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authentic and accurate.

Date July 27, 1978 Signature

D. }&gcs Grove, P. L.




TABLE OF CONTENTS

SECTION PAGE .
INTRODUCTION 1
SUMMARY OF RESULTS _ 2
PROCESS DESCRIPTION AND OPERATION 5
SAMPLING AND ANALYTICAL PROCEDURES 7
APPENDICES 11

A - Particulate Results § Example Calculations
A-1 Waste Heat Stack, Tests 1-3
A-2 Dryer Stack, Tests 4-6
B - Field § Analytical Data
B-1 Waste Heat Stack, Tests 1-3
B-2 Dryer Stack, Tests 4-6
C - Test Participants
D - Sampling & Analytical Procedures

E - Calibration Data

E NTRORY
ANVIRONMENTALISTS, INC.




{

INTRODUCTION

Stationary source sampling was performed on July 18-19,
1979 at Chatham Brick and Tile Company, Sanford, North Carolina
to defermine the particulate emissions from kiln #2 which
is exhausted by two stacks - the waste heat stack and the
dryer stack. Three sets of tests at each site were performed
simultaneously.

Immediately following is the "Summary of Results' section,
presenting a summary for all the tests. Detailed results of
the six particulate tests appear in Appendix A.

A description of the process, including an air flow
schematic, is given in the "Process Description and Operation"
section.

The last section, 'Sampling and Analytical Procedures,"
briefly describes the sampling strategy used.. For a detailed
description of the equipment and procedures, see Appendix D.

Calibration data is given in Appendix E.
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SUMMARY OF RESULTS

Presented in Table 1 below are the emission rates as
determined by the six particulate emission tests performed

on the waste heat and dryer exhaust stacks.

TABLE 1

PARTICULATE EMISSIONS
pounds per hour

Simultaneous
Tests Waste Heat Stack Dryer Exhaust =~ Total
1§14 1.35 0.81 2.16
2 §5 1.12 0.38 1.50
386 1.80 0.49 2.29
Average 1.42 0.56 1.98

According to North Carolina Regulation 2D.0515, the
maximum allowable emission rate is 13.2 pounds per hour.
This is based on a process rate of 5.75 tons per hour and
includes an estimate of the sawdust being burned. Determination
of the process rate is given in the "Process Description and
Operation" section.

Tables 2 and 3 on the following pages give the individual
test summaries for the tests performed at the waste heat stack

and the dryer exhaust.
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PARTICULATE TESTS SUMMARY

Waste Heat

RUN MUMEBER
DATE
STACK TEMPERATURE., LEG. F

STACK FLOW RATE
SCFM# DRY

STACK FLOW RATE
ACFM, WET

VOLUME OF GAS SAMPLELD
SCF# DORY

FERCENT ISOHINETILC

FARTICLLATES, EPA METHOD Se:

MILLIGRAMS — CATCH
GRAINS FER DSCF#*
FOLINDYE PER HOLIR

# &% DEG F, 2%.392 IN. HG

TABLE 2

Stack

1
7/12/7%9
341,

12037,

19477.

S0.91

102.%

OF RESULTE

b

715779

101,33

.4

L0110

1.12

7/Y2779




TARLE &
FARTICULATE TESTE SLUMMARY OF RESULTS

Oryer Outlet Stack

RUN NUMBER 4 S &

DATE 7713777 7/18/7% TI19/7%

aTACK TEMFERATURE, DEG. F 124. 124, 114,

STACK FLOW RATE 16272, 14577, 15246,
SCFM# DRY

STACK FLOW RATE 18917, 1759¢. 17527
ACEM, WET

VOLUME OF GAT SAMPLED S0. 79 49,21 49,00
SCF* DIRY

FERCENT ISQKINETIC 05, 9.4 TS

PARTICULATES, EFA METHOD St
MILLIGRAMS ~ CATCH 19.1 | o b 12,0
GRAINS PER DSCF# . QOSE . 0020 . Q03
POLNDS PER HOUR .21 .33 . 4




PROCESS DESCRIPTION AND OPERATION

Chatham Brick and Tile Company in Sanford, North Carolin:
manufactures bricks, which involves the screening and blendiny
of the raw materials and the drying and firing of the final,
shaped product. The bricks travel through a tunnel consisting
of three zones - brick dryer, firing zone, and cooling zone.
The bricks are placed on cars which travel on rails through
the kiln. When the car enters and leaves the tunnel, ambient
air is allowed to enter uncontrolled. The dryer exhaust
stack 1s located at the beginning of the tunnel.

The car enters the brick dryer where excess water is
evaporated off. Hot air used to dry the brick is supplied by
the firing zone of the tunnel. The firing zone is located
near the middle of the kilm. Natural gas and sawdust are
used to heat the firing zone. As shown in Figure 1, ambient
air is used to cool the bricks. The beginning of the firing
zone is exhausted by a fan.

Potential emissions from the kiln consist mainly of
particulate matter in the form of dust generated by the
handling of the bricks, and of combustion products from the

sawdust. No pollution control equipment is presently in use.
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During the testing performed at the two stacks, 2263
bricks per hour were being fired in the kiln. With an
average brick weight of 4.6 pounds, this converts to a
process rate of 5.2 tons of brick per hour. When the
estimated sawdust usage rate of 0.55 tons per hour is added,

the total process rate is 5.75 tons per hour.
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SAMPLING AND ANALYTICAL PROCEDURES

All sampling and analytical procedures used were those
recommended by the United States Environmental Protection
Agency and the North Carolina Department of Natural Resources
and Community Development. Complete details of the equipment
and procedures used are described in Appendix D, which is

extracted from the Federal Register, August 18, 1977.

Method 1 was used to determine the number and location
of the sampling points. A stack extension was added to both
stacks. The waste heat stack cross section was divided
into 40 equal areas with eight points on each of five traverse
axes, as shown in Figure 2. The centroid of each area was
sampled for two minutes, resulting in 80 minute tests. The
dryer exhaust stack was divided into 36 equal areas, with
nine points on each of four traverse axes, as shown in Figure 3.
The points were sampled for two minutes each, for a total
testing time of 72 minutes for each run.

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

All sampling equipment used was manufactured by Nutech

Corporation or Entropy Envirommentalists, Inc.
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AFFENDIX A

(COMPLUTER FPRINTED)

FARTICULATE TEZTS RESULTS

WITH EXAMFLE CALCULATICONS




EXAMFLE PARTICULATE CALCULATIONS TEST NO. 1

Waste Heat Stack

VOLUME OF DRY GAS SAMPLEDN AT STANDARD CONDITIONS
VMETO = 17.64 # VM # Y # (PE+PM/13.4)Y / ({TM+440)

: 17.44 # 53,956 # 1,004 # (29,77 + 1.520/13.4)
VMETD = e e e = 50,910 DSCF

VOLUME OF WATER VAPOR AT STANDARLD COMOITIONS
VWY = 04707 # VW

VY

04707 % 77.0 = S.624

0
Yy
N

FERCENT MOISTURE IN STACZK GAS

PMV = (100 # VWV}/ (UMSTO+VWV)

FMY = —— e = 6.6 FPERCENT

MOLE FRACTION OF DRY STACK GAS

MO = (100,-FMV)/100.
160,

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS

MWL = (PCO2 # .44)+(POZ # .ZZ)+(PN2+PCO) + .28
MWD = ( 1.8#0.44)+(18.7#0,32)+((79.5+0.0)#0.28) = 27,04 LE/LE MOLE

- MOLECULAR WEIGHT OF STACK GAS

MW MWD # MDD+ 182 # (1-MD)

MW = 29.04 % ,9224 + 13 % (1- .924) = 2E.30 LB/LB MOLE




STACK GAS VELOCITY AT STACK CONDITIONS
VS = 85.49 # CP # SORTLO(DPS # (TS+440))/(PS # MW)3

Ve = 85.49 % 84 # SERTI( .S2&8 # 301.)/(29.74 % 22,2001 = 50.% FPS

STACK GAZ VOLUMETRIC FLOW AT STACK CONDITIONS
FA = VS # AS # &0 / 144

A

0. F# P28, # L0/ 144 = 194677. ACFM

STACK GAS VOLUMETRIC FLIOW AT STANDARD CONDITIONS
G5 = {(17.684 # QA # PSS # MR)Y / (TZ+440)

17,64 #  1%&T77. % 29,76 % 2324

S = e e e e e e e = 12037. SCFM
201.0

FPERCENT ISORIMETIC
FERI = ( 17.32 # (TZ+440) # VMETIN/(VE # TT # FS # MO # ON = ON)

17.2 % 201, #50,%10
FERI = ———m e e = 1Q2.2 PERCENT

FARTICULATE LOADING —-— EFA METHOD &
(AT STANDARD CONDITIGONS)

[’
D

=z
i

0.013432 # FMF/VMETD

[y}
D

=
H

0.015432 # ( 43,2/ 50.71)

L Q1321 GR/DECF

FARTICULATE LBS/HR--EPA METHOQD %

CAW

0. 00257 » CAN #* Q=

(1N

It

0.00837 # ,0131% 12037, = 1.33 LBES/HR




FPLANT: Chatham Brick & Tile Company. Sanfard.

TEST TEAM LEADER:

PARTICLLATE FIELD DATA & RESULTS TABLLATION

Frank J. Phoenix

TEST 1 Waste Heat Stack

TEST 2 Waste Heat Stack

TEST o Waste Heat Stack

RN NUMBER

TEST DATE

B TIME-START

TF TIME-FINISH

TT NET TIME OF TEST,MIN.

FMP NET SAMPLING FOINTS

ON SAMPLING NOZZLE DIIA., IN.

cP FITQT TUBE CCOEFFICIENT

Y ORY GAS METER CAL. FACTOR

M AVERAGE ORIFICE PRESSURE
DROF, IN. H20

VM VOLUME QF DRY GAS SAMPLED
Cl. FT. AT METER CONDITIONZ

T™ AVERAGE GAS METER TEMF.
LDEGREES F

UMSTD VIOLLUIME OF DRY GAZ SAMFLED
AT STAMDARD CONDITIONS#®, SCF

Vid TOTAL HZO COLLECTELD IN
IMFINGERS & SILICA GEL. ML.

Vi VOLUME DOF WATER VAFPOR
AT STANDARD CONDITICONS®*, Z=CF

FMV FERCENT MOISTLIRE BY VOL.

MD MOLE FRACTICN LIRY GAS

PCOZ PERCENT C0O2 BY vOL.,DRY

POZ PERCENT 02 RBY VOL..LRY

F/12/79

Q20
104%

20.0

N. C.

53,466

109,

49, 224

|

7/19/79

1023
1240

20.0

in
]
)
0
40

e
0
a

=
1
w




PCO

FNzZ

MWD

MW

Fs

TS

LFs

<
LAy ]

D
(1))

bl
)]

FERI

FMF

CAN

FERCENT C BY VOL..,DRY
PERCENT NZ RBY VOL.,DRY
MOLECULAR WT-DRY ZTACK GAS
MOLECLHL AR WT-STACK GAS
BAROMETRIC PRESSURE. IN. HG.

STATIC FREZ OF STACK GAS
IN. Hz0

STACK FREZ,ABS. . IN. HG.
AVERAGE STACK TEMP. L[EG. F

AVERAGE VELOCITY HEAD OF
STACK GAS, IN., HzO0

AVE STACK GAZ VELOCITY, FPS
STACK AREA, SHUARE INCHEZR
STACK FLOW RATE., DRY SCFM#
ACTUAL ESTACK FLOW RATE. ACFM
FERCENT ISOKINETIC

FARTICULATES. EPA METHOL St

MILLIGRAMZ ~ CATCH
GRAINS PER DESCF#

FOUNDS FER HOUR

DEG F, 22.92 IN. HG

2%.04
2E20

29.77

—
[§X
]

0.0
79,5

2%.04

=0.00

S57.8
Q170

.20
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FLANT: Chatham Brick & Tile ComPanv,

TEZT TEAM

FARTICLLATE FIELLD DATA & REZULTS TABULATION

LEADOER: Chris M. Wrenn

TEST 4 Drver CQutlet Stack

TEST = Drver Cutlet Stack

TEST & Orver Outlet Stack

RUN NUMEBER

TEST DATE

TE TIME-START

TF TIME-FINIZH

TT NET TIME 0OF TEST.MIN.

FMP NET SAMPLING POINTS

[N SAMPLING NOZZLE L'TA., IN.

CE FITOT TURE COEFFICIENT

Y DRY GAS METER CAL. FACTOR

M AVERAGE ORIFICE FRESZURE
LDROF, IN. HZO

WM VOLUME OF TRY GAS SAMPLED
Cll. FT. AT METER CONDITIONS

™ AVERAGE GAS METER TEMF.
DEGREES F

VMSTO VOLLUME OF TIRY GAZ SAMPLED
AT ZTANDARD CONDITICNS#, SCF

Vi TOTAL H2O0 COLLECTED IN
IMFINGERS & SILICA GEL, ML.

VWY VOLLIME OF WATER VAFOR
AT STANDARD COMNDITIONS®#, SCF

My FERCENT MOQISTURE BY VvOL.

MD MGLE FRACTICON DRY GAS

P2 FERCENT {02 BY vOL. . ORY

Foz FERCENT (=2 RY waL..DRY

Sanford.

7/18/7%9

SH20

104%

72.0

S0.792

49,5

-

N.

)

7/18/7%2

1119

257

72.0

.24
1.000

2.21

92. 026

49,210

7/19/79

1154
1254

o
0
“ f}
p
Lt



e
i
-

|
X))

—
in

nF:=

<
0

D
L g}

b
o}

FERI

FERCENT CO BY vOL, ,DRY
FERCENT N2 BY VOL.,DRY
MOLECULAR WT—-DRY STACK GAS
MOLECULAR WT-STACK GAS
BARDMETRIC PRESSURE, IN. HS.

STATIC PRES OF =TACK GAS
IN. Hz20

STACK FREZ,ABZ., IN. HG.
AVERAGE STACK TEMF. DEG. F

AVERAGE VELOQCITY HEAD OF
STACK GAS, IN. HzO

AVE STACK GAS VELOCITY. FPS
STACK AREA. SRUARE INCHES=

STACK FLOW RATE. DORY SCFMx

ACTUAL STACK FLOW RATE. ACFM

FERCENT ISDKINETIC

FARTICUW ATEZ, EFA METHCOD S:

i Bl e o e e . o o e o e o . e e e et e e e e e e

MILLIGRAME — CATCH
GRAINS FPER DSCF*

POLINGS PER HOUR

o DEG F, 22,92 IN. HG

—
0
]

—

L O0Z2

[
i

1020,

14377,

175964,

V.4

Y. b

. 00320

=y
=

[5)

- v

20.01
114,

. 456
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Plant Name CMTH’AH\\ BRrick ‘4— TILE CO .

e L TV

A o ks ht dda

[

Sampling Location_wfsg ¥~ HeA T

L
Run and/or Sample No.

STA<K

Leak Test? v~ Date 7-/9 operator Cw/
Time of Time €0, 0, co %0, %C0 Ny
Sample of Reading |Reading Reading
Collection | Analysis A 8 C 8-A C-B 100-C
l:eo o
nize| 15:e0 [.& 206.Y7 - /8.7 - —_
[ 8 187 ARY
Avg. Avg.
Run and/or Sample No. Leak Test? Date Operator
Time of Time €0z 07 co %0, %C0 %Ny,
Sample of Reading |Reading Reading
Collection | Analysis A B C B-A C-B 100-C .,
Avg. Avg.
Run and/or Sample No. Leak Test? Date Operator
Time of Time €0 0, co %0, %C0 %N
Sample of Reading [Re~'"" Reading
Collection | Analysis A P C B-A C-B 100-C
' Avg. Avg.

A
. a [BApECIALISTS IN
E— — Lrounce
NVIRONMENTALIBTS, INC. . .

AMPLING




PRELIMINARY FIELD DATA

8 Stack Geometry

b 27—

Piant Name CHATHAM BRieK 4 Twe”
Plant Location_{AnFo2® N, €.

