exhaust gas. If a
test_is not performed during the day, at least one

.sample will be taken.

—————— e e —————

complete -




" a., Based on design and Previous test data;:Saturated

‘ moisture conditions are assumed. The moisture con-

-

YI « METHOD & | . .
Q. The stack Sampling eqQuipment ang Procedure as
described ip the Previously referenceq Methend 5

will be usegd in pPerforming the particsulate emissions

-
-
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Quench tower, ap integer Sampling time incre-

. Went cannot he Juaranteed, Theféfore, the




5.

A probe and filter tcmperature of 320° P will
be maintained during the particulate emissions

test run.

- Acetone will be used as the rinsing agent %n”

performing the washing procedure as described

in the previoﬁsly ?eferenced Method.s. Cleanup :
will be done after each test.

The heatingvof the sampliﬁg probe nozzle and

connector fitting at 320° F for the same dur-

.. ation as the total sample time prior to

washing will be optional based upon approval

of the administrator.

4

VII. ADDITIONAL ‘REQUIREI-I'ENTS AND PROCEDURES Do.

1, The foilowing operating parameters will be recorded

duriné each test and included in the final report:

&

b.

Co
d.
eo'

£.

. Pressure differential (inches H30) across venturi

. -

throat, -

=

'Féedwatgr rate (gpm) and temperature (°F) to

scrubber. el

Ranm amperage.
Coal charged/pﬁsh.

Proximate and ultimate coal analysis.

-Coking_ﬁimé/push. . .

Standard calculation for amount of coke. .

pushed/oven.

]




.4.

5.

All source test and analytlca1 lnstrumenhaulon

shall be calibrated agnlnst the apploprlate pri-
mary standard within a~51x—month period prlor to
fhe actual test. All such calibration data must
be certified by the responsible party ané 1ncluded
in the final report.

All raw source test and operational data must be

included in the final report and certified by

. the responsible party. “ .

The final test report should be in a format similar
to that presented in Appendix II (attached).

aAll standards utilized for the analysis of stack

'_samples shall be primary standards made from either,

certlfled standard samnlea obtained from the Natlonal:
Bureau of Standards, a commnrcxally available pri-—
mary standard directly traceable to such, or where
no certified NBS standard i avgilable, an appf&-
priatécomﬁg?éially_available péimary étandard.'
ASTM ﬁethod t—zoo—s? should be consulted for the
qpﬁropriéte‘meéhodolqu for the p;eparation,-

standardization and storage of standard solutions.




TUAPPENDALA L

. ANALYTICAL METHOD FOR COAL TAR PRODUCTS

Princivle of the Method

fhe cyclohexane-soluble material in the particulates on
the glass fiber filters is extracted ultrasonically. Blank

filters are extracted along with, and in the same manner as,

‘the samples. After extraction, the cyclohexane solution is

filtered through a fritted gléss funnel. The total material
extracted is determlned by weighing & drled aligquot of the

extract.

Range and Sen51t1v1ty

When the elechrobalance 1s set at 1 mg, this method can

detect 75-2000 ug/sample. '~A', . e

Precision and Accuraqy LI .

When nine allquots of a benzene solutlon from a sample

‘of alumlnum—recht+on plant emissions containing 1, 3‘0

ug/sample were analyzed, the standard deviation was AS ug

”(109)._ Expérimental verification of this method usiﬁg

cyclohexane is not yet complete.

Adéant&éeS'and Disadvantages of the Method

(a) Advantages
This procedure is much faster and easier to run than

the Soxhlet method.




"

{b) Disadvan;ages'

If the whole sample is not used for cyclohexane-extraction

analys;s, small weighing errors make large errors in fxnal

results. - _ : .

AEEaratus

~{a) Ultrasonic bath, 90 Kc; 60 Qatts, partially filled,
with watgr.
- (b) Ultrasonic generato?, Serles 200, 90 Ke, 60 watts.
;Kc) Electrobalance capable of weighing to 1 ug. |
- (Q) 'SLoppered glass test tube, 150- X l6-mm.
(é) Teflon weighing cups, 2-ml, approximate tare
weight 60 mg. - .
(£) Dispensing bottle, S-ml. N
(g) Pipets, with 0.5-ml graduatlons._' |
" (h) Glass fiber filters, 30—mm diameter, Gelman Type A
or equlvalent. ' | '
(i) Ssilver membrane filters, 37-mm dlameter, 0.8
' micrometer p;re size.
(i) Vacuum oven.
(x) Twéezers.
(1) Beaker, 50-m1. _
(m) Glassine paper, 3.5- x 4.5-inches.
(ni- Wood application sticks for manipulating filters.

