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ALEXANDRIA

July 7, 1980

Mr. Robert L. Sansom

Virginia Vermiculite, Ltd.

Energy and Environmental Analysis, Inc.
General Partner

1111 N. 19th Street, Suite 600
Arlington, Virginia 22049

Dear Mr. Sansom:

Review of the particulate and asbestos emissions test performed by KIP
Environmental Associates on October 27, 1979 indicates that your facility is in
compliance with the particulate emissions requirements of the Virginia State Air
Pollution Control Board. Tests dome by Walter C. McCrome Associates, Inc. also
indicate that no asbestiform minerials were present in those ore samples taken
at the plant.

Thank you for your patience in waiting for our official report on these
tests.

Singerely,

]
Director, sion of Compliance
WMJ/RCJI/ j1d

cec: Director, Region IV

“An Equal Opportunity Employer”




RTP Environmental Associates

Air Measurement and Control

P.O. Box 12564

Research Triangle Park, N.C. 27709
Telephone {919) 471-8366

ROTARY DRYER
PARTICULATE EMISSIONS TESTING

PERFORMED FOR:

VIRGINIA VERMICULITE LIMITED
BOSWELL.'S TAVERN, VIRGINIA



SAMPLING REPORT CERTIFICATION

RTP ENVIRONMENTAL ASSOCIATES:

We affirm that all test procedures and results were performed in a
professional manner following all pertinent local, State, and Federal

guidelines.

u\d?li%

Date

( .

Robert Y. Purcell

7 L'; Giuseope J!.' Aldina
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INTRODUCTION

The Virginia Vermiculite mining operatioﬁ in Boswell's Tavern, Virginia,
employs a rotary dryer to burn and evaporate the flotation medium used
to separate vermiculite from undesirable mica and silicate deposits.

The exhaust gases from the rotary dryer are drawn by an induced fan
through a low efficiency cyclone in series with a cylindrical water
spray tower with a wire mesh demister; combustion waste gases are then

vented to the atmosphere.

RTP Environmental Associates performed particulate and asbestos emis-
sions testing at the waste gas stack of this rotary dryer. The testing
objectives were to determine the total process particulate emissions on
a lbs/hr basis and qualitative asbestos measurements of the particles
emitted from the rotary dryer. Three samples for asbestos determination
were collected from three locations: (1) raw ore feed into plant, (2)
vermiculite feed into dryer, and -(3) rotary dryer exhaust. These three
samples will be analyzed by Walter C. McCrone Associates, Inc. All
particulate emissions procedures compiled with the August 18, 1977
Federal Reference Method 5 and the April 21, 1977 Commonwealth of

Virginia testing requirements.

Test procedures at Virginia Vermiculite were observed by representatives
of the Virginia State Air Pollution Control Board. These representatives
were Ward Butler, Air Pollution Control Office; Nick Buckholtz, Division

of Compliance; and Renaldo Jenkins, Engineering Division.



SUMMARY OF RESULTS

The Reference Method 5 procedures given in the August 18, 1977 Federal
Register has been adopted as the particulate compliance testing method
in the State of Virginia. .Confirmation of the approved methodology was
made through Mr. Thomas Creasy of the Virginia State Air Resources

Board.

The rotary dryer process rate varied throughout the testing regime, A
summary of the process rates occurring during the compliance testing is
shown below,

TABLE 1

PROCESS FEED RATES

Time Process Rate LG/%N
11:30 6.62
12:00 | 8.27
12:30 9.45
1:00 ' 8.27
1:30 6.62 .
2:00 7.35 A
2:30 8.27 (
3:00 | 11.03
3:30 8.27
4:00 9.45

Virginia State particulate emission compliance regulations state that

particulate emissions must not exceed a specified limit "E" calculated

0.67

from the equation E = 4,10P""° where E = emission rate in 1bs/hr and P



= process weight rate in tons/hr (this equation is valid up to a process
weight rate of 30 tons/hr). The average process feed rate during each
particulate test and its representative particulate emission limit are

given in Table 2.

TABLE 2

PARTICULATE EMISSION LIMITS

Test Process Rate Emission Limit
Number (Ton/hr) (1b/hr)
8.11 16.7
7.41 15.7
9,19 18.1

Table 3 gives the individual test summaries for the particulate compliance

tests performed on the dryer exhaust stack.

Visible emissions determinations were attempted by Ward Butler of the
State Air Pollution Control Board and Robert Y. Purcell of RTP Environ-
mental Associates. Both personnel agreed that the existing meteorological

conditions prevented an .accurate estimate,



TABLE 3

SUMMARY OF TEST RESULTS

*TEST 1: Particulate Emissions Test (11:20-12:34)
TEST 2: Particulate Emissions Test (13:12-14:21)
TEST 3: Particulate Emissions Test (14:48-15:54)

++68%F, 29.92 in. Hg

TEST* 1 2 3
Date 10/27/79  10/27/79  10/27/79
Stack Temperature (OF) 131 133 130 17
Percent Isokinetic (%) 103.5 92.0 101.3 G40
Stack Flowrate (SDCEM)** 10,764 11,202 10,123 10g 4.
Gas Sampled (SDCF)** 46.8 43.3 43.1 e
Filter Catch (mg) 49.3 47.1 46.5 y
Particulate Emissions (lbs/hr) 1.50 l.61 1.44 157 ay



PROCESS DESCRIPTION

The Virginia Vermiculite mining operation removes clay, mica, and silicate
deposits from vermiculite laden ore at a site in Boswell's Tavern, Virginia.
Clay deposits are removed by a water sliming procedure; the mica and sili-
cates are separated from the vermiculite by flotation in a mixture of #2
fuel oil and other chemicals. The vermiculite is then dried in the rotary

dryer and divided into two commerical grades.

Particulate emissions from the rotary dryer are cohtrolled by a low energy
water spray tower. The pressure drop across the tower is less than five
inches of water. A wire demister prevents excess entrained water from
being emitted from the tower. The following block diagram illustrates

the process operation.

\Ory
Ho0
Sliming
Products Flotation ' Fan
Spray
Tower / Stack
Screens Dryer
(Exhaust)



The rotary dryer normally operates at a process feed rate of eight tons
per hour, The maximum operating capacity is rated at 10 tons per hour,
but numerous difficulties arise as this feed rate is maintained. The
dryer utilizes #2 fuel oil as a fuel; this fuel is rated at 138,000 BTU
per gallon with a 0.3 percent sulfur content. The normal operating fuel

useage is 60 gallons per hour with a maximum useage of 75 gallons per hour.



TESTING METHODOLOGY

All sampling and analytical procedures are those recommended by the
United States Environmental Protection Agency and the Commonwealth of
Virginia. Complete details of the equipment and procedures used are

described in Appendix C.

Method 1 was used to determine the number and location of the sampling
points. The dryer exhaust stack was divided into 12 equal areas. Three
ports were cut into the stack (see Figure 1 and 2) so that the center of
each area could be tested. Every point was sampled for five minutes,
giving a total testing time of 60 minutes for each test run on the

stack.

Velocity measurements were made in accordance with Method 2. Molecular
weights for the stack gases were determined by Method 3 procedures.
Particulate emissions were determined using Method 5 analytical and

sampling procedures.

The two process feed samples (asbestos determination) were collected via
intermittent grab samples, while the dryer exhaust asbestos sample was
collected using the EPA Method 5 sampling train with a 0.5 um Millipore
filter. These samples were sent to Walter C McCrone Associates, Inc,
for Sample analysis. The results of these analyses will be sent as a

separate enclosure with this report.

All sampling equipment used was manufactured by Nutech Corporation or

RTP Environmental Associates.
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Method 5 Particulate Test- #1

Calculation Form

Necessary Data

v _ Tstd Pb + 13.6
m(std) m Py T

528°R

Vo(std) = (47.164CF)(ggj§g-#ﬁjﬁ3)(

A. No. of Traverse Points 12
B. Total Test Time (0) 60 minutes
C. Water Collected
1. Impinger HZO 105 ml
. 2. Silica Gel 12 gm
D. Particulate Weight (™n)  0.0493 ' gm |
E. Volume Metered
1.00
Vm = 47.164 CF X DGMCF = 47.164 CF
F. Average JAP 1.638 - in H,0
G. Average aH 1.975 in H20
H. Average Meter Temperature T 79 °F + 460 = _ 539 °R
I. Average Stack Temperature T, 131 °F + 460 = __ 501 °R
J. Stack Absolute Pressure 30.21 in. Hg
K. Barometric Pressure 30.17 in. Hg
L. %0, 30 3%, 180 %0 ___o W, _sio _
M. Area of Stack 9 9¢g ft.?
N. Area of Nozzle _ £762x10"% ft.¢
Calculations
A. Standard Volume Metered AH Y= Dry Gas reter calibration

factor

wﬁn-ﬂg) . 46.812 4ot
539 R R



v

S

Moisture Content of Stack Gas

1. HZO collected in impingers in standard cubic feet

Ve (std) ~ K (Vg - V;)

v

= 3 - .9424
welstd) 0.04707 ft.3/ml1 ( 105 ml) 4.94 scf

2. H20 collected in Silica Gel in standard cubic feet
Vusg(std) = K (Wp - W))
= 3 =
szg(std) 0.04715 ft.3/gm. ( 12 gm) 0.5658  scf
3. Moisture Content of Stack Gas (ng)

B = Vwe(std) * Vwsg(std)
WS vwc(std) * szg(std)+ vm(std)

(42,9424 scf) + (_0.5658 scf)
Bws = T2 oaza scf)* (0 sesasch) ¥ (46,812 scf) - -0:1053

Molecular Weight of Stack Gas (1B/1B-mole)
1. M, (er Molecular Weight) = ¢ M, B,

Mg = (48) 1.0 %C0, + (32) 338 030, + (28)__o_ %CO+ (28)81.8N, =

28.880 1B/1B-mole

2. M (Wet Molecular Weight) = Mg (lans) + 18 Bws

=
[}

28.880 (1- 0.1053 ) + 18( 0.1053) = 27.735 1B/1B-mole

Average Stack Gas Velocity

R L
_ S

$Ss
1

IB/IB-mole(in.Hg)]z 0.84 ( so1 )°R k5
°R(in.H,0) 30.2n.Hg)(27.7338/1B-mole)

= 85,48 ft./sec.[

. . & -
[],§38 _in H20] c 9879 e iiac



E. Average Stack Gas Volumetric Flow Rate

- ) . -
Q. = (3600 sec/hr)(V_)(A_)(1-B ) —3td s
i 08 WS Pstd Ts
q 528°R
Q = (3600 sec/hr)(9g, 79ft./sec)( 2, 25 Ft.2)(1 i
29.92in.Hg

30.21 in.Hg
[ J = 645?819

591____°R ('ﬂa/kf‘) DA STASDAD CoNirrads

F. Pollutant Mass Rate

v |
PMR ={ —"—~ [Xx Q@
[Vm(std)]‘ >

(Lo, pag3)gm 1

PRM = X 645.81dSCf/HR X ———— = 3 4001 1B/HR
_46.812dscf 454gm/1B

G. % Isokinetic Variation (Intermediate Data)

Ts vm(std) Pstd 100
21 =

0 VAP, To1q(60)(1-B,)

(501 "RI(_46 g12d5¢cf)(29.92 in.Hg) y 100

) (1.5763ft?)( 60 min.)}{ og 79 ft./sec.)(_3q z]in.Hg)(528°R{(60 sec./min.)(1q, 1053)
x10° "

%1

=103.46



Method 5 Particu]éte Test- #2

Calculation Form

I. Necessary Data

A. No. of Traverse Points 12

B. Total Test Time (0) 60 minutes .

C. Water Collected

1. Impinger H,0 86 ml
2. Silica Gel 10 gm
D. Particulate Weight (™n)  0.0471 gm
E. Volume Metered
- 1.00
Vo= _44,256 CF X DGMCF = 44,256 CF

m

F. Average {aP 1,692 in H,0
G. Average AH 1.724 in H,0
H. Average Meter Temperature T_ gq °F + 460 = 546 °R
I. Average Stack Temperature T, 133 °F + 460 = 593 °R
J. Stack Absolute Pressure _30.21 in. Hg
K. Barometric Pressure 30.17 in. Hg
L. %0, 1.2 ; %0, 18.5 ; %CO- 0 5 N, _80.3 .
M. Area of Stack 2.25 ft.?2
N. Area of Nozzle 1.5763x10°% ft.2
II. Calculations
A. Standard Volume Metered AH Y= Dry Gas meter calibration
m— factor
Tegg Pb t 136
v =V y Pst .
m(std) mt Porg m
_ 528°R . 30.17 *0.1266.Hg) _
V(std) = (44.256CF)(E_92 in.Hg)( EITA °R = _43.336 dscf



v

Moisture Content of Stack Gas

1. H20 collected in impingers in standard cubic feet
vwc(std) =K (vf - Vi)
vwc(std) = 0.04707 ft.3/m1 ( 26 ml) = - 4.0480 scf
2. H20 collected in Silica Gel in standard cubic feet
vwsg(std) =K (wf - wi)
= 3 10 = 0.4715
vwsg(std) 0.04715 ft.3/gm. ( gm) scf

3. Moisture Content of Stack Gas (Bws)

_ vwc(std) + szg(std)
WS vwc(std) ¥ szg(std)+ vm(std)

(_4.0480 scf) + (0.4715 s&cf)

Bws (__4,0480 scf)+ (_0.4715 scf) + (43.336 scf)

Molecular Weight of Stack Gas (1B/1B-mole)
1. My (Dry Molecular Weight) = & M, B,

M

ft

g = (44) 1.2 €0, + (32)18,5 20, + (28)0
98 Q%2 ]B/]B-—mole

2. Ms (Wet Molecular Weight) = Md (l-BwS) + 18

M

= 0.0944

#CO+ (.2880.3 %NZ

BWS

28.932  (1- 0.0944 ) + 18(0.0944 ) =27.900  18/1B-mole

S

Average Stack Gas Velocity

v, = KC[ S][J_]

'l

te

(595 )R

18-mo1
18/1B-mole(in. Hg)] 0. 84 [

= 35.48 ft./sec,
°R(1n H20)

[1 692 in H. 0 =101,92 ft./sec

(30.im.Hg)(27.9 1B/1B-mole)




E. Average Stack Gas Volumetric Filow Rate

Q. = (3600 sec/hr)(V_)(A )(1-B ) std s
5 3 3 WS PStd T5
- 528°R
Q = (3600 sec/hr)fo1.92ft./sec)( 2,25 ft.2)(1-0.0944
29.92in.Hg
. .30,21_ n.Hg J ) |
[ _593  °R 672,124 (fkah) DL $TARALD CoNirrens
F. Pollutant Mass Rate
M
PMR =[}vﬂ—-——{]x Q-
m(std) _
(00471 J9m 1
PRM = X 672 ]zgdscf/HR X —— = 1.6090 18/HR
43.336 dscf y 454gm/1B

G. % Isokinetic Variation (Intermediate Data)
TS Vm(std) Pstd 100
2l =

| © VSAnPS Tstd(so)(l-Bws)

(593 °R)( 43.336 dscf)(29.92 in.Hg) X 100

%1

i 5763 Ft2) 60 min.)(_j01.92ft./sec.)(_30.21 in.Hg)(528°R)(60 sec./min.)(1-0.0949
x 10 77 =92.03




Method 5 Particulate Test- #3

Calculation Form

Necessary Data

A. No. of Traverse Points 12

B. Total Test Time (0) 60 minutes

C. Water Collected

1. Impinger Hp0 _ 110 ml
2. Silica Gel 13 gm
D. Particulate Weight (mn) 0.0465 gm
E. Volume Metered
1.00
Vin = 44,658 CF X DGMCF = _44,658 CF
F. AveragelsP 1 ccq in H,0
G. Average aH 1.736 in H,0
H. Average Meter Temperature ﬁm g4 _°F + 460 = 554 °R
I. Average Stack Temperature T, 130 °F 4+ 460 = 590 °R
J. Stack Absolute Pressure 30.21 in, Hg
K. Barometric Pressure 30.17 in. Hg
L. %COZ 1.2 H %02 18.3 ; %0 o . 3 %NZ 80.5 H
M. Area of Stack 9 98 ft.?
-4 .
N. Area of Nozzle 1.5763x10 ft.?
Calculations
A. Standard Volume Metered oH Y= Dry Gas wreter calibration
T factor
- T P, + 13.6
v =V oy std b
m(std) m Peid T
_ 528°R . 30.17+0.12761’n.Hg)‘ )
Yogaea) = @458 6F) ( BEBr ) (LALDAISI) 5,000 aser



)

Moisture Content of Stack Gas

1. HO0 collected in impingers in standard cubic feet

Vc(std) = K (Ve - V) .

v

welstd) = 0.04707 ft.3/ml ( 110 ml) = 5.1777 scf

2. H20 collected in Silica Gel in standard cubic feet

wsg(std) =K (w - wi)

= 3 = )
Vwsg(std) = 0-04715 ft.%/gm. (___lé_f___gm) 0.6130 ' scf

3. Moisture Content of Stack Gas (ng)

_ Vwc(std) ¥ Vusg(std)
WS Vae(std) * Vwsg(std)* Vm(std)

(5.1777 scf) + (_0.6130 scf)
Bws © 15,1777 scFI¥ (_0.6130 scfT + (_43.099 scf)

= _0.,1i84

Molecular Weight of Stack Gas (1B/1B-mole)
1. My (Dry Molecular Weight) = ¢ M, B,

Md (44) 5 - zco2 + (32) 18 ; %0, + (28) o %CO0+ ()28) 80.%N2 =
28.924  1g/1B-mole

2. Mg (Wet Molecular Weight) = Mg (l-Bws) + 18 B

4
"

o = _28.92¢4 (1- 0.1184) + 18(0. 3184 ) = _27.629 1B/1B-mole
Average Stack Gas Velocity
ke [ ] =]

s S

18/1B-mole(in. Hg)] 0 84 (5o )°R
°R(1‘n.H20) 60.21.Hg) £7.6281B/1B-mole)

!,2

= 35.48 ft./sec. [

[.l;S&Q__‘” H 0 = 94,13 _ ft./sec



E. Average Stack Gas Volumetric Flow Rate

0 ' - T
Q = (3600 sec/hr)(vs)(AS)(l_Bws) Pstd TS
std S

_ 528°R
(3600 sec/hr)(9a.13ft./sec)(2,25 ft.2)(19.1184)

O 1
v
1]

29.92in.Hg

[ z0.21 in.Hg ]
= 607373 3 _
5o °R (ft/‘\") BLA STASDALD o irveas

F. Pollutant Mass Rate

M
PMR = —"— [X Q
[:vm(std):] s

( 0.0465 )gm ‘ 1
X 607,373dscf/HR X ————— = 1.4434 1B/HR

43.099 dscf 454gm/1B

PRM

Isokinetic Variation (Intermediate Data)

[y
AR

2] VSAnPS Tstd(GO)(l-Bws)

zl =

(_sap_ °R)(_43 099 dscf)(29.92 in.Hg)

- (ﬂL_szgﬁt?)(_ég___Jnin.)(_gﬂ;lf_ft./sec.)(_;ig;gijn.Hg)(528°R{<60 sec./min.)(1-0.118)
x10~ ;
| . =101.29

%1



APPENDIX B
FIELD AND ANALYTICAL DATA
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. . !
Orsat Identification No. \ Date Reagents Added o lay l'?’?
Checked By -mAuE._ Rescdist ' i
Plant Location Lbuvs.@ Okt Sampling Date 10 [.,17 f?‘?
Operator(s) —?—?ur.u_u_
"Sampling Locman"_&—mBm:_ Exriaoyt Average Fyrite CO‘z -
Moisture Content of Stack Gas (Byys) ~ 0.V, _Puel Used %2 Foec o
Fn;e,l Feed Rate _ LO gl / bn Combustion Source Description ~ Zeracy \QM-&.L
Process Production Ra::e ~ 8*&&./ l— Steam Production Rate

———

Comments: - -

Test No. Sample Time Analysis Burette Readings | ’
' Start | Stop Time [ €0, | 0, | CO

N | \:29 (2430 12338 .o .= —
2 13012 fdeeo (432 e o) —
3 - qg Tekes TR Y 1.2 1?7 -
Component . . Mole Fraction = % Composition

co, to | 1z 2

0,-Co, (%0 183 . (8.8

00—02 © o o

100-CO = N,* - ) 8o § 8O, 3

Dry Molecular Weight of Stack Gas (M;) = mxn
/ bhign/m zcoz)+323n/n( zoz)+zagn/m( ZC0)+28gm/m( ZNZ)- gm/n

Wet Molecular Weight of Stack Gas é‘;) - Hd(lf-B“) +'_183-m/u(Bv’)

) = gn/m
Z 0, -~ 0.5(2C0) X 100
(0.264) (xN,) - (202) + 0.5(zc0)

(123 20,) - 0.5(_O_2C0) X 100° 9 o
)- (:aszoz)+o S(_c_2co

) + 18gn/a (

P
= Cgmim) (1-

X Excess Air in the Duct (ZEA)

ZEA=
(0. 266)(805’

* If OO ;eading :I.'s 1eu‘ than 02 reading use Oz reading for calculating ZNZ
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- . PARTICULATE SOURCE SAHPLE

Analysis Date(s)

Plant Sampled O\z.c...o. \)uULuucuz_m—&. =N

(ol‘:—? 19 - m:[u '7‘7 'Ana‘iyticaT Chemist

- el pama o e aae- e e d

2.2

Toldes e

Sampling Location " Rorans \bn.qm Ewmf )
Sampling Case No.

Sample Run No. [
Sample Labels

HZO Silica Gel

Impinger Rinse

Ana’lysis Performed

Dry Particulate = -

Location C()-JO.S Ay 'k.‘.\.lQC:.u).ﬂ
Sampling Date(s) (o a7 |79
%
Filter " Probe
Other” 1T <

Reference Method Arfa‘l_ytfca] §amp1e« Temp. _ &5 1° °F
_Comments: |
Moisture Data . Total Moisture _
Final Volume H,0 in Impingers 3608 mi - BT
Initial Volume™H,0+in Impingers £20© ml HZO Condensed .gcn ml_.
IVo]ume HZO condensed (0% _ml H,0 Absorbed 121 ml
Final Weight Silica Gel __ 2/2.1 _ gm Hy0 Total 121 m
Initial Weight Silica Gel 260 gm
(1gmH20=1m1H20) Volume H,0 Absorbed _/z./ ml
Particulate Data ' Total Particulate Sampled
CH3'-CH2-0-CH2-CH3/CHCL tract Flask No. Organic Fraction N~ - mg

Final Weight
.Initial Weight .
Organic Fraction

Inorgani c Fract1 on

mg
e Front-fia
mg ro/t a]f Partfcu'lates

Extracted H,0 Flask No. el .

Total Particulates

Final Weight ing
Initial Weight mg| Rup No.
Inorganic Faction mg
Filter Flask No. HE .
Final Weight mg |- s
Initial Weight mg |
I Fi]tnr and Particulates 437.2 my \g 93
Filter No. _10& Tare Weight «/79.3 mg —= ~— Mg

Particulates
Dey Particulates and Probe

X

Front Half Particulates

gdﬁjmg
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Analysis Date(s)

PARTICULATE SOURCE SA.MPLE

t

1o /zﬁ/?% ~ ml'zﬁl?j -_AnaT-_ytica'l Chemist 7~

Plant Sampled O\Lc._m.ﬂ- DLl mieSurs

(_TB-

-

Sampling Location—zn-mu Bn.qeu. Emuus-r o

X

Samp]e Run Ne.
Sample Labels

HZO Silica Gel

Sampling Case No.