Sampling Location WAsTE HEAT S1A2K
Date(s) ')/I? -9 ’/’lci

!
1

U A. Dist. from inside of far wall to outside of
near wall: 322" inches
B. Wall thickness: As | inches
7
Inside diameter of stack (A-B): ™ inches
Stack Area: 9 28 square inches
Sketch of stack cross section
showing sampling ports. Comments:

§ poRTY F o\j—
STACk EXTENScON g po fro—

\t 20 - .
Point % of Distance Distance
o o ®0 Q" Diameter from inside!from out-
—_ wall side of port
) [}
. '} \ / It 2z L
. - %ﬂb ¢
3 r?}g |0
Y "_/{c. 14-
v ue (8
Ly
4 “It, 2 <
g frs 2-6 i
3 5/ 30
Sketch of stack dimensions and
location of sampling ports.
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CUSTODY SHEET FOR REAGENT BOX # @240

Date of Makeup_ g sz li ¢ . Individual Water Tare Volume 200 nls
Initials (1.8 Individual Silica Gel Tare Weight _ 225 S
Locked? e v :
Plant’ Name CHATUAM. BRI&K
Sampling Location ﬁ"SIDE Wask. Hear Stack
Box/Test  |Date [Initials|Locked?| Date |S. Gel | Initials !Locked?
Number Used — — ICleamup;Spent? — —
/ 718 | SHS S, 708 5 | gre | v
2 o “ v/ ” - P v’
! [
3 “ “ AR "1
Date Imnitizls Locked?
Transferved to Lab 130 _EJP ! Zero § Span Zalance

teceived in Lab /=20 m"’% v Initials%_
! .
|
. Filter Tare Used
Moty - .
Sampling Method: M_Q,M S— 5 Weight on
{mgms) Test
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PRELIMINARY FIELD DATA

Stack Geometry

t 29 ! Plant Name ChLAT}MM BR;CK d TILE Co
Plant Location $ancorsd  N.C.
sampling Location Dfic. OuteT  STReKR_

1]
‘-}o Date(s) 71 [ - !‘7,/7?
- A. Dist. from inside of fay wall to outside of
W YR near wall: 4063 inches
B. Wall thickness: _Nee inches
¢
Inside diameter of stack {A-B): —— inches
Stack Area: lo 8O square inches
srecch of stack cross section
showing sampling ports. Comments: n +
STAK  EYTENSL~ 4 porTs /‘7 porn T e poY
o
3"" {Point % of Distance Distance
coeo | Diameter from inside|from out-
wall side of port
] v
,__t_-—-—-—*—’j //& 2 f A
3 L
1' J o (/{g 6 k
LS (® I
]
/18 s
q/zf,’ 20

i¢ ,g 1/(( ;Z.—--
”//3 18 Wy
3/14 33 %
Ve | 3%

A

FASD

-0 1ag .__)i‘ “ e ™) QQ -
Shme

Sketch of stack dimensions and
location of sampling ports.
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TEST PARTICIPANTS
FRANK J. PHOENIX PROJECT DIRECTOR
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JOHN T. NASH ENGINEERING TECHNICIAN
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DATE
71577

/2 -13-78

NOZZLE CALIBRATION DATA

NOZILE # 5D

INITIALS 1 2 3 4 AVER&QE
N .25Y - .25Y 25Y 2.8Y .25Y
JLE . 258 .952 235 25 289

2-26-%9 MM 263 250 253 252 252




DATE INITIALS

2-15-27 «wa/

I12-~13-78 ILE
2-246-99 MH

£/ o &

NOZZLE CALIBRATION DATA
NOZZLE # 9°5

1 2 3 4 AVERAGE
,2.50 247 252 29 % . 297
A5 252 252 250 252
257] ,2.5P 254 252 252

LR APy 24D LRED Q%D
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reading is not within ¥ 1.5% of the absolute temperature
reading of the standard thermometer, the instrument is
adjusted until it is in the acceptable range.

MAGNEHELIC GAUGES

After each field use, each magnehelic gauge is calibra-
ted against an inclined manometer at three different settings
(low, medium, high) over the range of the individual gauges.
If the readings differ more than t 5% from the manometer
readings, the magnehelics are recalibrated.

BAROMETER

After each field use, each barometer is checked against
a mercury barometer.




CALIBRATIONS

GENERAL

All measuring equipment Entropy uses is initially cali-
brated before use. Equipment which can change calibration is
both checked upon return from each field use and is also
periodically recalibrated in full. When an instrument is
found out of calibration, it is so noted in the report and
appropriate adjustments are made to the final results. The
equipment is then repaired and recalibrated or retired as
needed. Specific equipment is handled as follows:

PITOT TUBE

All pitot tubes used by Entropy, whether separate or
attached to a sampling probe, are constructed in-house or by
Nutech Corporation. Prior to their initial usage, they are
calibrated using EPA geometry standards. 1In general, if a
type "S'" pitot tube is assembled correctly, and positioned
properly in relation to the probe nozzle, it will have an
average Cp of 0.84. As long as it is not damaged, it should
not change its calibration. The recalibration schedule for
pitot tubes is related to the physical condition and usage of
the pitot tube, not a fixed time schedule. Each pitot tube
is inspected upon return to the laboratory from each field use.

DRY GAS METER AND ORIFICE METER

All Entropy meter boxes are calibrated upon purchase and
at least once every six months against a secondary test meter
(one calibrated against a wet test meter) according to their
usage history. Basic procedures are outlined in the EPA Publi-
cation No. APTD-0576. The only differences are in the choice
of flow rates used and the volumes metered at each flow rate.
After each field use, quick checks are performed to insure alié
changes of less than 5%. These checks compare the orifice
against the dry gas meter. If greater than 5% changes occur,
recalibration and repair are instituted.

NOZZLES

Each nozzle is calibrated upon purchase, and thereafter
whenever it becomes apparent that the nozzle has become damaged.
Each nozzle is inspected upon return to laboratory from each
field use. The diameter is measured on four different axes,
with the high and low readings differing by no more than 0.004
inches as a tolerance.

TEMPERATURE MEASURING INSTRUMENTS

After each field use, the thermocouples or thermometers
are calibrated against an ASTM preccision mercury-in-glass
thermometer across a wide range of temperatures. If the initial
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MINIMUM NUMBER OF TRAVERSE POINTS

0.5

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

METHOD |- ¥ouene AKE VELOCITY Tiay Nksps FoR
BLATIONARY SOURCED

V. Iinciple and cppdicab dity

1.1 Prinelple. 1o aid in the reprexendalive measire-
mend of pothitant entissinvny and/or total volumatric flow
rata from & statlonnry soures, 8 rseasurmnent site where
tho eMstent sfeeqin i3 flowing in a krown direetion i
selectal, whal Lha crgsg-section of the stuck is divided Into
a ninibor of edqual aresy. A traverse point is then located
within each of theae aqual arcas,

1.2 Applieability. This method is applirabile to flow-
ing gas sirname in ducts, stacks, and fues. The method
ennnot be nsed when: (1) Bow Is eyctonle or swirling (see
Sectlon 2.4), (20 a stock is smaller than ahoul 0,30 meter
(12 in.} in diameler, or 0.07¢ m? (113 {n.?) in cross-sec-
tional aren, or (3) the mensurement site is less than two
stack or duet diameters downstreamt or less than a ball
diameter upsteeam from a flow distirchanee,

he pequiremients of this method inust e considered
hefora construction of a new fucility from which einissions
will ba tneasured; failure to do 30 may require sibssquent
allerations to the stack or deviation frum the stendard
procedure. Coasus involsing varisnis are sublect to ap-
proval by the Administiater, U3 Eovirenmental

['rotection Ageney.

2. Procrdure

21 Selection of Measurciienl Site. Ssimling or
votocily measurenient in performed at a site Jocated st
least cight atack or duct diameters dowhalreamn and {wo
diametera upsteesin fromn any fow disturbance such as
s bend, sxpansion, of contraction in ths atack, or lrom
visible flaine, If necessary, an alternative location mey
be selocted, at a position at least two stack or duct di-
ameters dowustreatn and a hall disineter upstream from
any fow disturbisnen, For a rectangular eross section,
an squivalent diamater (12,) shall be calculated from the
following equation, 10 determine the wpsirearm and
downslrean distanees:

2LW
D=isw,

whaory L alongth nnd B swidth,

2.2 Detormdning thin Nuimbaer of "I'rivverse Pojnls,

22,1 Particulsto I'raverses. Whon tha eights aeel
two-dinmoler orltorlon can bonat, the minlmum aymber
of irnverse, polnts shall be: (1) twolve, for clreular or
roctangular stacks with dimmeters (or equivalent edi-
urmotery) greater Lhan 0.81 miotor (24 in.); (2) cight, for
circulor stacks with dlamaters betwoen 0.30 and 0.65
mneter (12-24 in.); (3) nionn, for reetangular stacks with
equlvalent dianeters belween 0.30 sod 0.8 netee (L2-21

n}.

When the eight- and two-dinmelor eriterion canniol ba
mat, the minlmum number of traverse points is deter-
mined from Flgure 1-1. Before referring to the Hguro,
however, determine the distances from the chosen ineas-
wrement site Lo the nearest upstream and downstream
disturbanees, and divide each distanco by the stack
diametrr or equivalent disinetor, to detenking the
distange in terras of the number of duct dismoters, Thon,
detormine froma -Viguro 1-1 tho telnimum number of
travorss poitils that corresponds: (1} (0 the numnber uf
duet dinmealers upstreany; uod (2) to the number of
dipmeters downsteeam. Select the higher of Lhe two
mlnimum nombers of traverss poinis, or s greator valuo,
ro Lhat for circular stacks the number §s a multiple of 4,
und for rectangular stacks, the number is one of thnse
shown in ‘Tnble 1-k.

Tante 1-1. Crossacctionud tnyunt for rictnnaainr stacks
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MINIMUM NUMBER OF TRAVERSE POINTS

0.5

DUCT DIAMETERS UPSTREAM FROM FLOW'DISTURBANCE (DISTANCE A)
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Figure 1-2, Minimum number of traverse points for velocity {nonparticulate) traverses.

2,22 Velocity (Non-Partictlate) Traveries. When

veleclty or volumetric fow rateis (o be dotermined (but *

not ticulale matter), the same edure as that for

particulate traverses (S'or,tlon 2.2.1) is lollowed, ezcept

that Figura 1-2 may be used Instesd of Figure 1-1.

P _3uCr0&!-Secllonai Layout and Location of Troverse
oints.

2,31 Clreulsr Stacks. Locate the traverso points on
two perpendicular dlamgters adeording to Teble [-2and
the example shown in Figure 1-3. Any equation (for
cxamples, seo Citatlons Zand 3 In the Bibliography) that
gives the satno values as those jn Tablo 1-2 may bo used
in 1lee2 of "Table 1-2.

For particutate traverses, one of the diameters must be
in & planc conlaining the greatest pxpected concentrotion
varlatlon, e.g., aftor bends, ene diameter shall bo in the
plana ef tho bend, This requirercent brcomoes less erltical
8% the distance from the disturbance incrossey; thereforo
oLher dinmater loeations miny be tised, subject to npprovaI
of tho Adminkstrtor,

Tn addition, for alacks having dlamcless greater than
0.61 m {24 In.) no Lrnvu‘r&u{miuu shall bin located within
2.5 centhmeters (1,00 in.} of the stack walls; and for stack
diamelers l-tllml 1o or losy than 0.61 m (24 in.}, no traverse
palniaahal! be located within 1.3 em (0.60 In.} of tha stack

. walls, To moet theso criteris, observe the procedures

given below,

2.3.1.1 Stacks With Diametors Greater Than 0.61 m
(24 In.). When any of the traverse points es located in
Beetfon &,3.1 fall within 2.5 ¢cm {1.001n.) of tha siack walls,
relocate them away from the stask walls to: (1) a distance
of 2,5 ¢ (1,00 irL); or (2) & dlstance orqusl {0 the nozzls

Jdnatdo diamater, whichever s lazger, Thess relocated

traverse paints (m. cuch ond of a dinnater) ahall he the
‘‘adjusted’’ traverss polnta, i

Whenover two sticccas]ve traversa poinds are combined
o form & sbiglo adjusted traverso polnd, treat tho ad-
Jugied painl as Lwo sopurate waverse polnts, both In the
sarnpling (or velocily measuremieat) procedure, and o
recording e daln,




TRAVERSE

POINT

DISTANCE,
% of diameter

ONaWwnN =

4.4
14.7
29.5
70.5
85.3
95.6

Figure 1-3. Example showing circular stack cross section divided into
12 equal areas, with location of traverse points indicated,

Table 1-2.. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside wall to traverse point)

Traverse

point

ngr:b:r. . Humber of traverse points on a diameter .

diameter[ 2 | 4 | 6 | & 10 [ 12 [14 [ w |18 2022 |28
1 1.6 6.7 4.4 328 2.6f 20| 1.8 16| 1.4 3] 1] 1
2 [85.4f25.0014.6/10.5| 8.2| 6.7] 5.7 4.9} 4.4| 3.9 3.5] 3.2
3 75.0129.6|19.4 14,6/ 11.8| 9.9( 85| 7.5 6.7| 6.0 5.5
4 93.3(70.4(32.3(22.6|17.7 {14.6 |12.5|10.9]. 9.7 8.7{ 7.9
5 85.4|67.7{34.2/25.0 [20.1 }16.9]14.6|12.9|11.6 [10.5
é 95.6 (80.6 | 65.8 | 35.6 { 26.9 [ 22.0 18.8{ 16.5 [ 14.6 [13.2
7 " 189.5177.464.4|36.6)28.3|23.6]20.4)18.0 {151
8 96.8)85.4| 75.0 {63.4 [37.5] 29.6 ] 25.0 | 21.8 |19.4
9 91.882.3 [73.1 }62.5| 38.2| 30.6 [ 26.2 | 23.0
10 97.4188.2 (79.9(71.7 [41.8]38.8 | 31.527.2
n 93,3 85.4 |78.0) 70.4 | 61.2{39.1 {32.3
12 97.9 [90.1 [83.1] 76.4 | 69.4 | 60.7 |39.8
13 94.3 187.5|81.2|75.0|68.5 [ 60.2
14 ) 98.2 | 91.5(85.4]79.673.8 |67.7
15 ! 95.1{89.1|83.5|78.2 {728 -
16 98.4. 92.5(87.1[82.077.0
17 95.6) 90,3 |85.4 {80.5
18 ) $8.6).93.3 | 88.4 | 83.9
19 96.1|91.3 |86.8
20! 98.7 [ 94.0 | 89.5
21 ‘ 96.5 | 92.1
22 98.9 94.5 -
23 ) 96.8
24 8.9

2.3.1.2 Btacks With Diameters Equal to or Less Tha
0.81 m (24 In.}, Follow the procedure [n Bectlon 2.3.1.
noting only that any ﬁwtod polnts should t
relocated awsy [ro1n Lhe stack walls 1o: (1) 8 dlstance r
1.3 ¢t (0.0 In.); or (2) a distance squal to the nokt!
Inside diameter, whichover is larger. -

2.32 Rectangular Btacks. Determine the nnmibs
of Lraverss points as explained in Bections 2.1 and 2.2 «
this method. From Table i-1, determine the grid cor
figuration. Divide the stack cross-secticn inio As man
equal rectsngular elemental aress as traverse polnt:
and then locate a traversa polnt at the centrold of eac
oqual area sceording W the example in Figure 1,

The situatlon of traverse polnts being too close to tt
stack walls 1y not expec t0 arise with rectanguls
stacky. If thiy problem should ever arise, the Admin
trator must be contacted for resolation of the matte.

2.4 Verificalion of Absance of Cyclonic Flow. kn moe
statlonary sources, the direction of stack gas (low :
essontially parasllel to the stack walls. [loweve:
cyclonle flow may exist (1) after such devices s cyelonc
and lnertal demlsters following venturi scrubbers, ©

g) in stacky having tangential fnlets or othar duct cor
tons which tend to Induce swirling; in the:
inst the pr or ab of eyclonle flow »
the sampling location must be determined. The followln
techniques are accaptable for this detarmination.

1 T t
| | .
°© ;o | o'l o
! I !
___T__._I__T:___
o o | o °
{ 1 [
e e e
| ! |
o t o | o | ©
| |
! 1 |

Figuré 1-4. Example showing rectangular stack crosy
section divided into 12 equal areas, with a traverse
point at centroid of each area

Lovel ‘and zoro the manomotoer. Connect & T g
Pliot tube 10 ths manometer. Position the Type pliot
tube st cach raverse point, in succession, so Lhat the
planss of the (aco openings of Lha pltot tube are porpondlo
ular tg the stack cross-sectional plane: when the yﬂo 2]
Pltot tiiba ls in this poaiuon, it Is at *0° refersnce.” Note
the differontial pressure (ap} reading sl each traverse
polnt. Ut & null (tero) pliot reading I3 obiained i 0°
teferoncs at o glven traverss int, an scoepiable flow
condition exlsta at that point. If the pitol reading is not
taro st 0° reference, rotate the pHot tube (op Lo 2-90° yaw
wh),untllamﬂmdin? [sobtained. Carsfully dotarnilng
and the valus of the rotalon angle (o} 1o the
noarest degree, Alter the nu)l tochnique has been applied
at each travrss point, calculate the nvcmﬂn of the alian-
lute values of o asslgn o values of 0° 1o thoss points for
which o rotation was required, snd includs thase in 1he
ovorall average. If Lhe averago value of a i3 greator than
10°, 1he overall flow condlitlon Ln the stack {a unacceptabla
and gltemative mothodolog, subdocr. 1o the approval of
the Administrator, must used Lo perform ascurato
sampls and velocity iraverses,
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MRTHOD 2—DETERMINATION or STACK (1as VILOCITY
ANU YOLUMETRIC FLOW 1ATE (T'YrE 8 I'IToT Tunk}

1. Principle and Applicaliiity
1.1 Principde. The avoerngo gns volnelly [n a atack Is

detnrmined from the gas l|(|l:|5“il and from measwroment
b

of Lhe averago volocity heodd with 8 Type 8 (Stausschelbo

or roverso 1y pel pliet tube,

L2 Applicabilliy. This mathod [s applleable for
measurenierd of the average veloclly of 4 gny stroam and
for quantifying gax tluw.

“I"his procedure Ls not apglieablo 8l measurement sitoa
which [all to miool the criteria of Method 1, Sectlon 2.1,
Also, the mothod cannot be used lfor direct measuroment
in gyctonic or awirllng gra streums; Sectlon 2.4 of Method
1 shows how Lo duteninine eyclenle or swirltng Now con-
ditivns, Whan nnacceplable conditlons exist, alternatlvo

wroceduras, sublect Lo the approvel of Lhe Administrator,
L&, lnvironmental Proteclion Agengy, must be om-
ployod to make sccuratle flow rata dcu.-rmlnnlimm;
exnanfilos of such alternntive provndures are! (1) to Inxiall
strsightloning venos; (2) to caleulnt the tolal volumetrin
flow rato sieichlomulrienlly, or () Lo move to another
micasuromeil slio a1 which the fow s acenptable,

2. Apparatse

Apecliteallons for the apparsins ars given below. Any
other upf:urnlus that haa boon domonalrated (subject Lo
approval of Lhe Arlministralor) W be capabls of moetlng
tho specificationy will bo conaldored accepisbla,

sl Pype BOPitol Tube, The Type 8 pliot tube
(l"qurn 2-1) shall B mwnde of matul tyubing' 2., Bluin.
lesa uteel), 11 is recoinmonded that the oxiernal tubing
diamoter (dimenslon B, Figure 2-2b) be botween .48
ond 0.05 centlinoters (s and 34 Inch), Thero shall ba
an oqual distance from the base of each leg of the pitot
tube 1o My fac&nﬁon!ng plane (dimonsions 4 and Fs,
Figure 2-2b); it I recoramended that thiis distance be
b‘otwuen 1.05 and 1,50 Limes the oxternal tobing dismetoer,
Tha faco openings of the pitot tube shall, preferably, be
aligned as shown In Figure 2-2; however, sl?xht misalign-
mienia of the openiugs nre ?’ermi.ulbln {sece Figuro 2-3).