(o) Funnels, glass fritted, 15-ml.

{P) Graduateqd evaporative conceatrator, 10-ml.




J;eaécnts
| {a)
vy

()

Procedure

-

(a)

(b)

{c)

Cyclohexane, ACS nanograde reagent.
Dichremic acid cleaniné solution.

Acetone, ACS reagent grade.

A1l extraction glassware is cleaned with dichromic:

acid cleaning solution, rinsed first with tap water,

:then with deionized water followed by acetone, and

allowed to dry completely. - The glassware is rinsed
with nanograde cyclohexane before use. the Teflon
'cupe ate cleaned with cyclohexane, then with acetone.
Prewelgh the Teflon cups to one hundredth of
mllllgram (0.01 mg).

t

Remove top of cassette and hole oeer glau51ne paper.

Remove plug on bottom of cassette. Insezt end of

application stlck through ‘hole and gently raise

filters around tweezers. Sllde rolled filters 1nto

. test tube and push them to bottom of tube with

(4)

.(e)

(£)

appllcatlon-stlck. Add any particulates remaining in
‘cassette and on glassine'paper.to test tube,

Pipet 5 ml of ¢yclohexane into test.tube from dispensing
bot:tle. -

Put test tube'into sonic bath so that water level in
bath is above liquid level in test tube. Do not hold
tube in hand while sonifying. A 50-ml beaker filled

with water to level of cyclohexane in tube works well.

Sonify sample for S5 minutes.




-

(g) Filter the extract in 15-ml medium glasﬂ frltted

funnels.
.}(h) Rinse test tube and filters with two 1.5-ml aliquots

of cyclohexane and filter through the fritted-glass

N

° funnel.

(i) Collect the extract and two rihses in the 10-ml
- graduated evaporahlve concentrator. ' .
(3) Evaporate down to 1 ml while rinsing the slides w1th

cyclohexane. _
~{k) Pipet 0.5 ml of the extract to prewelghed Teflon
weighing cup. Thgse cups can be reused after washing
with Acetone. |
(1{ Evaporate the dryness in a vﬁcuum-oven at 40 C for 3
houfé. | .
(n) Weigh the Teflon_cup; Use countefwéighipg techniques
on electrobalance with full scale range of 1 mg to
détermine weigﬁt of_aliqﬁot éo nearest microgram. The

' weight.gaih,is due to the cyclohexane-soluble residue.

Calculations

The amount of cyclohexane-extractable fraction present in

the sample (in mg) may be determined according to the following

equation:
mg/sample = 2 x (wt sample aliquot [mgl - wt blank -aliquot [mg

The amcount of cyclohexane-extractable fraction present ln

the air may then be determined accordlng to the following equation:

« mg/cum = mg/sample
‘ alr volume collected (cu m)

h N1}
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METHOD 1--SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES

1. Principle and Applicability.

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 is not intended to
apply to gas streams other than those emitted directly
to the atmosphere without further processing.

2. Procedure.

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:

equivalent diameter=2 <flength) (Wldth)>

length + width

equation 1-1
2.1.2 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.

2.1.4 To use Figure 1-1 first measure the distance from the
chosen sampling location to the nearest upstream and
downstream disturbances. 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

(w; 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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NUMBER OF DUCT DIAMETERS UPSTREAM¥*
' (DISTANCE 3)

0.5 1.0 1.5 2.0 2.5
50 ) ] ] 1 T T !
Disturbance
kS
q'_‘ 40 sampling _J 13 ..
°, Site }
EE 30 B -
'% g Disturbance
%9 20 -
g W B
o
- >
S8 10 L *From point of any type of -
= disturbance (bend, expans;on,
contraction, etc.)
-0 | | 1 1 ] i ]
2 '3 4 5 6 7 8 9 10
(-:_i Number of Duct Diameters Downstream

(Distance B)

Figure 1l-1. Minimum number of traverse
points.

Figure l-2. Cross section of circular stack

divided into 12 equal areas, showing

o location of traverse points at centroid
. of each area.