Impinger Rinse

Analysis Performed

Deeecc,
Location __ (ooisa, - Dunaisn
Sampling Date(s) o lan l??
5 :
Fﬂter " Probe
Other' "~ -~ = -

Dry Particu]ate -

Reference Method Analytical Sample Temp. S e of
: . 7
 Comments:
Moisture Data . Total Moisture
Final Volume H,0 in Impfngers ' a?.ela “ml -
Initial Volume®H,0+in ImpingerS o265 i Hy0 Condensed __ 8-  ml
Volume HZO condensed *gu _ml 'HZO Absorbed S ml
Final Weight Silica Gel aniid gm Hy0 Total T mi
Initial Weight Silica Gel 250 gm
(1grnHzO=1m1H20) Volume H,0 Absorbed _ 1o ml
Particulate Data e ) Total Particulate Sampled
. _ ' T
CH3—CH2-D-CH2-CH3/CHCL3 extract Flask No. Organic Fraction..” mg
- ’/,'
: Final "ﬁ?ht mg Inorganic Fraction mg
/ .Initial Weight . mg| I(/ L
Organic Fraction mg Front/ alf Particu]atesl

Extracted HZO Flask No.

_ Total Particulates

inal Weight mg
Initial Weight mg| Rup No. o2
Inorganic Faction mg| | .
Filter Flask No. g .
Final Weight mg |- - S
Initial Weight mg :
- Fﬂter and Particulates <43z mg 7.1
Filter No. Tare Weight 423.8% mg mg
Particulates /2.4 mg
Dry Particulates and Probe 347 mg
Front Half Particulates 47/ mg
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PARTICULATE SOURCE SAMPLE ..

Analysis Date(s)

- e e

0 (zv l’?‘i — 1 las by Analytical Chemist ??uuu

Plant Samp'léd O\Q.Cud.A" Ow-uc_utlrL C‘t‘b Location Lbo.’stx. .O\Q(_,A),A
1 "‘-\_\ a8 2w as .
Sampling Location Aty Oaver. & eusost Sampling Date(s) mlm l‘)‘i
Samp.fé Run No. 3 Sampling Case No. §
- Sample Labels
H,0 _ Silica Gel Filter " Probe
Impinger Rinse Dry Particulate ° ° Other-” - B

Analysis Performed

Reference Method Al;alytical Sampler Temp. SE=,7© °F
Lorments: -
Moisture Data _ ] ; Total Moisture
Final Volume H,0 in Impingers = J\© pi ) -
Initial Volume®H,0+in Impingers &6  ml Hy0 Condensed L ml;
Volume HZO condensed no _ml 'HZO Absorbed (3 ml
Final Weight Silica Gel 213 gn Hp0 Total 23 ml
Initial Weight Silica Gel 2 6D gm
(1gmH,0=1m1H,0) Volume H,0 Absorbed _ 13 _ ml

Particulate Data

CH3.-CH2-0-CH2—CH3/CHCL3 extract Flask No~

Total Particulate Samp’@

Ofganic Fracti n/ mg

Final Weight M9 Inorganic Fraction - mg
Jritial Weight _ _mg LT
Organic Fraction. - - - mg alf Partfculates‘

Extracted HZO Flask No.

eight

Fina
_ Initial Weight
'/;,I organic Faction

T

Filter Flask No.

Final Wefght

. Initial Weight mg

L Filter and Particulates 4283 mg
Filter No. /07 Tare Weight qJ25 Mg
Particulates £8 _mg

Dry Particulates and Probe 40.7 mg

Front Half Particulates 46,8  mg

Total Particulates
3

Rup No.

-

N

/b.
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APPENDIX C
SAMPLING AND ANALYTICAL PROCEDURES
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Title A0—Protection of Environment

CHAPTER I—ENVIRONMENTAL
PROTECTION I-'\GENCY

[FRL 754-5)

PART 60—STANDARDS OF PERFORM-
ANCE FOR NEW STATIONARY SOURCES

Revision to Reference Methods 1-8

AGENCY: Environmental Protection
Agency.

ACTION: Final Rule.

SUMMARY: This rule revises Reference
Methods 1 through 8. the detailed re-
quirements used to messure emissions
from affected facilities to determine
whether they are in compliance with a
standard of performance. The methods
were originally promulgated December
23, 1971, and since that time several re-
vislons became apparent which would
clarify, correct and improve the meth-
ods. These revisions make the methods
easier to use, and improve their accuracy
and reliability.

EFFECTIVE DATE: September 19, 1977,

ADDRESSES: Copies of the comment
letters are available for public inspection
and copying at the U.S. Environmental
Protection Agency, Public Information
Reference Unit (EPA Liorary), Room
2922, 401 M Street, S.W., Washington,
D.C. 20460. A summary of the comments
and EPA's responses may be obtained
upon written request from the EPA Pub-
lic Information Center (PM-215), 401
M Street, 5.W., Washington, D.C. 20460
(specify “Public Comment Summary:
Revisions to Reference Methods 1-8 In
Appendix A of Standards of Performance
for New Stationary Sources™).

FOR FURTHER INFORMATION CON-
TACT:

Don R. Goodwin, Emission Standards
and Engineering Division, Environ-
mental Protection Agency, Research
Triangle Park, North Carolina 27711,
telephone No, 919-541-5271.

SUPPLEMENTARY INFORMATION:
The amendments were proposed on June
8, 1976 (40 FR 23060). A total of 55 com-=
ment letters were received during the
comment period—34 from industry, 15
from governmental agencies, and 6 from
other interested parties. They contained
numerous suggestions which were incor-
porated in the final revisions,

Changes common to all eighi of the
raference methods are: (1) the clarilica-
tion of procedures and equipment spec-
ifAcations resulting from the comments,
(2 the addition of guidelines for al-
ternative procedures and equipment to
malke prior approval of the Administra«
tor unnecessary and (3) the sddition of
an introduction to each reference meth-

od discussing the general use of the

method and delineating the procedure
for using alternative methods and equip~
ment.

sSpecific changes to the methods are:

. MetHOD 1

1. The provision for the use of more
than two traverse diameters, when spec-

RULES AND REGULATIONS

{led by the Administrator, has been
deleted. If one traverse diameter is in a
plane contalning the greatest expected
concentration variation, the intended
purpose of the deleted paragraph will be
fulfilled.

2. Based on recent data from Fluidyne
(Particulate Sampling BStrategies for
Large Power Plants Including Nonuni-
form ¥Flow, EPA-600/2-76-170, June
19%6) and Entropy Environmentalists
(Datermination of the Optimum Number
of Traverse Points: An Analysis of-
Method 1 Criteria (draft), Contract No.
68-01-3172), the number of traverse
points for velocity measurements hes
been reduced and the 2:1 length to width
ratio requirement for eross-sectional lay--
out of rectangular ducts has been ree
placed by a “balanced matrix” scheme,

3. Guidelines for sampling in stacks
contalning cyclonic flow and stacks
smaller than about 0.31 meter in diam-
eter or 0.071 m' in cross-sectional area
will be published at a later date,

4. Clarification has been made as to
when a check for cyclonic flow is neces-
sary; also, the suggested procedure for
determination of unacceptable flow con-
ditions has been revised.

MeTEOD 2

1. The calibration of certain pitot tubes
hes been made optional. Appropriate con-
struction and application guidelines have
been included.

2. A detailed calibration procedure for
temperature gauges has been Included.
3. A leak check procedure for pito

lines has been included, )

MeTHOD 3

1. The applicablility of the method has
been confined to fossil-fuel combustion
processes and to other processes where it
has been determined that components
other than O, CO, CO, and N, are not
present in concentrations sufficient to
affect the final results.

2. Based on recent research informa-
tion (Particulate Sampling Strategies for
Large Power Plants Including Nonuni-
form Flow, EPA-600/2-76-170, June
1976), the reqiirement for proportional
sampling has been dropped and replaced
with the reguirement for constant rate
sampling. Proportional and constant rate
sampling have been found to give essen-
tially the same result.

3. The “three consecutive” require-
ment has been replaced by “any three”
for the determination of molecular
weight, CO: and O,.

4. The equation for excess air has been
revised to account for the presence of CO.

5. A clearer distinction has been made
between molecular weight determination

-and emission rate correction factor

determination.
6. Single point, integrated sampling
has been included. ~

MeTHOD 4

1. The sampling time of 1 hour has
been changed to a total sampling time
which will span the length of time the

polutant emission rate is being deter- .

mined or such time as specified in an
applicable subpart of the standards.-

2. The requlrement for proportional
sampling has been dropped and replaced
with the requirement for constant rate
sampling,

3. The leak check before the test run
has been made optional: the leak check
after the run remalns mandatory.

MeTESD §

1. The following sliernatives have
been Included in the method:

a. 'The use of metal probe liners.

b. The use of other materials of con-
struction for filter holders and probe
liner parts.

¢. The use of polyethylene wash bot-
tles and sample storage contaluers,

d. The use of desiccants other than
silica gel or calcium sulfate, when
appropriate,

e. The use of stopcock grease other
than silicone prease, when appropriate.

. The drying of filters and probe-filter
catches at elevated temperatures, when
appropriate. )

g. The combining of the filter and
probe washes into one container.

2. The leak check prior to a test run
has been made optionhl. The posi-test

Jeak check remains mandatory. A meth-

od for correcting sample volume for ex-
cessive leakage rates has been included.

3. Detailed leak check and calibration
procedures for the metering system have
been included.

Meraop 6

1. Possible Interfering agents of the
method have been delineated.

2, The options of: (2) using a Method
8 impinger system, or (b) determining
S0. simultateously with particulate
matter, have been Included in the
method. .

3. Based on recent research data, the
requirement for proportional sampling
has been dropped and replaced with the
requirement for constant rate sampling.

4. Tests have shown that isopropanol
cbtained from commercial sources ocC-
casionally has peroxide impurities that
will cause erroneously low S0O; measure-
ments. Therefore, & test for detecting

peroxides in isopropanol has been in-’

cluded in the method. -

§. The leak check before the test run
has been made optional; the leak check
after the run remains mandatory.

6. A_detailed calibration procedure for
the meterineg system has been included
in the method.-

. MerrOD T
1. For variable wave length spectro-

photometers, & scanning procedure for

determining the point of maximun ab-

sorbance has been jncorporated as an

option. - : -
MerHOD 8

1. Enown interfering compounds have
been listed to avoid misapplication of
the method.

2. The determination of filterable
particulate matter (including acid mist)
simultaneously with 80, and SO, has
been gllowed where applicable.

3. Since occassionally some commer-
clally available quantities of isopropanol
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bave peroxide impurities that will eause
erroneously high sulfurie acld mist meas-
urements, & test for peroxides in isopro-
panol has been included in the method.

4. The gravimetric technigue for mols-
ture content (rather than volumetric)
has been speclfied because & mixture of
isopropyl alcohol and water will have &
volume less than the sum of the volumes
. of its content. . -

5. A closer correspondence has been
made between similar parts of Methods
8 and 5.

’ MISCELLANEOUS

Severa! commenters questioned the
meaning of the term *subject to the ap-
proval of the Administrator” in relation
to using atternate test methods and pro-
cedures, As defined in § 60.2 of subpart
A, the “Administrator” includes any au-
thorized representative of the Adminis-
trator of the Environmental Protection
Apency. Authorized representatives are
EPA officlals in EPA Regional Offices or
State, local, and regional governmental
officials who have been delegated the re-
sponsibllity of enforcing reguistions un-
der 40 CFR 60. These officials in consulta-
tion with other staff members famillar
with technical aspects of source testing

will render decisions regarding accept.

able alternate test procedures,

In accordance with section 117 of the

Act, publication of these methods was
preceded by consultation with appropri-
ate advisory commitiees, Incdependent
experts, and Federal departments and
agencies.
(Secs. 111, 114 and 301(a) of the Clean Alr
Act, sec, £(3) of Pub. L. No. 91-504, 84 S:at.
1683; sec. 4(8) of Pub, L. No, 01-604, 84 Stat.
1687; sec. 2 of Pub. L. No. 90-148, B1 Stat. 504
|42 U.S.C. 1857c—6, 1857¢-9, 1857g(a) }.)

NRoTtE~The Environmental FProtection
Agency has determined that this document
does not cortaln a melor proposal requlring
preperation of e Fconomic Impact Analysis
under Executive Orders 1182] and 11949 and
OMB Circular A-107%.

Dated: August 10, 1977.

Dovcras M CosTLE,
Administrator.
Part 60 of Chapter I of Title 40 of the
Code of Federal Regulations is amended
by revising Methods 1 through 8 of Ap-
pendix A-—Reference Methods as
follows: - . :

APFEXDIX A-=-FEorrrexce MeToODS
The riference wethods in thie appendiz are referred 1w

in & 606 (Performance Tists) and § 60.11 (Compliance -

With Siandards and Mu:ntenanee Eequirements) of 40
CFR Part 6. Eubpen A (General Provisons). Specitie
:L:.ﬁdglr d'.shﬁre reltence Tuethis e demribed 1n the
£tan of petiormance coplained in the subparts,
beginuing with Suhfan 1.

- Within each siandard of perlormance, & section Hilsd
“Test Methods and Procedures™ ks provided se (1)
identify the 1esi Duethods applicable to the facility
subject to the raspective siandard Snd () identify any
special instructions or eonditions to be followed ‘when
spplying a method to the TuSTecuive funility. Boch in-
swructions (for example, estabush sampling rates. vol-
WITes, OF tempnratures; ate to be Lsed either in additien
10, or 85 5 suhstitie for procndtires in areference method
Emilarly, for sources suhjeet to emission monitaring
requirements, specific insirtctions periaining 1o any tss
ol & freference methng are provided in the ssbpart of in
Appendiz B.

o —

S

Inclusion of metheda In this appendiz 1a not Intanded
as an endorsatnent or denial of their appheability o
pourees Lhat are not subject 10 standards of performance.
The ethods are potentinlly applicabile to other so t
however, applicability should be confrmed by careful
and ogpmprlau ovaluation of the condiitons prevalent
Al Such sources,

The appros~b folowsd In the formalation of the ref-
erence methods lavolves mecifications for equiprment,
procedures, and performanes. In wnoegt, s performancs
specification np{\rﬂnch would be prefesabie in all methods
bocause this allows the preatsst flexibility to the pser,
In practice, however, this approach Is impracticsl in most
cores bewcause performance specifications cannot be
established. Most of the methods described herein
therefore, involve specific aquipment spreifications and
procadures, and only a few methods in this appendis rely
on performance critaria,

Minor changes in the ref-rence metheds should not
nevesarily albet the validity of the resulis and it is
recopnized that alternative and uivalent methods
exist. Section 60.8 provides anthority $or the Administra-
tor to spevify or approve (1) equivalent methods, (2)
almrnatm me!hof{;, and (3) minor changes in the
metheaSolopy of the reference methods. )t shonld be
clearly understood that unleas otherwise identified all
such fmethads and changss must have prior spproval of
the Administrator. An owner employing ruch metheds or
devigticns from the reference eelhods witbout obtaining
prior 6pprocal does so st the risk of mabsequent disape
prova! and retesting with spproved methods.

Within the referenca methods, eertaln epecifie eqnipm
mept or procedores are nized as being acceptable
ot potentially accaptable and sre specifically identifisd
in the meibods The jtems ideatified as m%t.:bh op-
tions mag be tised withont approval but mnst be jdenti-
fied in the tast report. The potentlally approvable rg
tions are cited 88 “subjeet to the approval ef
Adminlsirator” or as “or equivalent.™ Euch poientially
approvable techniques or atternatives may be used at
diseretion of the owner without prior approval. However,
detailed descriptions for applying these poteotially
spprovable weehnjqoes or alternatives are not provided
in the reference methods Alsn, the potentially approv-
ahle options ase not nacessarily scceptable in all applies-
tions 'Therefore, an owner electing to tse soch pov
tantially I%‘:mﬂbli techniqnes or alternatives is re-

asible + (1) sworing that the techniques or
altarmatives are in fact applicable and are pro?uly
erecnted; (2) incleding s written description of the
alernative method in the taw report (lbe ‘writisn
muethad rost ba clear and must be capatils of being per-
fortued withont additioral insiruction, snd the degree
of detail should be gimilar to the detoll contained fo the
reference metheds); and (3) providing apy rationals or
supporting data recessary 1o show the validity of the
aliemative in the pacticular spplication. Failure to
mest these requiremients ean resvlt in the Adminis-
walor's disapjwoval of the aliernative.

METHOD 1—ESAMPFLE AND VELOQTY TRAVERSES Fo
. STATIONARY EOTECES -

1. J¥ing'ple end A pplicalility

1,1 Prineiple. To 2id {a the represeriative mieasure-
ment of pollutant emiz=ions and,'or total volumetric flow
rate {rom & S1ALORASY SOUTCe, & Meaxurerment Site whers -
the effiuent strea 18 flowing in & known direction s
selntted, and the crose-section of the stck is divided into
2 number of egoa) aress A traverse poiot is then located
within each ¢f thess equal Areas, -

1.2 Applicability. This tnethod is applicabls to Gows

ing £AN sireaIns tp dets, stacks, and fues The ne

cannot be oaed when: (1) flow i3 eyeioniv or swirling (e
Section 2.4), (2) 8 Stack is sroaller than shout 0,30 meter
(12 in)) in diameter, ar 0.071 m? (113 in.?) in crosssec-
tional area, or (3) the measarement site is less than two
rtack or duet diametars downsweam or bess than a balf
dinmeter gpstrean from & flow disturbance,

'The requirerients of this method must be considersd
belore constraetion of a new facjlity from which erissions
will be measured; failure to do s My require subsequent
alterations to the stack or deviation from the standard

ure. Cams intolving vaniants are subject to ap-
omval by the Admiristrator, U.8. Environmental
toglion Agency, .

2. Procrdure

2.1 Belection of Measurernent Site, Fampiiog er
velocity Mmeadtirement is peiformed ot o 2ite Jocated 8t -
Isast eight stack or duei diameters downetream snd two
diarmetars upstreain {rom aty flow disiuriancs sueh &
& bend, ez pacxion, of contraciion in the swack, of from s
vigible fiame. U necessary, an alternative Jocation may
e seleciad, 3t 8 poninion 3t leas? two stack or duoet di-
ametsrs downsiream and & ha'l diameter upsiream from
any fow dimiurbance. For & rerrangular cross pedtion,
an aquivalent diameter (D,) skall be calctlated from the
following enuation, 10 determipe the LeTear and
Gowns fvAIm QiFlANMeS;

2LW

= P15
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. | .
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
0.5 ' 10 . 1.5 2.0 25
S0 | E l | l I i
\—/Distuse
; | ¥ TURBANCE
= 40 A —
Z +| LMEASUREMENT
o -LE=— siTE
a I [
& |
(7]
: 8] (-
Zz 30 l _
" kDISTURBANCE
o
a
2 20 _
2 .
=
=
=2
=
Z 10— : —
= * FROM POINT OF ANY TYPE OF
DISTURBANCE (BEND, EXPANSION, CONTRACTION, ETC.) -
| . | ' | i | 1

2

3 4

5 6 7

9

- DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

Figure 1-1. Minimum number of traverse points for particulate traverses.

FEDERAL REGISTER, VOL 42, NO.

where L=length and 'swidth. B
25 Determiniug the Number of Traverse Poinis
221 Partict'ate Traverses. When the eichi. and
1wo-diametsr crilerion can be met, the minimum pomber
of traverse points suall be: (1) twelve, for eireolar or
rectengular siacks with diameters (or egoivalent di-
ameters) greater thag 0.61 wmeter (24 in); {2) eighs, for

circuiar stacks witk dismeters between 0.30 and 0.61

meter (12-24 {n.); (3) nink, for reciangular stacks with
equivalent d.amelers balween 0.30 and 0.6! mezar {12-24

in.),
Wher: the cight- and two-diameter criterion cannot be

- mmet, the Iainimum number of traverse points is deter-

niined from Figure 1-1, Before r».lerrin%w the fHigure,
howes or, deiermine the ¢istances from the choen Clease
Lremen: site 10 the nearest upsiream and downsiream
disturt auces, and divide each distance by the siack

drumster or egnivaleni diameier, 10 deterrine the .

distanoe it verms of sbe numiber of duct dismeters. Then,
doiermine [remn Figure 1-1 the minimum pumber of
Travesss pounts T cofres[onds: (1) to the nozber of
duct @ amsiers upsoeam: end (2) 10 the nomber of
dismeiats downsiream, Select the higber of the two
ITinimm NLrOters of [TATerse POINLS, O 6 Greater valus,
50 that for circular stacks the number is & muliiple of ¢,
mnd for rectanptilar stacks, the curober is one of those
shown io Table 1-1.

TAELE 1-1. Crossaectional lapoul for rectangular stachs

Numler of trarevae puinis oud

160-—THURSDAY, AUGUST 18, 1577
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| ' . DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)

C 05 1.0 15 20 - 25
50 I I I - I N T . I

TE—EDISTURBANCE
“ .0 . A |
: 5 40— +| [MEASUREMENT
= o Y} ;
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; Z 30— ; —
¢ o= . | .
| F | 414 (o1stunsance
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- =
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=
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. E =

a 0 i l | | BT I
C 2 3 3 5 6 7 8 . _ 9 10
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DI§TANCE R)

Figure 1-2. Minimum number of traverse points for velocity (nonparticulate) traverses.

- 229 Velocity (Won-Particuiats) Traveses. When N
velocity or volumetric flow rate is 10 be delsrmined (but :
pot partictlate fnstter), the same procedurs a3 tbhat for -
i particulate traverses (Section 2.2.1) is followed, escept
.l . - tost Figure 1-2 miay be used instead of Figure 1-1.
.. p:.'_.s Cross-Sectional Layout and Location of Traverse
- . ointy,
231 Circular Siacks, Locate the traverse poicts on
two purpsndictilar dismelars sdcording to Tsble 1-2 and
the example shown in Figure 1-2. Aoy equation (for .
. B examples, see Crtations 2 and 3 ip the Bibliography) that
. ' - gives the same values as those in Table 1-2 may be Osed
T in lieu of Table 1-2 - - - S
- For particulate gaverses, one of the diareters must be N I
in & piane containing e Lesk ex e ted concentration ’
vnnauond.e.:.. alter bends, one diameser shall be ia the
piane of the bend. This requirement beconies loss eritiesd
as the d;stance rom the disturbance Increases; thervfore,
other diarueter locations may be ased, stibjecl W appmva‘
of the Admin:straior, X
In sdditicn, for stack$ having diameters preater then ) X
0.61 m (4 in.) no traverse polnts shall = located within '
55 centumeters (1.00 in.) of the stack walis: and for stack . -
diametrys equal to or e than 0.6) m (M in.}, no Lravesse L
points shall be Joeated within 1.3 cm (0.50in.) of the stack.
walls, i'0 mee: (hese criteria, observe the procedures
g:ven helow, - .
23.1.1 Stacks With Diameters Greater Than 0.61 m
(24 in.). When any of th2 traverss points as in
Eection 2.3.1 fall within 25 em (1.00in.) of ihe siack walls, .. . . .
reloeate them away from the stack walls to: (1) @ distance . . .
of 25 cm (1L.00 in.); or (2) a distance eqital o the nozzie -,
- : inside diameier. whichever ia larger. Thes' relocated .
. traverse pointy (0o each end of & diarneter) shisll be the .
' +adjusted”’ travers points . .
Whenaver two Siceessive traverse poigts are combinsd
- to form & singis sdjusted traverss point, test the ad-
Justed T &5 W0 Separate traverse pount, both io the
sanpling (or velocity measureruent) procedure. and in
recording the data .