T'he Type 8 pitot tube shall have & known coaflicient,
detarmined e outlloed [n Beetlon 4. An idesttifeation
number shall bo asvigned to Lthe pltot tube; this number
:I'::Lleb‘?‘g:rmanontly marked ar ongraved on the body

Figure 2-1. Type S pitot tube manometer assembly. .

7.62cm (3in)*
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Figure 2-2. Properly constructed Type S pitot tube, shown
in: {(a) end view; face opening planes perpendicular to trans-
verse axis; (b) top view; face opening planes parallel to lon-
gitudinat axis; (c) side view; both legs of equal length and
centerlines coincident, when viewed from both sides. Base-
line coefficient values of 0.84 may be assigned to pitot tubes
constructed this way. '
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Figure 2-3. Types of face-opening misalignment that can result from field use or im-
proper construction of Type S pitot tubes. These will not affect the baseline value _
of.Cp(s) so long as a4 and a2 < 10°, 41 and $2<6%2<032cm (1/8in} end w <
0.08 cm (1/32in.) (citation 11 in Section 6).
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A standard pitot tubs may be nsed Insiead of s TyDe 8,
rrovided r.hatpit mests the specifications of Beotions 2.7
and 4.2; nots, however, that the stathh and lmPac:
pressure holea of utnndudnglmt tubes are suseptible to
plugging in partlculate-laden gos streams, erclors,
whenever s standard pitot tube 13 used to perforrs s
traverse, aderquate- proof nust be-furnished that the
openings of the pliot tube hove not plugged up during the
traverse period: this can bo done by taking s voicaily
head (Apﬁending at the fina! traverso point, cleaning out
the impact and statie holes of tha standard piiot tubeby
“hack-purging” with pressurized alr. and then tak.
another Ap reading. If the Ap read” s made before an
after the air purge are the same ( =51 cent), the travorso
is acceptabln, Qtherwise, reject the run. Note that If Ap
at the final traverse point la unsv'*-hly low, enother
point may be selected. 1f “back  -glag"™ ot regular
intervals 18 part of the procecurs, 1 i comparative Ap
readings shall be taken, as above, for tha last two back
purges at which sullably high Ap rendings are obsegved.

2.2 Dlforential Pressuro Gange. An Inclined maliom-.
eter or equivalent device is used, Most sampling trainy
aro equipped with a 10-In. {water column) lnelined-
wertienl manometer, haviog 0.01-1e. HaQ divislons on the
O to l-in. Inclined scale, and 0.t-ln. HaU divislons on the
1- to 1-[n. vertical scale, This type of manometer (or
other goure of squivalent sengitivity) s satlsfaclory for
the measnrement of Ap values as low as 1.3 mm (0.0 n.}
iy et o wad dpleat. 1o The aperovl el the
sensit!vity sha us subjes & BD
Administrator), If any of the following s fand to be
true; (1) the arlthmatic aversge of all Ap rea s at the
traverse points Io the stack 1s less than 1.3 mm (0.05 In.)
H1Q:; (2) for traverses of 12 or more polnts, mors than 19
peteetit of the Individual Ap readings are below 1.3 mm
(0.05 In.}) HO; (3) for traverses.of fewer than 12 points,
mors Lhan pne 4 p readl; below 1.3 pum (0,08 in.) HO.
Cltatlon 18 in Beotion 8 describes commiercially nvallable
f-nslt.ru.ml Ien!auon for the mesyuremen t of low-range gas
velocities,

A3 an alternative to criterda (1) through (3) above, the
following calculation may be performed to determina the

‘ neceasity of tsing 8 more sensitive diferential presyure

gangs:
n
S VApRFE '
=11 .
n
2 Vep
i=1
where:
api=Individual velocity bhead reading at a tmverse
int, mm H:O (in. H,0). .

n="Total oumber of traverss points. -
K=0.13 mm H;O when mstric units are used an
0.005 1n @30 when English units are used.

If T is greater than 1.05, the velocity hesd data aAre
unacceptablo and s more sensitive differentlal prossure
goauge 1oust be used. N
NOTE.—If differential pressurs gauges other then
fniclined manocmetars Are tsed (00.5.. magnehelic gauges),
thelr calibration must be checked altor each test serfes.
To check the calibration of s differential prossure gatige,
compare Ap readings of the gaugs with those of a gnuge-
oll manometer ai a minlmum of thres points, spproxi-
malely representing the range of Ap valtes in the stack,
If, at each polnt, the valuca of Ap sa read by Lhe differen-
tial pressure gauge and gauge-oil manomater ailmo to
withln 5 percent, the differential pressurc gauge shall be
constdered to Le [n proper calibration. Otherwise, the
teat series shall cither Ue voided, or procedurcs to adjuat
the measured Ap values ond final results shall be used,
sul:Ject to the approval of the Admindstrotor. '
2.3 Temperature (jauge, A thermocouple, lquid-
filled Lulls thermometer, bimetallie thermoineter, mer-
ciry-in¢lass thermometer, or other gsugo ca
measuring temperatura to within 1.5 pereent of the mind-
mum absolute stack temperature sholl be used. Thea
temnperature gavge shall be attached to the pitet tube
such that tle.sensor 1p does not touch any mothl; the
gaige shall bo in an interference-free arangement with
respect 1o the pitot tube fnee oponings (seo Flgure 2-1
and also Figure 2-7 in Sectlon 4). Alternate posilions mdy
be used I the pitot tube-tempersture gauge systom fa
calibrated according to the procedurs of Bection 4. Pro-
vided that & differencs of not more thai 1 percent in ihe
average velocity measurement is introduced, the tem-

bie of -

‘13 t3ed. Tho static tap of a standnrd ty,

mture gsuge nend not be attached to the pltot tube;
altarnative is subject to the approval of the
Administrator,

2.4 Pressuro 'robe and Gangs. A plezamoter tulse and
mercury: or water-filied U-tubo manomoter eapablo of
mMeanuring stack pressurg 40 within 2.6 nua {1 in.) Hg
pited tube or
ono leg of o ‘I'ypo X pitot tube with the fuce opening
planca positioned poraliel to tho gos flow may olso bo
used as the pressura probo.

2.5 Boromeinr. A merciry, snereld, or othor bargn-
eter capalle of mrmurlni atmospheric presaurs to
within 2.5 mm Hg (0.1 lo,
cased, the baromelric roading may be obtained fromn a
nearby nationnl weather service statlon; tn which cas
the station valus (which Is the shsolute barometric
pressurs) shall bo requested and an adjustiment for
olavntion differences betweon the weather station and
the sampling polnt shall be spplied at a rate of minus
2.5 mm (0.1 1a.) Hg per 30-meter (100 fool) clevation
ingrease, or vlce-vorsa for ciovation decreass.

2.6 Goa Dondlty Delermination Equipmenl, Mothed
3 equipment, if necded (ses Seetlon A.6), to detertnine
the stack gas dry molscular weight, and Referencs
Method 4 or Mothod 5 equipment for meisture content
doterroination; other mothods may be used sublect Lo
approval of the Administrator,

‘2.7 Calibrotion Pltot Tube. Whea callbration of the
Type 8 pltot tube I8 nocossary (see Bectlon 4), o standard
tot tube is used-as s referonce. The standerd pitot
be M.Jmkmb’ly. bave a known coafficlent, obtalned
either {1} directly {rom the Natlonal Bureau of Btand.
wrds, Boute 270, Quince Orchard Road, Galthersburg,

g) may be ussd. In many -

Maryland, of (2) by calibration sgalnat another standard
pitot tubs with an NBS-tracalle costicient. Alter.
natively, s standnrd glml tubs designed sccurding to
the critoria glvan Lo 2.7.1 through 2.7.5 below ond riTlus«
trated In Flgire 2—t (soc alsa Cltatlons 7, 8, and 17 In
Bectlon 8) may bo used. Pltot tuhes deslgned wecording
to thaso specliloatlons will have Lusoline eoelllclonta of
ubiout 0.40:£0.0,

2.7.1 oamlispherieal (shown In Figure 2-4}, ellipsoldal,
or conleal tip.

2.7.2 A minimum of slx dlameters stralght run (based
upon 7, the cxterpal diameter of the tube) Lotwean Lhe
tip and the static proasure holes.

273 A minlmum of elght dlameters stralght run
botwoon the static [ilrcssurc hales and the centerling of
the externaf tube, followlng the 90 degree bend.

2.7.4 Btatie prossure holes of drunl sizo {approximatoly
0.1 D), equally spaced in 8 plezomster ring condiguration,

2.7.5 Ninely degheo bend, with eurved or mlitered
Junction.

2.8 Dlifferentlal Pressure Qaugo for Type 3 Pliot
Tube Calibration, An inclined manomoter or enufvaient
(8. usod. [f the single-velocitly callbratiun technique ls
omployod (sce Bectlon 4.1.2.3), the calibratlon dlfteren-

sl prossure gaugs shall be readabls Lo Lho nearest 0,13
mim HyO (0.005 o, [1:0). For multivelocity callbrattons,
the gaugs ahall be readable to tho nearest 0.13 mm 1,0
(0.005 in 11,0) for Ap values betwean 1.3 and 25 mm 11,0
(0.05 and 1.0 In. H40), and to tha nearest {.3 mm 1,0
g.oa o, Hy0) for Ap values above 25 mm HsO (1.0 {n.

10). A apecial, mors sensitive gange will ba required
to read Ap values below 1.8 mm H:0 [0.05 {n. E)0)
(s00 Cltalon 18 Ln Bection @),
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Figure 2-4.. Standard pitot tube design specifications,

& Procedurs

8.1 Bet uvp the apparsius as sliown In Figurs 2-1,
Ceplliary toblug or surgo tanks [natalled bolwoen the
manometer snd pltot wbe may be used 'to dwnpen Ap
fluctuatlons. It 18 rocommended, but not required, that
& preteat leak-theck bo conducted, aa follows: (1) blow

“through the pilol iinpact oponing until at Jsast 7.8 cra

3 n.} Ha0O valoolty prossuro reglsters on the manometer;
then, close off the impact opening, The pressurs shall
ramaln stable for at least 15 seconds; (2) do the samo for

" the statle premure-slde, execpt using suction to obtain

the miniznum of 7.0 em (3 in,}) L0, Other loak-check
proeeg;unl,subject to the approval of the Administrator,
may . - . . H
8.3 Levol and soro Lhe mnavometer. Beonuss the ma

nometer lovel and zerg may deift due to vibratlons and
temperalure changes, make perindle checks during the
Lraverso. Record all nocessary daia as ahown o the
examplo data sheet (¥Flgure 2-5),

3.3 Moeasurs tho veloclty head and temperattre at the
traverss Poluu spocilicd by Method 1. Ensure that Lhe
propor differentlal pressure gaugs 1a being used for the
range of Ap values encounlered (se0 Bection 2.2). If It Es
necessary 1o chonge to 8 more sensitive gaugs, do so, and
remoasuro the Ap and tomperature rosdings st each tra-
vorse polnt. Condugt a posi-test loak-check (mandutotry),
a3 deseribod in Bectlon 3.1 nhove, to valldato Lthe traverss
run,

34 Moasuro the statla proasurs In the stack, One
reading 12 usually adequate, - . B
35 etermins the stmeapheric pressurs,
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Figure 2.5, Velocity traverse data,




36 Determine the stack gas dry molecular weight.
For combustion Stoeumu of processes that emit eesan-
taity COy, Oy, CUO, and Ny, uss Method 3. For prooesses
emitting essentially alr, an analyshs need not be con-
ducted; nse a dry molecular welght of 20.0. For other
processes, other methods, subject to the approval of the
Administrator, must bo used,

3.7 Obtain the molsture content trom Refersnce
Motbod 4 (or squivalent) or trom Method 5.

3.8 Delormine tho cross-seciional ares of the stack
or duct at the sampling location. Whenever possible,
physically measure the stack dimensions rathor than
using blusprinta,

4. Calibration

4.1 Type B Pitst Tubs. Belors ita Inltial use, cars-
fully examins the 8 pitot tubs In top, side, and
end views to verlly t the face of the tube
are aligned within the {cations Hlustratad in Fi,

2-2 or 2-3. The pitot tube shall not be used if it to
oot theso alignment lpad.ﬂuﬂam.m .

After v the face opening allgnment, measure

and record the ng dimenstons of the pitot tube:

1(: bu,lo e:t(«ismn!)tutgh:; d!ant:t:r (dlmenntl::. D&' Flgure
ATy s base- pening istances
{dimensions P, and Pa, Fi 3-2b). fl’ I I3 betwoon
0.43 and 0,03 em (¥e and 34 In,) end U P, and Paare
6qual and between 1,05 and 1.50 E;; there are two posslbls
optlons: (1) the pitot tube may be calibrated sccordin
to the procedure outlined In Bectlons 4.1.2 throug!
4.1.5 below, or (2) & baseline (lsolated tuba) costfclent
valie of 0.84 may be assigned to the pitot tube. Note,
however, that if tha pitot tube fy part of an assembly,
callbration may stlll be required, despite knowladge
of the baseline coefficlent value (ses Section 4.1.1),

It D, P,, and P are outside the specified limits, the

fl:? gu]bu must be callbrated as outlined in 4.1.2 through
1.3 helow.

411 Type 8 Pitot Tyube Assembliss. During sample
and velocity traverses, the isolated Type 8 pitot tube iy
wot always nsed; In many nstances, the pitot tube Ls
u30d in combination with other source-samp cOmpon-
onia (thermocoupls, sampling be, nozrle) ay part of
8D “assembly.” The presence of other sampilng o0 po-
nents can sometimes affact the baseling value of the T
8 pitot tube coeMctent (Citatlon 9 in Section 6); thersiore
an awmigned (or otherwiss known) baselins coofficient

yalus may or may not be velld for a given assembly, T,
s and assambly cooficlent values will be Edantical
only when the relative placement of the 0QOMPOnehts [n
the meml:]lf is such that serodynamis Interferane
effects are elfminated. Figures 2-8 through 2-8 {llustrg(
interference-free componont ArTangements for Typy o
ftot tubes having externat tublng dlameters betwreen
48 and 0.95 cm (3s and # In.). Typa B pitot tubo pssen.
blies that fail to meet ang or ail of the specificationg of
Figures 2-6 through 2-§
the procedurs outlined in Bections 4.1.2 through 41.5-
below, and prior to calibration, the values of the Inter.
nent ugacln (pitot-nozzle, pitot-thermocou ole,
pltot-probe sheath] shall be measured snd recorded
NOTE,—Do not uss any Type B pltot tubs sssambly
e pacarrmiza et e s g ot
ng plane o L+ ow the en @ 0f Lthe
noztle (3ea Flgure 3-6b), P .
4.1.2 Calibration Betup. If the Type & pltot tube |y
bo calibrated, ons leg of the tube -m be permanent;;
marked A, and the other, 3. Callbration shall bedone in
o flow system having the following essential design
features:

B

TYPESPITOT TUBE

SAMPLING NOZZLE:

‘, x21.90 em (3/4 in) FOR Dy =1.3 cm (1/2 in)

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

SAMPLING

PROBE \

il

SAMPLING
NOZZLE

STATIC PRESSURE
OPENING PLANE

Ao e @ St———— &

, .

< IMPACT PRESSURE

4 OPENING PLANE
/
TYPES . .
PITOT TUBE
NOZZLE ENTRY
PLANE \ '
* - - wk - — * L]
B. SIDE VIEW:; TO PREVENT PITOT TUBE

FROM INTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE
NOZZLE, THE JMPACT PRESSURE
OPENING PLANE OF THE PITOT TUBE
SHALL BEEVEN WITH OR ABOVE THE
NDZZLE ENTRY PLANE.

F'igure 2-6. Proper pitot tube - sampling nozzie configuration to pretent
aerodynamic interference; buttonhook - type nozzle; centers of nozzle
and pitot opening aligned; D¢ between 0.48 and 0.95 ¢cm (3/16 and

3/8in.).
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Figure 2-7. Proper thermocoup;le placement to prevent interference;
D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).

TYPESPITOT TUBE -

Al IO
SAMPLE Plnuss ~— Y ;27.62 cm (3in)

Figure 2-8. Minimum bpitot-sam'ple probe separation needed to prevent interference:
Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.).

4.1.2.1 The Nowing gas streain mnal be confined Lo
duct of definils croas-sectionsl area, either circular or
r«:uxmluu. For circular cross-seclions, the minlmum
duet disumeter ahall be 305 cm (13 In.); for rectangular
cross-sactions, the wldth {shorter side) shall be st least
Fdem (101n.)

41.2.3" The cross-seclional area of {he ralibration duct
miist b gonstant aver a of 10 er more duct
dismelers, For a rectangular czoss-seciion, Use an equivs-
lent dismeter, calenlated from the followlng equation,
todetermisie the tumber of duct dismeters:
2LW

W)
Fquation 2-1

D

wlhicre:

. Dh=Equicalent dinmicter
La:

L= Lengt
W=Width

Tao ensure the presence of stable, fully developed flow
paiterns at the calibration site, or ''test seetion,” the
Fite must ba located at least eight diameters downstream
and two dismeters upstream Irom the nearost disturb-
BNCEes. .

NOTE.—Tha eight- and {wo-dlameler eriteris are not
abroluto; other test seclion lovalions may bs used (sub-
ject to abproval of the Administrator), provided that the
flow at the tast sile is stable and demonstrably parallel
to the duet axis.