2.2
2.2.1
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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 Stream,
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 ' '
] ]
®© « o : © , e
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------J-------r-----.- - - o e
] ] :
© , © : © , ©
[} » ]
-------:.-----1—--- [ PR ———
) i \
© , 0! o : o
[} 1 [

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

2.2

2.3

FLOW RATE (TYPE S PITOT TUBE)

Principle and Applicability.

'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.

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

Apparatus.

. Pitot tube—-Type 8 (Figure 2-1) or equivalent, with a
- coeffcient within + 5% over the working range.

Differential pressure gauge—Inclined manometer, or equivalent,
to measure velocity head to within 10% of the minimum
value.

Temperature gauge—~Thermocouple or equivalent attached to
the pitot tube to measure stack temperature to within
1.5% of the minimum absolute stack temperature.

Pressure gauge—Mercury-filled U-tube manometer, or
equivalent, to measure stack pressure to within 0.1 in.Hg.

Barometer—To measure atmospheric pressure to within
0.1 in.Hg.

Gas analyzer-To analyze gas composition for determining
molecular weight.

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

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.

Measure the static pressure in the stack.

Determine the stack gas molecular weight by gas

analysis and appropriate calculations as indicated in
Method 3. .
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4. Calibration.

4.1 To calibrate the pitot tube, measure the velocity head
at some point in a flowing gas stream 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.

Cptest = Cpstd std

test Equation 2-1
where:

Cptest

Pitot tube coeffcient of Type S pitot tube.

- C std Pitot tube coeffcient of standard type
C P pitot tube (if unknown, use 0.99).

Velocity head measured by standard type

Ap
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 Javg

_ w )
(Vs)avg. KpCp(JAp Yavg. PsMs

Equation 2-2

Stack gas velocity, feet per second (f.p.s)

£t 1lb. %
-~ D 85.48 ee. 1b.mole-°R
A are used

~~
<
w

S
®
<
[i}e]
]

=
]

when these
units are used

)
]

Pitot tube coefféient, dimensionless.
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0
(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),
1b/1b-mole.
Md(l-Bwo)+18Bwo
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,
-m. Use Equation 2-3 to calculate the stack gas volumetric
(:J flow rate.

, Tstd \ Ps\>
Qs = 3600 (1—BWO)V_SA (Ts)avg.} Pstd

Equation 2-3

where:

Q = Volumetric flow rate, dry basis, standard
S conditions, ft3/hr.

A = Cross-sectional area of stack, ft.?.

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 ADAPTLx
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X
A . 9§ o _/
. e I S }- . \—.-\ B

TYPE S PITOT TUBE -

Ral (i

[ il
e bl T :;:;.:: SR .".-.li‘ !'
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il
MANOMETER f
7l
C
o ll'- )

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

1.2

2'
2.1
2.1.1

2.2.3
2.2.4
2.2.5
2.2.6

AND DRY MOLECULAR WEIGHT
Prineiple and applicability.
Principle. An integrated or grab gas sample is extracted
from a2 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.
Apparatus.
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 (Figunre 3-12).

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 O to 0.035 cfm.

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 Analysdis,

2.3.1 Orsat analyzer, or'equivalent.
3. Procedune.
3.1 Grab sampling.

3.1.1 Set up the equipment as shown in Figure 3-1, making sure
all connections are leak-free. Place the probe in the
stack at a sampling point and purge the sampling line.

PROBE FLEXIBLE TUBING
[] .
l % TO ANALYZER

_—

if

1 >/
FILTER (GLASS WOOL) \Eﬁ‘iiiii"

!

SQUEEZE BULE

Pigure 3-l. Grab-sampling train.

AIR COOLED

CONDENSER PUMP ) RATE MATER

VALVE

l

|

, q%-———-QUICK'DISCONNECT
FILTER (GLASS WOOL)

:8: . BAG
L
Y

RIGID
VALVE CONTAINER

Figure 3-2. Integrated gas - sampling
train. '
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3.3
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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 thé co 0,, and CO concentrations.as soon

s ]
as possible. Maﬁe 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 runs. Report the result to the nearest
0.1% eXcess air.

% EA = (%0,)-0.5(%CO)

07264 (%l 4)—(%0,)+0.5(%C0) X 100

Equation 3-1

where:

% EA = Percent excess air.

% 02 = Percent oxygen by volume, dry basis.

% N2 = DPercent nitrogen by volume, dry basis.

% CO = Percent carbon monoxide by volume, dry basis.
0.264 = 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.

Md = 0.44 (%coz) + 0.32 (%02) + 0.28 (%N2+%CO)

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

%C02 = DPercent carbon dioxide by volume, dry basis.