FEDERAL REGISTER, VOL 42, NO. 160—THURSDAY, AUGUST 18, 1977
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TRAVERSE

POINT

DISTANCE.
% pf diamster

NN AN

Table 1-2 LOC

4.4

14.7

29.5

- - 705
85.3

95.6

RULES AND REGULATIONS

y [ ]

Figure 1.3. Example showing eircular stack cross section divided into
12 equal areas, with location of traverse points indicated,

ATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside wall to traverse point)

Traverse .

point . .

"g:b:" . Number of traverse points on @ diameter

diometer L 2 1 & 16 |8 [0 ]2 14|16 jiej20}2]2a
1 |1s.6l 6.7 4.8 3.2 28] 20} 1.8} 18] 1.4 13} 13
2 |es.af2s.0]14.6]10.5] 8.2} 6.7} 5.7| 4.9] 4.4] 3.9} 3.5} 3.2
3 5.0 20.6]19.4 | 14.6] 11.8| 9.9] 8.5| 7.5] 6.7] 6.0} 5.5
4 93.3|70.4 32.3 | 22.6 | 12.7 |14.6 {12.5| 10.9]. 9.7 | 8.7 ] 7.9
5 gs.41 67.7 | 34.2] 25.0 | 20,0 | 16.9 | 14.6 1 12,91 11.6 | 10.5
6 95.6180.6 | 65.5| 35.6 | 26.9 } 22.0] 18,81 16.5 | 14.6 113.2
7 . + | go.5|77.4] 66.4 | 36.6 | 28.3| 23.6| 20.4 | 18.0 | 16,1
8 96.8 | 85.4] 75.0 | 63.4 | 37.5{ 29.6 | 25.0 | 21.8 {19.4
9 1.8 82.3 | 73.1 | e2.5} 33.2 | 30.6 | 26.2 | 23.0
10 o7.4|8s.2 175.9]7.7]61.8] 388 1.5 J27.2°
n . 93.3 |es.a {78.0| 70.4 | 61.2 | 39.3 | 32.3
12| 97.9 | 90.1 |83.1]75.4] 69.4 | 60.7 }39.8
13 94.3 |87.5|81.2| 75.0 } 68.5 [60.2
14 ) 98.2 [91.5] 85.4 | 79.6 | 73.8 | 67.7
15 ! 05.1]89.1|83.5|78.2 |72.8 "
16 8.4 92.5| 87.1 | 82.0 | 77.0
n” "105,6(50.3]85.4-80.6
18 98.6| 93.3 | 88.4 |83.9
19 . 96.1 | 91.3 |86.8
20; . 98.7 | 94.0 |89.5
21 . ’ 966 192.1
22 98.9 | 94.5
" 23 ) 96.8
28 98.9

2312 Btacks Wi
0.61 m (24 in.). Fol!
poting only that any
relocated awey Lrom the siac
13 em 050 in.) or (2)w d

inside diameter, whichever is lnrger.

232 Roectad
ints as ex

of Laverse
this meth

tion. Divide the

th Diameters Equal to or Less Than
ow the provedire in fection 23.1.1,
“adjisted” pwints should be
walls to: (1) 8 distance of
isiance egqual W the poszle

muar Starks. Deiarmine the number

;‘\.‘Ln.im_d in Sections 2.1 and 2.2 of
. From Table 1-1, determine the grid con-
stack erosm-section into as rasny
equal rectangular elomental Areas 6s traverse poOints,

and then locate s traverse point st the controld of ench
equal ares soording to Lhe ezample in Fimire 14

‘The situstion of Laverse pointy being too close o the
stack walls is nol expe to arise with rectanguiar
stacks 1f this probiem should ever arise, the Adnatinis-
trator must be ropiacied for resolution of the mattef,

24 Verifiration of Ahsance of Cyclonic Flow. In mast
stationary sources, the direction of nmack
essentially pacsilsl to the siack walls.
eyclonic fiow may exist (1) After siich deviers as cyclones
and inertial demisters following veuturd azubbers, or

) In stacks having tangentis inlats of otber duct cone
Crumtions which tend 0 induce swirling: i thess
instances the pressnce of absence of eyclonic flow et
the ssmpling location must be determined. The bllowing
techniques are acceptabls for this delarmination.

Figure 3-4. Example showing rectangular stack cross
section divided into 12 equal areas, with a traverse
point at centroid of each area

Level and rero the manozister. Consect s 121'0 8
pitot tube to the manometer. Position the Type pitot
fube gt ench traverss poiot, in suceession, so thas the
planes of the face openlogs of the pitot tube ure gu;Fendio-
ular to the stack cross-sectional plane: whon the Type 8
pitot tube is in this position, it is at *0f reference.” Mot
the difersntisd pressure (Ap) reading at each taverss
point- If & null (zero) pliol reading Is obtained st 0°
relerence 8t & given tracerss point, an acxeptable fow
condition exists st thal point. If the piten reading is not
2er0 aL 0° refarence, Fotais the pitol tube (up to 90° yaw
angle), hatil apulirending isobtained. Carefully deteemnine

and rucord the valus of the Fotation angle (a) w !.23 .

nearest degrea, Alter the null technique has beent appli
&% cach travrse point, caleulais the AW of the abso-
lute values of o assign o valoes of 0° 1o those polows lor
which no rotation was required, snd include thes in the
overall ave
10°, the o Aow condition in the stack is unacesptable
alternaiive methodoiogy, subjeet to the approval of
the Administrator, most to performn accurate
sample and velocity traversas, .
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MyTSoDp 2—DETEEMINATION OF Stack Cas VELOCTY
axp VOLONETRIC FLOW RATE (TYPR S I'TTOT TURE)

1. Principle and Appliccbilily

1.1 Principle ‘The aversge gas velocity In 2 stack {9
determined trom the gas density and from measurement
of the average velocity head with a Type S {Stansacheits
or reverse Lype) ﬁiwl tobe, -

12 Applieability. This method 1 applicable for
msasuretnent of the average velocity of & gas stresm and
for quantifving gas flow. .

This procedure is not applicable at measirement siies
which fail to meet the eriteria of Method 1, Section 2.1.
Also, the method eannot be gsad for dirret measurement
in eyclonig or s@irling gas sireams; Section 2.4 of Method
1 shows how to delermine eyclonic or swirling flow con-
ditiohs When unacceptable conditions exist, Allemalive
Yrmdu.res. subject 10 the approval of the Adminisirator,

5. Environments) Protection Agency, must be em-
plored Lo make mcourate flow rate determinations;
exnisiples of e aiternalive procedures are: (1) to install
straighiening vanes; (2) to calciiate the total volumetne
Now rate stoichiometsienlly, or (2) to move to another
measurement site a1 which the flow is acceptable.

Z Appuraius ’ -

Specifications for the apparatns are given below. Any
othar apy tus that has been demonstrated (subjeet to
approval of the Adminisirator) to be eapable of mesting
the specifications will be considerad scceptable.

FEDERAL REGISTER, VOL 42, NO. 150—THURSDAY, AUGUST 18, 1977

s, 1f the average value of o is greatar than.
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1.90 - 2.54 em*
{0.75-1.0in.)

Y
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_ 7.62em (3in)*

R

TEMPERATURE SENSOR

CYWHE-

TYPESPITOT TUBE

N

LEAK-FREE
CONNECTIONS

] MANOMETER

*SUGGESTED (INTERFERENCE FREE) -
PITOT TUBE - THERMOCOUPLE SPACING

Figure2-1. Type S pitot tube manometer assembly.

.

.

-

23 Type § Pitot Tube. The Type E pitot tebe
{Figure 3-1) shall be reade of meial tubing (e.g., sisin-
Jess steel), It is recommended thut the egternal tubing
diameter (dimension Ly, Fipure 2-7h) be between 0.45
and U5 centimeiars (Mo and ¥ inch). There shall ba
D equnl distance fram the buse of each leg of the pitot
tube 10 jis faceo) gemng plane (dimensions P, and Pa,
Figure 2-2b); it 15 recommended that this distance be
berwean 1,05 and 1.50 times the external tabing diametsr.

The face apenings of the piwt tube shall, prefurably, bs -~

aligned as showo in Figure 2-2; however, slight misalien-
ments of the openings are permissilile (see Fipure 2-3).

The Type & phiot tube shall have & known coefficient, -

determined A8 cutlined In Section 4 An identification
nnmﬁ shall be uﬁgned v.: e:.’h» pitot mh;: this gu%ﬁ
ahall ¥ IDAr @r engraved on the v
of the tug: _ )

o - -
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- . .
s .
TRANSVERSE '
TUBE AXIS ‘ '
\ A B
. S FACE
OPENING —*
| PLANES
(a)
ASIDE PLANE® '
) ; . — NOTE:
‘ . ' P
LonciTuDiNAL ¥ Dt A AL { 105D, <P<150D;
\ .
B-SIDE PLANE : . |
)N - €
_ AORB _ -
(e - ) n
- . )
Figure 2-2. ‘Properly constructed Type S pitot t_ube,-shown
in: (a) end view; face opening planes perpendicular to trans-
- verse axis; (b} top view; face opening planes parallel to lon-
gitudinal axis; {c) side view; both legs of equal length and . .
c_en;erlines coincident, when viewed from both sides. Base- .
_ line coefficient values of 0.84 may be assigned to pitot tubes _. - V- .
constructed this way. ’ R .
- ’ X L. --‘__._.'-.' )
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vey . ) 1 a1 ! \ o2
I : vt \ !
| , | l. i
! - TRANSVERSE __,__; e
; TUBEAXIS 7
| | | oom

LONGITUDINAL
TUBE AXIS™ —

TN L ) fatFerd
8 : hj _

R SRz
. O A \___/’\B . :
I .

Figure 23, Types of face-openmg mlsahgnment that can result from field use or im-

" proper construction of Type S pitot tubes. These will not affect the baseline value -

: : of Cpls) so long s a1 and a.2<10° f1and f2< 59, 2<0.32cm (1/8 |n)andw<

- - 008em (1/32in.) (cntatlon 11 in Section 6).

-
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A standard pltot tube may be pand inatead of & Type B,
provided that it mesta the spocifieationa of Bections 2.7
snd §.Z note, however, that the siatic and lmfmﬂ
pressure holes of standard pitot tubes are susc!‘?tih e to
Plugring in particciate-laden- cas streamy. Therlore,
whenever a standard pitot tube s used to perform &
traverse, adequnate pronf mnust be furnished that the
cpeningy of the pitot tube have not plugeed up during the
traverse period; this can lw done by taking s veloelty
hrad (Ap) readinip ot the final raverse point, clearing out
tli» impact and static holes of Ahe standard pitot tube by
“hack-purging”’ with pressurized air, snd then takin,
another Ap reading. 1! the Ap readings made before an
after the nir puree are the same { =8 percent), the traverse
is arceptable, Otherwise, rejrct the run. Note that if Ap
st the final traverse point is unsuitably low. another

int may be selecied. If “back-imrgkng at regular

L Ihe pracedurs, then comphrative Ap
niervals is part of the p! e e Jact oo back

readings shall be taken, as abov f
purgeszat which saitably high Ap readings are observed.

25 Differentlal Pressure Geoge. An fuclined mauom-
eter or squivalent device is used. Most sampling trains
are equipped with 8 10-in. (water colump) Inclined-
vertical mancmeter, baving 0.01-in. H+0 divisions on the
0- 10 1ein. inclined seale, and 0.1-in. H:0 divisions on the*
1- to 10in. vertical scale, This type of manomeler (of
other pauge of equivalent sengitlvity) is matisfactory for
the measutsipent of Ap values as low as 1.3 mm (0.05 in.)
H:O. Flowever, 8 difforentisl pressure gauge of greater
sensitivity shall be used (subjest 0 the approval of the
Administrator), If any of the following is foand to be
true: (1) the arithmetic average of all AD resdings at the
traverse poinls io the stack is less than 1.3 mm €0.05 in.)
H:0; (2) for traverses of 12 or more points, more than 10
percent of the Individual &p readings are below 1.3 mm
€0.05 in.) HiO; (3) for traverses of fewer than 12 golnt!.
mofe than one ap resding Is below 13 mm (0.031n.) H:O.
Citation I8 i Section 6 describes comraercially aveilable
{nstr; nentation for the measuremnent of low-range gas
velocities,

As an alternative to criteria (1) through () above, the
following ealculation may be performed to delermine the
pecessity of using & more sensitive differential prasmurs

gauge:

n
st
=1

Vap+K

T=

="
_X{:‘\'AP"
i=

where:
ap;=Tndiridual velocity bend reading st & traverse
int, mm HO (in. B,O). -
n='Potal number of raverse polots
K013 mm H:0 when metric units are ©3ed and
0.005 in H:0 when Epglish units are used.

I T s grester thag 105, the velocity head data are
unacceptable and 8 more sensitive differential presure
gauge toust be used. |

NoTe —1f diflerential pressure Fauges other tha.‘n
inclined roanometers are wed (e.8. magnehelic Fauges),
their calibration must be checked afiar each lost series.
To check the calibrstion of a differential pressure gauge,
compare Ap readings of the gaure with those of a patge=
oil manometer 8t & minimum of three points, BppIoLi-
mataly representing the range ol Ap alues in the stack.
1, a1 each point, the values of Ap asread by the differan-
tial pressure gauge and gatge-oil manomeler a{m 10
within 5 pereent, the diflerentisl preasure gatuge s I be
considered to he irn proper calibration, Otherwise, the
test series shall either be voided, ot pr ures to adjust
the measured Ap values and final resulrs shall be used,
subject 1o the approval of the Adminisirator. .

23 Temperature Gauge, A thermocouple, liqnid-
£illed bulb thermometer, bimetallic thernometer, toer-
cury-inglass thermometer, or other gauge ca; ble of
measuring lemperature 1o within 1.5 percent of the mini-
mum sbaocluie stack temperature sh be usad, The
temperature gauge shall be attached o the pitot tube
such that the sensor Lip doos not touch any Dietal; the
gauge shall be in an interference-free arrangedent with
respect to the pitol ube foce openings (see Figure 2-3
ané also Figite 2-7 in S2etion 4;. Aliernate positions may
be usaed if the pitot tubelenipraiure £aNge Syslem is
enlibrated according Lo the procedure of Section t. Pro-
vided that a difference of not more than 1 percens in the
average velocity measureiuznt is inuroduced, the tem-

RULES AND REGULATIONS

not be attached to the pitot tibe;

peratirs pacys nesd
subject to the spproval of the

thia alternalive iy
Adminiatrator,

9.4 Pressure Probeand Gange, A piczomelet tibeand
mercury- of waler-filled T-tube manoMeter capmble of
Mmeasunng stack pressure o within 2.5 mm (0.1 in.) Hg
1s usnd. The statie tap of a srandard U'ge pitol tude or
one log of & Type X pitot tube with the (ace opening
planes positioned parollel to the gus flow may also be
used 88 the pressure probe.

2.5 Bafometer. A mercury, anerold, or other barom-
eter earable of mca.su.nng atmosphetie pressurs to
within 2.5 mm Hg (0.1 in. Hg) may be used, In many
cares, the barometric reading may be obtained from »
nearhy national weather service suation. in which case
the siation vaiue (which 13 the absolute Larowetrle
pressure) shall be requested and an adjurtment for
elevation diflerences between the weather station and
the sampling point shall be applied at » rate of minus
o5 ram (0.1 i0.) Hg per 3-meter (100 foot) elevation
thoreass, or viee-versa for elevation decrease.

8.6 Opas Density Determination Equipment, Method
3 equipment, if needed (see Section 3.6), 1o determine
the stack gas dry molecular welght, and Reference
Method 4 or Method 5 equipstent for moisture content
determination: other rasthods may be used subject to
approval of the Administrator,

2.7 Calibration Pitot Tube. When calibration of the
Type 8 pitol tube is necessury (sse Section 4), 8 standard
pito: tube 18 used as a rejerence. The standard pitot
tabe skall, prefarably, have 3 known coefficient, obtaloed
sithar (1) direcily from the National Buresy of Stand-
ards, Route 270, Quince Orchard Road, Qaithersbure,

i

Maryland, or (7) by callbration against anothet stan
pitot tube with an NBS-traceable coeflicient. .ﬂ&d.
natively, s standard pilot tute desipned sccording to
the criteria piven in 2.7.1 through 2.7.5 below and llus
trated in Ficure 2-4 (see also Citatlons 7, 8, and 17 in
&c‘t'!.:‘r‘l'e) mmy b:‘ u.!ed\:ﬂl:lllgt tull;es drsighed according
» specifications ave baselin Hlicien
Shout 090 L0.01, line coellicients of

2,7.1 IHemispherical (shown {n Figure2-4), eNipsoidal,
or ennleal tip, .

2.7.2 A minlmum of sly digmetars straight run (based
upon D, the external diameter of the tube) between the
tip and the static pressure holes,

2.73 A minimum of eight diametery straight run
hetween the static pressure holes and the centerline of
the external tube, folowing the 90 degree bend.

2.7.4 Etslic pressure holes of equal size (a]jroximately
0.1 D), equally spaced in & plezometer ring configuration.

2.7.5 Ninety degres beod, with eurved or mitered
jugcatioﬁ.m Hal P G for T

. flren ressure Gange for Type & Piwt
Tube Calibration. Ap inclined manometer or equivalent
18 used, If the single-velocity calibratiot technique
employed (sse Section 4.1.2.3), the calibration difleren-
tial pressure gauge shall be readable to the nearest 0,13
o HrU (0.005 1o Hy0). For multivelocity calibrations,
the gauge shall be readable to the nearest 0.13 mm 10
(0,005 in 1140) for Ap volues between 1.2 and 25 mm H;0
(0,05 and 1.0 iz, Hy0), and to the nearest 1,3 mm 11,0
(0.05 Ln. HiO) for Ap vatues shove 25 mm Hy0Q (1.0 10,
Hi0). A specis], more sensitive pauge will be required
to read Ap values below 1.2 mm B0 [0.05 tn. }H0)]
(see Citation 18 in Bectlon 6),

C .l\{“ (( ;Qb ?

A

CURVED OR N [=
'MITERED JUNCTION I
| |5
STATIC
HOLES 2
(~0.10) 1
| T
E
. E
_HEMISPHERICAL ~ 2
TIP \d_j

lFigure 2-4.- Standard pitot tube design specifications.-

3. Proesdure
31 Ser op the spparatus as shown in Figure 2-1,
Capillary tubing or susge tanks jistalled beiween the
manometer and pitot tube may be used W dampen Ap
fiactuations, 1t is recommendsd, but oot required, that
& pretest leak-chsck be conducted, as follows: (1) blow
hrough Lhe pito: impect opening untll at Jeast 7.6 cm
(2in.) HaO velocity pressars fegisiers oo the manometer;
then, close off the impact opening. The pressure shall
remain siatde [or at jeast 13 sseonds; (2) do the same lor
the stsile pressure side, except unsing suclion to obtaia
the minimum of 7.6 cm (3 1) HyD, Other lakcheck
proestures, subjact 1o the spprovel of the Administrator,
may oe usad, i -
32 Levei and ‘zero the manomeier, Because the ma

-~ -
nometer level and zero may drift doe to vibrations and
temperature changes, make periodit checks during
traverss, Fecord all necessary data sas-shown in the
exn-nple data sheet (Figure 2-5). .

23 Measure the velocity head and temperatgre at the

traverse points specifisd by Method 1. Ensure that the |

proper d:3erential pressurs gauge is being naed for the
range of Ap values encounterad (see Section 2.2). If it ig
necessary 1o ehange Lo a more sensitive gauge, do so, and
remensure the Ap and temperature readings at each tra-
verse poiot, Conduct s posi-iest leak-~cheek (roandatory),
ns described it Geetion 3.1 sbove, to yalidate the traverss

rn. -
34 Measure the static pressure in the stack. One

reading i5 nsually sdequate. i
a.5 Determine the aimospheric presmira,

. -
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PLANT
DATE

RUN NO. 5

STACK DIAMETER OR DIMENSIONS, mfin.)
BAROMETRIC PRESSURE, mm Hg (in. Hg)
CROSS SECTIONAL AREA, m2(it2)
OPERATORS .
PITOT TUBE 1.D. NO.

AVG. COEFFICIENT, Cp=

SCHEMATIC OF STACK

LAST DATE CALIBRATED IEMATIC OF ST
Traverse Vel Hd..& Stack Temperature Py _
Pt.No. - mm {in H20 t, 0C (°F) Ts OK (°R) | mm Hg (inHg) (a5
- l v -
]
Average

T . T—

- Figure 2-5. Velocity traverse data, '~
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36 Delarmine the stack gas dry molscular welght.
For comhastion grmm.m or proceases that emil essan-
tislly COy, Oy, GO, and Ny, mae Method 3. For procesmod
emitting esseatially wir, an snalyxs nead not be eon-
ductad: use & dry molecular welgbt of 29.0. For r
proceescs, other miethods, subject to the approval of the
Administrator, must be u

27 Obtain the molsturs content from Raference
Mothod 4 (or wquivalout) of rom Method 5.

358 Detarmine the crosssectional ares ol the stack
or duct at the sampling lovation. Whenever poxzible,
physically mreasure tbo stack dimensions ratber than
using blueprinta.

4. Calibration

41 Type B Pllot Tube. Before {ts initial use, care-
fully examine the Type B pitot tube o top, side, and
end “vl'lerl t.:_! varu{b:bn tb:a l.twa oﬁlmmp ‘:illthe tube
are Aligeed within specifications iustr n
2.3 or 2-3. The pitot tubs shall nothnsodultm

alignreat

RULES AND REGULATIONS

O e Tiane. distautes
2-7h); and (b) the paning ane dlstances
(dlml:mlm P‘) and Pa, Figure 2-2b), 1f D, Is between
B48 and 0.05 cm (We and 3 in.) and U Py and Pynre
squal and batween 1.05 and 1,50 B,, thare are two prosxible
sptiona: (1) the pltot tube msy be calibrated according
he procedurs outlined In Eactions 4.1.2 through
415 balow, of (2) » baseline (isolated tube) coeclent
value of 0.64 may be assigned to the pitot tmbe No
bowever, thiat if the pitot tube Is part of an assembiy,
entibrption may stil be required, despite knowledge
paseline confficient valus (sea Bection 4.1.1)
U D,, Pa. and Py are outsids the specified limits, the
plm‘;h:lbe ‘must be calibrated as outlined in 4.1.2 through
4.1.5 below, ;
4.1.1 Type B Pitot Tube Asmblies, During sampls
and walocity traverses, the fsolated Type 6 pitot tube (8
not slways nsad; o many Instances, the pitot tube is
wsed ln combination with other source-sAmpling compoo-
ents (thermocoupls, sampling wae. nottle) as pait of
a0 “'assembly.” The presence of other rampling compos
nents can sometimes affect the baseline calueof Lhe Type

(a) the extarnal tubi

valoe may of may not be valld for a plcan axcaably. The
bas=lne and amembly coefficiant values will be identical
only when the ruiative plucement of the compoDents in
the assernbly i3 such that sarpdynamic interference
effects are ellminated. Figures 2-6 through 2-8 Hustrats
interterenge-lres componant armangemects lor Type 8
{tot tulma haﬂnf external tobing diamelers betweer
45 and 0,5 cm (e and b m.).'l‘yroﬁ'.plr.ol. tube assem-
blies that full to mest n.n{ or all of the speclfications ¢
Figures 2-6 through 2-8 shall be ealibrated acoording
the procedure ontllned in Eections 4.1.2 through 4.1.6
below, and prior to calibration, the values of the inter-
component sgacm (pitot-nozele, pitot-ihermoconple,
pitot-probe sheath} shsll bs meamirsd mod recorded,
Norte.—De pot use any Type 8 pltot tube assembly
which (s constructed sach that the impact pressurs opeos
ing plans of the pitot tube Is below the entry plsas of tha
votzle (see Flgure 2-6b).
4.1.2 Calibration Betup. I the 111.\98 itot tube {3 to
be calibrated, one leg of the tabe shall bgpe.rmmently

marked A, and the other, . Calibration shall bedons la

a flow system having the following essential design
teatures; .

meet tizese mecifications. on Coethoient (Cltation § Ln Section 6); therel
_Atur vevityiog the s opsisg slimment, Al SRS 08 e otbereie Kauwa) Baseilae cooeient
s : ) ]
fo: TYPESPITOT TUBE
\ x>1.90 em (3/4in) FOR Dp =13 em (1/2in)
SAMPLING NOZZLE

A. BOTTOM VIEW; SHOWING MINIMUM PITOT-NOZZLE SEPARATION.

SAMPLING
PROBE

o

i

SAMPLING
NOZZLE

STATIC PRESSURE
OPENING PLANE-

TYPES

PITOT TUBE

IMPACT PRESSURE .
OPENING PLANE

——— S S—t——

NOZZLE ENTRY
PLANE _\_

SIDE VIEW; TG PREVENT PITOT TUBE

FROM INTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE
NOZZLE, THE IMPACT PRESSURE
OPENING PLANE OF THE PITOT TUBE

SHALL BE

EVEN WITH OR ABOVE THE -

NOZZLE ENTRY PLANE.