4.1.2.3 The flow sysiem shall have the capecity to
EERATale g Lost-sectlon velochty acound 95 m/min (3,000

fi/mln), Thin velocity maxt be constant with tme g
antee steady Aow during calibration, Nots that

"ype 8§ pitot Lube coofficlenta olitalned by single-velocity
u{iwmlﬂm at 015 nfmin (3,000 fiyinin) will generally be
valld to within 23 percent for the measusement of
velocltiey above 306 mmfmin (1,000 f/min) and to within
=5 1o 0 percent for the measurement of velooities he-
tween 180 and 305 m/inin (600 and 1,000 fi/min). 1f &

mors Jxrccise corrclation belweon ) and veloeity {3
'

desired, the flow system shall bove the capecity to
genarate at least four distinet, time-invariant test-section
velocitles covering the vc]ochy range from 180 to 1.525
m/min (600 to 5,000 ft/min), and callbration data ahal
o taken mt regular velocity intervals over ihils range
(sse Cltations ¥ and M In Section § for detalls).

4.1.24 Two eniry ports, one each for the sanderd
and T'ype H‘flwt tubes, shall be cut in the Lest seciioy;
‘b standard pitot eolry port shall be located slighuly
downstream of the Typs 8 port, so that the standard
snd Type 9 impact openings wifl lio In the rame CIomy-
sectionsl plans during calibration. To facllitate nlifn-
anent of Lhe pilot tubwa during calibratlon, it (s sdvisalle
that the Lest section be constructed of pledigior or soipe
other tranaparant material,

4.1.3 Calibration I'rocedurs. Note that thin procedurs
Is & genoral one and must not bo usad without Jiest
relerring to the special considerations presented in See.
tion 4.1.5. Note alvo Lhat thls peoeedure applisg only to
single-velorily calibration. ‘Tu otnsln ealibrativn dain
for tha A and B sides of the Type 8 pitet tuhe, proceed
as follows:

4.1.3.1 Maks sure that the manometer s properly
filled and that the oil isfree [rom contamination and ia of
the proper den=ity, Inapect and leak-cherk 8l pltot Hnes;
Fepir or pepface 1f necessary,

4.1.33 Level and zero the mauameter. Turn an the
fan and allow the 0w (o0 stabilize, Seal the Type 5 ontt ¥

port.

4.1.5.3 Ensure that the manometar is lavel and zeraw),
Position the standard pitot tube at the calibration polnt
{determined as cutlined In fetlon 4.1.5.1), and slign the
tube 3o that its tip is pointeq directly inte tha fiow, 'ar. -
tioular care shonld be takon in aligning the tubs o avaid .
yow and piteh anglas. Make sure that the entry pert
surrounding the tube is properly scaled.

4.1.3.4 Resd Apa 8nd record fta value in a data tabls
similar ta the one shown In Flgure 2-0. Ramove tha
standard . .t tube from the duct and disconnect it from
Lha maneiiater. Beal the staudard sntry port.

4.1.3.5 Connect the Typo 8 pitol thho 1o Lhe innnon.
elor, Oper 'ho ’TyPo 3 entry port, Cheek the utsnon.
storlavels  zero, Insert andalign thaI'ype H pltat tnte
B0 LKL (L5 A nidde (mipaet opaning in ai Lhe kaine paint us
was Lhe siandard pitat tube and is pointed dirngily inte
ihe lluw, Make sura Uit Lhe eniry port surrvismling Lhe
tube is pm{mrl senled, .

4.0.348  Jead Ap, aned entor e valia [ the dain tnh,
Rainave Lhe ‘Typo B pilot Whe fram the durt she o
eonrueet it frem the tanometer,

4.7 Ilepent stepad.1.0.3 theogh 40,08 nbve pntgl
thres patrs of Ap roadings hinve Lonn abinined,

4.1.3.4 Hepeal =topa 4,103 through 4.1.A.7 nbuve for
tha B xido of Lho ‘I'ypey H pitet terlhe,

A.L3g  Perforus caleulations, ay dessrilad in Seclion
$.1.4 below,

4.1.4  Calenlatjonn,

4.1.4.1 For sech of Lha six pairs of ap r“di"f' G.».,
Lhres from sids A and thres from side B) oblalned in
Becton 4.1.3 shove, calcalate (he vplue of the Trie 8
pitot (1l coellivienl ax followy:




PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED BY! .
“A" SIDE CALIBRATION
T Apad Apig
¢m H20 em Hz20 DEVIATION
RUN NO. {in. H20} {in. H20) Colst | Cgts) -CplA)
1
2
3 b .
Cy (SIDE A)
i3 "B" SIDE CALIBRATION
Apsd Bpty .
‘ em H20 cm H20 DEVIATION
.| RUNNO. {in. H20) {in. H20) Cols} | Cpls)-CalB)
1 :
2
3
C, (SIDE B)
3 -
= [cpls)-TplA OR B

AVERAGE DEVIATION = ¢ (AQRB) = 3

— ~—MUST BE <0.01

3

| o (SIDE A)+ T (SIDE B) |—MUST BE <001

- Figure 2-9. Pitot tube calibration data.

fa .
Cv(-) =Cv(lhl) :I::d .

Equation 2-2
where:
Cp(1=T¥pe 8 pllot tube covfMiclent
Cy (asay = Btandard pltot tube coefficiont; use 0.09 [f the
coeMelent s unknown snd the tube 1s designed

sccording to the criterls of Boctlons 2.7.1 to
2.7.5 of this method.
APud=Veloclty head measured by Lhe standard pitot
tubs, e H1O (ln. H,0)
Ap,=VYalocity head measured by the Type B pitot
tube, em Hy0 {in. H:0)

41,42 Calculats €, (slde A), the moan A-side coof-
ficlent, and &, (side B}, the mean D.side eoeMclent;
u;llcuiuto tho difference botween these two averege
valyss. :

4.1.4.% Calculate the daviation of each of the thres A-
slde values of C, (o) tram Gy (slde A ), and the deviation of
each B-sids valus of C,,) from C, (sido B). Use the fol.
lowing squatlon:

Deviation =Cya—CUp(A or B)
' Equation 2-3

4,1.44 Caleulata ;, Lthe average devisllon from (he
tmean, for both the A and 13 aides of Lhe pllot tibe. Uge
tha following equatlon;

3 -
2;‘, |Cots—Cp( A or B}

3

LEquation 2-4

4.1.4.5 Usctlic Type A pitot tube only tf the values of
« (sido A} and # (sido 1)) aro loss than or equal to 0.01
and if the absolule value of tho diference between Cy
{A) and ', {B) s 0.01 or less.

4.1.5 Bpecial considerations.

4.1.5.1 Bulectlon of ealibration po!nt.

4.1.5.1.1 Wlon an isclated Type B pliot tube Is call-
brated, scloct 8 callbration point at or near the center of
the duet, and follow Lhe procedures outtined In Secliona
4.1.3 and 4,1.4 above. The Type 8 pliot coafliclenta so

olitainad, Le., Cy (sldo AY and (', (slde 13}, will be valld,
50 long as either: (1)} the isulated pltot tube is used; or
€2) the pilot Lube Is uagd wiLh other com ponents {noztle,
thormocouplo, samipla probel In an arraugement thal is
froe from ssrodynamle lnterference effccls (3ee Figures
2-0 through 2-8).

4.1.5.1,2 For Typo 8 Fltot tube-tharmocouple com-
binstiens (without sample probe), select a calibration
point st of near the conter of the duct, and follow Lhe
procedures ottlined in Bections 4.1.3 and 4.1.4 abov
Tha coelllcicits so chtalned will ba valid 8o long as tl.
pitot tube-thermocoupls combination is used by itach
or with other componontaln an interferonce-free Arranges
ment (Figures 2-8 and 2-8).

4.1.5.1.3 For assomllles with sample probes, ths
calibration peint should be located at or near tho cenler
of tho duct; however, {insyrlion of & probe sheath into a
sinptl duct may causa signlficant cross-sectional arca
blockage and yicld incorroct coefticfont values (Citation 9
in Section 8). Therelare, to minimize the blockage cffoct,
the calibration polat may bLe a fow inches of-center if
neceasary. Tho actual blockage effect will be negliglblo
whon the theorotleal blockage, aa dotermnined by o

rojociad-area model of the probe shieath, is 2 percent or
oss of the duct cross-dnctional area for assuniblles without
extornal sheaths (Figure 2-10a), and 3 porcont or less for
assomblies with oxlernal sheaths {Figure 2-10b).

4,1,56.2 For those probe sssemblies in which pitot
tube-nozzle interloreuce Is & factor {l.e., thoss in which
the pltot-nozzel separation distance fails to meet the
specificatlon illustraled in Figure 2-8a), the valus of
Cyeey dapends upan the aroouat of froe-space between
the tube end nozsls, and tharelors 12 8 funcilon of nortle
site, In thess instances, soparats calibrations shall be
perfortoed with each of the commenly used notzle sizes
in place. Nota that the single-velocity calibration tech-
nlyue Ia acceplable for thia purpose, even though the
largor nozzlo"sizes (30,835 cm or 2 1n.} sra not ordinartly
used for Isokinnilo mampling at velocliles arotind 915
m/min (3,000 f/min), which is the ealibration velocily:
noto alad that It 18 not necrssary to draw an lsokinotio
sample during calibration (soc Cilation 1¥in Bection 0).

4153 For a probo paseinbly constructed such (lnt
1tspitot tuba Isnlways uged in l.f:o samge orlentatlon, only
one 8ide of the pitol tube need bo calibrated (tho slido
wliich will faco thie low). Tha pllot tibe must still meot
{hoalignment specllleations of Figuro 2-2or 2-3, howevar,
and must inve on overnge deviaiion (e) valito of 0.01 or
1ega {sco Bection 4.1.4.4).

e (side A or B)—_.;




EXTERNAL
SHEATH

lm:

| ———b=
) . ‘
. {by
ESTIMATED [xW
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BLOCKAGE DUCT AREA
{%) ' }

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

41,8 Fleld Use and Recalibmation.

4.1.6.1 Fileld Use.

4.1.0.1.1 When s Type B pltot tubo (Isolated tubo or -
asasembly ) is used in the fleld, the spnroprists roollicient
value (whether asalgned or obtained by calibration yaball
be 1sed to perform velocity calculatlons. For calibrated
'l"xpa B pitot tubea, the A slds cooflicient shall be used
when tha A side of the tulio faces tin flow, and Lhe B slda
cooflicient ahall be usod when the L aldo faces the flow;
altarnatively, the arlthmetic avorage of Lhe A and B side
eoofliclont valites roay be used, Ierespective of which slde
facos tho flow.

4.1.0.1.2 Whon a probe assambly Is nsad to samplo &
small duct (12 to 34 in. In diamoter), ths prabe aheath
somatimes blocks a slgnificant part of tho duct cross-
secilon, causing o roductlon in the effective value of
Ty 1sr. Consult Cltation ¢ in Bectlon o for dotells, Con-
venilonal pitot-sampling probe assemblles are not
recommended for use in ducts having Inxlde diameters
smaller than 12 inchea (Cltatlon 16 in Bectlon 6).

4.14.2 Recalibratlon.

4.1.6.2.1 Isolated Pliot Tubea, After each fAeld use, the
pitot tube shall be carcfully reexamined in top, side, and

" end. views. If the pitot (ace openings are still aligned

within the specifications illustrated In Figure 2-2 or 2-3,
it can be assumed that the bascline coefficlent of the pitot
tobe has not changed. If, howover, the tube has been
damaged Lo the extent thal jt 130 longer mects the speclfi-
eations of Figure 2-2 or 2-3, the damngse shall cither he
repaired to restore propor allgnment of the face openings
or the tubn shall be discarded.

4.1.0.2,2 Iilol Tube Assemblica. Afler each feld use,
check the Ince oponing allgnment of the pitot tube, ns
th Bection 4.1.6.2.1; also, remoensuro the Intercompanent
spacings of tho assernbly, If the Intercompenent spacings
have nnt changed and the face opening alignment is
seceplobln, It ¢an ba ussiiined that Lhe eoollicient of tha
asseinbly hiny not changed. If the fuce opening aligniment
is no Jonger within tio sprellications of Figures 2-2 ar
2-3, eithor repair he damage or replace the pitot tehe
{eaflbenlivg tho new avwnthly, i necesaary). 10 the inler-
compunnnl spacinga linve glisigel, nstore Lha originnd
spncinga or reeallbrata Lho assembiy.

4.2 Btandord pitot tubo (1f apptieabln). Tf u sinmdard

Lot tuba 13 used for the velocity traverso, the tnlm shell

oonstructed sceording ig the eriteria of Bectlon 2.7 mnd

shall -be assignod a baseline enetficlent value of 0.99. If-
the standard pitot tube s used as part of an awewnbly,

ths tube shall be In an Inlerference-Ires arrangement
{subject te the approval of the Administrator).

4.3 Tompersture Gauged. After each fleld use, call-
brato dla! thermometers, Jiquid-flled buld thermom-
eters, thermocouple-potentiometer systems, snd other
Ratges ot & tempersturo within 10 percent of the avernge
nbsolute slack tomperalure, For tem tures up to
405° C {161° F), uso an ABTM mercury-In-glaas reference
thiermameter, of squl valent, as a reforence; slternatively,
aithar 8 reforence thormocouple snd potentiometer
(calibrated by NI'B) or thermometrie fixed poluts, &.g.,
lea bath and bhuillng waler (corrocted for barometrio
[wessure} may Lo used. For Llomperalures above 406* O
(761* F'), une an N[} S-calibrated reforence thermocouple-
patentiotneler syslem or an sliernato roference, subjoct
Lo Lhe approval ol the Administrator,

Ii, during ealibratlon, the absolute temnperatures meas-
ured with the gauge being calibrated and the reference
gauge agroa wilhin 1.5 percent, the tamperature data
token {n thoe Nuld shall be considered valld, Otherw
the pollutani emlission test shall either be consid
Invalid or ad]Justmanta (if sppropriata) of tha test resulta
at’m.ll be made, subject to the approval ¢f the Administre.

r.

4.4 Barofncter. Calibrate the haroineler used against
o mercury baroncter,

5. Culeulations

Carry ot calenlations, retaining st least one extra
decimsl figurs beyond that of the acquired dola. Round
ofl figures after fiunl caleulation.

51 Nomenclatura.

A= Cross-aoctional arca of stack, m? ([12),

Reo=Watcr vaper In tho gas stroam {froin Mothod § or

Referonve Mothod 4), proportion by velume.
Cy=1'itat tube eocificient, dimeonslonless.
K= Tlict tube constant,

m [ Cg/g-mole)(mm Hg)
M7 e L7 o Lo 15,07

for Lthe tielthe system and

T (1b/bemole) (in, Ha)
B5.49 ow (°It) (in, 11,0)

tar the English : i
M g=Hol weight of stack iu. dry basls (see
Bectlon 3.6) g/g-mole (1b/1b-mole).

M, =Molecular walght of etack gas, wet baals, g/g-
mole Gbnb-molug.

=iy {1-B.)+18.0 B, Equatlon 2-.'..

Py..=Barometric pressure al measurement alte, mm
Hg (In. Hg). .
P,=Btack stalle prossure, mm Og (1o, Hg)
I'ym Absolutoe stack gos pressurs, mun Tig (la. Ig);

= PoutP, Equation 2-¢
Pur=8tnndard absolute prossure, 760 mm Hg (20.92

. Hg).
Q= Dry volumeiric stack gas flow rate correcied (o
sundard conditions, dsem/hr (dscf/hr).
t,=Btack tempernture, *C (*F)
T,= Absolute stuck tempersiure, *JKC (°R).
=273, for meiris Equaltion 2-7
+ o, for English - Equation 2-8
Tuwa=standard absolute temperaturs, 293°K (528° R)
o,= Average stack gas velogity, mfsee ([Lisoe),
Ap~ " nlocity head of stack gas, mm LI;Q (fn. IT,0);

3,600- _unversion factor, sac/hr.
18.0=Molecular weight of water, g/g-mole (Ib-lb.

mole}.
52 Average stack gos velocity.

pl=KpC§(VAP)IVl %"‘i’;ﬂ )

Equation 2-9

5.3 Avorage slaek gas d}y voluinolric flow rate,

Tt P
(Qua=3,000(1~ B,,)0, A (m_ -—-)
' -') . To(us) Pll-(l
Equation 2-10
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MrrEOR 3—0As ANALYSE roR CakkoN Dioxipx,
OxYGEN, EXcras Amr, AND DEY MOLECULAR WEIGHT

1. Irinciple and Applicability

1.1 Principle. A gas sample Is exirocled from o stack,
by one of the following melhods: {1} single-point, grab
sampling; (2) single-polnt, integratod sampling; or (3)
mutti-polnt, tntcgrated mm‘ﬁlln;. The gas sample I8
analyzed for percent enrbon dloxlde {COy), Dercent oxy-
gen (0i), and, If necossary, percent corbon monoxlde
(CQ), If B dry molecular weight determination s to be
made, either an Orsst or & Fyrite | snalyzer may be used
for the analysis; for oxcess oir or erufsston rate cotrection
factor doterminsntion, an Orsat analyzer must be used.