%02 = Percent oxygen by volume, dry basis.

%N, = 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.
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Altshuller, A. P., et al., Storage of Gases and Vapors
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Manual, Air Pollution Control Dlstrlct Los Angeles,
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METHOD 4--DETERMINATION OF MOISTURE IN STACK GASES

1. Principle and Applicabilily.

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

1.2 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
subseqguently 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.

2, Apparatus.

(g} 2.1 Probe--Stainless steel or Pyrex’ glass sufficiently
heated to prevent condensation and equipped with a
filter to remove particulate matter.

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

2.3 Ice bath container-~-To condense moisture in impingers.

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

2.5 Needle valve--To regulate gas flow rate.

2.6 Pump--Leak—frée, diaphragm type, or equivalent, to

pull gas through train.

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

2.8 Rotameter--To measure a flow range from O to 0.1 c¢.f.m.-
2.9 Graduated cylinder--25 ml.

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

1

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

2prade name.
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Pitot tube--Type 8, 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.

Proceduse.

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 2 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.

Caleulations.

Volume of water vapor collected.

: 3
= (Ve=Vy) oH0 RT .5 g.0474 $8:° (v _v.)
we B i ml. i
std H20
Equation 4-1
where:
we = Volume of water vapor collected (standard
conditions) cu. ft.
£ = Pipal volume of impinger contents, ml.
= Initial volume of impinger contents, ml.
= Jdeal gas constant, 21.83 inches Hg -.cu.ft/lb.mole—oR.
pH20 = Density of water, 1 g./ml.
std = Absolute temperature at standard conditions, 530°R.
std = Absolute pressure at standard conditions, 29.92 in.Hg.

=
o

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

| VP
= V Tsté) °r mm
(P cD( =17.71 1 Hg (T )

m

Equation 4-2

where:

Vme = Dry gas volume through meter at standard
conditions, cu.ft.

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,
530°R. ,

Tm = Absolute temperature at meter (OF + 460) o

Moisture content.

_ Vwe _ Vwe .
Byo = Vwe + Vme T Bm = guo 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 conditions)
cu. ft.
Bwm = Approximate volumetric proportion of water vapor

in the gas stream leaving the impingers, 0.025.
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SILICA GEL TUBE

VALVE

/

’ \ E}RY GAS METER

ICE BATH -
Figure 4-1. Moisture-sampling train.
LOCATION . COMMENTS .
TEST,
DATE
QPERATOR
BAROMETRIC PRESSURE,
GAS VOLUME THROUGH
METER, (Vm), ROTAMETER SETTING METER TEMPERATURE,
CLOCK TIME ) 1t3/min or

Flgura 4-2. Fiald moisture determinat]on.
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METHOD 5--DETERMINATION OF PARTICULATE EMISSIONS FRCM

1.2

2.1.

STATIONARY SOURCES

Principle and Applicability,

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

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.

Apparatus .,

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,

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

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.

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

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

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 1 #-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.

! Trade name.
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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.

Barometer--To measure atmospheric pressure to + 0.1
inches Hg.

Sample recovery.

Probe brush--At least as long as probe.

Glass wash bottles-—Two._

Glass sample storage containers.

Graduated cylinder--250 ml.

Analysis.

Glass weighing dishes.

Desiccator.

Analytical balance--To measure to + 0.1 mg.

Trip balance--300 g. capacity, to measure to + 0.05 g.

Reagents.

- Sampling.

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

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

Water.

Crushed ice.

Sample recovery,
Acetone--Reagent grade.

Analysis,

1 Trade name.
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Water.
Desiccant--Drierite?, indicating.
Procedunre.

Sampling,

After selecting the sampling site and the minimum

-number of sampling points, determine the stack Pressure,

temperature, moisture and range of velocity head.

Preparation 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 mi. of water in each of the first two impingers,
leave the third impinger empty, and place approximately
200 g. of breweighed 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 ¢.f.m. at a vacuum of 15 in. Hg is
acceptable. Attach the pProbe and adjust the 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 1astoi@pinger 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 €ach 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.

1

» Trade name.

Dry using Drierite! at 70°F'i 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 gilica 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. yse 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.

Caloulations.

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.