Figure 2-6. Proper pitot tube -

sampling nozzle configuration

—— — ) ———

to_preve'nt

serodynamic interference; buttonhook - type nozzle; centers of nozzle

and pitot opening aligned;

3/8in.).
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Wal62om |
. {3in)
. THERMOCOUPLE 7 THERMOCOUPLE
90 em {3/4 in
—- T 2>190em {3/4in T _l ‘
g J o TYPESPITOT TUBE ( ) TYPESPITOT TUBE ( |)
; ' R

Figure 2-7. Proper thermocouple placement to prevent interference;

D¢ between 0,48 and 0.95 ¢m (3/16 and 3/8 in.).

TYPESPITOT TUBE

i
SAMPLE F:ROBE ~t—= Y >7.62cm (3 in.)

Figure 2-8. Minimum pitot-sample probe separatnon needed to prevent interference;
Dt between 0.48 and 0.95 ¢cm (3/16 and 3/81in.).

4.1.21 The fiowing gas stoMie mns: be confined to
duct of definite cross-sectional srem, either cirenlar ar
rectangular. For circlar cros-sections, the mioimum
doct dimrreter shall be 30.5 em (12 In- ) for rectangular
Mon.s.ihn widih (shorter side) shall be at least
[-: ]
4122 Tha crosssections] ares of the eslibration duct
gt:sthee%_ns’utomldmhumdmmmd".n
meters, Nnrmgu}um—sev.hn.mueqtnﬁ
Jent diameter, calculated from the following eqtiation,
to detersnine the nuxcber of duct diameters: -

2LW
D o=t
LWy
Equation 2-1
where: .
.D.=qumlem dmmels
Lw=leurth
W=Width

'To ensure the presence of stalle, fully developed Acw
patierns &t the calibration site, or “west setion,” the
site must be localed Bt Jeast eigh' dinmeiers downsiream
and two diameters Rpeweam from ihe nearest dustorb-
AnCes.

NoTE.—The eighl- and two-diameter criteris are not
sbsolute; other Lest section Jocations may be msed {ub-
Ject to approval of the Adminjstrator), providad that the
fiow At the test site is stable and demonstrably paralisl
to the duct Avie

4123 The flow ryxiem eball have the capacity to
generate n 15 -gection velocity around 915 w/min (3, om

fumin). This veicelty must be constant with time to
araniee pieady fiow Quring calibfstion. Nots that
£ pitot tube coefficients obtained by single-veloeity
ealibration st 915 m'min (3,000 fi/min) will geperally be
walid to within =3 percent for the messorement of
welocities above 35 purmin (1,000 ftymin) and to wmnn
=5 to & percent for the messurement of velocmes be-
tween 150 snd 3% m/min (600 and 1,000 fi/min). It
momecm correlation between Cp and wvelocity h
desi the fiow system shall bave the capeeity to
generate at least foar ¢, time-in 1est-oegtion
velorities eovering the veioeity range from 180 to 1.525
m/min (aoumscmnrmm) and calibration data shall
be takey at regular veloeity intervals over this risge
uuﬁumnssmdumswmobr deeails).

4124 Two entry ports, sne each for the standard
sod Type 5 pimu;bu.«hnﬂbewﬂ.nl.h.mtmhon.
186 standard pi M entry Et:rt shall be loraied slightly
downsream of the port, o tuat the standard
snd ‘lme Simmae upenjngs will lie in the tame cross-
se¢tio) plane during calibmation. To faellizate al:
ment of the pitot tubes during ealibration, it is sdvisable
thai the 1est section be consuructed of plexiclas or soms
other tra: ent material.

4.1.3 Calibration Procedore. Note {ra: this procedure

it 8 reneral one and must net be © witbout €rst
referring to the Tu'ml eonsiderations presentad in Sec-
tion 4.1.5, Note sl thet this procedure applies only 1o
single-veloc.i? ealibraton. To obtsin calibration dats
for the A and B sides of the Type S pliot tube, proceed
as follows: i -

4131 Make sure that the manometer is properly
filled and that the oil is froe lrom contamication sed is of
the proper dmﬁ‘.tr Inepect and leak-check au p i1t Lines;
Tepir or replace if NACemAry,

£1.32 Level and zero the mmmew Turn on the
tan and allow the fiow to stabilize. Seal the Type 5 entry

port.

4133 Ensureihal the manometar is Wvel and orosd,
Position the standard pitos tobe at the calibration point
{ od as emtlined in Setion 4,1.5.1), and align the
tobe 30 that ita tip la pounad directly into the Bow, Par-
ticnlar care sbonldhu #n in aligning the tube to avord
yaw snd pitch les, Make sure that the ectiry port
‘swrounding the tube is properly = .

4134 Read Apus and 1ts value in & dats table
similar to the one shown in Figure 2-8, Remove the
sandard pitot tobe fromm the dect and disconpect it from
the mapometer. Eeal the standard entry port.

4145 Coum:t the T'ype 6 pitot tobe to the manomn~
eler. Open Senu-y rt. Check the manom-
'wu.);:';l Mkd ;ﬁn nsert and a..gn the 'tl"ypa 8 plpn.t‘ mbe
o ty A side impact openiog i3 a3 the samve pelat as
wad the siandard pitot toie aod is painted directly into
the ilow. Make sure that the eniry part surounding the
tube iv properly sealed.

4130 Fead Apsand enter its value in the dats tabla
Renove ths Type S pitat mbe froin the duct and cis-
connect it from the mavom

4.1,8.7 Repeat stepad.l, 'o‘.amrwghl 1.3.6 above until
u.ree paira of Apre gs bave been obtained.

138 Repeat steps 4.1.33 throngh 4.1.3.7 abovo for
me B side of the T'ype £ pitot Tube.

: ‘.3 Terform calculailons, a5 described in Eection
4.1.4 below.

41.4 Calculatio :

4.14.1 Feor mh o! the six of Ap rnd.mp (Le,
thres from side A and ibres from side B) obtained in
Eection 4.1.2 above, calculate the value of the Type B
piLor tobe coetlicient as fellows: -

-
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PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED BY?
“A" SIDE CALIBRATION . ]
' .
eﬁfﬁ‘t’: ] cnbib DEVIA_TIONT
RUN NO. {in. H20) (in. H20) Cpls) | Cats) -CplA)
1
2
3 .
Cp (SIDE A)
J: #g" SIDE CALIBRATION
Apgd Ap(g) )
' em 1120 emH20 DEVIATION
1 .
- 2
3
| Cp(SIDEB) .
3 - .
= |cpl)-TplA 0R B |
~—— MUST BE <0.01

AVERAGE DEVIATION = v(AORB) =

| Cp (5iDE A1 5, (510E B) |+—MuST BE<O0.01

3

Figure 2-9. Pitot tube calibration data. -

C_v(l) =Cotaa) -\,‘ £Pau

“Ap,
Equation 2-2
'hg::.a-'l‘ype 5 pllot tube coefliciznt

Cy (o) =5tandard pitot tube coefficient; use 0.99 if the
cosfficient is unknown and the tube is dasigned

sccording to the criteria of Sections 2.71 to
2.7.5 of this method. i
7 head messured by the standard pitot
Apy=V ‘l’gé.!mbﬂeﬁ (me.agu’.r%()i by the Type & pitot
yaVeloddty m
? tube, em HiO (in. Hs0)

4142 Calzilste G, (side A), the mean A-=side coek
ficient, and C, (side B), the mean B-gide cosficents
xculau tbe difference between thews (W0 averige

ites.

4143 Calculste the devlstion of each of the three A«
e values of Cpy) om €, (side A ), and the deviation of
each B-side walye of Cp(.) trom C, (side B). Use the ok
lowing equation:

Deviation=C,:— Cp(A or B)
Equation 2-3
4144 Calculate #, the averaga deviation from the

mean, for both tue A and B sides of the pitot tube. Use .

the following equation;

- 2 _
Zlcnm"cl(‘d or B)|
¢ (side A or B) = 1 -

3

Equation 2—4

4.1.45 Use the 'Type § pitot tube only If the values of
# (side A) aod # (side B) are less than or equal to 0.01
and If the absolute value of the differsnce between Cs
(A) and Cp (B) i3 0.01 or lem,

4.1.5 Epecial contiderations.

4.1.5.1 Belection of calibration point.

4.1.5.11 Wheq an isolated Type & pitot tube s cali-
brated, select a ealibration point at or pear the center of
the duct, and follow the procedures ontlined in SecLions
4.1.3 and Ll.&_above. The 'I‘y_;_n B pitor coeficients so
obtalned, {.e., Cy (side A) and O, (sideB), will be valid,
so long as either: (1) the {solated pitot tube is used; or
(2) the pitot tube is usad with other components (nozzle,
thermocouple, sample probe) in an arrangement that (a
tree {rom gerodynamic interference effects (see Figures
2-6 through 2-8).

41512 For Type 5 fa“m tube-thermocouple com-
binations (without sampls probe), select a calibration
point at or pear the ceater of the duct, and follow the

rocedures outlined in Eections 4.1.3 and 4.1.4 sbova,

he coeflicients so obtained will be valid 30 long as the
pitot tube-thermocouple combination is used by jtself
or with other componenisin at interference-{ree arTaAnge=
ment (Figures 2-6 and 2-€).

4.1.51.3 For assemblies’ with sampls probas, the
calibration poiot should be located at or near the center
of the duci; however, insertion of 8 probe sheath into s
small duet may cause significant, cross-Sectional ares
blockage and vield incorrect coelficient values (Citation 9
in Section 8). Therefore, to zninimize the blockage effect,
the calibration point may bs » few inches off-center i
necezsary. The actual blockage effect will be negligibls
when the theorstical blockage, as determined by a
rrojected-uas mode) of the probe sheath, is 2 percent or
ess of the duct eross-sectional ares for assemblies without
external sheaths (Figure 2-10a), and 3 percent or less for
assemblies with exterpal sheaths (Figire 2-10b).

4.1.52 For thoss probe assemblies in which plrat
tube-nozzle interference is a (aetor (i.e.. those in which
the pitot-noztel separation distance fails 10 meet the
snecifization flustrated In Figure P-£a), the valos of

»¢s) depends upon the amount of ate between
the tube and nozzle, and thersfore is » function of nozzls
size. In thees instanres, ssparats calibrations shall be
performed with each of the commonly used nozzle sizes
in place. Note that the single-velocity calibration tech-
nigue is acceptable for this Dle, ovenr thougb the
larger nozzle’sizes (2>0.635 ¢ or }{ In,) are pot ordinarily
vsed for isokineii¢ sampling at velocities around 915
m‘min (3,000 ft/min), whick is the ealibration velocity;
note alan that it is Dot necessary to draw As isokinstie
sample duricg calibration (see Citation 19in Section 6),

4.1.53 For a probe assembly constructed sach that
1ts pitot tube 13 Always tsed in the same orientation, only
one aide of the pltot tobe need be calibmied (the xide
which will fazs the flow), The pitot tube st still meat
thealignment specifications of Figure 2-20r 2-3, however,
»snd must have an everage deviation (o) value of 0.01 o2
1238 (see Section 4.1.4.4),
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416 Fiedd TUse and Revalibration.

4161 Field Dse.

41611 Whena 'E'pe 8 pitot tube (1solated tube or
assermbly) is used in the field, the appropriate cvelficient
walue (whetber assigned of obtained by calibration ) shall
be used to perform velocity caleulations, For calibrated
Type 6 pitot tubs, the A side coeflicient shall be nsed
when the A side of the tube faces the fiow, and the B side
coeficient shal! be used when the B side faces the fow;
alternatively, the arithmetic average of the A and B side
coeficient vAlues MAY e used, Lirespective of which side
faces the flow,

41.61.2 Wken a probe assembly is nsed to sample 8
wmall duet (12 to 35 In. in diameter), the probe sbeath
pometimes blocks a significan; part of the duct cros-
motion, causing & reduction in the effective valus of
T ar. Consult Citation 9 in Bection € for detsfls. Con-
ventional pitot-sampling probe sssemblies are not
recommended for use in ducts having inside diameters

l_ gmaller ttan 12 inches (Citation 16 in Section 6).

4162 Recalibration.
£1.6.21 lsolated Pitot Tubes. After each field use, the

- pitot tube shall be caretully reexamined in 1op,side, snd

end views. 1f the pitot face openings are still aligned
within the specifications flinstrated in Figure 2-2 oF 2-3,

ft can be assumed that the haseline coeflicient of the pitot

tube has not changed. If, however, the tbe has
damaged tu the extent that It no ionger weets the specifi-
eatiotts of Figure 2-2 or 2-2, the damage shall either be
rrpaired to restore propes alimmment of the lace openings
o toe tube shall be duscarded.

41622 Pitol Tube Assemblies. After each field nss,
eheck the face opening sligninent of the pitol tube. a3
in Ecction 4.1.6.2.1: a0, remeasure the iptercomponent
spacings of Lhe sssembly. 1f the intercotnporent spacings
bave not changed and the face opening alighment is
acceptable, it can he assumed that tbe coeflicient of the
assembly has pot chinnged. 1 the lace openine al'gnment
is po lonaer within the =necilications of Figures 2-2 ar
2-3. either repair the damage or replace the pitot tnbe
(calibrating the new assembly, if necessary). 1 the inter-
eomponent spacines have changed, restare the original
spuciogs of recalibirate the assembly. E

4.2 Etandard pitot tube (U applicsble). 1l s standard
pitot tobe s used for the velocity traverse, the tubw shall
be consirnetad aecording to the eriteria of Bortion 2.7 and
gha!l be pssipned s baseline coefficient valoe of 0.0 It
the standard pitot tube is used as part of g assembly,

RULES AND REGULATIONS

W
’ '
BLOCKAGE DUCT AREA | .

(%)

the tube chall be in sn interference-fres armangement
(subject to the approval of the Admipistrator),

43 Temperature Gatges, After each fleld um, cali-
brate dial thermometers, liquid-filled bulb thermom-
elers, thermicouple-potentiometer systems, and other
patges ot a femywrature within 10 percent of the average
ahvolute stack tempernture, Far tau tures up o
405° C (761° F), use an ASTM mercory-in-plass reference
thermometer, of squivalent, as a reference; alternatively,
either & referepce ihermocsbple and potentiomeisr
(calibrated by NBS) or thermometrie fixed points, .8,
joa bath and boiling waisr (eorrected -for barometrie
pressare) may be nsed. For temperatures above 405° C
{761® ¥), use an N BE-calibrated reference thermorotiple-
potentioraeter system of an alternote reference, subject
to the spptoval of the Administrator.

If, during calibration, the abrolute temperaiures meas.

with the i::auge l's;.ing ca.l.lbn'}:-d ':nd the nfmdgm
gauge agree within 1.5 percent, the temperature ta
taken in the field shall be considered walid. Otherwise,
the pollitant emission test shall either be considered

invalid or adjustments (if appropriate) of the test renlos

shali bé made, subject to the approval of the A
JAor. B

44 Barometer. Calibrate the barometer used against
» mercury barometer, . -

5. Coleuletions )

Carry out ealculations, retsining at least one eztrs
dacimal figure beyond that of the sequured data. Round
off figures aiter Giral caleulation,

51 Nomenclature

A=Cross=ectiona! area of stack, m? (ft?).

Bus=Water vapor in the gas stream (from Method 5 or

Referance Method 4), proportion by volume.
Cy=Fitot tube coefficient, dimensioniess.
R ,=Pitot tube constant,

m (g/g-mole) (mm Hg)
I | TR (mm 11,09 |
for lﬁe metric system aud
ft [ (1b/lb-mole) (in. He)J'"
8549 L5 LR (n Ha0)

- -
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Figure 2-10. Projected-area models for typical pitot tube assemblies.

for the En%‘llsh system,
. Ma=Molecular weigbt of stack gar, dry bass (e
Becuion 3.6) g/g-mole (b, 1b-mole).
M,=Molecular weight of stack gas, wol bnsie, g/g-
mole (1b/lb-mole).

=AMy (1=Bu)+18.0 Bu Equation 2-5

Pys=Barometric pressure at measirement Fite, mm
Pngt(:;:\.l%gn-ic essure, mm Hg in. Hz)
= -4 . T E).

Fl=Absolnte swg; gas pressure, mm Hg (in. Heds

= Pout P,y Equation 2-6

: P...:;:Smn;iard sbsolute pressnre, 760 mm Hz (.92
. .

Q=D 5 valumetric siack gas flow mte corrected to

stan copditions, dm. /r (dsef, hr).

t,=E1ack temperature, *C °F),
T, = Absolnte stack tamperature, *E ("R).

=2734( for metrio Equnation 2-7
= 460+, for English Equation 2-8

T'wac Standard abscinte temperature, 293 °K (525" R)
r,o A verage stack pas velocity, msase (fL/sec).
Ap=Velocity head of stack gas, mm HyO (in- Q)
3.600= Convercion lacior, ssc/hr. -
18.0=Mfolecular weight of water, g'g-mole  (Thulb=

1mole). -
5.2 Average stack gas veloclty.

_ ) 9.=. K 'C' (\rA_p—).': ﬁ:—fi‘l-:‘ﬂ:

Equation 2-9

5.3 Avesage stack gas dry volumetrie fow rate, ¢

i eo0(1—B. T \ (P
Qu=3,60001-8.e.4 (722) (575)
. ~ Equation 2-10
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Mrerop $—0(As AwaLTsis rom Carpow Dioxanz,
QIYGRY, EXCESS Atg, sND DEY MOLECTLAR WEIGHT

). Principle and Applizability

1.1 Principle. A pas sample Is extracted rom a stack,
by one of the following methods: (1) sinzlepoint, grab
sampling; (2) single-polnt, intrgrated mampling: or (3)
muld-point, integrated smpling, The gas sample is
analyzed lor peroent carbon diszide (COy), percent orys

- gen (02). and, If necessary, percent carbon monoxida

(CO), If a dry molecular welght detertninstion 18 to be
made, either an Orsat or a Fyrite } ahalyzer may be
for the nnalysls; for excess air or emission rate correction -
{actor del.vn:mnn(_ion. an Orsal analyzer must be used,

1.2 Applicability, This method is applicable for de-
tarmining COs and Oy concentrations, expess air, and
dry mokcular weirht of a sample [rom a gas stream of &
Tossll-fuel cormbustisn process. The method may .
spplizable toolher “rocesses where!t bas been delermined
that compounds other than COz, Oy, CO, and 1 ttrogen
(N:) are not present in concentrations sufficient to
aflvet Lhe results,

Other methods, as well as modifications to the proce-

" dure described horein, are also applicable for some or alf
- of the shuve detertzinations. Exsmples of spweeific meth-

vds and modilications include: (1) 8 multi-point sam
ling method using an Orsat analyzer Lo snalyze tndl-
vidual prab sampics obtained at cach point; (2) 2 method
using CO0: or 0: and stuichism: ttic calculations to deter-
mine dry miolecolur weight and excess sir; (3) assigning a
value of 30,0 for dry molecular weight, In lien of setual
measuremenss, for processes burning natural gas, coal, ar
0il, These methods aod mndiiications may be used, but
are subjoect to the mpproval of the Administratar,

2 Apparafus

As an alternative to the samplingz apparatus and sys-
tems described herein, other sampling systems (eg.,
liquid displacement) may be used provided such sysiems
are capsble of obiaining a representative sample and
mainisining o consiant sarnphitg rate, and are otherwiss
capable of sielding acceptable resujts. Use of such
srsiems is sobject 10 the approval of the Administrator.

2.1 Grab Sampling (Figure 3-1). .

2.1.1 Frobe. The probw should be made of stalnlesy
steel or Lorosilicate glass tubing and should be equipped
with ab in-$tack or oui-stack Llier 16 remove particulats
matter (s plug of glass wool is satisfactory for this purs
pose), Any other materia! inert 10 Oy, COy, CO, and Ny
a1 resistant to temoperainre at ssmpling conditions may
be used lor the probe: examples of sich material are
ajuminum, copper, quarts glass aad Tellon.

2.1.2 Pump, A ofie-way squeeze bulb, or eruivalent,
is ussd to Lransport ‘the gas sample 10 the snalyzer.
2 Integrated Sampling (Figure 3-7),

2.1 I'robe. A prote such 35 that described in Section
1 is saitahle

2
2.
2.,

! lentlin of trade names of specific products does not
constilute endorscment by the Environmentul Proteo
tion Agency.
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SQUEEZE BULB

Figure 3-1. Grab-sampl_i_né train. - - ’ .
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Figure 3-2, Integrated gas-sampling train, o
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2.2.2 Condenser. An alr-scnled or water-cooled con-
denser, or other condenser that will not remowe Oy
COy. CO, and N may be used Lo (rmove e1cess mol
which wonld Interfere with the operation of the pump
and flow metar, .

223 Valve. A poadle valve Is used to sdjust sample
gas flow rate,

224 Pump. A Iml-lree, disphmzm-type Ru.rnp. ot
equivalent, 1y wasd Lo transport sample gas to the flezible
bap, Install & small surge tank betwean the pump and
rate meter o eliminate the pulsation effect of the dia.
phragm pump on the rotameter,

225 ats Meter, The rotameler, or equivalent rate

meter, nsed should be ragable of measuring flow tats
to within =2 peroent of the selected flow rate. A How
rate range of 500 Lo 1000 emd'min Is suppested.

22,6 Flexible Bac. An¥ leak-free plastie (eg., Tedlar,
Mylar, Teflon) or fjastic-enated sluminum (e.g., alumi-
nized Mylar) buz,” or equivnlent, having e cnraclty
consistent with the selected fow rate and time length
of the st run, mayr b+ nsed, A cspacity in the range of
&5 to 90 Liters is sugzested. .

Talsak check the bag, connect it tos water inaso™eter
and pressurize the bag to 610 10 cm H:0 (2o 4 in. HiD).
Allow to stand for 10 minuies. Any displacement in the
waler manometer indicates a leak. An alternative lenk-
eheck method is Lo pressilrize the bagto S to 10cm HOD
(2to 4 in. FI;0) and allow to stand overnight. A deflated
bag indicates s leak.

. 227 Pressure Gange A water-filled T-tube manom-
etar, or equivalent, of about 26 em (12 in.) is used for
the flexible bag leak-check

228 Vacuum Gange. A mercury manometer, of

.equivalent, of a2 least 730 mm Hg (30 In. Hg) is
- the sampling train lesk<keck

23 Analysis. For Orsat snd Fyrite analyzer main-
tenanee and operstion procedurss, follow the instructions
recommended by the manufscturer, unless otherwise

spectfad berein. .