1.2 Applicablliity. This method s applicable for de-
termining COy anel C3 concentrations, excess alr, and
dry molecular weight of a stamplo from a gay stream of 8
Tussit-lual eoanbustion process, 1'he method may also be
appleabila tovther processes where It has been detormined

that comoaunidy ather than COh, Oy GO, and olirogen

(N3} are not presont in concentratlons sufficlent to  “oapabls of ylelding .accepiuble results. Uso of such

allect the rosults, syatemns Iy sublect Lo the approval of the Admiuistrator.
Other methods, as woll as modiNeations to the proce- 21 Grad Sunplmg (Figure 3-1), :
duro deseribed herein, ara also appllcables lor Some of all 211 Probe, ‘U'he probe should be made of stainless

ol Lhe above delerminatlong, Ixamples of pecific moth. steel or borosdileato glass Lubing and should Lo oquipped
«ods and modifieations inelude: (1) o multl-paint sam with an In-stack or gut-stack tiier o romova particulato
ling methind using an Orsat suolyzor to analyre indl- matter (o ph.:l:1 of glass wool is satisfactery for this pur
viI uzué;mb sarples ohtalned at each point: (2) & method pose). Any oLhor materinl inort 16 Qy, CO:, CO, and N»
using

nuns dry miobecular welght aud oxcess alr; (3) asslgning a ba used for the probo; elamples of such material are
valus of 30, for dry molsentar welght, in lion of actual sluminum, copper, quart: glasy and Tellon.

measuroments, for processes burning natural gas, cosl, or 2.1.2 Pump. A ong-way squceza bulb, or equivalent,
oll. Thess methods and madiiicatlons may be used, hut Is used to (ransport the gas sample (o the analyzer,
arg subject to the approval of the Administrator, 2.2 TIntograted Sampling (Flgure 3-2). :
2.21 Probe. A probesuch as that described In Scclion |
2. Appargius 2,11 s suitable,
As an alternatlve to tho sampling apparatus and sys- T )
trms describod herefn, other samnpling sysiems (e.’é.. ! Mentlon of trade naimes or specific products does not

Hauid dispiacement) may b used provided such sys(ems constitute andorsement by the Environmentsl Protes-
aro capable of obtaining o reprosentative sample and ton Agency.
maintalning a consiant sammling rain, and are ot orwise

J// PROBE FLEXIBLE TUBING
‘\\ -T0 ANALYZER
FILTER (GLASS WOOL)
SQUEEZE BULB
Figure 3-1. Grab-sampling train.
RATE METER \ [f—l‘
VALVE
SURGE TANK
AIR-COOLED
CONDENSER
PROBE
%
FILTER
(GLASS WCOL) ]

QUICK DISCONNECT

VALVE

RIGID CONTAINER

Figure 3-2. Integrated gas-sampling train,

Oz 0r O3 aud stolchlomelrie caleulstions to doter- and resistant to Lomperaluro at sampling condliions may




2.2.2 Condsnser. An alr-cooled or water<cooled con-
.denser, of other condenser thal will not remove O
CQs, CO, and Ny, may be nded to remove oxcess moistore
which would Interfaro with the operation of the pump
and flow metar.

293 Valve. A needls valve {3 used to adjust sample
gas flow rate. .

2.2.4 Pump. A leak-free, diaphragr-type pump, of
enuivalent, {s nsed Lo transport sampls gas to the flexible
bag. Install a small surge tank between the pump snd
rate meter to etiminate the pulsation offect of the dis-
phragm pump on the rotameter.

225 Rats Meter. The rotamater, or equivalent rats
meter, used should be capable of measuring fiow rato
to within 2 percent of the selected flow rats, A flow
rate range of 500 to 1000 cm¥min ls suggested.

2.2.6 Flexibla Bog. Any leak-freo plastic (e.g., Tedlar,
Mylar, Teflon} or plastic-coated aluminum {e.g., alumi-
nlzed Mylar) bag, or equivalent, having a capacity
consistent with the selected flow rate and time fength
of the test run, may be used. A capacity In the range of
B5 to 90 liters is suggested.

Toleak-check the bag, connert it to s water inanofteter
and ptessurite the bag to 8 tr ¢m H:Q (2to 4 in. HyO).
Allow to stand for t0 minute Any displacement in the
water manometer Indlentes a leak. An slternatlve leak-
check method 19 Lo prossurize the bag to § L0 10 em H0
(2to 4 in. H10) and allew to  nd overnlght. A delated
bag Indicatsd o leak.

2.2.7 Pressure Gsugs. A water-filled U-tubs manom-

eter, or equivalent, of about 28 e (12 in.) s used for
the floxible beg lenk-chock.

2,28 Vacuwm OUsuge. A morcury mancometer, or
equivalent, of ot least 700 mm Hg (30 in. Hg} 1a used for
the sampling train leakcheck.

2.3 Anaslysls. For Orsat and Fyrite analyzer maln-

tenance and operation proceduros, follow the Instructlons -

recommendad by the manufscturar, unless otherwise
spocifled herein,

2.31 Dry Molocular Welght Datermination. An Orsat
suxsm;dyw or Fyrite typs combustion gns analyzer may be

232 FEmisslon Rats Correctlon Factor or Excess Alr
Determination. An Orsat analyzer most be used. For
low CO; (loss than 4.0 percent) or high O (greater than
5.0 ceni) concontrationy, the measuring buretta of
the Orsat must have at least 0.1 percent subdivisions.

3. Dry Molecular Weight Delermination

Any of the three sampling and analytical procodures
described holow may be used for determining the dry

molecitlar weight.
Grab Bampling and Analytical

3.1 Bingle-l'olnt,
Procedurn.

3.1,1 ‘The ssmpling point [n the duct shall atther be
at the controid of the cross section or at & potnt no closer
to the walls than 1.00 m (3.3 11 ), unless otherwise 3
by the Administrator.

3.1.2 Bot up the equipment as shown in Fi 31,
ma¥ing sure nll connections shead of the analyzer are
tight and leak-frea. If an Orsat analyrer {s nsed, 1t 13
recommended that the analyzer ba leaksd-checksd by
following the procedure in Bection 5; howaver, tha loaks
ehack is optlonal.

31,3 Place the proba [n the stack, with the tp ol the
probe pesitioned at the sampling point; purge the sampl-
ing line. Draw » sample [nto the analyzer and lrome-.
diately analyze It for percent COsand percent Oy Deter-
mine the percentage of the gns that {s N:and CO by
subtracting the sum of the percant COx and porcent Oy
from 100 percent. Coleulato the dry molecular welght as
indtcated in Section 6.3.

3.1.4 Repeat the sampling, analysls, and calculation
procedures, until the dry molecular weights of any three
grub samples differ (rom thelr mean by no wors then
0.3 g/g-male (0.3 1b/1b-mole). Average thess three tuolec-
ular weights, and report tho resulis to tho nearest
0.1 g/g-mole (1b/ib-mole},-

3.2 Single-Polnt, Integratod Sampling aud Analytical
Procedurs,

3.2.1 The sampling point Inn tho duct shall be located
asspecified En Section 3.1,1.

3.2.2 Leak-check (eptional} the flexlbla bag ss In
Bection 2,2,8. Bet up the aquipment as shown in Figure
3-2. Just prior to sampling, leak-check (optional) the
train by placing & veculm gauge at the condenser Inlet,
pulling a vacuum of at least 230 mm kg (10 in, Hg),
plugging the outlot at the qoick disconnrct, and thon
turning off the pump, The vacuum shoukl remain stable
for at least 0.5 minute. Bvocuate the Aexible bag. Conneet
the probe and place it in the stack, with the Up of the
probe positioned at the ssmpling point; purge the sampl-
ing line. Next, connect the bag and make sure that sli
connections are tight and leak freo.

3.2.3 Sample at o constanl rate. The sampling run
shonld be simultanceus with, and for the ssme total
langth of tiie as, tha pollutant emlssion rate determing-
tion, Collection of at Ycadt 30 liters (1.00 fU}) of sainple gns
is recornznended: howeser, smaller volumes may be
collected, if desired.

3.2.4 Obtain ono integratod flue gas sample during
esch pollutant emisslon rate determination., Within ¥
hours alter the sample Ls takon, snalyze it ot percent
CO: and parcent O: using sither an Orsat aualyzer or a

YFyrite-type combustion gas analyzer. If an Orsat ana-
yzer is used, it ls recominended that the Orsat leak-
*heek deseribed in Section 5 be performad belors this
letermination; however, the check is optional. Deter-
mine ths porcantage of the gas that ls Nyand CO by sub-
tructing the sum of the percent CO. and percent Op

from 100 percent. Caleulats the molocular welght s
Indlcateqd in Bection 8.8, & ola
325 Repoat tha analysls and caleutation proceditres
untll the individual dry molecular welghts for any thres
analyses differ from thelf mean by no more than 0.3
g/k-mole (0.3 Ib/lb-mole). Average theso thres molecular

walghts, snd report tha results to the nearest 0,1 g/g-mols *

{0.1 ibAb-mole).

3.3 Multi-Point, Integrated Sampling and Analyiieal
Procedure,

3.).1 Unloss octherwise specificd by the Admials.
trator, & mlnlmum of elght traverse points shall be used
for clrcular stacks having diameters lesa then 081 m
(24 In.}). a minlmum of nine shall be used for rectangutar
stacks having equivalent dlsrueters less than 0.8]1 m
(241n.). and & minlmum of twelve traversa poluts shall
be used for all othor cases, The traverse points shall ba
located according to Method 1. ‘The use of lower points
i{s subject to approval of tho Administrotor.

3.3.2 Follow the procedures outlined in Seetions 3.2.2
through 2,25, except for the followlng: traverse alt sam.
pliag ppints and sample at each polnt for an squal tength
of time. Rocord sampling dals as skown in Flgurs 3-3.

4. Emiaeion Rale Correction Foelor or Ez
< mination or Sscets Al Dter.

NorE,—A Fyrite-typa combustion gas analyzer |
accepiable for excess alr or emission rate corrnc?on ::c'lg
determication, unleas approved by the Administrainr
It both percent COy and percent Op are measurod, 1he
analytlcal resulls of any of the three ?rocoduru g’lvun
belio\}vumay alsp bo used for caleulating the dry molecular
weight, .

Euch of tho throo procedures below shall bo used only
whon specltied 1n ah applicable subpart of the standardy,
T'ha tge of thess procedures for othor purpoesss mus havy
speciile prior approval of tho Adminlstrator.

4.1 Single-l'oind, UGrab Sampling and Analytiend
Procedure,

£.1.1 The sampling polnt in the duct shall elther by
at tho controld of the eross-seclion or at 8 polnt no closer
to the walls than 1.00m (3.3 (1), unieas ot herwlae spociNed
by the Administeator.

4.1.2 Bot up the equipment as shown In Flgure 341
rusking sure oll connectlons shead of the anslyzer are
tight and lesk-fres. Leak-check the Orast aralyzer ac.
cording 1o the procedurs described in Bection 5, This
leakcheck bs mandatery.

TRAVERSE
PT.

TIME

]

1pm % DEV.@

AVERAGE

39 DEV = (

0-0avg
Tovg ) 100

{MUST BE <10%)

Figure 3-3. Sampling rate data.

4.1.3 Placo the probo In the stack, wilh the ip of the
probe positloned at tho sampling polnt; purge the sam-
pling Une. Draw 8 sample luto the anatyzer. For omission
rats correction Inctor determilnation, [mmedlately ana-
lyza the mm(EM' as outlined In Bectlons 4.1.4 and 4.1.5,
tor percent CO: or percent Qs 1f excess ir 13 deslrod,
procesd as follows: (1) lmmedlately analyte ths sample,
83 lo Sectlons 4.1.4 and 4.1.5, for percent CQ+, Oy, and
CO: (2) determine the percentage of tho gas that {3 Ny
by subtrncting tho suin of the pertent CO», percent O,
and percent CO {rom 100 percent; and (3) calculate
porcont excess alr as outlined in Section 0.2

4.1.4 To ensure complets absorption of the COy, Oy,
or it applicable, CO, make repeatsd passcs through cach
sbsorblng solutlon until two cousscotive readings are
tho same. Several passes (three or four) should be mads
between rendings. {If econstant readings cannot be
obtalned aftor three consceutive readings, replace the
abaarbing solutlon.)

4.1.5 After the snalysis J» comgloted, lenk-choeck
{mandotory) the Orsat analyzer onco again, a8 described
in Secllon 5. For the resulis of ths annlysis to he valll
tha Orsat annlyzer must pass this leak test hefore nn
alter the anplysis, NoTe,—Since tlila single-polnt, grab
samnpling snd analytical proceduro s nocmuolly conducted
in confunction with a single-point, grub sampling and
analytlenl procedure for a pollutant, only one analysls
Is erdinarlly conducted, Therefore, great care must bo
taken Lo oblain a valid smngle and analysis, Although
in most cases only CO; or Oy 18 requiired, It 18 recom-
mended thot both CO: and Qs be mensurcd, and that
Citatlon 5 in the Bibliography be used to validate the
snalytical dota.

4.2 Binglo-Ivinl, Integrated Sampling nnd Analyticul
Preerdure.

121 Tho sarapling point in the duct shall be lecaled
as specifind in Section 4.1.1.

422 Leakcheck (mandatory) the Oexible bag as in
Beglion 2,2.8, Sol up the squipmont s shown In Figure
3-2. Jusl prior to sampling, leak-check (nandatory) tha
traln by placing & vacuum guuge at Lthe condenser inlet,
pulliug & vacuum of ot least 250 mm Hg (10 in. iIg},
phgging the outlet at the quick disconnect, and then

turning off the pump. The vacuum shall remain stable
for 81 least 0.5 mitute. Evacuats the floxlble bag. Con-
nect the probo and place it in the stack, with thetipolthe
proba posttioned at the sampling polnty purge the sam-
pling line. Noxi, connect the bag and make sure that
all connectiens aro tight and leak froe.

4.2.3 Bample ot 6 constant rale, or as specified by tha
Administeator, The sampling nin must be simultaneous
with, and for itha same Lotal lengih of (Ima us, the pollut-
ant omission rate determiination. Collect at least 30
liters (1.00 f13) of sample gad. Smaller voliiimes may be
colleeled, subjret to approval of the Adadnlstrntor,

4.24 Obtiain ono Integrated flues pos rample durlng
osch pollutant emlsslon rate determination, For emission
rulo corcoction faclor determinailon, anulyze the ssmploe
within 4 honurs nlter It 1s taken for poreoit COror porcent
0y (us outlined in Boclions 4.2.5 through 4.2.7), The
Orsat pnalyzer must bo leak-checkad (svo Seclion &)
before the anslysis, 11 oxcess air |3 doslred, proceed nd
follaws: {1} wilthin 4 hours afier the sampla is tukon,
annlyzo it (a4 in Sections 4.2.5 through 4.2.7) for percent
CQ, Oy, and CO; () doletmine the parceninge of Lho
g0 Lhut I N2 by subtracting the sum of the pereent COy,
percent Oy, and porcent €O from 100 éwrmnt; (1) cal-
culite pereont excess uir, t oullined in Scctlon 4.2,

4.2.5 To ensuro completo abdorption of the GO, Oy,
or il appli¢able, CO, make repeated passes through cach
absorling solution until Lwo censecutivo readings ore the
same. Seversl passes (threo or four) sheuld ba madn ba-
tween resdings. (17 ennstant readings cannot banbtalned
after three consceutlve readings, roplace the absorbing
sulutlon.)

4.2.8 Jlepeal the analysis untll the followlng criterin
arg mel:
§.2.8.1 For percent GOy, repeal tho analylical pro-

eodure untll tho reaulis of any threo analysas ditfer by no
morse than {a) 0.3 percant by volume when CO; B grealer
than 4.0 pereent or (b} 0.2 percent by volamo whon Cly
1= less Lhan or equal Lo 4,0 pereent, Averngo Lha three ne-
capioble values of porcont U5 and roport tho resulils
tha nearest 0.1 percont.

4.2.8.2 For purcont 4, repest tha snalytical procodwur.
until tho results of any threc analyses ditfer by no more




than (1) 0.3 pereent by volume when 0y is less than 15.0
poreent or (h) 0.2 percent by volume when Oy I grealer
thaat 15.0 percent, Averags the threw acceptabils values of
percent Up and ropert the results to the nearest 0.1
Iwrront.

4.0.8.3 For percent CO, repoat Lo analylical proce-
durs nniil the results of sny three analyses lffer ¥ No
wmgrn than 0.3 percent. Avernge the three acceptlable
valuos of poreent CO and report tho results W tho nearest
€.1 percent,

427 After 1he analysis 18 comploted, leak-check
{inandatory} ihe Orsat analyzer ouce again, o deserlbed
in Beetion . For Lhe resulis of the analysis Lo be valld, the
Orsat anglyzer must pass this leak test before mnd after
tho analysia, Note: Although [n most instances only GOy
or {; {s required, it Is recominended that hoth GOy and
M1 be measured, and that itation 5 iu the itibliography
be userl to validate the analytical data, .

4.1 Mulli-voint, Totegrated Sampling and Annlytical
Hrocedure,

4.1.1  Both the mintmum number of sampiine polnts
nnd the sampling polnt jocation shall be as sprciiled in
Boctlan 3.3.1 of this mothod. The use of fewer palnts than
sprcilled ia subject to the approval of tho Admintstrator,

4.0.2 Follow the proeedures outlined In Sections 4.2.2
through 4.2.7, excecin for the following: Traverso sll
smpting polnts and sample at each point for an equsl
Ienuth of time, Record smnpling dats as shown in Flgure

5. Leak-Check Procedure fur Orsal Analyzers

Moving an Orsat analyzer frequently cnuses It to leak,
‘Therninre, an Orsal analyzer should be thuroupghly leak-
chocked on site before the Aue gas sampla is introduced
{nuto It. ‘The procedurs for leak <hiecking an Orsat analyzer
i

3.1.1 DBring tha llquld lovel in each pipetto up to the
geference mark on the eapillary tubibg s then vlose the
pipetto stopeock.

4.1,2  Halse the levellng hull suficiently to bring the
confinlng Haquid menlscus onto the graduaied portion of
tha burette and then close Lhe manifold stopeock.

503 Hecord the menlseus positon,

A.1.4 Observa tho meniscus in the bureile and the
"'5"“1 level in the pipette fur movement over the noat 4
mimiles.