P _

+ AH
V. =V /T bar = == | _
mStd JD( sti) 13.6 |=

T

m std
) + AH
op v bar 13.6
(57.71 in.Hé) m Tm

Equation 5-1

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

1 = Volume of gas sample through the dry gas meter

=
)

m (meter conditions) cu.ft.
T = Absglute temperature at standard conditions,
std ot
5307R.
Tm = Average dry gas meter temperature, °R.
Pbar = Barometric pressure at the orifice meter,
inches Hg. _
AH = Average pressure drop across the orifice
meter, inches H20.
13.6 = Specific gravity of mercury.
Pstd = Absolute pressure at standard conditions,
29.92 inches Heg,
6.3 = Volume of water vapor.
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N

6.

6.

where;

std

O
]

=s
far]
O
] ]

T

std
b

n

std

Moisture

where:

BWO

wstd =

\4 -
Osta =

Total barticulate weight,

THE ALMEGA CORPORATION

Method 5 - Page 7 of 10

y  PHO RT_, —
1, W P__ YTy

¢ H,0 Pstq 357 gm,

cu.ft, v
= 0.0474 Y 1

c

Equation 5-2

Volume of water vapor in the gas sample \
(standard conditions) cu.ft,

Total volume of 1iduid collected in impingers
and silica gel (see Figure 5-3) ml, :

Density of water, lg./ml,

Molecular weight of watér, 18 1b./1b.-mole.

Ideal gas constant, 21.83 inches Hg--cu.ft. /1b.
-mole-"R,’

Absglute temperature at standard conditions,
5307R.

Absolute pressure at sténdard conditions,
29.92 inches Hg.

content.

\' _
B = wstd
wO v v

mstd + wstd

Equation 5-3

Proportion by volume of water vapor in the
gas stream dimensionlesg,

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

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

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' = <0.01545&> v
s mg. Betd
Equation 5-4
where:
c'S = Concentration of pParticulate 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 1b./cu. ft.
( 1 1b.\M
TEREAR - M
s Vm Vm
std std
Equation 5-5
where:
Cq = Concentration of particulate matter in stack
gas, lb./s.c.f., dry basis.
453,600 = Mg/1b.
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. v H min
I= ml~ Ugh_ ) Vig + T% (Pbar+1373 (i567 sec

GVSPSA!I

Equation 5-6
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where:
I = Percent of isokinetie sampling.
Vlc = Total volume of liquid collection in impingers
and silica gel (See Figure 5-3) ml.
pHZO = Density of water, 1 g./ml,
R = Idealogas constant, 21.83 inches Hg-cu. ft./1b.
mole-"R,
MHZO = Molecular weight of water, 18 1b./lb.-mole.
Vm = Volume of gas sample through the dry gas
meter (meter conditions) cu. ft.
Tm = Absolute average gry gas meter temperatufe
(see Figure 5-2) "“R.
Pbar = Barometric pressure at sampling site, inches Hg.
AH = Average pressure drop across the orifice
(:> (See Figure 9-2) inches, H20.
J
TS = Absolute average gtack gas temperature
(See Figure 5-2) °p.
3] = Total sampling time, min,.
VS = Stack gas velocity calculated by Method 2,
Equation 2-2, ft./sec.
‘ PS = Absolute stack gas pressure, inches Hg.
An = Cross-sectional area of nozzle, sq. ft.
6.8 Acceptable results. The following range sets the

limit on acceptable isokinetic sSampling results:

If 90% <: 110%, the results are acceptable; otherwise,
reject thée results and repeat the test.
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Cross sectional area of stack ft.2
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 coeificient dimensionless

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

Pitot tube coefficient of type 8 pitot tube

Concentration of particulate matter in stack gas,
1b./s.c.f., dry basis

Concentration of sulfur dioxide at standard conditions,

dry basis, 1lb./cu.ft.
Percent excess air

inches H,0

Average pressure drop across the orifice, 2

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 1lb./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./1l

Percent nitrogen by volume, dry basis

Percent oxygen by volume, dry basis

inches H20

inches Hg.

Average velocity head of stack gas,
Barometric pressure at the orifice meter,

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 meaéured by standard type pitot tube
Velocity head measured by type S 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, °Rr

o]

Initial absolute temperature of flask, "R

0

Average dry gas meter temperature, "R

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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' Volume of barium perchlorate titrant used for the
t sample, ml,.
v b Volume of barium perchlorate titrant used for the
t blank, ml.
\') Volume of water vapor collected (standard conditions)
we
cu.ft,
sztd Volume of water in the gas sample (standard conditions)
cu,ft, ’
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