231 Dry Molecular Weight Determination. An Orsat
analyzar or FyTile type combustion gas analyrer may be
naad, : - .

232 Pmission Pate Corfection Factor or Excess Alr
Detarmination. An Orsat analyzer must be usd. For
llg'o CO: (less than 4.0 pervent) or high O; (greater than

t) concentrations, the mensuring burette of -

the Orsat must have at least 0.1 percent subdivisions.
3. Dry Molecular Weight Determination )

Any of the three ssmnpling and snalytical proced
dmm%xd below ripy be used for determining the dry

molecular weight. i L
31 Eingie-Foint, Grab Sampling and Arnsiytieal

ure.

311 The sampling point in the duct shall either be
at the centroid of the cross saction or at & point o closer
tothe walls than 1.00 m (3.3 It ), unless otherwise
by the Administrator. .

312 Set up the eguipzrent ¢ shown in Figure 3-1,
making sure all connhections abead of the analyzer are
tight and leak-free. !f an Orsatl snalyzer is used, it =
recomrmended that the anslyzer be leaked-chacked by
following the procediire in Section §; however, ths leak-
check is ontional. .

3.1 Flace the probe in the stack, with the tip of the

robe posjtioned al the sampling poinx;!pw-.:e the sanpl-
E;g Lina Draw a sample into the analyzer and imime-
diately analyze it for percent CO;aud percent O= Deter-
mins the percentage of the pas that is Ny and CO by
guboraciiag the sum of the percent CO:and percent Oy
from 100 percent. Calrulate the dry molecniar weight as
indieatad in Section 6.3, ] )

3.1.4 Rapeat the sampling, snalyss, and calculation
procedures, until the dry moiecular weights of a1y three
grab ssmpies differ {rom their meas by no inore than
0.3 g/r-male (0.2 15 b-mole). Average these three molee-
ular weights, and report the restlis 10 the nearest
0.1 g/g-mole (Ib/ik-1avle). . -

3.2 Eingle-Polnt, Integrated Sampling and Analytical

ure

221 Thesampling point in the dast shall be located

asspecified tn Seclion 3.1.1. i

. 222 Leak-check (optional) the fletible bag a5 In
Bection 2.2.6, et up the equipment as shown iz Figtire
3-2 Just pror W samplicg, leak-check (optional) the
train by placing a vacuur gauge at the condenser intet,
pulling & vasULT of at least 250 mm Hg (10 in. Hp),
plugzing the outiet 8t the quick disconnect, and then
turniag off the pump. The vacoum shonld remain staide
for st least 0.5 munute. Evacuate the ezible bag. Connect
the probe and place it in ibe stack, with the tip of the
probe positionsd a3 the sampling point; purge Lhe sampl-
ing Lne. Next, connect the hag and make sire that all
eonaections are Lbt and leok frea.

32.3 Sample 8t & constant rate, The sampling rin
ehould be simulianeotts with, and for the same toral
length of time as. the pollitant emission rate detarmirm-
tion, Collection of 8l least 3 liters (1.00 f12) of sample gas
is recommended: bowever, smaller volumes may
collected, 1f dedived. i

3,24 Obain one integrated flue pas sample during
each polidtant emassion rate determination. Within &
thours after Lthe sainple is taken, mnalyze it for percent
CO; and percent Oy 2ang either an Ormt analyzer or s
Fyrite-lype comnbustion pas analyser. 1 an Orsat ana-
Iyzar is waed, 1t is teeommended that the Orsat lesk-
check described in Bection 5 be performed belore this
detarmination; however, the check is optignal. Deter-
mine the percentage of the pas that is N:and CO by sub-
tracting the sumn of the parcent CO. and percent Oy

’
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from 100 pereent, Calenists the dry molerular weight aa
indirated in Bection 63,

325 Repwat the analysls and ealculation procedures
nnti) the Individusl dry molscilar weights for any thres
analysrs differ (rom thelr mean by no more than 0.3
gg-mole (03 1bAbt-mole). Avrerage these thres molarular
weighta, and report the results to the nearest 0.1 g/g-mole
(0.) 1b/1b-tnole). )

33 Muld-Point, Integrated Sa:upling and Analytical
Procedure,

331 Unlem otherwise spacified by the Adminis.
trator, 8 minimurn of eight traserse points shall be used
for circular stacks having diameters less then 0.6l m
(4 in.), a wintmum of nire skall be used for rectangular
stacks baving equivalent diameters less than 0,61 m
(24 in.). and a minimum of twelve traserse points shall
be usad for all other cases. The traverse points shal) be
located according to Method 1. The use of fewer points
is subject o approval of the Administrator,

3.32 Follow the procedures outlined in Sections 3.2.2
through 3.2.5, excgpt for the Iollowing: traverse all sam-

~ pling points and sample at each point for an equal length

of time. Record ;ampling_data as shown in Figure 3-2,

-

4. Eminlen Rate Correction FPoclor or Ereens Air Deter-
inalwn -

Nore—A Pyritetype combustion pas analyzer Is not
sccaptabie for excess wir or emission mte sorrection faclor
determinaton, unless approved by the Administrator,
If both percent COy and percent Oy are measured, the
analytical results of any of the three procedures piven
&:I&: :‘\a)‘ also be used for calculating the dry molecular

Ench of the three procedures below shall be osed only
when specified io an spplicable subpart of the standarda
The use of these procedures for other purposes must bave
specific prior approval of the Administrator,

4.1 Eingle-FPoint, Grab Sampling sod Anslytieal
Procedurs, -

4.1.1 The sampling point In the duct shall either be
at the eentroid of the crosssection of at a twint no closer
to the walls than 1.00 m (3.3 It), unless oLherwise spacified
by the Administmator,

4.1.2 Set up the equipment aa shown ln :aifun 1,
making sure all connections ahead of the analyzer are
tight and leak-free, Leak-check the Orsat analyier ac-
cording to the procedurs described in Section 5. This
leak-tbheck is maodatory. -

-

TRAVERSE

TIME
PT..

a0 - :

' '1pm % DEV.2@

AVERAGE

29 DEV = (tl

-Qavg
Tovs ) 100

(MUST BE<10%)_ *.

Figure 3-3. Sampling rate data.

4.1.3 Placa the probe in the stack, with the tip of the
probe pasitioned at the samppling oint; purge the pam-
pliog line. Draw 8 sampie inio the analyter, For emlasion
rate correction [actor determination, imrnediately npa-
1yze the sample, a5 outlined in &ections 4.1.4 and 4.1.5,
for percent CO: or percent Oy Jf excess air Is desired,
proceed a5 follows: (1) Lofnedistely snalyze the sample,
as in Sections 4.1.4 and 41.5, for percent CO;, O, and
CO; (2) Qetarmine the perceniage of the gas that fa Ny
by subtmacting the sum of the pereent CO:, percent Oy,
and percent CO fom 100 percent; and (3) calculate
percent excess alr as outlined io Seetion 6.2,

4.1.4 To ensure coraplets absorption of the CO4. Dy,
or If applicable, CO, make repeatsd passes through each
sbsorbing solutlon unil Two consecutive readings are
the same. Several passes (three or four) should be made
between readings. (If constant readings caonot be
obtalned alter three conseciiive readings, replace the
shsorbing solution,) A

4.1.5 After the analysis Is enmpleted, Jeak-check
(mandatory) the Orsst analyzer once aZain, as described
in Sectigm 5. For the resm!is of the analysis to be valid
tha Orsat apalyrer must pass this leak test belore an
afier the analysis NOTE—Siooes this single-polnt, grab
samplinz and analytical procedure is normally conducted
in wy:iunc:.inn with a single-point, grab sampling and
snalytcal procedure lor & pollutant, only one analysis
is ordinarily conducied. Therulore, great care must be
takes Lo obtain a valid samgle and analyiis. Although
In moR cases ouly COy ar Oy Lo required, it is recom-
mended that both CO: and G« be measured, and that
Citation 5 in the Bibliograpby be nsed to validate the
anplytical data ) X

4.2 Bingle-Point, Integrated Sampling and Analytieal
Procedure.

421 The mmpling point in the duet shall be located
as specified in Seetion 4.1.1. .

427 lesk-check {mandatory) the flexible bag s in
Section 2.2.6. Bet up the squipment as showT in Figure
32, Just prior to mmpling, lesk-check (mandatory) the
train by placing & vacium pange 4t the condenser inlet,
-tailiing & vacuum of at least 250 mm Hg (10 in. He),
plugging the cutlet st the quick disconnect, and then

S,

.

turning off the pump. The vacnom shall remalz stable
for ai least 0.5 minnta Evactrate the Qezible beg. Con-
nect the probe and place it in the stack, with the tip of the
probe positioned at the sampling point; porge the sam-
plng line. Next, connecy the bug and make sure that
all conections are tight and leak (rea.

423 Ssmple at & constant rate, or as specifisd by the
Administrator. The sampling ron mus; be simnitansous
with. and for the same total length of tbe as, the poliut.
801 emission rata determination Collect at lesst 30
liters {1.00 £t} of sample gas Smalier volnmes may be
collected, subject to approval of the Administeator,

424 Obtain one integrated fluoe pas mmple during
each pollutant emission rate determination. For emision
rate correction factor determination, analyze the sample
within 4 hours afier it is taken for percent CO3 of peresnt
Or (a5 outlined in Bections 42.5 throogh 4.2.7). The
Orsar analyeer mtst be deak-checked (s Section §)
before LDe snalysis, 1l excess air is desired, procesd as
follaws: (1) within 4 hours after the sample i3 taken,
annivze |t (as in Sections 4.2.5 through 4.2.7) for percant
COy, Oy, and CO: (2) determiine the percentage of the
pas thay is Ny by subiracting the sum of the peresnt COu
pereent Oy, aod percent CO from 100 percent; (3) eal
ctilate percent excess air, as outlined in tion 6.2,

425 To eosure complete absarption of the COy, Oy,
er il spplieable, CO, moke repested nasses throvgh each
atworbing solution ant) two conseettive rendings are the
mame Severs! passes (three or lour) should be made be-
twenn readinga, (1f constant readings cannot be obtalaed
n::.erﬂthr;e consacutive readings, repluce the abtsorbiong
soluton. .- *

€26 Repeat the analysis noti! the following criteris
Ars met: )

4.2.6.1 For percent CO,, repeat the analvtical pro—
cedure until the resolts of any three analysas differ by no
more than (a) 0.3 percent by volume when COy is greater
than 4.0 percent or (b) 0.2 percent by volushe when CO;
1s lrss 1han oF equal Lo 4.0 perrant. Averige the three ac-
ceptable valoes of pereant CO;p and report the resulls to
the nearest 0.1 percent.

4.2.6.2 For percent O3, repeat the analytica! prossdurs
antil the restults of any three analyses difler by no more
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than 8) €.3 pereent by volume shen O e Tess than 15.0
gurcent of (b 0.2 prereent Ly volume when Oy is grester
than 15.0 1s seenl. Average the three goceplahie values of
pereent O; wnd reporl the resulls o the nenrest 0.

4.2.0.4 Faor ywréent CO, rejwat the analytiral proce-
Qure until the results of puy three unalyss aifler- by ne
mmare than 0.3 jureent, Average the three acceptable
TR 5 0 prereent C O sud Fegurs 1he results 1o the nearest
0.1 jwteent. }

405 After the analysls is cornpieted, ieak-check
(manditory) the Orsat analyzer once sFain, a8 deseribed
i Bection . Forthe resalts of the analyss to be valid, the
Orsat Anatsver st puss this leak test before and afier
the onalyais. Note: Alihongh in mnst fnstanees only CU:
or O is required, 1t is reenmmended that both CO: and
O be eastired, and that Citation 5 in the/Biblwgraphy
b need 10 v2lidate the aualytical data,

1 4.3 l&!nhj-l'mm, Inepraied Sainpling and Anslytical
soeevdure,

331 Roth the minimum sumber of sunpling points
and the stmpnne point Jocation shal) be as specified in
Eeciion 3,30 of this method. The use of fewer points than
Epevified be subiject 10 Lhe approval of 1the Administrator.

4350 Foiinw the procedures outlined in Bections 422
throuch 4.2.7, except for the followina: Traverse sll
simtling prists and sample 8t each point for 2n_equal
Jensth of time. Hewrd salipling dats s shown i F:gure
3-3. .

5. Leak-Creel. Frocedure for Orsut Anclpiers

Ayving an Oraat analyzer frequenily capses ilte Jeak.
Therefurs, an (=sat aualyzer should be thorauzhly leak-
checked o site before the five gas sample is introdueed
§ntojt. The prec-Jure for leak-checking an Orsat analy2er

s

5.1.1 PBrins the Yiguid level in each plpette np to the
pricrence 1Brk on Lhe capiliary tubiug and then close the

ifatie Rinpe k.
P £.1.7 Kuize the leveling bulb sufficiently 10 bring the
eonfining touid meniccus opto the eradnated portion of
tha hureire and tien close the manilold stuprewek.

5.1.3 Reeord the queniscus position. -

214 Observe the meniscens io the burette and the
Nauid kevel in the pilctte for MEvement over Lhe nexl 4
minuics.

5.1.5 For the Orsat anglyzer to pass the bak-theck,
two conditinns must be met.

5.1.5.1 The ligtid Jevel in each plpette murt not falt

Below the twiiinm of the capillary tubing during this

minULeinterval. |

5.1.5.0 The meniscus in the burette must not charge
by picre than €.2 ml during this fminuteinterval.

5.1.6 [ 1t anals zef fails the lenk-chieck provedare, sl
rubber conneciions snd soprocks should be checked
unti) the carse of the loak isldentitied, Leaking siojoncks
most be disassernbled, cleaned, and regreased. Leaking
mbber connretions mus be replaced. After the snalyzer
fs reaswmbled, the leak<check procedure must be
repeated,
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8. Caleutations

8.3 Nomenclsture. )

M o= Dry tol-cular weight, £'g-mole (1L -mole),

CFEAwercent ricess alf, -

€'CO;=Percent COs by voluine fdry tinsis).

Oy Jerernt a by vulurue (dry basis),
. CO=Perernt CO LY voluine +dry hiasls),

0, = Pereent Mo iy volume (dry baxis).

(.06 = Fiauo of U1to Nein air, ©/%,

O = Moleen'ar weight of Nzor €O, divided by 300.
0.320= Mokcuiar we izht of O divided Ly 100,

0.440= Moplectiar waight of CO; divided by 100,

6.2 Pereent Ea~ess Air. Cafculate the pereent exeess
pir fif appticabde), by salstituting the appropriste
volues of pereent 5 OO, and Na{obtainkd fror Eection
4.1.30r 4.7 9) inte Fouation 3-1.

_ 0, 0.55.CO
1A ... 2 /€ -
"‘LA_[O.?‘H N (G0,-03 %CO)] 100
: Fquation 3-1

NoTE.—The squatinn alove asstmes that ambient
air is psed 8¢ the swurce of O; and that the fuel does not
contain sppreciable amounis of Ny (as do coke oven or
blast furnoee cases) Fur those cases when appreciable
minounts of Nz are present (coal, ofl, and natural yas
do not comlain sppreviable wmounts of Nj) or when
ozvgen enrichment is used, alismate methods, subject
1o approval of the Administrator, ere requ .

€3 Dry Mulrcular Weizht, Use Equation 3-2 to
caleulate the drv polecular weizht of the stack pas

AL =0.440.7:C 03 40 3T 0 +0.5500 N+ 5 CO)
Equation 3-2

. NuTE~The gbove equation dues not consider argon
in ar fabout 0Y percent, molecular weight of 37.7).
A uegative error of aboot 0.4 percent \S intrnduced.
The tester mey upt o include arpon in the analysis using
provedures subject to approval of- the Admiustrator,
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METHUD A—DETERMINATION OF MoisTURE CONTENT
1IN BTACK GAses

1. Principle and Applicability

1.1 Principle. A gas sample is extracted ot a constsnt
rate {romn Lhe wmirce; mnisture is removed {rom the sam-
ple siream apd determined eather volumetricaly or
gravimeirieally,

1.2 Appleabtlity. This method Is applicable for
determitung 1he In0istuse content of Flick gFas

Two procedurcs are given. The firsi 13 a rel-rence
toethed, for accurate determinations of moisture content
(sueh as are needed to calculate emission dals). The
seeend is an approsimation method, which provides
#5timoles of poseent moisture to aid in setuing {sokinetie
sumpling rates prior 10 8 lhutant emission measure-
1uent run. The approrimation meibnd descrited herein
is only & sugpesed approach; alternative means fur
ppprolimaiing the moisture conteal, £R. drving tubes,
wot hi:ib=dry bulb technigues, cond-nsaiion technigues,
stnichinmetfic caleulations, previous eiperience, e,
ure niso acecptable,

The reference ineihiod is often condneted simuliane
ously with a polhinlant «mizsiol MPasLI¢ment nun; when
it is, ealenlation of pereent isokinetic, polluiant smission
rate, eic,, fur the run shall be Lased upan the resulls of
the feference miethod of its equivalent; Lhese caleulations
shal' tot be Lased upon the results of the approximation
mneihnd, ynless the apprusimation method is shown, te
he satisfaction of the Adminstrator. U.S. Environrnen-
18] Protection Agency, to be capable of viclding resuls
within | percent H:0 of the reference method

NoTE.—The reference raethod may yield questionable
results when epplied to satiratad gas streams of o
strea=t that contaln water droplets. Therelore, when
these cond:tions exist of are suspected, & second deter-
minatsn of the moisture content shall be made simuk-
tansous'y with the reference method, as fullows: Assime
that the gas stream is saturated. Attach 8 lemperatire
semsor hapable of measuring to =1° € (P F)| to the
reference method prube. Measure 1he stack gas tempera-
1re at each Uraverse point (see Section 2.2.1) during the
refsrence metbod traverse: calrulate the average stk
pa: temperature, Next, determine the pioisture pervents
B7e. either by: (1) using & psycl etric ehart and
rialong appropriats correclions i stack pressure is
diferent from that of the chart, of (2) using saturation
vapor pressure tables. In cases whete the psychrometne
chart or the faturation vapof pressure tables are not
applicsble (based on evalnation of the process), slternate
meihads, subject to the approval of the Administrator,’
shall be vsed. : .

o Reference Nethod .

The procedure described in Method 5 for determining
maisiure content is acceptable as & reference method.

21 Apparatus. A schematic of the snmglmg train
nsed in this refefence method is abown in Figure 4-1.
All comionents shall be maintained and calibrated
sccording to the procedure outlined in Method 5.
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RULES AND REGULATIONS
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- MAIN VALVE

AIR-TIGHT
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_Figure 4:-1. Moisture sampling train-reference method.

21,1 Probe. The probe s constructed of smainless
steel or glas tubing, sufllicienuy beated to prevent
water condensation, and is equipped with a filter, either
in-stack (e.g., 8 plug of class wool Inserted into the end
of the probe) or heated outl-stack (e.g., as described in
Method 5), wo remove particulate matter.

When stack conditions permit, other metels or plastic

tobiog may be used for the probe, subject to the approval
of the Adminlstrator.
* 212 Condenser. .The condenser consists of fonr
lmpingess conpecied in series with ground glass, leak-
free Gttings of any similarly leak-free non-contamingting
fittings, ‘The first, thitd. and fourth bopingers shall be
of the Greenburp-Smith duesicn, modifed by replaging
the tip with a 1.2 erntimeter (34 tnch) 1D class tube
extending to sbout 1.3 ¢cm {4 in.) from the bouiom of
tke fiask. The secand inpincer shall be of the Greenburg-
Emith design with the siandard tip, Modifications (e.g.,
nsing flezible connections between the impinzers, using
maierials other than rlass, or using flexible vacuum lines
to connect the filter holder 1o the condenser) may be
gsed, subject to the appravai of the Adminisirator,

The first two impinzert shal) comain known volumes
of water, the third shall bs empty. and the fourth shall
contain A known weizht of 6 1o 16-mesh indicating type
silica gel, or squivalent desiceant. 1 the siiica gel ‘{ms
been previonsly used, dry at 175° C (350° F) lor 2 hours.
New silica gel may be used as received. A thermomelter,
capable of measuring lemperature to within 1° C (2° F),
snall be placed at the oulle: of Lhe fourth impinger, for
monltoring purposes.

Alternatively, any svsicm may be ored (Subject to
the approvel of the Adminisirator) that cools the sample
pas stream and allows neasurement of both the water
that has been eondensed and the molsture lraving the
eondenser, each to within 1 ml or 1 g. Acceptable means
gre Lo measure the condensed water. either gravi-
metrically or volumetrically, and W measure the mois
tire leaving the eondenser by: (1) monitoring the
temperature and pressure st the exit of the condenser
and using Dallon’s Iaw of partinl pressures, or (2) passing

- . . ™ ) ‘ .
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the smampls gas stream throngh e tared siliea gel (or
equivalent Eusigeant) trap, with exl? cases kepi below
25 C (68° F). and dewernining the wex::b'.émin,

1! means other than siliea gel are used o delermine the
smouni of mnisiure lraving the condenser, it is recom-
rasnded that <iljea gel (or equivalent) stil! be used Le=
tween the condenser system and pump, 0 prevent
moisture condensarion in the pump aAnd metering
devices and to avoid the need to make correriions for
moisiure in the metersd volume

213 Cooling Sysiem. An ice bath eootainsr and
erushed ice (or equivalent) are vse2 o aid iz condensing
moisture. -

2.1.4 Meterinz System. This sysiem includes a3 varc
gum gauge, ieak-free purmp. thermometers canable of
mrasuring temperature o within 3° C (5.4° Fi, dry gas
meier capable of measuring volume w wiihin 2 pergent,
and related eguipment as $how in Figure 41, Other
melering sFsiems, capable of malntaining a.constant
sampling tute and delarminicg samble gas voldme, may
be used, subject to the approval of the Administrut~r,

2.1.5 Barometer Metctirs, anerdid, or other btaroms-
eter eapable of miFasuring aimospheric pressure to within
25 mm Hg (0.1 in. Hg) may be used. In many cuses, the
barometriz teading may be obiained (rom a nearby
nutional weather service station, in which case the sia.
tion value (which is the sbsolute baromeirtr presmire)
shell be requesied and an adjusiment for -elevalion
diffwrences beiween the weather station and the sam-
pling print shall be applied st 8 rate of mines 2.4 mm He
(0.1 in. Hg) per 30 m (100 fi) elevulion increase or vies
versa lor elevation decrease,

21.6 Graduated Cylinder and/or Balanee, These
ftems are used to measure condsnasd wsier and mai-tore
eaught in the silica gel to within 1 ml or 0.5 g. Oradyated
cylinders shal! have sbdivisions oo greater than 2 ml.
Most {abomtory balanees are capable of weighing Lo the
nearest 0.5 g or less. These balanees are suitable fwr
nse bere,

2.2 Proesdure. The following procedurs is written for
& coudenser systen (such as the impinger system de

acribed in Section 2.1.2) Inrorparating volumetric analy-
5is Lo measure the condensed moisture, and silica gol and
gravimetrie analysis to meagure the moistyre leaving the
eondenser. -

221 Unlessotherwise specified hy the Administrator
s miniaum of eight traverse paints shall be tsed for
circular stacks baving diameters lass than 0.61 m (24 in),
& minimur of moe poiots shall be used for rectaspalar
SLacKS baving equivalent diameters less thaa 0.6 m

{24 in.). and 8 minimum of twelve Iravers points shall

be used in all other cases. The traverse points shall be
lncated according o Method 1. The pnae of fewer points
is subject to the approval of the Administrutor, Select &
suitsble probe agd probe iencth such that all traverss
points can be sampled. Consider saxmpling from opposite
sides of the stack (lonr total sampling ports) for large
s1arks, Lo permil use of shorter probe leggths, Mark the
probe with heat resistant tape or by soms other raethod
to denute the prorer custance into the stack or duet for
each sampling point. Place known volumes of watsr in
the [irst two impingers. Weigh and tecord the weight of
the sitica gel to the nearest 0.5 g, and transfer the silies
rel to the fourth impinger; siteroatively, the silica cal
may first be transferted to the impinger, and the weight
of th= silica g¢l plus impinger od. )

2.2.2 Seluct 8 total sampling tme such that ‘s mini-

mum totai pas volume of 0.60 serm (21 sef) will be cals. - .

lected, 2t & rate no greater than 0.02) m¥min {(0.75 efm).