5.1.6 For the Orsat analyzer Lo pass Ui leak-check,
two conditions must ba met,

5.1.5.1 The liquid level in each plpette ust not falt

- below the boltom ‘of tho capillary tubing during this

4-mluntalnterval.

5.1.5.2 The meniscus in ke burctte must not change
by moro than 0.2 ml during this4-minute laterval,

5.1.8 [fthoenulyzer fails the leak-cheek provedurs, il
rubber conneetions and stopeocks should he cheeked
untll the cause of the leak Is Identifled. Lanking nopeocks
must be disassembled, cleaned, and rogreased. Leaking
rubber connections must be replaced. Afler the snalyzar
I8 reassembled, the leak-chrok procedure wmust be

. tnpeated.

0. Coleulations

4.1 Nomenclatore,

M= Dry moleculur welght, g/g-roie (Ibflh-male),

%, EA = Percent excess ar.

%eCQy= Percent COs by volume (drg:uh).

ZQ1m= Percent Qy b{’volume (dry basis).
7CO=Percent GO by volume (dry basis).
ZaNa=Percent Ns by voluma (dry basis).
' 0.284= Ratlo of Oy to N, in alr, v/v,
0.280=Molecular welght of Nior CO, divided by 100,
0.320= Molecular welght, of Q) divided by 100.
0.440==Moleeular weight of GOy divided by 100,

8.2 Tercent Excess Alr. Caleulate the pereant pxesss
Bir (i{ applicable), by substiluting the appropriste
valited of percont Os, CO,nnd N; (obLuined trom Beclion
4.1.3 or 4.2,4} into Equation 3-1, E

. %0, --0.59C0 ]

LA =] .- r

fv[“A_[o.'z(H%Nz(%oz*o-r’%(:‘)) 100
Fajuation 3-3

Note.—=The equation rbove assumes that ambient
alr is used a8 the source of Oz aud Lhat the fuet does not
contain appreciable amounts of Ny (as do coke oven or
blast furtiace gases). For thosa cases when appreciable
amounts of Ny are present {cosl, ofl, and natural gas
do not contain apprectable amounts of Njy) or when -
oxygen cnrichment Is used, alternate meatheds, subject
to ngprnvnl of the Adininistrator, are required.

8.3 Dry Molecutnr Weight, Use Equation 3-2 to
caleulate the dry noleculur welght of the stack (L]

M= 04407, C ) +0.220(7.04) +0.280(%5 N 14-55CO)
Kaquation 3-2

Note.—The abuve cquution does tiot consider argon
in alr (about 04 percent, 1nolecular weight of 37.7).
A negative error of about 0.4 percent Is introduced,
The teater may opt to include argon in the analysls using
procedures sublect to approval of the Administrator,
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METHOD 4—DETERMINATION OF MOISTURE CONTHNT
1N Brack Gaars .

Y. Principle and Applicability

L1 TPringiple. A gas sample s extracled nt a constant
Talo froin the suuree; moisturg is romoved from the saro-
ple streamn and determined cither eolwnetrically or
gruvimetrically, |

12 Applicability, This method is applicable for
determindng the maisiure contont of slack gas.

Two procedures are given, Tho frst is o reference
Method, for accursto determinations of malsiure content
(such a3 aro needed 1o caleubste emlsslon dota). The
second 18 an approximation meihod, which proviles
estimates of perevnt moisture to sid in setting isokinetic
sampling rutes prior to- a pollutunt eniission measure-
ment ren. The approximation inethod described herein
i1 only a mggrested approach; alternotive wneans for
approximating the molsture eontent, o.g., drving 1ohes,
wot hulbdry bull techuiques, condetvsation technigiies,
stoichiomatric culealationg, provivug oxpericnee, cle.,
arn ilsg aceaptable, .t

The referenen melliod i1 ollen eomiluetel simuliane-
ouuly with a pollutant emission measurvenent ran; when
it §a, culevladlon of pereent isokinetle, pollutant emisslon
mda, ete., for the run shall e bnsed wpon the results of
the referones method ar s equivatani; theso cnleulst long
shall not be Insed epon the resulis of tha ::Prrmimnuou
methad, unless tha approximation maothod {s shown, to
the satistaetion of the Administrator, U.8. Environmens
tal P'rotection Ageney, to he capablo of yiclding rosults
within 1 pereont 1130 of the refrronce meihod,

Note.—~The releretwee method may yiold aiestionahla
restifly when applied Lo saturatod gns streams or Lo
streams thut contain water droplets. “Iherefore, when
thesa conditions exist or aro suspectod, a tecond deters
mination of the modsttre content shall he made simul-
tanenusly with the reforence niethod, as follows: Assinne
that tha gos siream 1y saturated. Attach s tomperatirs
seor [eapable of measirlng to =1 C 2° ¥} to the
telerencs methed probe, Messure the stack gas tempera-
turo at each travorsa point (sce Section 2,2.1) during the
reforence method truverse; caleulste tho average stuck
Ras temperature, Nexd, determing the molsture pereent.
age, eilher by: (1) using & psycheometric chart and
mnking approprinis corroétions f stack prossure is
dlifecent from that of the chart, or (2) using ssturation
vapor presaurn tables, 1 casca whora tha psychromettio
chart or tho saturstlon vapor pressure tables are not
applleabls (based on evalusiion of the process)_ alternats
mathods, subject to the approval of the Administrator,
shall he tised.

FILTER waLL
(EITHER IN STACK V] /
QR OUT OF STACK) -

2. Reference Method

The procedure descrived in Methed 5 for
molsture content Ia acceptable as & rufere‘;:cge:;cggio'd}i.m
2,1 Apparstus, A sclicmatic of the em ling train
usad in this reference method is shown In igure 4-1.
Al components shall be maintained and calibrated
aceording to the procedure outlined In Mothod 6.

211 Prebe. The probe is constructed of stalnless
steol or glass tbing, suMeiently heatod to prevent
water condensation, and is equipped with a filter, olther
In-stack (e.g., a plug of glass wool inserted into the ond
of the probe) or heated out-stack (e.g., as described in
Method 5), 10 remove particulate matter.

When stack conditions permnit, other motals or plastic
tuhing may be used for the probe, subject to the approval
of the Administrator,

212 Condenser, The condenser consists of four
Impingers connected in series with ground glass, leak-
free ittings or sny simlarly leak-[res non-<¢ontaminating
fittings. The first, thied, and fourth Smpingers shall be
of the Greenburg-Smith design, modified by replacing
the tip with a 1.3 centimater (14 Ench) I17) pluss tubo
extending to about 1.3 em (Y In.) from the boitem of
the flaak, The secoin] linpinger shall be of the (reenburs-
Bmith deeign with the slandurd tip. Modlficatlens (e.g.,
using foxible connentinns hetween the Implngers, using
materisls other than glass, or uxjng ilexihie vacuum lines
to eonnect the lilter holder to tho condenser) may ba
used, subjoct Lo the apparovnl of the Adminlstrator.

Thae frst two Impineers shall coutabn known volumes
of water, the third shall bs erapty, and the fourth shall
contain a known welzht of 6- Lo 18-mesh {ndlesting typo
sllica gel, or squivalent desiceant. If the silica pel has
been provious!y used, dey al 175° C (150° F) for 2 hours,
Maew sillea gel may be used os received. A thormaineter,
capablo of measuring tesnperature 10 within 1* C (2° B),
shall bo placed al Lhe outlet of the fourth immptnger, for
monitoring purposes,

Alternatively, sny sysicm may boe used (sublect to
the appraval of the Admluistrator) that eools tha 2amgle
gan sireain and allows neasurcmeont of both the waler
thal has besn condensed and the maolsture leaving ths
condonser, each to within t mlor | g. Acceptable means
are to mcasure the condensed woler, elther gravl-
molrically or volumotrically, and Lo moeasure the mals-
tars leaving the condenser by: (1) moultori the
termperature and pressurs at the exlt of the condenser
and using Dalton's law of partlal preasitres, or (2) passing

the sample gas stzeam through a tared sillca gel (or -
equlvnlent desiccont) trap, with exii gases kept below
20° C (68° F), and determining the weight galn. .

[f means othar than sitien gol are used 1o datermine the
amount of moistire leaving the condenser, it is recom-
mended that silica gel {or equivalent) still be used Lo
twoen 1he tondenter system and pump, to provent
meisture condensaiion o the pump and melering
devices and to avnid the need to make correetions fer
molsture in the metered volume.

2.1.3 Cooling Systern. An ica bath contalner and
eruszhed ica (or equivalent) are used to afd tn condrnsing
molsture,

2.1.4 Metering System. This systemn includes a vac-
unm gauge, leak-free pump, tliermometaers capable of
measuring temperature to within 3° C (3.4° F), dry gna
meter capable of measuring volume to within 2.perceut,
and relaied equipment a8 shown in Figure 4-1. Other
metertng systems, capable of maintaining s consiant
sampling rate and determining sam!)lv ges volume, may
be used, subject to the apprevsl of the Administrator.

2.1,5 Barometer. Mercury, anerpid, or gther barom-
eter eapnble of measuring atmospheric prossura to within
2.6 mm g (0.1 in. 1Lg) mn;orobe used, [u many coses, the
barometrle reading may obtalned frem 8 nearby
national weather service statinn, in which cnsa the k-
tion value (which ly the absolute baronmweiric pressure)
shall bo requesied and an adjusuinent for elevation
diferonces between the weather stallon and the sam-
pling print stiatl be applicd nl a rate of mnus 2.5 man 1lg
(0.1 ‘in. Hg) per 30 m (100 [} elovation lacrease or vico
versa for elevozion deerease.

210 Uraduated Crylinder andjor Dalance. Thesa
ltems nre used to measure condensed water and molslura
cought [n the silica gel te within & ml or 0.5 g. Uraduaied
eylinders shall have subdivizions no greater than 2 ml,
Moat laboratory balances are capalile of weighlng Lo the
nearcst 0.3 g or less. These balances aro sullable [or
use here,

2.2 Proceduro. The fullowlng procedure 13 writlon for
& condenser system (such as the Lmpinger system de-

scribed in Sectlon 2.1.2) {ncorporating wolumetiric analy-
i3 to measure the condensed molsture, and sillea gol and
gravimetris analysia 0 measure the moisture leaving tha
condernser.

CONDENSER-ICE BATH SYSTEM INCLUDING
SILICA GEL TUBE —7 )

ORIFICE
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Figure 4-1. Moisture sampling train-reference method.




2.1 Unluss otherwise specified by the Administrator,
N z:mnlmum of sight traverss points shall be used for
clrcular stacks having distnoters less than 0.81 m (24in.},
s mlaimuin of nine points shall be used for rectangular
stackd having cruivalent diameters less than 0.01 m
(24 i), Bnd 8 minimum of Lwulve travers puints shatl
he uded 1t all other cases. The traverse pointa shall be
Isented aceording to Method 1. 'Tho tise of fewer points
is subject to Lo approva) of the Ad/ministeator, Belect a
suahle probe and proba length such that all traverse
points can ho samplod. Conslder sampllog (o opposite
sides of Lho staek (lour total satnpling ports) for lorge
stackd, Lo permit tae of shorter probe lenpihs, Mark the
proba with heat reslstant tapo or by some other method
to denote the proper disthneo into Lhe stack or duct for
each sampling point, Place known volumes of water in
tho Orat two lmpingers. Weigh and record the weight of
the siliea gel to the nearest 0.5 g, and teansfer the silica
gel to the fourth impingee; slteruatlvely, the silles gel
may (lrst be transtorred to the impinger, and the weight
of tho silica gel plus linpingee recorded,

2.2.2 Sclect a total sampllng *ne such that & minl-
muin total gas volume of 0.60. 1 {21 ¢y will be col-
lected, st @ rate no greater than w021 m¥min (0.75 ofm).
When both moisture content and pollutant emission rats

be siinultaneous with, and_for the same Lotal longth of
thine as. Lha pellutant emission rata run, unless othcrwiga
specliied In an opplicable subpart of the standards,

2.2.3 Sct up the sampling tesln ns shown in Flgure
4-1. Turn on the probe beater and (If np%licnblc) tha
Qifter hoating system to temperntures of shout 120° Q
(248° F), 1o rrnvunt wator condensation ahead of the
condenser; allow titne for the tamperaturos to stabllize.
Ploco crushed teo in the tee bath contalner, [t is recom-
mended, but not rofuired, that a lesk check be done, as
follows: Llsconnect the probe ffom the Arst imploger or

(tanplicable) from the filter holder. Dlug the inlet to the
firstitnpinger ﬁor Qkter hotdor) and pull a 80 mim (15 In,)
1fg vocutn; a lower vocuurn may be used, provided that
IL 13 not excecdod during the test. A lenkage rate in
excess of 4 poreent of the average sampling rale or 0.00067
mymin (0012 afm), whichever 13 less, 18 muneeeptablo,
Following the! euk check, reconneet the mube to the
sampling {rain.

224 During tho sampling run, mabitain a sampling
rate withln 10 percent of constont rate, of ns specilivd by
the Administrutor. Yor ench run, record the dals re-
quired on the exninple dats shest shown in Figure 4-2.
Be sure to reeord tho dry gas meter reading at the begin-

ever sampling is halted. Taks other appropriate reads:
at oach sample point, at lesst once during sach
lncrement,

2.2.5 ‘To begin asnmpling, position: the probe tlp at the
first traverse point, fmmediately start the pump and
adjust the flow to the desired rats. Traverss thy cross
section, sampling al coch traverss point for an oqual
length of tlme. Add more fce and, il necessary, salt to
inainlaln s tomperaturs of less than 20° C (65° F) gt the
slllca gal ontlat,

2.2.6  Alter collecting tho sample, disconnect the peobe
from the Mter holdor {or from the flest bmpluger yand con-
duct a leak check (mandatory) as deseribed in Bectlon

2.2.3. Record the teak rate. If the leakage rats axc
sllownhls rate, Lhe tostor shall sithor reject lhemitrh:
sults or shall corroct the sample voluine as in Beetion 6.3
of Mothod 5. Next, measure the volime of the molstira
condnnssd to the nearesl ml. Dotertning the increasa In
walght of tho stlles gel (or slilea gel plus Impliger) Lo tho
nearest 0,5 g. Recurd this nfortiatinn {see stanipbe daia
aheet, Figure 4-3)and ealenlnte tho molstuee percontage
03 deseribod In 2.3 below, . T
2.3 Calculatlona. Carry out the {oltowing caleitlatiorns
raiaining &t least one extia declinal figura beyond that of

ara to he determined. tha mol: ¢ determination shall ning and end of each sasipling time hicroment and when- tﬁ:an?cquired data. Round oft figurss ater thicula-
PLANT.
i OCATION
OFERATOR
DATE
RUN ND
AMBIENT TEMPERATURE, -
BARDMETRIC PRESSURE :
PROBE LENGTH m{f1)
’ SCHEMATIC OF STACK CROSS SECTION
PRESSURE TEMPERATURE
DIFFERENTIAL METER " GAS SAMPLE TEMPERATURE OF GAS
ACROSS READING AT DRY GASMETER LEAVING
SAMPLING STACK ORIFICE METER GAS SAMPLE CONDENSER OR
TRAVERSE POINT TIME TEMPERATURE {aH), VoLUME Ve INLET QUTLET LAST IMMINGER,
NUMBER {9}, min, o {°F) melin} Hz0 m3 (13} m3 (13} | (Tmpe), °C (°F) | (Tmgyd, °C {°F) °¢ {°F)
. it Y
TOTAL : . Avg Avg. .
AVERAGE Avg..

Figure 4-2. Field moisture determination-reference method.




OPINGER SHICA GEL
VOLUME. WEIGHT,
ml 9
FINAL
(NITIAL
DIFFERENCE .

" Figure 4-3. Analyticsl data - relerence method.

2.3.1 Nomenclulurn,
By.=Troportion of waler vapor, by volume, fo
tho gas aLrean:.
M= Molocular welght of water, 18,0 g/g-mole
{18.01/1b-mole).
I a=Absolute pressure {for thls method, same
pL bammetriclprcssum} at the dry gas meter
mm Hg {la. 1
P.,..=andnrd nhsnlur.c pressure, 760 mm IIg
(20.92 in, ).
Nt=ldenl gos cnn:l.ant 0.00230 (I.'rl.m ) (md)}

(g-molo) (°K} for metric unia and 21.85 (in.-

g ((th/(0b-rmole} R} for Engllsh unlls,
T o= Absolute tomperaturs at meter, *K (°R).
Tee=Slondard absolute tempersturs, 243° K
(528° R).
Vo= Dry gas volumo mecanured Ly dry gas metor,
dem (del)
AV -=Tngremantol dry gns voliine mecasured by
t(l:ynuas moter ut esch traverse polnt, dem
- ¢
Vaprd)= Ury gas woluima measured by the dry gas
meler, corroctod to standard condlitons,
dscin (deel).
Vwetata)= Yolumo of water vapor condensed corrected
_ tostandard conditlons, sem (sef).
Vesituar == Voluine of water vapor collected In sllea
gol correeted Lo standard conditions, scm

(
Ve Flnal volume of condanaer watar, ml,
-Inll.lnl voluino, If ony, of condunser water,

W,-l-lnal walght of ullics gol or sllica gel plua
W.-Inl{,inl weizht of sllica gel or sllica gol plus
fnipinger, g.
Y- Dryans meler ealibration etor.
I'.- Don ty of wator, 0.9982 g/ml (0.002201
23.2 Vulumo ol’ waler vapor condenscd.
{Vi—Vi)oulTwa
P.ulﬂ!u
=HK;(Vi—Vi)

Vlrr(-ld)

Equatlon 4-1
where:
Ki=0.001333 1n3/m) for motrle unity
=0,04707 fiyim] for English unlts
282 Volumne of water vapor coilected In sllica gel.