When both moistire contant and pollutant emision rats - -

are t0 be determmined, the moisture determination shall
be sirpulianenus with, snd for the same total lenpth
time as, the pollntant emission tats run, onless otherwisy
speci-ied in 62 applicable subpart af the standards,

223 Bet op the sampling train as shown in Fizure
4-1. Turp oo the probe hester and (if applicable) the
filter heating syxam to lemperatures of sbout LAF O

F). % prevent water condensation ahead of the
condenser; allow time for the temperatures to stabilize,
Plase crushed ice in the iee bath container. It is recom-
mended, but not required, that s leak check be done, m
follows: Discoanect the probe from the first impinger o

of -



“

L]

(if applicatile) rom the fllter holder. Plug the Inlet Lo the
fiest impunger (o7 filter holdet) and pull a 380 mm (1510.)
i vacuusn, & lower vacnum may be used, provided that
15 not excecded durng the test. A Jeskage rale th
exers3 0f 4 prereent of the ATerage sampling fte or 000057
w¥min (.02 ¢fm), whichever is Joss, Is unecceptable.
Folinwing the cak check, reconnect the probe 1o the
sampling train, . .
2,24 Dunng the sampling run, maintain 8 samling
riLe within 10 f+reent of constant cate, or as specified by
the Adminuisiratar. For each run, record the daws re-
quired on the cxample dats sheet shown in Figure 42,
Be sure o frevrd the dry gus meter reading st the begine
ning and end of each sampling tigne increment and w hed-
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sver mmpling ls halted Take olhar spproprintes reading
st each sample [oint, At least once dinng each tiing
Incrament

225 Tolegin sarmpling, position the probe tip at the
first traverse point. Iminedintely sant the pump and
adjist the Now to the disired rate. Travere the eron
section, sampling 8l each traverss pwoint for an aqual
tength of time. Add move iee and, If necrcary, ma't to
mAINTAIN & trrnfreratire of leasthan 20* C (G3° F)al ths
silica gel gutlet.

2.2.6 After collerting the smmple. disconnect the probe
trom the fitter bolder (ur from the first impinger Jand con-
duct 8 sk chiecX (roandatory) a3 dewribed o Section
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2.23. Record the leak rate. 1M the leakage mte excesds the
aliowahle mate, the testar shall etiher reject the tost re
sults or shall correct the sample volume as in Bection 6.3
of Method & Next, measure the volume of the mostige
eondens~d to the neareat mi. Determine the increnss in
weight of the silica pel {(or silica pel plus kmpinger) to the
nearest 8.5 g. Record this inforination (see cxample data
sheet, Figure 4-3)1and calculate the mnoisture percentage,
as deseri in 2.3 telow,

2.3 Calctilations. Carry out the following calcutstions,
relaining at least one extra decirnal fisure beyond that of
:_,be acquired dats. Round off figures after inal calcula-

on.

I OCATION
OPEAATOR
DATE .
RUN ND .
AMBIENT TEMPERATURE,
BARDMETRIC PRESSURE
PROBE LENGTH mlf0)
SCHEMATIC OF STACK CROSS SECTION
PRESSURE TEMPERATURE
DIFFERENTIAL METER GAS SAMPLE TEMPERATURE OF CAS
ACRDSS READING AT DRY GAS METER LEAVING
SAMPLING STACK ORIFICEMETER | gassaMmPLE . CONDENSER DR
TRAVERSE POINT TIME TEMPERATURE (AH), VOLUME Ve INLET OUTLEY LAST IMPINGER,
NUNMBER . {6), min o (*F) memlin) H20 w3 (h3) wd (hT) | {Tmip), °C (°F) | (Tmpeil. °C (°F) o (°F)
TOTAL vy Avt. T
AVERAGE . ) Avy.. )
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Figure 4-2. Field moisture determination-reference method,



N
RULES AND
. INPINGER SHICA GFL
VOLUME WEIGHT,

; ™ [
5

-FINAL

INITIAL

DIFFERINGE .

Figure & 3. Analytical data - reference method,

23,1 Nomenclature. .

Bye=Proportion of water vapor, iy volume, in
the gas stream. - .

Mu=Maleculur weight of water, 18.0 g'g-mnole
(16.0 IhA-mmole). .
Po=Absolute pressure (for this me+ihod, samne
as' harometrie lpressun-) at the Gry ga88 Inetel,
- mm Hg (ia. Hg). .

Je=Standard _shsolule pressure, 760 mm Hgp
(2.921in. Hp).

R=Idcal prs constant, 00023 (mm 1g) (mY)/
(p-mole) (°k) for metric units and 21,85 (in.
Tig) (hd)'Qi-mole) CR) for Eng):sh pruts,

T o= Ahsdiuie termnperature ai meier, ‘H K.

Toe=5tundard absolute tewperature, =P K
t728* R).

Vo= Diry pas volume measured by dry pus metef,
deta (del).

AV .=Inerewental dry gas volume measured by
d‘ll'}'f pus mvter a1 each traverse point, dem
tael).

Vaiue, =Dr5 pac volume measured by the dry pas
meter. corrected to standard conditions,
dsem (dseh. A
Vecteia, =volume of water vanor condrnsed corrected
to standard conditions. sero el -
Vauginig; =Volumme of water vapar collected in silica
gol corrected to standard conditions, sem

sef).
1"= Fina! volume of cond-nsat wajer, ml.
V,=Initia! volume, if any, of condenser water,

ml.

W.=Final weight of silica ge! or shica gel plus
impinger, g. .

F.=Initial weight of silica gel or silica go! plus
irapinger, g.

¥ =Dry gas meter calibration factor.

Y.=Density of water, b2 g m] bl
1banh).

239 Volume of water vapor cotidensed,

(rf_']-i)ﬂvkrﬁ

T =——
welndd . P.ua‘!-
=R, (Vi—T1)
Equation 41
where!
B0, 00IRAT 1w for metrie Tnits
=(. 04707 163, m) for English units .
238 Volume of waier vapor coliected ip siliea pgel.
(F—F)RTw -
PouMa
=RK{W—W)~ )
Equation 42

Verstody=

where:
K1=0.00335 m3g for metric units
=0.04715 f13/g for English pnits
234 Eample gas volume.

REGULATIONS
r r - (Pn)(Tlv\)
‘HD )zln e v, Y
ot ) (Pl\d) -
v y- Ve
2}\;} ——T-—- ,
Eqguntion 4-3
whepe:

A= 306 “Komm Hea for mvttie units
=17.64 * M in. Hg fur Enzhishuntis

NotE —! the nosi-test Jenk rate (Section 2.7€) ex-
ervds the allowable rate, cortect the value of Va in
Equstion 43, as described in Section 6.3 of Method 6.

2.3.5% Moisture Content,

DBeye== Ve taen + Viss tany
o= T3 L
¥ we (o) +‘ wag (atd) + Vn [£1%1]
- Equation 4-4

NoTE~=1u saturated or moisture droplet-laden pas
streains, two csleulations of the moisture content of the
sta-k pac shall be made, ons using a value hased upon
the sattrated conditions (see Section 1.2;, and another
hased upon the resinlis of the impinger snalysis. The
lower of these two valuss of By, shall be considered oor-

ect.

234 Verification of constant ssmpling rate. For each
time incrapent. determins the Aba. Calilate the
averzge. 1f the value for any time itwivinent differs froro
the avernze by micre than 30 percent, reject the results

and repeat the run.
3. Approzimetion Method

The approvimation method desribed below is pre
snted onlte ar B szpested nwthod tsee Section 1.2),

31 Apparatiis,

310 Frobe, Stainles: steel or plass tubing. sufliciently
heated 1o preven: water cond-isation and equipped
with a filter Geisher ih-=iaeX or heated out-stak; to re-
move parti-ulate matter. A plug of glass waool, inserted
into the end of the probe, 1= & satisfacwory flter,

3.1.2 lmpingers. Two midget impingers, each with
30 ) capacity, or eniivaient,

313 fce Hath. Container and ite, to aid in condens-
tug moisture in bopingers. ,

4.1.4 Drying Tube, Tube packed with new or fe=,
pruerated 6 to 16-mesh indieating-type sihiea gel (or
pyuiTalent desicrant:, to dry the sample gas and 0 pro-
tet the metct wud pump.

215 Valve, Newdle vaive, to regiiate the sample gas
fluw rate.

3.1.6 Jump. Leak-lres, diaphragm type, or equiva-
lent, 10 |\u‘.l the zas eaz,ple 1urough the wrain.

3.0.7 Volume metar. Liry gas meter, sufhcienty ac-
curate to measure the sample volume within 2%, and
enlibrated over the ranze of flow rates and conditions
aeruaily encouniered during samipling. :

1.6 Haw Meter. RKotaneter, to measure the flow
range from 010 3 ! pro (0 o 0.13 elm),

410 Graduated Cyitnder, 25 ml.

3.1.10 Rarometer, Mercury, ancroid. or other barom-
elr, as deseribed in Bection 2.1.5 above,

3.1.11 Vecuwn Gauge. Al least 760 mm Hg (30 in.
Hp) gauge, 1 be used for the sampling leak check.

3.27 Procedur

i ‘€.

321 Place exaetly § m) distilied wster in each im-
pimger. Assemble the apparatus withont the probe w3
shown in Figure 4—4. Leak cuieck the train by placiog a
vacuum gauge st the inle; to the first impinger and
drawing & vacuum of at least 250 mm Hg (10 in. Hg),
pluzping the outlet of the rolameter, and then turning
off the pump. The vsctiu shall rersaio constant for at
east one mingte. Carelilly release the vacuum gouge
Ibefore unpiugging the rolameter end. -
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HEATED PROBE  SILICA GEL TUBE RATE METER

FILTER
{GLASS WOOL)

ICEBATH—™T o

MIDGET IMPINGERS - . .

Figure 4-4. Moisture-sampling train - approxirﬁation method.

LOCATION | COMMENTS

TEST
_DATE__

OPERATOR

BAROMETRIC PRESSURE

GAS VOLUME THROUGH . ’
‘METER, (Vm), RATE METER SETTING METER TEMPERATURE,
CLOCK TIME m3 (§t3) m3/min. (#3/min.) °C (°F)

Figure 4-5, Field moisture determination - approximation method.
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222 Connect the probe, Insart it Info the siack, and
rtn ple a1 B constant rate of 2 4pm (0.071 efm). Continue
sampling unudl the dry gas meter registers about 30
Iiters (1.1 119 or unti) visihle liquid droplets are eurried
over from the first impinger to the second. Hecord
temperattire, pressure, and dry gas meter readings as
remiired by Fipure 45, .

273 After enlleating the sample, eombine the con-
tenis of the two imnpingers and mensure the volutue to the
nearest 0.5 ml. . :

23 Caleulations. The ealenlation method presented Is
drsigned to estimate the molsture in the stock gas;
therefore, other data, which are only necessary for ac-
curste moisture determinations, ere not collected. The
following_equationa adequately esiimate the moisture
content, for the purpose of deiermining eokinetic sam-
Pling rate settings.

23.3.0 Nomenclature: X

Bo,a=Approximste proportion, by volume, of
waler vaper in the gas stream leaving the.
sccond impinger, 0.025, ;

B..=Water vapor in the gas stream, proporiion by

volume.
Mo=Molecular weight of water, 15.0 glg-mole
(15.0 'bib-mcle i
Pa=Abszolute pressure (for this method, same as
baromelric pressure) at the dry pas meter.
P.a¢=Fiandard nbsolnte pressure, 760 mm Hg
(F.92 in. Hg). R
FEm=]desl gas constant, 0.04233 (mm Hg) (m")/
. (g-mole) (°E) for metric units and 21.65
tin, Hg) (thAb-mole) (°R) for English

‘ WIuts,
Tw=Absoluie tempernture st meter, “K (R)
'T.u=(5‘-gg.vd£rd absolute temperniurs, 213° K

- )
- 1"-= Final volume of impinger eontents, ml.
1. =Initia! volume of impinger cogients, ml.
L ¥ =£)r§' ;‘:g_;nrolume measured by dry gas meler,
[ig2'] .
Vu(o:dd = Dry gas volutne measured by dey fas meter,
cg_r;tn-cted to sandard conditions, dsem
(dseh). -
© Vedahy=Volime of water vapor eondensed, corrected
. 1o standard conditions, scm (scfh.
#.=Density ol water, 0.95982 g 'rnl (0.000201 1b ‘ml).
3.3.2 Volume of water vapor coliected.

I’ — (Vf'-ri)PrRTﬂd
e Plld L-{v
=K, (V,—¥)

Fquation 45

where:
E;=0.001233 m?¥'m! for metric units
-0.0_470'7 f12'ml for English uniis.

3.3.3 Gas volume,

Vo o = V-(ﬁ)

=K, V=P

Tll.d)
Tw

Equation 4-6

Ta

where: -
Kye=0,3558 K mm: He for weiric units
=17.64 °Riin. Hg for Erglish nnits

FEDERAL
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234 Approvimate moisiure content,

}]url=‘}:::{:‘-"‘7‘;+ ]
‘r
= T 4 (0.023
} -t'*'“-(nd)-*_(o 3)
4. Culilration qu_mt'on -7

4.1 For the refirence methnd, ealibrate equipment as
spwcified in the following sections of Method &: Eection 5.3
(meteting system): Bgijon 8.5 (lemjwriiure gauges):
and Beclion 5.7 (baromieter), The recomiuended leak
check of the metering system (Section 5.6 of Method §)
also applies 1o the relerencemethod . For the approsima
tion method, wse the procedures outlinad in Bection 5.1,1
of Method G to calibrate the metering system, and the
procedure of Method 5, Beclion &7 to calibrate the
barometer. :
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METHOD 5= ETERMINATION OF FARTICULATE EMIASIONS
. FROM BIATIONARY BOURCES

1. Principle nnd._{pﬂiec.‘:ﬂi.’y ) .

1.1 Principle. Particulate mAtter it withdrawn jso~
kineticaliy from the source aud eollecied oo & glam
fiver filler mainiined ol 8 1ot ture in the range of
12014 € (2:8::25° F) or such other temperature gs
specified by an applicable subpart of the standards of
approved by the Administator, U.B. Enviroomental
Frotectjon Agency, for s particular application. The
particulate 1ouss, which "includes soy roaterial that
condenses at or above the filtation teroperaturs, i
determined gravimetrically after remnoval of wWncombined
WELT, . .

1.2 Applicability, This method is applicable for the
determinatinng of particnlste emisions from stationary
soUrees. '

2. Apperatuy

21 Sampling Train. A schematic of the sampling
train veed o this method is shown in Figure 5-1. gom-
plete construction d-tails are given in APTDH-0AS1
(Citation 2 in Secilon 7)) commercial model: of this
tiin are also available. For changes from APTD-(581
and lor eliowable wadifications of the train shown in
Figure i1, soe the following subsections.

The operating snd maintenanee procedures for the
sampliog train are described io APTD-0576 (Citation 3
in Section 7). Since correct Usage is important in ehtain-
icg walid resnlis, all users should read APT D-0576 and
adopt the opersting and maintenance procedures out-
lined io {t, Gnless oitierwise specified herein. The same.
pling train consiste of the fullowing components:
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IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
BY AN EQUIVALENT CONDENSER

N THERMOMETE
~— ?  TEMPERATURE R THERMOMETER
PTOTTUBE - yoroon FILTER HOLDER YR i
' STACK
mm{f — WALL =
' RE = _
f = VACUUM
. £ ? LINE
REVERSE-TYPE ey
PITOT TUBE ,
/ - -
PITOT MANOMETER IMPINGERS . )
- _BY-PASS VALVE
ORIFICE
VACUUM
X GAUGE
THERMOMETERS MAIN VALVE
] DRY GAS METER AIRTIGHT
- PUMP

2.1.1 Probe Norzle Stainless steel (215) or glass with

, tarered Jending edge. The mnple of taper shall

be 30° and the tajser shall be on the ourside 10 preserve

& copsiant internsl diametar, The proble nozzle shal! be

of the button-hook or ¢lbow design, unleas otherwiss

specified by the Administeator. K made of staiolem

atoel, the noztle shall be constructed lrot seamless tub-

ing: other materials of coasiruction may be used, subject
to the approval of the Administramns,

A range of nozele sizes suitable {or isokinetic sampling
should Le avallable, e.g., 0.22 to 1.27 em (34 10 33 in =
or lurger {f higher volume mampling gains are Qsed—
intide dismetar (ID) nozzles in increments of 0.16 ¢m
(Vs in.). Each nozzie shall be calibratad sccording to
the prosadures outlined in Section 5.

2.1.2 Probe Liner. Borosilkeate or quarty glase tubing
with & beating sysiem capable of maintaining a gas tem.
perature at ke exii end during sampling of 120-=14° C
(248:25" F), or suzh other tamperature as specified by
an applicable subpart of the standards or approved by
the Admicisimator for s partienlsr application. (The
tester muay Opi W Operste the equipioent at 3 temperature
lower than toa: rracified.) Einge the aciusal tempwratire
#% the outle! o the Lrobe i pos bseally tonitored during
satopling. protes constructed according to AYT D-0581
and utiliting the calibralion curves of APTD-0576 (or
calibrawd  aocording k0 the procsdure outlined in
APTD-0E will b considered noceniable

Either borpsiasnis of guaniz glass probe jiners may be
unsed for Secl e peralures up o abou: 4B0F C 900F F)
quartz Liness thal, be uead of lempeamniures Leiween 480

- -and 1,63° F,. Boik tyes of iners may
ed lemperaties than specifed for short
periods of time, Fabject 10 the approval of the Adminis-
wator. Toe soltering iempemaiure for borpsilveie s
E2F C (1,52° F,. and for quarte it is 15002 C (2.78* F).

Whenever pracui-a.. every effort should be made w0 use
borosilicate or Qquart: gliss probe Lners. Alermatively,
meial buery (0., 31€ stiniass stesl, Lucoloy 825.F or oLher
COTTOSION resiiani melals) made of sdmiess tnbing may
e Gsad, Ribyes. o e approvai of the Administrawr,

2.1.3 Fiwt Tube. Type 8, ur described 1p Focuion 2.1
of Method &, o7 oiher cevice approved by the Admins-
tragor The pitol tubw sholi be atiached to the prots (as
stmwn o Firunt 1 to alow consiant monitonng of Lhe
stack pas veacily The unpsct (high pmssure) operung

* Mention o trardr names of specife product: does not
econstitne endorsereni by the Envirunznental Frotoc
tion Agency,

Figure 5 1. Particulate-sampling train,

plane of the pitat tube chall be even with o shove the
nozcie eniry piane (ses Method 2, Fymure 0-6b) during
sampiing. The Type § phot tube axsarably shall have s
Enown eoellicien?, detarmmined as outined in Sectiog 4 af
Method 2,

214 Differentis. Preasure Gauge Inclined manoma
eter oF equivaient deve s (two!, B2 Seribed in Bection
2.2 of Method 2. One manometsar sl be used or velocity
bead (Ap) readings, snd the other, o7 orifiew differantia
pressurc readings,

2.1.5 Filer Holder. Bormilicate pluss, with 3 flass
friv filter support and a siicone mbuer gasket, Other
materials of construction (eg., <tainles sieel, Teflon,
Viton) may be used, subject to spproval of the Ad-
ministraww. The bolder desgo shall provide a pasitive
teal agairst leakage Jom the outside & aroond the flter.
The holder shall be pttacheq immediszely ai the outlet
of the probe (or cyclone, il used).

2.1,6 Filter Heating Systiem. Any heating system
capable of maintaining s temieraturr around the filier
holder during samplng o 120214° C (26=2" F), or
such other temperature as specified Ly an sppliceble
subpar of the standards ar apjwoved by the Adminis-
trater for 8 perticular egr\limutm. Alteratively, the
tesier may opt Lo operite Lhe squipment Al 8 Lemperoakios
lower than that specified. A temperaiure rauge capatie
af measunng temperature to within 2  (54° Fi ghall
be instailsl so that the lempersiute around ibhe Ghver
holder can be regulatad and moniored dunng ampling.
Hesting tysiems other thap the one shown io APT L~
0381 may be pead,

21,7 Condenser, The folowing sysiem shall be need
to deiermine the fas meiciure eoptent: Four
impipgers conpected \n srmies with ieak-iree pround
giass fitungs or any smilar jeak-free pon-conlaminating
fitungs. The Grt, third. and fourth 1mpingers <hall be
0. the Oreenburg-Smith design. modified by replacing
the tip with 1.3 cm (5 i) 1D glass webe extmding W
sbout 1.3 e (34 In.) from the bottom o the flask, Tbe
seeond impinger shall be o the Greenbip-Smith desgn
with the stundasd tip. Modibications Teg., using Bexitle
connections twiween the impongess, using malenaly
other than plass. or using flexilile vacuum Wnes to connect
ths filrer holder to the condenser) may e used, fubject
w the approval of the Acmininieator. The firm and
seeond impingers shall coutain knnwn guantities of
wuter (fection 4,13). the third shali be empty. aud the
fourth shall eontain 8 known weght of sibes prl. o
esquivalept desiccant, A thermoineler, cajeble of measur

fng temperatare to within 1* C (2* F) shall be piaced
at the outlet of the fourth impinger lr moniloring

purpases. .

Aliernatively, any system thag eools the sample gas
stream and allows measuremant of the wuter condensed
God moisiwre leaving the amdenser, each to within
1 ml or 1 ¢ may be used, subject to the approval of the
Adminisirator. Accentable means are to measure Lhe
condensed waler either pravimetrically or volumetrieally
and to measure the moisture leaving the condenser by:
(1) monitoring the temperature and 4 at the
exit of the condenser and using Dalton’s law of partial
pressuces: or (2) the sample gas Stresm through
a tared slica pel (or equivalent desiceant)-irap with
exit gases Eept below 20* C (65* F) and deiermiaing
the weght gain.

11 means other than slica ge] are psad o determine
the amount of majsture leaving the condenser, I s
recommended that silica gel (or equivaient) stil be
used hetween the condenser system and pump o prevent
moisture condensation io the parap and metering devies
and 1o avoid the nead to make cormactions for mowsture in
the roetered volume. ’

Noti.—If & detaminstion of the particulate matier
coliccted in the itmplngers is desired it addiUon o mois-
ture content, the impinger syRem described ahove shall
be used, withou! modibeation. lpdicidus Bimes or
conirol agencies reqniring thit information shalt be
co:tacisd as Lo the Samople recovery and analy=is of the
imunger contents. -

215 Metering Systern. Vacuum  gacpe, leak-‘ree
pilmy}., thermometers capable ol measaring Lemperaiurs
o within 3° C (5.4° F). dry gas melercapable of measuriog
volume W Wwithin 2 percent, and relaled sfuipment, as
shown in Figure 5-1. Otber metering sysiems capable of
maintaiidng sampling rates within 10 percent of woe
kinetic and of determining sample volumes Lo withyn 2
percent may be used, subject w the approval o Lhe
Admiaisirator, When the metering syfiemn s used in.
eonjunction with a pitot tube, the syxstem shall enable
checkt 01 soRipetic rates

Sampling trairsutilizing metering systems dasismed lor
higher flow rates than that deseribed in APT L0551 or
APTD-057¢ may bw used provided that the specibes-
tivas o Lhis method are met.