(W—WJ)ET,u
PouM.,
=K_;(W1—W-‘)

Veretoun =

Equatlon +2
here:
Ky=0.001335 m‘.’ioior matric units

«(,047185 fUfg En;llub units
214 Bamp!a ge8 volume.

HEATED PROBE

SILICA GEL TUSE

)

FILTER
{GLASS wOOL) *‘ m
o3 2"9 o ¢
¢ 9:ip3 7]
ICE BATH o v ® g

(Pu)(Toa)
(Pua} (T}

=KY 5=

. Vaty=Va¥

Equation 4-3
where: -
K1=0,3888 °K/mm Hg for metric units

=17.64 ® Rfin. Hg for English uniis

Notx.—If the gosbmt leak rate (Scetion 2.2.8) ex-

cceds the allownbls rate, eorroct the value of Va in

Equatlon 4-3, a3 described i{n Scetlon 6.3 of Methed 5.
3.4 Molstitro Contont,

oo e Vee taen +Viuy oy
: Vrr {utd) + Vu'u {ad) + Vm {atD)
Equation 4-4

Note.—In saturated or noigtura droplet-laden gas
stroams, two ralculations of the molsture rontent of the
stack gas shall be mede, one nusing a valus based upon

the saturated conditions (sea Bection 1.2), and another -

based upon the resulta of the impingar analyals, The
lower of Lhese two values of ., shall be considered cor-

regt.
2246 Verlfication of consl.uut sumbllng rato. For each

Limne inereinent, determnine Caleulato the

average. If the value for any tlme Ineretnont Atfers from .

il average by more than 10 pervent, tejoct the risilts
and repeat tho run.

3. Approzimation Method

The approximation method described below Ia pra-
sentod only e & suggested mothod (soo0 Soction 1.2),

A1 Apparaius,

3.1.1 ['robe. Stalnlesa stenl or glass tublng, suffclontly
heated to prevent water condenssilon and equlpped
with a filter {elthor Inatack or heatad oul-atavk) to re-
mava particulate matter. A plug of glass wool, Inserted-
into the and of the probe, is o aalisfactory fiter

3.1.2 m{rlnueu. Two midget npingers, oach with
an ] ea iy, or e-:‘;u.lv ant.

4.0.3 s Bath, Contalner and ivo, t0 ald In condens-
ing moisl.um in finplngers.

314 Dreying Tube, Tube packed with new or re-
generaled 6 10 18-mesh [pdicating-typo silles gel (or
equivalent deaiccant), to dry the sample gas and 1o pro-
tect the meler and pump.

a 3.1.5 Valve. Needlo valye, Lo regulate tho sample gas
ow rate.

316 Tump. Leak-free diaphragm type, or squive-
lent, to pull the gad samnple through the traln.

3.1.,7 Voluma neoter. Dry gas meter, stflciently ag-
clirats 10 measurg the eampla volume within 2%, and
calibrated over the rengo of fiow rates and condltions
actually encountersd during sampling.

3.1.8 Rate Mater. Rotameter, to measure Lhe flow
range rom 0 te 31pm (0 te 0.11 efm).

3.1.% Oraduated Cylinder. 25ml.

2.1:10 Barometer. Mercury, anerold, or other barom-
oter, as described |n Sectlon 2,1.5 above. :

3.1.11 Vecuum Gauge. At least 760 mum IHg (20 In.

‘Hu) gaugs, to bs used for the sampling leak check,
Proced

ure,
3.2 1 Place exsctly & ml distilled water [n sach im-
pinger. Assomble Lhol:p&uilus without the probe as
shown in Figure 44 check the train by placing a
vacoum geuge ai the inlet to the first Impinger nnd
drawing & vacuum of at Jeast 2% mm Hg (10 in. Hg),
plugging the outlat of the rotameter, and then turning
off the pump. Thoe vacuum shall remain conatant for at
east ons minmts, Carefully reiease the vacuum gauge
1before nnplugging the nmmeur end,

RATE METER

DRY GAS
METER

—

4

MIDGET IMPINGERS

PUMP

75

Figure 4-4, Moisture-sampling train - approximati‘on method.




LOCATION

TEST

DATE
OPERATOR

BAROMETRIC PRESSURE

COMMENTS

CLOCK TIME

GAS VOLUME THROUGH
METER, (Vim),
m3 {113}

RATE METER SETTING
m3/min. {ft3/min.)

METER TEMPERATURE,
°C (°F)

Figure 4-5, Field moisture determination - approximation method.

3.2.2 Connecl the probe, Inscrt It [nto the siack, and
sample sl 8 constant rate of 2 ipm (0.071 ¢fm). Contlnuna
sampllng untl the dry gaa meter registers shout 30
Titers (1.1 110 or untll visible Hquid droplets are carried
over from the first impinger to the sccond, Hecord
temperature, pressure, and dry gas meter readings as
required by Figure 4-5. .

3.2.3 Afler collocting the sample, combine the eon-
tents of the Lwo itn pingers and measure the volume io the
nearest 0.5 ml,

2.3 Galoulations, Thecalculation method presented is
designed to estimate Lho moisture in the slack gas;
therelore, other dats, which are only necessary for ne-
turnlo moisture determibations, are nat eolleclmd. Tha
foltowing equations adequalely estimmio (he maisture
content, for the purpose of determining isokinetic sm-
pling role seltings.

3.3.1 Nomenclature.

Bum=Approximaie  proportion, by velune, of
water vapor In the gas sirenm leaving tha
arcond finpinger, 0.025. A

Re=Water vapor In the gas stream, proportion by
volumn,

Mo=Molecular welght of water, 18.0 g/g-molo
{18.0 'b/ip-mole)

P a=Absolute prossure (for this method, same as
barometric pressure) at thn dry gas meter.

P,a=Standard alsoluts pressure, 700 mm g
(20.92 in. Hyg).

Ra=ldeal gas constant, 00628 (mm Hg) {mbyf
{g-moln) (*K) for meiric unils and 21.85
(in. Hg) (19H1b-mole) (°R) for English

units.
Tw=Absolute temperaturs at meter, °K {(*R)
'J'.uﬂ%lgldﬁrd sbsolute temmperature, 203° K

V= Final volume of inplnger conlents, ml
V= iniiia! votume of Impinger ¢contents, mh
V= Dry gas volume messured by dry gas meter,
dem (def).
Vo uay=Dry ges volute measured by dry gas meter,
cOTTOe to standard condillons, dscm

(dsef).
Ve otord)=Yolume of water vapar condensed, eorrected
1o standard condltlons, sem (scf).

o= Denskty of water, 00982 g/m! (0.002201 Ih/m)}.
3.32 Volumo of water vapor collected.

v ‘=(V1—V;)p,IfT._.,1
v PuM,
=K, (V,—V)
LEquation 4-5

where:
Ki=000083 raidf ) for mietvic unlis
-G 707 [l for Faglish uniis.

333 Ons volume.

. P
1 m (et =1"‘(T’._u)

— Vnpn
==K, "

T

Liqquation 4-6

where:
F1=0.3858 ° It Ty for mabiic univs
=17.84 *It/in. [1g for Fnglish units

334 Approxdmaie moisture conlent, -
Ve

n‘l= v LU e
VetV (.u.u+ b

o Ve
- V\rc+ V- {ard}
Equation 4-7

+(0.025)

4: Culilration

4.1 For the reference melhed, cnlibrile eaniphient as
specificd inthe folluwing sections of Method 5: Heetion 5,3
(mclvrim:__ sysiem); Beclion 8.5 (Leanperaiurs gauges);
and Eection 3.7 (harometee). Thoe recommended lenk
cheek of Lo metering systom (Sectlon 5.6 of Method 5)
nlso applies to the reference niethod. For the npproxima.
tion methed,use tho procedures ottHied in Seclion fi.1.1
of Mcthod 8 o calibrata the mictering syxstem, snd the

rocedurn of Mcthod 5, Seclion 57 to enlibrale the

aromeice.

5. Hitdiography

1. :}ir Vollutinn Euginecring Manual (Sceand Fedition).
Danivlson, J. AL (ed.). US. Enviconmental Protection
Agency, Olfiee of Atr Quality Planning and Standnrds,
llr}-:gearch Trianglo Iark, N.C. l'ublication No, A0,

i
. 2, Devorklo, TToward, el al. Aic Poltution Source Test-
ing Manual, Air l'olutlon Control Districy, Los Angeles,
Callf. November, 1063, .

3. Melhods for Determminslivn of Veloeity, Yolume,
Dust and Mist Content of (iases, Western Precipitation
Divislon of Joy Manufacturing Co., Los Angeley, Calif,
Bulletin W P-50. 1968,




METHOD 5—DETERMINATION O¥ PARTICULATE FiatissliNs
FROM STATIONARY SOURGES

1. Principle ond A pplicability

1.1 Prinelple. Particulate maller is withdrawn jso
kumumlly frurn the source and celincted on a glasa
Iilbnr tilter maintained n4 a lemperalurs in the range of
120:614% C (248:£25° F) or such other temperaturo as

-8pecified by an applicable subpart of the standzards or
a’uproqu by the Adminlstrater, U.8. Eovironmental
Protection Agency, for s particular applicalion, The
partictilate mass,” which includes any material that
voodenses at or above the filtration teinperature, [s-
&c:llf;nmed gravimotrically after retnoval of uncombined

1.2 Applieahility. This method iz npplicalits for the
:!(;![liennumuou of partivtilate emissions froin statlonary
SCUTeeS,

2. Appurolus

21 Sumnpling Frain. A selnaiic of the sangphng
trice used i this twethod is shown in Figure § 1 Com-
:ll-'etc -eonstrirciion details are given in APTD-0581
(Cltation 2 In Beetlon 7); couucercial models of this
Leain nre also aeailable. For changes frum A DT D-0541
and for allowablo modifications of the train shown in
Figure 51, see the foliowing suhscetions,

Tha eperating aad omintenange procedures for Lthe
sautpling train are desceibed in X PT1-0576 (Citation 3
in Sect!on 7). Biuce earreet uznge is imporiant in vbin-
Ing valid results, all users should read A 1¥[' D576 and
&dopt tho operating 3nd Mmaintenuncy procedures out-
Hned in I, onless otherwise specitiod herein, The sain-
pling train consiats of e follwimg gonurgments:

2.1.1 Probe Norzle. Bialnless stoel (318) or glass with

, tapersd lending edge. The angle of tapor shall
be <20° and the taper shall be on the outside to preserve
& constant laternal dismeter. The probls nozzle shall he
of ths button-hook or albow design, tnless otherwiso
speciflod by the Administrator. If mads of stal
steel, the nozzle shall bo constructad from sesmless tub-
ing; other materials of construcilon niay be used, subject
to the approval of the Admlinistrator.

A rango of nozele slzes sultable for sok[nstio sacipling
should be avallable, e.g., 0.32 10 1.27 cm (34 to $4 [n.)—
or largor if higher volume sampilng tralns are used—
inatde dlsmeter (l])]) nozzled In lucsotnents of .16 cm
{He {n.). Each nozzle shall be calibrated sccordlng to

1o oduros outlined in Bectlon 5.

. 2012 Probe Liner. Moroslllenta or qiartz glaas tublng
wilh a heallng systomn capable of malnlaining a gay teni-

rature st the exit end durlng sampling of 120£14° C
2481257 F), or such other temperature ns specliled by
an applicabls aubpart of the standards or approved by
tho Adninisteator for a partlcular applicaiion. (The
tester may opl to operata the equipment at a totperaturo
lower thon that specitied.} Sinco Lhe seiltinl tomserature
at theoutlet of the probe [s not usually monitored durlng

‘sampling, probea conatructed sccording to AT -0581
and. utlizing the calibyration curves of A P1'13-0570 {or
eallbrated according to the procedurs outllned in
A PTD-0ETAY will hin consldarad aroactahila,

TEMPERATURE SENSOR
Pl

|~ PROBE

: TEMPERATURE
SENSOR

Either borosdlicote or quarte glass probe llners may be
usad {or stack tamperalures up 1o about 480° C ;900"1“):
quartr liners aball be usad for tomperatures between 480
and 900* C (900 and 1,650° F). Both types of \iners may
be used at higher temperatures than specified for short
periods of time, subject 1o tbe approeal of the Adminis.
trator. The sofioning tempersiure for borosllicate is
820° C (1,508° F), and for quariz i1 is 1,500° C (2,732° F).

Whenever praclical, every eilort should be made 10 use
borosilivate or quartz glass probe liners, Allernatively,
metal linors {s.g.. 316 stainless steol, Lncoloy 525, ar other
cotrasion resistant metals) mode of seamioss tubing may
be used, subjoct 1o the approval of the Adminidtrator,

2.1.3 Pitot Tube. 'l;irpe 4, us deseribad in Section 2.1
of Machod 2, or other devico approved by Lthe Adminis-
trator. The Lot tube ahiall be attached to the probe (na
skown in Fm’u 51) to nilow consiant monitering of the
stack gas velocity Thoe lmpact (high pressure) cpening

plans of the pitol tube shal! be even with or nbovs the
netzls en plana (see Methed 2, Flpure 2-6b) during
sampling. The Type 5 pitot tubs assembly shall have s
¥nown coefficlent, detormined ns outlinad In Bectlon 4 of
Mathod 2,

2.1.4 Differentia. Pressura Gsaugs. Inclined manom-
star or o%u.lvn.lam dev'ey (two), a8 cscribed In Bectlon
2.2 of Mathod 2, One monometor $hall be used .or velocity
hoend (ap) readings, and tho other, lor orifice dlfferentis.
proasur, readings.

2.1.5 Flitar lolder. Dorostlicats glass, wilth a glan
frit Alter support and a silicons rubber gasket. Other
matertals of construcuon (e.g., stainless steel, Teflon,
Viton) may be used, wmibject to spproval of the Ad.
ministeator. The holder design shall provide & positive
scal sgainst leakago wrom the outslde or around the Alter.
The holder shall be stiached tmmedlately at the outlpt
of the probe (or cyclone, il used).

2.1.8 Flliter Heatlng Bysiemn. Any hrating system
copable of matniaining a tempersture around Lhe filter
holder during sampllng 0. 1204+14° C (ME£20° F), or
such other tempersture ns speellied by an applicabls
siubipart of Lthe standards or approved by the Adminls-
trator for & partlcular applicatlon. Aliernstively, the
Lesier may opt Lo operote Lhe equipment at o temperpture
lower than that spocitied. A l.c:nuemturn Rrauge copablo
of menauring temperuture to within 3° C (5.4? F) shall
be instolied so that \he tempernture aronud the Qier
holder can be regulatod and monitored during !mml:llng.
Henting systemas othier than the one shown in APT1-
6581 mny be used™

21,7 Coendenaer, The folloewlng systom shal) be used
to delennine Lhe stack gas molsture econtent: Foilr
Implogers connegted I serfed with [rak-lnse ground
glnsd [LUNgd or any dlmitar Jonk-lree nongcontaminating
flttingy, 'T'he Arst, third, and fvarth tripingers shall ba
o tho Qreenburg-Sinith deslpn, modified by eeplacing
Al Up with L3 cin 43 L) 11 glass tabe uxtending o
ahoitl L' cm {84 In) from the betlows ot the flask, T'he

. second linplager shall be of the Ureenburg-Swmith design

with the standard tip, Modlheatlons (e.g.. valng Gexdide
ennnectlons between the Linpungers, using moterisls
. other Lhan glaas, or using Nexible vacuum Unes Lo connect

..Lhe fiter holder wo.the condenser) may be used_ sithioet

STACK

b PITOT TUBE P
PROBE
\E\\ - WALL

[ .
t
—

ne

i

HEATED AREA THERMOMETER

FILTER HOLDER

—to the approval of the Admlnisiralor. The frst and

scoond Impingers shall contaln known ¢uantities of
water (Section 4.1.3), the third shall be empiv, apd Lhe
{ourth shall contain & kKnown woight of silica gl or
equivalent desiccant. A thermomeler, capable of ipcasud~

Eng temperaturo to within 1° C (2° F) shall be placed
at the cutlet of the fourth lmpinger for monltoring

P R

Agternnuvely, any system that cools the sample gas
stream and allows measurament of the water conden
and moisture leaving the condenser, sach to within
1ml or | g may be ussd, subject to the approval of the
Adminfstrator. Accoptable means are Lo measurs Lhe
condensed water elther gravimetrically of volumetrically
and 10 measure Lthe molsture teaving the condenser by:
(1} morstoring the temperature and pressyra at the
exit of the condenser and using Dalton’s law of partial
pressures; or (2) Pmlng Lhe sample gaa stream Lhrough
a tared sllles gel (or oquivalent desleeant) tenp with
axit gonses kept below 20* C (68° F) nnd determining
the welght galn,

If meana otber than sllica gel are used to detormins
the amount of molsture leaving the condenser, [t is
recommendod that slliea gel (or eguivalent) still be
used between the condenser system and pump to prevent
molsture condensalion En the pump and metering deviecs
and Lo avold the need to make corrections for molsture in
the motored volume.

Norg.—If 8 determinntlon of the particulate matter
collected En the impingers is desired In addition o moiy-
ture content, the Impinger sysiem described above shall
be used, without nadification. Indivitua, Siates or
controd emgencies requirnag (his information shall bs
contacted a3 Lo the sample recovery and analysis of the
[y pinger contents. .

21,3 Metering System, Vacuum gauge, leak-Tea
pump, thermorneters eapuble of measuring temperoturs
tawithln 3° C (5.4° F),drygas melerenpaliie of measuring
volume to within 2 percent, and relaled snuipment, us
shown in Flguse 5-1. Otker metering systems capable of
malnlaining samplng rates within 10 percent of isn-
ktuctic and of determining sample volumes 1o within 2
perernt anay be used, subject to the approval of the
Adminlsirator. When the melering systemn is used in
conjunction with a pliot tube, the system shall enably
chiceks of lwkinetic rates.