21y Haromelsr. Merrury. anerold, or other larometer
eapable oi measuring Atmospheric pressure W witlua
2.5 mm Hg (0.3 in. Hg). In many cAses. Lbe Larometne
reading may be obtained frofo 8 newrby national weather
serviee staligh, in which case the station valus (whieh is
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the Atwolute batometrlc pressure) shall be requested and
an adjustinent for el-vation differences between the
wealher FLAtion and sampling point shall be applicd at &
rate of minus 2.5 mm Hg (0.11n, 1) per 30 m (100 n)
clvvatlon increate or vice vores fur elevation dicrease.

2110 Gas Density Determination Equipment.
Temperature sensor and Rre.smre gatge, ax deseri
in Beclions 2.3 and 2.4 of Method 2, and pas analyzer,
if necessary, as descrilied in Method 3, ‘The tempwrature
srnsor ehall, prelirably, be wrmanently attached to
the pilot tule or sampling prohe in 8 fized conlimuration,
such that the tip of the serisor extends bheyond the leading
edge of the probs sheath and does not touct any metal,
Alternatively, the sensor may be sttached just prior
10 nse in the field, Note, however, that {I the temperatiire
sensor is attached in the field, Sthe seusor must be placed
in &n interference-free arrangement with respect to the
Type B pitot tubie pprnings teee Method 2, Figure 2-7),
At & second altermative, if a difference of not more than
1 percent jn the average velocits measurement is to
introduced, the temperatire gauge need Dot be sttached
to the probe or pitst tube, (This slternalive I8 subject
1o the approvasl of the Administrator.)

22 Eample Recovery, The following jtems are

needed. .

291 FProbeLiner and Probe-Norgle Brushes. Nylon
‘bristle bruches with slainless steel wire handles. The
probe brush shsll have extension® (at Jeast as long as
the probe) of stainless steel, Nylon, Teflon, or similarly
inert material. The brnishes shall be propetly sized and
shaped to brush out the }}rube liner and nozzle,

222 Wash Boitles—Two. Gluss wash bottles are
recommended; polyethyiene wash botties may be used
at the option of the tester. It j= recommended that acetone
not be stored in polyethylene bottles for louger than &
menth- B

223 Glass Sample Storage Conta.ners. Chemically
resistant, borosilicsie glass boitles, for acctone washes,
500 1l or 1000 mi. Eerew cap Liners shall either be mibber-
backed Teflon of shall be constructed so as to be leak-free
and resistant to chemical attack by acetone. {Narrow
mouth glaszs bottles have Leen found to be less prooe 0
Jenkage.) Ahernsuvely, polyetbylene botiles mAy be

used. .
924 Petri Dishes, For filter samples, gia<s of pols.
ethylene, unless otberwise specified by the Admin-

istrator.

225 Gradusted Cylinder and/or Balance. To meas
afe condensed water to within 1 ml or 1 . Graduaied
cylinders shall have subdivisions no greater than 2
Most IabGratory halanres are rapable of weighing to the
nearest 0,5 g 0F lsss, Any of these halances is suitable for
use here and i Section 2.3.4. . .

226 Flastic Storage Containers. Air-tight containers
to store silica gel. . ) o

223 Funnel and Rubher Policeman. To aid in
transfer of silica gel io contaner: not necessary if siuch
gel is weighed in the field. .

226 Funnel. Glass or polyethlene, 1o aid in sample

TECOVErY. X X . .
2.4 Analysiz. For analysis. the following equipment is
necded.
231 las Weighing Dishes.
232 Desiccatos. .
233 Analytical Balance Te medsure v within 0.1
nE.
234 Balance. To measure to within 0.5 g.
235 Beakers. 20ml i
2356 Hygrometer, To measure the relative bumidity
of the lahoratory environment.
237 Temperature Uaupe. To measure 1he tejupera-
ture of the laboratory environment..

2. Recgenls )

81 EBampling. The rragents used in sampling are a9
follows: - - L
g.1.1 Filters. Glass fiber filters, without organic
binder, extibiting 81 leasi 99,05 percent efficiency {<0.05
percent penetration) oy 6.3-micron diocty}! phthalage
smoke particles, The futer efficiency test shali be eon-
ducted In eccordance with ASTM sandard method 1)
o571, 'Test dawa from the supplier's qualry control
program ar2 suflic:eat fur this purpose.

23.0, Silies Gel. Iadicatiag type. 6 t0 16 mesh. It
previonsly used, dry al 175° C a3 F) for 2 hours, New
silica ge} may be vwd ns reecived, Alierpsiively, other
1ypes of desicoants (equivalent ar beitert way be used,
su-gject 10 1he approval of the Adminisumtor,

31.3 Water. Whner anulysie of the maienial eaught in
the impingers is required, distilivd water shall be used.
Hun hanuks prio? Lo ficld use 10 climinaie 8 high blank
on test sInples.

314 Crushed Tee

2.1.5 Swopvnck Girense Acetoneinsolnble, heai-minble
eflicone grease. This 1S noi necessary il gerewsou con-
neciors with Teilon sieeves, or similae, are used. Alterns-
tively, other types of stopeovk gremse Tiay be used, sute
ject to thr approval of the Adininisirntor.

29 Sampie Kerorrry. Acclone—reazent cTade, 0,001
pereant residus, o giass Lottlee—is required. Acetone
frutn metal contuionrs penerally has 8 high residue blank
and should ndt be used. Romuetimes, sappliers wansler
aretone 1o pluss hatilss from metal containers; thus,
acetone blanks shali be run prior 10 field use and only
acetone With 1o biank values (£0.001 pervent) shall b2
nsed, Ip no ease sAAl & biauk value of greater than 0.000
percent of the weihy of revane used be subiracted trom
1he smmple weight

RULES AND REGULATIONS

3.2 Analysis, Two reagents are required for the analy-

[-TH
3.3.1 Acetone, Eame as 3.2, . .
252 Desiceant, Anhydrous ealcivm sulfate, ladicats
ng type. Alternatively, other types of drsiccante may be
pued, sutdect to the approval of the Adminisirator.

4. Procedure

4.1 SBampling. The complerity of this methnd is such
that, in order to oblain reliable results, testers should tw
trained and experienced with the 1est procedures,

$.1.1 I'retest Preparntion, All the eamponents shall
be maintained and calibrated aceording to the procedure
described in A PTD-0570, unless otherwise specilied
herein,

Weigh several 20010 300¢ portions of silicagelin air-tight
containers 1o the uecrest 05§ Hucord the total weight of
the silies pel plus cuntainer, on each cofginer. As an
altcrnative, the silica gel need not be preweighed, but
may be weighed directly io its Lopinger or sampling
holder just prlor to train assembly. -

Check filters visuslly acainst light fur irregularities and
flawr or pinhole lraks. Label filters of the proper diameter
on the back side near the ¢dge using numbering machine
ink. As ao alternative, label the ghipping containers
{glass or plastic petri dishes) and keep the filters i these
contaizers ot all times except dunng sappling and
weiching,

Desicoate the filters at 20£5.6° C (@8x10° F) and
ambient Prrs.mre for at least 24 hours and weigh at io-
tervals of Bt legst 6 hours to A consiani weight, ie.,
<0.5 mg change fror previous weighing: tecord resyults
to the nearest 0,1 me. During each weighing the filter
must not be exposed 1o the lahoratory atmosphere for &
period greater than 2 minutes and & relative huidity
shave 50 percent. Alternatively {unless otherwise specis
fied by the Administratar), ihe filters may be oven
dried at 105° C (¢ F) for 2 to 3 hours, desiceated for 2
hours, sand weighed. Procedures other than those dee
soribed, which account for relative humidity eflects, may
De osfd, subject to the anproval of the Administrator.

.17 Prelminars Deteruinations., Bel-et the sam-
pling site and the miuiinwn number of sampling points
sccording 1o Method 1 or as specified by the Adminisira-
tor. Determine the stack pressure, temperature, eod the
rangeof vetocity headsusing Method 2: it is racom mended
that & leak-check of the pitot lines (see Method 2, Bec-

tion 3.1) be performed. Delermine the moisure content o

using Approsimiation Method 4 or its alternatives for
the purpose of makiug iscinsic sam Ming rate seitings.
Determine the stack pas dry molecular weight, 88 drs.
cribed in Methad £, Scection 3.6; §f inegrated Aethod 3
sampling is us-d for melerplar weight deiernination, the
interrated bag sample shall be taken eiinnttanéously
with, and for the same total length of lire as, the par-
tirnlate sample run., )
Eelevt a nozzle size based on the range of velocity heads,
sueh that it is not necessary to charge the nn2zle size in
ordet 10 mmintain isokinetic sunpling rates. Duriag the
von, do not change the nozzle size, Ensure that the
propet differential pressure pRUEe i chiozen for the range
g( veocily hrads envountered tsee Scetion 2.2 of Method

2).
Svlect 5 suitable probe liner and probe Yenpih suchthat
8l iraverse peiuls ran be sampled. For large stacks,

consider sampling from opjwsite sides of the slack 10

reduce the Jengih of probes,

Zelect 8 total sampling time ereater than or eaual 10
the mircmute total sampling time specified in the 1est
procedures for the specific industry such that (1) the
sanpling time per point is not less than 2 min (or some
griater vme jnterval as speciiied by the Administrator),
and (2) the sampie volume taken (cortected Lo standard
conditions) will exceed the required minimum tcisl gas
samifle volume. The latier is based oo an appiosimate
average fampling mte, .

1t is recommended that the number of minutes M-

ed ot exch point be an integer or an integer plus one-

1 minute, in order to 8% tniekeening etTors

In sume circumstances, e.r., batch eyeles, it Mmay be

necessary to saraple for shorier times at the iraverse .

points and w0 obiain smsller gas sample volurees. ln
these cages, the Administrator's appteval must firse
be abrzined.

413 Freparation of Collection Truin. During prep-
gration end ssseribly of the sampling train, keep Al
gpeninizy where contamiration can otyur cosered until
just prior to assembly of untif sampiing is alout 1o bemn.

Place 16 i of waier in each of the Urst iwe inpingers,
leave the third impinger empty, and transfer approxi-
malely 20 o 20 g of preweighed silica gel from it
vortainer W the fourth impinger, More silica gel may be
used, but rare should be taken o ensure that it is not
enittined sad csrried out from the imipiucer during
sampling. Place the container in & clean piace for later
use 21 The sample fecovery. Alternstiveiy, the weizbe of
the silivu get pius impinges sy be determined to the
nearost 0.5 g and recorded.

Using 8 Tweazer or clean dxsgtombie surgpical gloves
place a labeled (identified) an weighed fiiter 1n the
fiker holder. Le sure that the filter is properly centersd

and the gasket propesly placed 50 a5 10 revent the
eammple £as Sthvam [rom circeniventing the fitter, Check

the filter for tears afics essambly is compleied.

Whes: piass liners are used, install the wiected noztle
using 8 Viton A O-ring when stark e [erature’ are
toss tah 242 C (AKF ¥) and an esbenos sinng pa-ket
when tenreralives are highes. Sen APTL-GTO for

details, Other cennecting eystems using sither 310 etain &
jess steel of Teflon frrmules may be uned. When mietal
liners are used, install the norzle as sbove of by & leak-
free direct iner hanical connection. Mark the probe with
heat fesistant tepe of by somne other tnethod to denote
the proper distance nto the Flack or duct for exb sam-
phing point. i

Eet up the train as In Fipure 51, using (if necessary)
a very light cost of siheone grease on wll pround glass
Joints, greasing onls the otter portion (see APTD-UT6)
to avoid possibility of contamination by the silicone
greate, Bubjact to the approval of the Administrator, s
glass cyclons may be nsed beiween the probe and filter
holder when the tots) particulate eatch is expected to
excecd 100 mg o when water droplets are present inh the
stark gas,

Place crushed jee arrund the impingers.

4.1.4 Leak-Check l'rovedures,

4141 Pretest Leak-Check, A pretest Jeak.che R 18
recommended, but not required, I the testel opts to
conduct the pretest Jeak-check, the following procedure
shall be used. .

After the sampling train has been assembled, turn o
and set the filter 8nd probe heating systamsat the desired
operating terc prratures, Allow time for the tenperatures
10 stabilize, 118 Viten A O-ring or otber leak-free connecs-
tion iz used in assembling the probe noztle to the probe
tiner, leakcheck the train at the sampling site by plug-
ging the noszie and pulling & 380 mm Hg Q5 in. Hg)
varuum. .

NOTE.~A lower vaculsn may be used, provided that

it is not saceeded during the test. ~

1f 8. asbestos sring is used, do not connect the probe
to the train during the leak<chack. Insiead, Jeak-check
the train by first plugging the inlet 1o the filter holder
(ryclone, if applicable) and pulling 2 380 mm Hg (15 in.
Hg} vacuum (see Note immediately shove), Then con-
nect the probe to the train and leak«<heck at about 23
rmwn Hg (1 in. He) vecuum; alternatively, the probe may
be leak-checked with the test of the sampling train, in
o siep, 8t 330 mm Hg (15 in. Hg) swcunat, Leakage
rates in excess of 4 percent of the average sarnpling rate
of 0.00G57 o %min (0.02 ¢fm), whichever is less, mre
mnacceptable. )

“The following leak-check instructions for the sampling
train descri in APTD-0576 and APT D-(3§1 may ba
belpful, Start the pump with bypass valve fully open
and coarse adjust valve completely closed. Partially
open the coarse adjust valve and slowly close the bypass
vulve until the desired vacuum s reach
direction of bypass valve; this will cause water to back
up inte the filier bolder. If the desired vacuum is ex-
ceeded, either lrak-theck at this higher varuum of end
the leak cherk as shown below and siast over,

When the bak=check is completed, firet slowly remove
the plug from the inlet to the probe, filier holder, or
eydone (if spplicable) and immedistely twn off the
vacctm pump. This preventsthe water in the impingers
from being forced backward into the filter holder ahd
silica pel irom teing entrained backward into the third
Hnpinger. - X

41472 Leak-Checks During €ampls Run. 11, during
the sampling run, 8 comporent (&g, filter parambly
or impieger; charge becumes Decessary, 8 leakrhevk
shall be conduvcted imrediately before the change 18
made. The leak-hek sball be dnne areording te the

rovediire putlined in Section 4.1.4.1 atove, except that

1 shall be done at a vacuum equal taor pfraler thanthe
marimum value recorded up to that peiot i the test
1¢ the leakage rate is found %o be no grest«r thun Q.00057
mt min (0.02 cim) of 4 pereent of the averuge sampling
rate {whicheve? is Iass), the Tesiilts are aceeptable, and
na correction will need to be spplied to the total volume
of dry gas mytered; if, however, a higher leaknge Tite
js obiainod. the tester shall either record the leakage -
rate and plan to correct the sample volume as shown 10
Baciion C.3 of this method, or shall void the sampling

run,

Lrmiediately after component changes, leak<hecks
are aptional: if such leak-checks are done, the provedure
outlined 1o Section 4.1.4.1 above shall be nsed,

4143 Post-est Leak-Check. A leak-check is manda-
tory at the cunciusion of each sampling tun, The leak-
cheek shall be dnane in accordance with the preceduees
cutlimed in Section 4.1.4.1, escept that it shall be con-
duered 8t 8 vacuum equal to or greater than the maxis
ram value reached during the sampling vun, 1f the
leakace rate is found to be no greader then 0.0CH7 m¥min
(0.02 ¢imi or 4 perceot of the avera~e samplicg rate
(whichever is less;, the resulis Bre aocepiable, and no
correction need ke applied Lo the wtal volume of dry gas
metered, 1, hawever, 8 higher Jeskage rate i ohiined,
the 1ester shall either reeord the legkase rate and correct
the sample volume as shown in Sectivn 6.3 0f this mmethod,
or shul] vnid the sampling rua. X

41,5 Paricalate Train Operstion. During the
sampling run, maintain an isokinetic sampling rals
(within 10 percent of oo isokinetic unless otherwise
epecifisd by the Admirisiraior) and & temjerature
ground the Blter of 120=14° C (246=25° F), or such other
temperature 8¢ specified by an applicable subgar, of the
siandards or approved by the Administrator.

For each run, r the data reqtiired ou 6 dats sheat
such as the one shown in Figure 52 Be sure o record the
iritia) dry gas meter readiog. Hecord the dry gas melaf
readings 8 the beginniog and end of each samp‘.mi:imo
increment, when changes in Sow retes are msde, befora
a5 after each Jeak check, and when sampling is hajueds
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perivdic chiecks duning the traverse

Take other readings re%u:rrd by Figure 52 at leazt oncs
st ench sample point curing eath time Increment and
sdditiona) resdinge w hen signifi-ant ehangos (30 percent
vatintion Ln velocity bend rc:-d.-n%i)‘ necessitate eddi-
tionnl sdjusitients In tow rTale »ve] and rero the
mnunonieter. Necattse the manometer level and rero may
drift dite to vibritinus and tempwroture changes, muke

RULES AND REGULATIONS

Clran the portholra prior to Lbe trst run to minlxice
the chance of mmpling @eposited matarisl To begin
mmpling, reincve the nozeie cap, verify that the fiter
and probe henling Fysieins ate Up 10 tem ture, and
that the pitot tule and prote nre proferly petitisoed
Yosition the nozrle Bt the first traverse poiot ik he tip
pointing directly |nto the pas stream. mnadiatsly start
the pump and adjust the flow to lwkinetiec conditiony,
Nomographs &y ava.lable, which aid in the rapid adjust-

AMBIENT TEMPERATURE
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ment of the orinetic snmpling mate without eiceasive
eomputations. Thew nomographs are derigned for v
whan the T'spe B pitot tube cosflicient is 0.85£0.02, and
the stack gus equivalent density (dry melecuisr welght)
5 sqnal to 2924, APTD-0376 details the procedure for
using the nomographs. If Cp nnd Afy are outside the
sbove stated rangos do not use the notnugraphs unleas
spprojiriate steps (soe Citation 7 fo Seciion 7) are thken
10 com pe nsute for the deviations.

PLANT
LOCATION BAROMETRIC PRESSURE __
DPERATOR, {. . ASSUMED MOISTURE, % — :
DATE PROBE LENGTH, m (1) _
RUN NO. "NOZZLE IDENTIFICATION ND.
SAMPLE BOX NO AVERAGE CALIBRATED NOZZLE PIAMETER, em(in) . —
METER BOX NO. PROBE HEATER SETTING : —
METER AHa LEAK RATE, m3/min.(cfm} :
CFACTOR T O stk o PROBE LINER MATERIAL
(2] - -
PITOT TUBE COEFFICIENT, Cpor o CROSS secTion STATIC PRESSURE, mm Hg lin. Hgl
. . FILTER NO.
PRESSURE '
DIFFERENTIAL . TEup - b
; ) ACROSS GAS SAMPLE TEMPERATURE Lty g
. stack | VELOCITY ORIFICE AT DRY GAS METER LEAVING
samPLING | VACUUM | TemPERATURE|  HEaD METER GAS SAMPLE FILTER HOLDER| CONDENSER OR
TRAVERSE POINT Mz mm Hg (s (4Pg), n H20 VOLUME INLET OUTLET | TEMPERATURE. | LAST IMPINGER,
. NUMBER {51, min. (in. Hg) °C (°F) | emiin 30} fin. Hz0) m3 (13 ci*n | *c(*n ¢ (*F) *C(*F)
TOTAL Avs. Ave, )
AVERAGE Avy. .

When the staok is under signlficant nepative pressure
(height o! impinge: siem), take care to close the coarse
adjus valve before inserting the probe into the stack o
provent waser from b kEng into the filter holder, If
necassary, the pump may be turned oa with the coarse
adjust valve closed. |

Vhea the probe 15 in position, block off the epenings
aroitnd the probe and porthole w provent vurepr-
gentative dilution of Lhe Pas St7eam.

Traverse the S0 K  roms-5e-NIO., 84 required by Mothod
1 or a5 specilied bY the Adminisirator, being careful not
to bump the probe nofzle intd the sack walls when
sampling twar the »ulis or whet. removing ot inserting
the probe through the poartholes: this minimizes the
chatice of extras tung deposited materipl.

During the tesi ruon, moke period:c adjusiments to
kezp the teinprrstare Arouud the il Lolder al'the
proper level, sdd r.ore ice sud, if necesaary. sli to
maintain & tefsperniure of less than 20° O (687 F et the
condenser'siln pei cutlet. Also, pesiodically check
the lovel and zero ol the tanometar.

M the pressure drop siross the filter hecomnes too hich,
meking i= kinetic sampling difficult to maintain, the
filter nuay e replaced in the midn of & sample rup. 1t
s renmmended that another complete filter assembly
be tised rother than aitempling to change the filter itself,
Before 8 naw filter uasemhly is instalied, conduct o leak-
chee K (o Spmiy 1.4.9). The 1otal parti-nate weight
shall inelnde the m:rtion of all fller ssembly calches.

A single trag I twe wsed for the entire saspples run
excepl in cass ¥ - simuaneons sampliog s £ wired
in two or winre sejarate ducts or At Lwo or more d?%ei-pn'.
Jocations within the saine duet, of, in cases where equip-
ment fallure necrsatatm 8 change of trains. In all other
situations, the nse of Lo or more trains will be subject o
the approval of the Adinunisteatar,

Figure 5-2, Parliculate {ield data,

Nots that when two or more trains are nsed, separsts
analyses of the front-hall and (if apploable) impinger
eatches from each train shall be performed, unless identi-
cal pozzle sizes wers tisad on all trains, in which case, the
front-half calehes from the individual trains i=ay be
combined (A5 may the impinger catches ) and one agalysis
of front-hall caich and one analysis of Lopinger caich
may be performed. Consnlt with the Adnurdstrator for
details concerning the calrulstion of results when two or
1nore Traits are wsed.

At the end of tbe sample run, TurD off the coarse adjust
wvalve, remove the probe and nozzle from the stack. turm
ofl the jstmp, tecord the fina! dry pas metes reading, and
conduct 8 post-iest leak-cherk. 85 outlined in Seetion
4.1.4.3. Alsy, lesk-check the pito: unes as described in
Mothod 2, Bection 5.1 the lines roust pass this ieak-check,
in rder 1o vh'idale the celocity brad data.

41.6 Calenlation of I'ercent lsukinetie. Caloulste
pescent izoklnetic (s¢ Calculations, Section §) to deters
mine whethar the run was valid or snother test run
should be made. 1 there was difficulty in maintaining
isokinetic mtez due to source conditions, consult with
the Ad:minustrator for possible varispce on the isokinetic

rales.

4.2 fBample Recovery. Propwr cleanup procedure
becins a5 So0T &5 the prone is removed from the stack at
the end of the sampling t::ind. Alaw the prohe to ool

When the prole can saltly handled, wipe off ali
erternal particulate matter newr the up of zine probe
Lozele nhd lice B cap over I3 1o prevent losing or pumung
particulste matier, Do not cap ofl the prot= Lip tightly
while the sampling train is cooling down es Lhis wouid
ereate & vacoum {0 the filter holder, thus drawing water
from the impincers icto the filter holder, X

Helore moving the sample train w the cleatop site,
remove the probe [rom Wie sample train, wipe o the

slione grease, and esp the open ontlet of the probe. Be
eareful not to lose any condensate that might be present.
Wipe off the silicone grease frorn the flter inlet where the
probe was fastened nod cap It. Remove the ambilieal
cord from the last impinger and cap the impinger. Uf &
flexible line is csed betwees the first un;;lin Ar OF COT
denser and the &iter holder, disconnect the line at the
filter bolder and let any condensed wster or liquid
drain into the implngers or condenser, Aftar wiping off
the silicnoe grease, cap off the filier holder outlet and
impiceer inlet. Either ground-glass stoppers, plastic
eaps, OF Serum ¢aps may be wsed to close these orn.ings.

Transie the probe aod filler-impinger assembly tothe
elegoup ares. This ares should be clean and protected
from the wind so that the chances of contatinsting or
Josing the sample will be mirimized.

Save 8 pottion of the aretonie usad for cleanup 8s a
tiank, Tuke 200 m! of this scerane directly from the wash
totule being nzed and place It in 8 plass sAmple container
labelad *acetone blank."” i

Inspect the tralo prior to snd during disastembly and
}\?u any a8buo cooditions. Treat the samples as

ollowms:

Con:giner No. 1. Curelully remove the filter from the
filter holder and place it In'its Jdentified pesri dish coo-
tuiner. Use 8 of twerzers snd or clean disposable
surgics! ploves to haodle the filter, 1M it s necessacy 10
fold the fiter, do So such that the particlate cake i3
{hside the fold, Carefully wansfer wo the peri dish any
pariculate matter ahdior Alter Gbers whuch erdbere Lo
the futer holder gasket, by using a dry nylon bristls
brush andror a sh od blade, ceal the contalner.

Condainer Neo, 2. Taking care to see that dust oo the
outside of the probe or otber exterior surisces does ot
Fet into the sarapls, quantitatively recover particulats
maiter or hy condensate Irom the probe nozzle, probe
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fitting, prole Lna, and front hall of the filter bholder by
washing thrse comjunests with actone aud plucing the
wash In & glome coutainer, Dutilled water may be
inatrad of aertone when approved by the Administrator
and shall be usd when sperafied hy the Administmtor;
\in Lhese cases, fuve g water hiank and follow the Admin-
strator's directions on analyus Ferfurm the scetans
rinses o foliows:

Carefully remove Uw prate twzle end clean 10 Inside
eurface by rinsing with acetone from 8 wash bottle and
Lrushing with a niylon Lyistle brush. Drush undl the
acetone rinse shows nho visible particles, aiies which
niske s final rines of the ieside surisce with acetone.

FBrush snd rinse the inside pans of the Swagelok
Sr(ing with Reelone b 8 Similar way vntil no visible
particles pemadn.

Rinse the probw Jiner with areione by tilting and
rotating the prolx while quining aretoue into ils upper
end s that all indde surfaces will e wetted with are.
tone, Let the gerivne druin from the lower e0d fuiln Lhe
sample contadner, A hunant (plass or pulyethylene) may
be used 1o mid in translerring liguid wuashes to the con-
twiner. Folinw the mcetone riuse with s probe brush.
Ilold 1he probe it an inclined pesition, siprt acelons
fnfo the opper end as the probe brush s teing pushed
with & twisting ation through the probwe; hold a sample
container upderneath e Lawes end of the probw, and
catch any scetoue atd pariirvlte matter which is

brushed from the probe. Run the Lrush ihrough the
probe three times oF mors unti) ho visible pariiculate
matter 15 euTivd out with the scetone or until none
remnaing in the prote liner on visal dnspection. With
nalnless steel of otier meial prolxs, run the brush
through in the slove prescribed manner at Jeast six
tirnes since metal proles have smail crevices in which
particulate matier cait he etitrapprd. Rinse the brush
«with acetone, aud sisntively eoliect Lhwse washings
in the gample conial Afior the Lrushing, make &
£118) soetone rirss of the probe af @eseribed atove,

1t iy recomimended thal two peeple he umed to clran
the probe 10 rainimize sainple jusses. Between sampiing
ams. keep brishés cienn aud protected from oIaing

on,

After ensuring that 71 julnts have been wiped clean
of silicone grease, clean the inside of the front half of the
filter holder by rbbing the surfaces with a nrlon biristle
brush and rinsing with scetone, Rinse each surince
three times or mare if nreded to remove visible particu
Jate. Make & finial rinse of the brusb and filier boider,

Cuemll; rinse ot the flaes eyeiene, s (i applicable),
After sl scerope wastings snd partivulate matter hsve
been ealiecisd in the saruple container, lighten the lid
on tbe sample container so Lhat Beetone will not lesk
out when it is shipped to the lahorstory. Mark ihe
beight of the fiuid evei 1o determiine whether of not
jeakage oceurred during transperi. Label the container
enTify its conients,

Container Ao. 8. ™ote 1he color of the indirating sliea
gel 1o detarmine ifi1 Lias been completely spent and make
& notation of {t candition. Tran:for the silva gel train
the fourth 1mpirger to its original contether and seal,
A funnel may mnake i raser to pourtie sills Rpel without
spiiling. A ruther policen.an 1oy b s &: AN 8 16
removing the silica gel from the Impinger. It is nnt
necessary to remove the smal amount of gust particles
that may adhere to the impinger wall and are dithvult
1o remove Eince the pain in weight s w be wed for
moisture calenlaticns, do not use any waler of nther
liquids 1o transfer the silice g«L 1l a balance iz reailable
io the field, follow the provedure fur cousainer No. 3
in Bection 4.3

Impinger Kater. Treat the impingers as foliows: Make
anotatior of a1 ¥ color or fitm in thelinuid eatch. Meanme
the liquid which is in the {sm three impingers w within

F=]

&1 ml by using & gradusicd cylinder or by weirhing it - -

10 within =0.5 g by using 8 ba.ance (if one iz availablel.
‘Record the volume or weight of lignid present. This
information is required to calvilate the moLre contens
-of the eBuent £as.

Discard the Lquid after measuring and reecrdinig the
wolume o weight, unlest ans!Fiis of the impinger citch

" iz reqrired (se Note, Section 21.7).

1f 8 different type of condenser is used, measire the
amount of meisture condensed aither velumetricalty ar
rravimetrively.

Whenetver possilile, enntainers chould be shipped in
such & way that they reuen vptight at 6ll times,

4.3 Ana'vsis. Record the dals reqnired on & sheet
such &5 Lthe one shown in Figure 53, Handie each suraple
CONIAINAT &8 followE!

Conleing No 1. Leave the conterte in the shipping
container or transfer the filter and any loose parlicuisie
from the sarnpl: container to s tared glass waighing dish,
Tresiceate far 24 howst (£ 8 denccalr contaning suby-
drous ealeium mullate, Weigb 1o & eonstant weight and
report the resaits to the neavest 0.1 nig. Far purposes of
this Section, 4.3, the terin “constant welght' reans s
difference of no more than 05 mg ar 1 percent of total
welight lest tare weight, whichever is grester, beiween
two consecutive wefluugs, with no less than 6 hours of
Qesicention t.me Wetwern weighings

RULES AND. REGULATIONS )

Plant__ :
Date . )

- | C
Run No. . )
Filter No.
Amount liquid Jost during transporg_

Acctone blank volume, m!

Acetone wash volume, ml

Acetane blank concentration, mg/mg {equation 54)

Acetone wash blank, mg (equation 5-5)

WEIGHT OF PARTICULATE COLLECTED,
CONTAINER . . mg
NUNBER
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
1 .
2 . ;
TOTAL
Less acetone blank
Y'eight of particulate matter

VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
mi, g
FINAL
| INITIAL
LIQUID COLLECTED
TOTAL VOLUME COLLECTED : g* ml '

* CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER (1a/ml}:

INCREASE, g

= VOLUME WATER,
1 9/ml TER. ml

Figure 5-3. Analytical daja.
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Alermatively, the sample may be oven dried at 105° C
(=x* F) fur 2 to 3 hours, cooled in the desicestor, and
weighed to 8 consinit weight, unless othierwise spacifiad
by the Admitestrmtor. The Wwster tnay also opt to oven
dry the eatuple at 106 % C (228° F) for 2 Lo 3hours, weigh
the samipde, wid e this weight as s final weight.

Cuntainsr No. 2. Note the levelofliquid in the cantalner
and confizin ot the nnalysia sheet whether or not leakage
oveurred during transport. 1f a noticeable amount of
Jegkage has occwired, either void the sumple or uso
methods, suliject ta the approval of the Administrator,
1o correct the finsl results. Measure the liquid in this
container either volumstrically to 1 ml ot gravi.
roetticaliy to =0.5 g. Transfer the contents to » tared
250-m) teaket and evaporate to dryness st ambient
temperature and [aessure. Desiccate for 24 hours and
weigh tu 8 cunstant welght. Report the results to the
pearest (L1 mig. . i

Container No. 3. Welgh the spent silica gel (or silica pel
plus impnger) to the nearest 0.5 g usiog 8 balance. This
step Ay be condustad in the field,

T Aertane Hiank” Confamer, Mensure scetone in this
contaiper either volumetrically or gravimetnealy.
Transler the oretone to a tared 2%0-mi beaker and evap-
orate to dryncss a: ambient temperature and pressure,
Desiccate for 04 Louss and weigh to a contsant weight.
Report the restitts to the prarest 0.1 rag.

MortE.—At the option of the tester, the contents of
Coatainer No. 2 a5 well &5 the acetane blank container
may be evaparated ol temperatures higher than ambi-
ent. If evaguiration is dune ot sn elevated tempmroture,
the tamperstire must be below the builing point of the
solvent; slso, to Drevent “bumping,’” the evoporstion
process must be closely supervised, snd the contents of
the beaker must he swirled pecasionally to mnaintain an
even temnperature, Use rxireme care, 8s acetone is highly
fammable aud has a low flash polnt.

5. Cadivralion

Maintain a latwratory log of all ealibrations,

51 Prove Nongle. Prote pozzles shall be calibrated
s use in the field. Using B micrometer,

RULES AND REGULATIONS

0.07 mum M.000 in. ). Make three separate measnrements
using different dimsceters each tifre, pid obitain the aver.
ageof the measursments. The diference beiween the high
and low numbers shall not excred 0.1 tnm (.04 Io.),
when bozzles beontae nicked, dented, or corroded, they
shall Le reshaped, sharpened, and recalibrated befors
use, Each noztle shall be permusoently and uniqualy
tdentitind,

5.2 Pitot Tube, The Type § pitot tube assembily shall
be calibrated according to the procedure cuthued ia
Soction 4 of Method 2, .

5.3 Meterlng 8ystemn, Belore its initial use in the field,
the metering systern shall be calibrated sccording to the
provedure outhned in APTD-076. Instend of physically
adjusting the dry gaf meter dm! readinge to correspond
Lo the wet test metor readings, calibeation factors mey be
wird to mathematically correct the pas meter dial readings
to the proper values. Refure calibrating e metering Sys-
tem, it is suggested that s leak-check be conducted,
For ruetering sysiems baving disph=agm pumps. the
normal leak=click procedure will not detact leaksges
within theb‘!\ump. For these cases the following lmake
eheck procedure is supzested: make a 10-minute calibra-
tion runp st 0.00057 m 2'min (0.02 cfm): at the end of the
rug, teke the diffurence of the meastired wet test meter
and dry pas meter volumes; divide the difference by 10,
o get the lesk rate. The Joak rate should not exceed
0.7 13 ¥/min (0,02 clm).

After rach firld use, the ealibration of the metering
sysiem shall be cliecked by performing three calibration
runs at & single, intermediste orifice setting (Lased oo
the previous field test), with the vacunm sat at the
maxirnum value teached during the test series. To
adjust the vaeuumn, insert a valve between the wet test
meter and the inlet of the metering system. Calculste
the average value of the calibration factor, If the calibra-
tion has changed by ruore than 5 percent, recalibrate
the metsr over the fuli range of orifice setlings, as out-
lined in AFTD-0576,

Alternstive procedures, eg., using the orifice meter
eoeffivients, may be used, subject 1o the approval of the

41781

Note.~Ifthe dry gas meter cnefTicient values obtalne)
teefore pnQ alter & tost series differ by more than 5 fereent,
Lthe L=t series shall elther be volded, or ealzulstions for
the tast seriia shal) be performed wdng whichever metor
con-Micient value (i.e.. before of afier) pives the lower
value of total sample volume. *

54 Trobe Iieater Callbration, The jrobe hoting
rystem thall be esbibrnted befure Jis inital use in the
field mecording o the procadiire outlined in AT D056,
Protws constructed sceording to APT-0531 need not
be catibrated if the calibration ewrves in APTD-0576
are usad

5.5 Temperature Gauges., Use the procedure in
Fection 4.3 of Method 2 to calibrate In-stack temperature
gauges, Ial thermometers, such as are usd for Lhe dry
gas meter gnd condenser outlet, shall be calibrated
pgainst merciry-inglass thermometeors

5.6 Leak Check of Metering Bystemn Shown In Figure
1. That portion of the sampling treln from the lpump
10 the orifice meter should be leak checked prter to initial
ns and sfter esch shipment, Leakage afier 1be pump will
rult in leas volume being recorded than 1t actually
sampled. The followiog procedure is supgestad (sem
Figure 5-4): Close the main vslve oo the meter hoi
1nsert a one-hule rubber stopper with rubber tubing
atusched Into the orifice exhaust pips. Disconnect and
vent the low side of the orifice manoinster. Close off the
Jow side orifice tap. Pressurize the system to Y3 W 18 cm
(5 to 7 In.) water eolumn by blowing Into the rubler
tubing. Pinch off the tubing and observe the iInapometer
for one minute, A loss of pressure on the mansmelar
{ndicates a leak in the meter boy; Jenks, 1! present, must
be corree

5.7 Barometer, Callbrate ugainst a mercury Larom-
eter.

6. Caleulations

Carry out caleutations, retaining at lesst ooe extra
degtmal Ggure beyond that of the sequired data. Round
off igures after the final ealculation. Other furms of the
rqiotions mey be used as long as they give equivalent

befare thei X
measure the ¢ diameter of the rozzle to the nearest  Adininisirator. . resulta,
) VACUUM .
GAUG . )
_ ;‘T"O‘f,ﬁg ORIFICE BY-PASS VALVE € }.
RUBBER . :
TUBING * * 2. /
1 = ="y I 4
e T Sor— —F 1 7 Y
VENT .
CLOSED
BLOW INTO TUBING 4 — _
UNTIL MANGIAETER - MAIN VALVE
READS 5 TO 7 INCHES ! DRY TEST METER Cay CLOSED -
WATER COLUMN o U
MANOMETER PUMP
S 77N\

61 Nomenclature .

- = Cross-actional area of nozele, m? (%),

Be =Water vapor in the gas stresm, preportion
bs volume.

€. . =Acsone blank residye conceatrations, meig,

'S =Conceniration of particulate matter jo siack
gas, ¢ry basis, comected to standard condi-
uons, ¢ 'dsem (Ridsef),

z e Percent of isokinetic sampliog,

L. s popeptable leakage rate for sither a

b check or for & lesk eheek foliow-

. component change; equal po 0.00057
mi'tin (0.02 ¢lm) or 4 percent of the avernge
sarnpling rate, whichever is less,

F A =Individual leskape rate obsaved during the
lenk cheek conducted prior to the “iw
conponent changs (i=1, 2, 3....8),

L xl': 1€|n teim). beerved d "

= Lenkare rate o 4 urit 1] t-test
leak check, m¥min (elm). “ pos

n, = Total amount of pariiculate matter collecied,

e,
= Molerular welght of wat 18.0 g'g-mol
1180 Ih Thmmoten. & EE-male
oa -,.\.v;u.ﬁ of residie of acetone altel evapormation,
£.
® Batuineiric pressure at the sampll ite,
mm Hg On. He), phee &
P, -&t‘-t:wdlm s:.lcb:o pressure, mm He (in. Hﬁ).
- » A tite pressure, 760
(&.92 in. Re). P ' oum S

Figure 5-4. Leak check of meter bo

R =Tdeal £as constant, 0.0623 mm He-m3E-g-
T Tg&e l(‘.’\.Sn-") in. Hg-1y® B-lb-mole), "
= Absnlute sverage al as metar tempperatore
" (o6 Fisare &35 0K (°RY.
T = 4 bsolutes averaze siack gas temparature (ses
Figure 52}, "K (°R).

Twa =Standard abaolute (empersture, 33° K
. (528° R).

e =\Volurme of acetone blank, mlL

h i =Volume of sseione used in wash, ml

aw
Vo= Tota! volume olliquid collected in iinpingers
and silics gel (see Figure 5-8), mi.
T'a=Vohitme of gas mmple as measured by dry gas
wneter, dem (ded).
Vataay=Volume of pas samople meagsirsd by the dry
ﬁ” m(em. correctad to standard conditions,
SO N
¥V eind)ym=Volume of water vapor in the gas sAm
eorrected to standard conditions, sem Lt?:h'
V,.=5tack gas velocity, eslemiated by Method 2,
Equatios 2-9, using data obtainsd fom
Meshod 5, m'se (It/see).
W .=Weight of residue in acetone wash, mg.
¥=Dry pas roeter ealibmation factor,
aF = Average presswse differentiai across the arifice
meter (tem Figurs &~2), mm HO (in. Hs0).
,.:aznsity of scetons, mgml (see label on

).
pemDensity of waler, 0902 p'ml (0.00220)
1b/ml). X
#=Total sampling tims, thin.

x.

#:=Sampling time interval, from the beginning
of a run until the first compooant change,

min. -

o, =Gampling time interval, between two mic-
cessive component changes, begiuning with
the interval between the first and sacond
changes, min.

8,=Sampling time interval, from the final (n*)
component change until the end of the
sampling run, min.

13.6= Specific gravity of marcuty.
0 = Sec/min.
100=Conversion to percant.
6.2 Average dry gas meter tempersture and pverage
orifice B;:sura drop. Bea data sheat (Figure 52). °
63 Gas Volume., Correct the sample volume
mmeasured by the dry gas metar to standard conditions
(20* C, 760 mm Hg or 68* F, 2.92 in. HE) by usin
Eqnation 5-1. ) .

. AH
r r oy Tﬂd P°"+l':§:-6
Va (oed) =1 -} _T': ‘ Pra
~Eyay Dt COHI38)
f Equailon ’5-1
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where;
m)=0.5%%8 *K/mm Mg for metrie units

=17.64 *R/tn. Hg fur Epgllah units

NotE~Rquation 5} can be ued w3 writlen nnlew
Abe rakape rete observed during any af the mandalory
Jeak checks (Le., the pori-tast leak check or bank ehecky
conductad prior 10 cumponent ehnngas) excesds L. u
Ty OF L excceds L,, Equation 5~1 must be modificd aa
fallows;

(s) Case I. No eomponent changes made during
sampling run. 1o this case, replace Va in Equetion &1
with the expitession;

Vo—(L,—L.)6]
(b) Case TI. One or more eomponent changes mada

during the mmpling nun. In this cose, replace Va in
Equation &1 by the ezpression: .

[V-— (L~ L.}

- (L.—L.)e.—(L.—L.)z.]

=2

and subsiitute only for those leakage rstes (L, or Ly)
which exceed Le

¢.4 Volume of water ¥apor.

Lquation 5-2°

«\ [BT» .
Vewa=Vie .3‘3{:) —p:f)'-‘K: To

where:
Ha.=0.0M523 mym! for metric units
=0.04707 fthm! for English units,
6.5 Moisture Content

- "’rfﬂd’
B, .= e
Ve tard + Ve (a2

Equsation &2

Nore—In minratsd o waler droplet-laden gpm
pirearns, two ealaiistiong of the moisture conwent of the
Fack gas shall be made, one trom the Lopinger analyms
(Fqustion 5-3), and & second fromm the asswmptioo of
satumted condttions. The lowet of the two values of
B sha!l be considersd correct. The proeedure or deter-
mining the mairture content based upon assumption of
mturats] conditions is piven in the Note of Bection 12
of Methied 4 For the prirposss of this method, the avernge
wa X gan temnpwratise (rom Fipre 52 may be used w0
make this dewrrmination, provided that the sectirscy of
the in-sta k tempwrature sensor s = 1°C * F

6.6 Acetone Dlank Conceuiration,

m -

Co=ir=
Vera

Enuetion 54

€7 Avetone Wash Blank.
- ’
We=CiVor pa i
F.qustion 55

€.8 Total Particulate Weight. Detarmine the total
riculate ratch trom the sum of the weights obtained
m containers 1 and 2 Jess the acetone blank (see Figure
5-3). NotE.—Refer to Seetlon 4.1.5 Lo assist in calenlation
of results involving two or more fltar sxsemblies o Lwo
or mofe sampling trains
6.9 Particulale Concentration.

€,={0.001 g'mg) (ra/Vanw)

: Equation 56
€6.10 Converion Faclors:
From To Mulciply by
ref mt 0, gsan
£ gt 15,43
F {34 I 2 20510
g - a3

6.11 Isokinetic Varistion.
£11.1 Caleulstion From Raw Data

]=]00 T Ky Vi + (Va/Ta) ( Prar+ AH/13.6)]

606r, P, A,

where: )
=000 mm s —wym!—"K lor matric onita.
= (LO02600 In. Hg—£t3, mi—°R for English anits.
€.11.2 Caleulation From Intermediste Values

]___ Tn‘—- (o) Pudloo
o Tl-ldrla A-P. 60'\ 1"[)",)

TaVawa _

=K, oo md
O P, A(1-BL)
Fqustion =8
where:
Ky 4,370 far metrie units
-l (X450 for English unite -

612 Aeceptable Fesuhs 1f 90 porcant <1110 per-
eent, the results are acceptabia L the resuils are low in
eomparison to the standard and I is beyond the sceept-
abie range, ar, if J is lest than 90 parcent, the Admigis
trator may opt to accept the resulta Use Citation 4 1o
‘xiahe judgments. Otberwise, reject the results snd repeat

e tesi.
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MEetuond ¢—DETrEMINATION ©OF SULFCR  DioXipk
Esissions FEON ETATIONARY SOURCES

1. Jvinciple end Appheatly

1.1 Principle. A gas sample iz exiracted from tha
mnpling point in the swack, The sulfuric aeid mist
\iciuding sultur trioride) and the sulior dionde are
peparated. The sulfur ciozide fraction is messured by
the parivin-thorio tit=ation method.

12 Applicability. This method is applicable for the
determination of salinr dinride ernissions from sialionary
sources. The minimum detectable limit of the method

har been deierminad b be 3.4 milligrams (mg) of SOxm? -

(2.12%10t 1b4i b, Altbough no upper limit bas bean
esiablished, tesis have shown thai cOncanMions as
high as 80.000 mg/m’ of 50; can be coliectad efticiently
in 1wo midset impingess, each containing 15 millititers
of 3 percant bydroges [eroxide, At & rate of 1.0 Ipm for
20 minpotes, Based on theoreiica) calenlations, the npper
eonu.':‘.rlﬁon timit i a 2)-Yter sample is abont-53,300
mghml.

Possible ivterferents are {ree ammornia, water-soluble
entions, and finorides. The tanons sod fuorides Are
reracved by Frass wool fliers and ao isopeopsnol bobbler,
and hence do not alect the S0y anaiysin. When raples
are bLeing taken from & gas sureamn with bigh concentm-
tions of very fine metallic fumes {sach n in {niets to
eonro) devices). s hizh-aiciency plass fiber filter mast
be noed Ln place of the plass wool plog (i.e., the ons in
the probe} to remove the cation interieranta

Prve armmonia interferes by reacting with 802 to form

rtictite sutéte a0d by tearting with the indjcatar:

¢ frpe aromonis is present (this ean be determined by
knowiedpe of (e process and noticing white particuiate
matter in the Irube and isopropanal bubbtler), AT
tive methods, smblect to the approval of the A
tar, U.B, Eopvironmertal Irotection Aproey, ar
regGired.

2. Apparains
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