Sampling tralnsutillzlng meterfng systemas designed for
higher Now rotes than thst deseribed In A 1T 1)-0581 or
AT D-051 may be used yrovided that the specliles-
tiors 0. thls method are met.

.10 Harometer. Mereury, ancrold, or other barometor
capuble ol measuriog atmospheric pressure to within
245 mm Hg (0.0 In, FIR). 1o tiany cuses, 1he barometrlo
rrading 1nay be obtained from a nearby patlonsl woather
service stution, In which case the sistlon value {which (s

¥ Montlon of trade names or specific product: doos not
copstiiute endorsement by the Environmental FPtolec
tion Agoacy,

IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
BY AN EQUIVALENT CONDENSER

THERMOMETER

/ CHECK
" VALVE
<]

VACUUM
LINE

REVERSE-TYPE -
PITOT TUBE
|~
PITOT MANOMETER ICE BATH :
BY-PASS VALVE
ORIFICE /
O
s VACUUM
GAUGE
THERMOMETERS MAIN VALVE
DRY GAS METER AIRTIGHT
PUMNP

Figure 5 1, Particulate-sampling train,




the absolule baroinetrie presgire) shatl be requestad and
an wijusiisent for clevatlon differences between the
wuaiher station and sampling polnt shall he applied at a
of minng 2.5 mm Hg (0.1 1n. 11g) per 30 m (100 it)
ntlon dnerease or vlce versa far elevation decrease.
2110 Uas  Density Determinstion  Equipment.
Tempetalure sensor and pressura gange, a3 described
n Heetlona 2.3 and 2.4 of Method 2, and gas anslyzer,
¥ neeessary, as daserlbed [h Method 3, Tha tomporatire
Sensor shali, prcfuruhl‘y. be permanently atlached to
the pitot Lube ar sampling probe (n a lixed confNguration,
such that tha tip of the seusar extends beyoud the leadinF
edgo of the probe sheath and doeg nod tuuch any mnt.n .
Allernatively, the yensor nminy ba attached just prior
Lo nxrin tha field. Note, howaver, that if the temperattre
sensor (4 sitached in tha fleld, Wie sensor minst be placed
in an intorference-froo arrangement wilth respect to the
T'yjre 8 pitot Lube opaninga (seo Method 2, Figure 2-7).
As o seeond allernative, I a difference of not mnore than
1 pereent in the average velovity measirrament is to be
introduced, the teinperatire gauge noed not bo atlachoed
to the probe or pitot twhe, (This alternalive ls subject
to the approval of the Adminisirator *

2.2 Sample Recovery. Tho fuv. ving items are
necited:

2.2.1 Probe-Liner and Probe-Nozzle Drushes. Nylon
bristle brushes with stalnless steel  ro handles. The
probe britsh shall have extenslons «  least as long a3
tho probo) of stainless steet, Nylon, "Leflon, ot similarly
inert materinl. The brushes shall be properly sizod and
shaped to brush out the probe liner and nozzle,

2,22 Wash Bottles—Two. Glass wash bottles ars
recownmended; polycthylons wosh bottles may be
al thoaption of the tester. It isrecommended that acetone
not h;a stored in polyethylens boitles for louger then o
month,

2.2.3 Qlass Sampla Storage Contiainers. Chomleally
resistant, borosilicate glass bottles, for acetone washes,
500 mlor 1000 . Screw cap litters shall pither be rubber-
backod Teflon or shall be constructed 50 09 to bo leak-freo
and resistant to chemical attack bj acatone. (Narrow
mouth zlass bottles have been found to Le less prone to
tenknge.) Alternatively, polyothylene bollles may be

wsed,

2.24 Tetri Dishes. For Alter samples, glass ordpal&-
;-.r.hrleno, unless othorwise spocified by the Admin-
strator,

2,25 Grsdnated Cylnder snd/or Datance, To meas-
ura eondensed water to within 1 mlor 1 g, Graduated
cylinders shall have subdivisions no grealer than 2 ml,
Most Inhoraiory balances are capable of welghlng to the
nearest 0.5 g or Irst. Any of thase halanees {s sujtablo for
use here aned in Seclion 2.3.4.

2.2.6 Ilastic Storage Contalnera, Air-tight conlainers
to storasilica gol.

227 Funne! and Tubber Pgliceman. To ald In
teanster of silica gel Lo contsiner: not nevessary if silica
gel ks weighed in the flald,

2.28 Funael. Glass or polyrthlene, 1o aid In sample
Tecavery,

2.2 Analysis. For analysis, the oilowing ennipment is
necded,

2.3.1 Qlnss Weighing Dishes.

2 DBeslceator.
5

3.3 Analytical Botance. To measure Lo within 0.1
g,
Ralance. To measure to within 0.5 g,

Heakers. 230 ml.

Hygromeicr. To measure the relative humidily

1
2
2
2
of the lnhoratory anvironmant,

E Temperature Uauge, To mieasure thie fempers-
ture of the lnborutory enviroament,

.0.4
L3
3.6

3. Reagenda

3.1 Sampling. The reagenls used in sampling are os
follows:

3.4t Fillers, Glams fiher fllers, without organie
Linder, exhibiting at lesdt 99.95 pereont etliclency { <0.05
pereont penciration) on Q.kmicron dloctyl phihalate
smoko particles, The filter etficioncy test shnH bo con-
ducted in accordance with ASTM standard method 1)
2986-71, 'Test data from the supplier's guality eontml
progrom nro sullicient for this purposa.

2.1.2, Sillea Grel, Indlenting typo, 8 to 16 nwsh, Tf
previously used, Jdry al I75% C (35 l‘? for 2 hours, Now
sitica gel may bo usml a3 reeeived. Alternatively, other
lylwa of desiceants {equivalent or better) may bo used,
stibjeel Lo Lhe apperoval of the Adinlstrutor,

1.3 Water. When nnalysiy of the materint caught in
1ha impingees ix resprired, dissilled wader shiall ha gsel.
Run blaygks prior tn felel use Lo elimionte a hlgh blank
un Lesk sanples,

HUA Crushad Tee

LA Blopeock Urmse, Aevlonesjasolulile, leal-sinble

sitivone grease, 'This is nol necessary il serew-on enn-
neetord with fellon steeves, or sitatlar, are nsed, Alerm-
tively, other types of stepreock grense may be ised, sub-
jrel to o npproval of Lho Addrelnistrator.
Butnplo evovery. Acobolie—reagont grocle, <0001
ol residue, in glasd botls—ig requiced. Arotone
Trom metal containees generally has n ligh cesidan blank
aoed shonld not be used, Bometlhoes, sappllers tinnsfor
neelono to glass boliles from metal eontniners; thua,
aculong blanks shall be run prior Lo field use and onty
acelons with low blank values (<0.001 pereent) shall ho
used. la no casa shall 8 blank value of greater than 0.001
percent of tha weight of acetone used be subtracled from
the sample waight.

ma.a Analysis. Two reagents aro required for Lhe analy-

3.3.1 Acetone, Bame a8 1.2

3.3.2 Drsicernt, Anhydrous ealeluim suifate, Indicat-
Ing type. Alternatively, other typos of deslccants may be
used, subject to the approvol of the Administeator,

4. DIrocedure

4.1 Sampling, The complexity of this method is such
that, in order to abtain relinblo results, testors should be
trained and sxperionced with the test procodures,

4.1.1 Dretest Preparation, All the compouonts shall
be malniained and ealibrated according to the proceduro
;h:s‘u:;ihcd in AIMTD-0570, unbess ollierwise specitleg
eretn,

Welgh severn] 20010 300z portions of silieagel it air-tight
containers to tho strareat 05 g. Itecord thn total woighl of

, the siliea grl plus coutainer, on cach conlalner, As an

slternative, the aillea gel need not bo proweighed, but
miy bo weighed direetly In §t4 Impinger or sampting

holder {(ust prior to train assombly,

Check iiiters visually against iight for irregularittes and
Naws or pinhole leaks, Label Alters of the proprec divreter
on thr back side near the edge using numbering machine
ink., As an aliernative, lahel tho 5hi[|;ping containers
(glass or plastie petri dishes) and keep the flters in thrsa
containers at all times except during samapling and
weightng,

Desiccate the filters aL 20£56° C (68+10° F) and
nmbient Fressure for 8t lenst 24 hours and weigh ag in.
terenls of at least 6 hours to a constant wuight, i,
<0.5 mg change from proviotts weighing: record resulis
to the nearest 0.1 me. Durlng sach weighlng the Alter
must not be cxposed to the laboratory atmosphere for a
period greater han 2 minutes and 8 relative burjdity
ahave 50 pereent. Alternatively (unless otharwise speci-
fled by thn Adwminisirater), the lilters may be gven
dried al 105° C (220° F) for 2 Lo 3 hours, desiceated for 2
hours, and wuighed, Procedures other than those de-
sertbed, which account for ralative humidily effects, may
be used, subject to the approval of the Administrator,

4.1,2 Preliminary Tleterminations, Select tho sam-
piing site and the minimum number of sampling Doints
sccording to Method 1 or a3 specified by the Administra-
tor. Idetermine the siack pressure, tumperslure, and 1ha
range of veloeity hends using Mcethod 2 1t I3 recomimended
that m leak—check ol tha pitel LUnes (sea Mothael 2, Bee-
tion &.1) bo performed. Determbnn the molsture coutent
using Approximsdion Method 4 or its alternolivey for
e purposn of making isoklnetic smnpling e seltings.
Determinn thn stack gox dry maolecular weight, as des.
eribeal in Method 2, Breetion 3.6; if indegeated .\inthod n
sarttpling is ttaedd for molveulne welght deteriminatton, the
integrnied bag snnple shall be taken simultancously
wilh, and fur the ssine Lotu) length of tima as, the pac-
ticulate ssunplo reen

Select n nevzle si sedd ont Llie rnnge of gelosily heads,
Aueh that it i3 nol necessary Lo cliange the nozale sizo in
vreler Lo nnintain isekivetle sampling rotes. During tho
mn, do nal change the nozzie size, Ensure (hal the
proper differendial pressure gange is clsen for Lhe rango
of velacily heads encountered (see Scetion 2.2 of Method

).
Seleet o suitable probe Hner and ]prubc lengih such that
all travorso polnts can be sampled, For large stacks,
consider snmpling from opposite sides of the stack te
reduco tha length of probus,

Selent a totnl sampling time greater than or equal to
the minimum ietal aunpling time specliied in Uio test
procedures for tho specific industry such thatl (1) tha
nmpling time per paint i3 not less than 2 min (or sone
Kreater tine lnterval as speclfiod by the Administrator),
and (2} the sampla volunio tnken (cerrected Lo standard
eondllions) will exceed tho required minimum tolal gay
sample volame, The latler is based ot an approximala
average sampling rato. N

It is reeorumended that the number of minniles sam-
Ied at each ‘pniul. be sh inleger of an jnleger plins gne-
a1t minute, In arder to avoid timekeeping errors.

In sume circumstances, eg., batch cycles, it may be
hevessury Lo sample for ghorter times st the traverso
paints und to obiwin awaller pus samplo volumes, In
thesy enged, the Adlinibistrator’s spproval wust lrst
Lo phiained.

4.1 Dreparalion of Colleclion Train, During prep-
aration al assemily of the sampling Uain, keep all
apreuligs whera containinalon can ocenr covered unlil
Just prior Lo wssemhly or wnti! sginpling s about 10 begin,

I'laee 100 0] of wale In each of the first two impingors,
leavn the third itmpiceer ompty, and trunsfer approxi-
luatol'y 200 Ly 30 g of praweighed sllica gel from jig
container to the teurth impingar, Morae stlica gel may ba
tsed, bal enre should bo taken to ensury that It is nat
citrained and carrled ond from Al Impicger during
saimipling, Vlacs the cotniner in a clean place for luter
usy 11 the samplo recovery, Alternatively, the welght of
Hie sillea gel plus impinger maoy be determnined to the
nearest 0.5 ¢ and reearded.

sl n Aweezer or clenn disposable anngienl gloves,
plure 8 Inbeled {identified)y and welghed fiter b the
fHter hohlee. Be sure thal the diller 38 properly coeifepoed
and the gnsket properly plared so a4 Lo provant the
satuple gas siream frem eirciunventing th filter, Chock
Lhe: Bilar Toe tears wlter nesernbly is completse.

When glass liners ace used, install thae selreted noxzla
using a viton A U-ring when stark temperniures are
lexa than 260° € (500° F) and an asbestns atring gasket
when wewweslires are higher. Beo APTL-0576 for

details, Other connecting systems wsing vither 318 stain
lesa stesl or Teflon ferrules may be When metal
liners are used, install the nozzle as above or by a leak-
froe direct mechanical connection. Mark the probe with
heat resistant tape or by somo other methad Lo denote
the proper distanco inlo the stack or duct for cach sam-
pling peint.

But up the train as in Figure 51, using (if necessary)
& vory light coat of silicons grease on all rround gluss
Joints, greusing only the outer portion {ses A PTD-0578)
to aveid {jm:mibﬂjty of rontamination by the silicony
grease. Bubject to the approval of the Administrator, o
Elms eyelene may be vsed between the prohe and filter

olller when the tofal particulate coteh Is expected o
exceed 100 g or when water droplels are present in the
stock gas,

Elaee ertshed ice arotind the inpingers,

4.1.4 Lealk-Cherk Procedures,

4.14.1 Protest Leak-Check. A pretest lok-check s
recommendod, but net requirml, I the tester o1is Lo
condirel the pritest leuk-check, the following procedine
shal) be tsed,

Alter the sampling truin hag been assembled, tirn on
and sei the liller snd probe houting fystems ot the desired
opernting temperatures. Allow thine for the teauperntures
ta stabiliza. {7a Viton A O-ring or other leak-fren connee-
tion is used I aszeinbling the prolie nozele to Lthe probe
liner, leakecheek the truln at the sampling site by plug-
ging the nozzle and pulling a 380 mm lig (15 in, Hg)
vacim,

NOTE.—~A Iower vacuunt nmy be used, provided thut
it s not execeded during the test.

11 an ashestos string is wsad, do not connect the probe
te the train during tfm leuk-check, Instead, leak-check
the truin by first plugging the inlet to the filter holder
{cyclone, if applicable) and pulling a 380 ;mm 11g (15 in.
1g) vacnum (sea Note immediately abovo), Then con-
noct the probe 19 the Lruin snd leak-check wt alout 25
mm Hg (1in. Hg) vncunim; alternatively, the probs may
Do leak-chincked with the rest of the sampling train, in
ona stap, vk 380 Mg (15 in. 1) vacuum, Leokage
rutos in exvess of 4 pereent of the nverugs sarpling rate
or 000057 mdmln (1LU2 cfm), whichever is lexs, are
waceeptable,

T ho lolkowing leak-check instractions for the sampling
truin deseribed in A 1P 13-0576 and APTD—Y 81 may be
hculhll. Btart the piunp with hypuss valva fully open
and coarse adjust valve complately closed, Lartfally
open the course udjust valve and slowly close the bypass
valvewnitt tho dosired wucmim isrenched, Do nol roverse
direction of bypusy vulve; this will cottso wuter to back
up lnte tha filter halder, 11 the desited yocium is ox-
cecdnd, either leak-vheck al this higher vacuam or ond
thn lenk chesek wt shiawn below wind start over, -

When the lenk-cheek is completed, first slowly removo
the plag fran the inlet o the peobe, Hier haolder, or
cyelone (if applteable) and bmedintely tuen off the
vawewan puipk This prevents the water in thoimpingers
from being fureed hackward into the filter holider snd
sitien ged from befng entrained havkward inta ¢he thied
lmpinger, .

4142 Leak-Cheehs During Sumple Run, 1L, during
the snmpling run, o component {a.g., filter axsembly
or Impinger) change hevomes necessary, o lenk-check
shall bo conducted invnedistely before the change is
ingda. The leak-chieek shall be doon aceording to tha

rocedure outlined in Beclion 4.1.4.1 ahove, exrept thit
fl. shall ba donn st u v equand Lo er grester Lhan tho
maxlmum value recorded up to that point in the test.
Lf tha teaknge rile is found to be na greater Chan 0,00037
rdfmin (0012 chin) or 4 pereent of Lhe avernge sampling
tate {whicltever is leas), tln restalls are accoptable, wnd
no corrcetlon will need Lo be apgied to tie total volume
of dry wus metered; if, however, a higher teakage role
Ix obtained, the texter shall either record tha henkoge
rute and plan to ecorrect Leenanplo oliime s shown in
Bevlivn 6.3 of Lhis micthod, or shiadl void the sanpling
N,

Immedintely after componont changes, leak-cheeks
ura opional; ifsoeh Jeak-vhecks sre done, the proceditre
outlined in Sectinn 4,1,4.1 above shnll e used

4143 Post-test LenbCheel, A teak-cheek jz imnieda-
tory ub the conelusion of speh anpling rin, Tha lenk-
choek aladd Lo dane jn aeeorduaies with i preceduves
oullined i Beediot 4,100, asenpt thal i slishl bo enns
et b vaewtetn vguad to ar greader than The mukis
nitm vl renelwd during the sanpling rpn, 1 the
Tenknge rivde ix Sl o Ve e grswdor thau 0.00657 1i¥fmin
n) or 4 pereent of the avernge ssimpling rata
{whi ver s lesw), the rexiliy are weeepnble, il ne
currection need b appliod W tie wots] volumn ol dey das
meteesl, T however, o Digher leakiggn s is o,
thu Legter shinhl either reeord Lhe leskegze o and coreel
Lhe ssmpo volume ng shawn in Bection 8.3 of this method,
of shall void the suwpling rinn.

4,15 Purliendsin  Crain Operntion,  During  1he
sawipling run, himintain an lsokincdls sampling rmie
twithin 10 pereeot of trn isoknetic unbes othoewlaoe
wpeeliied Dy tha Administrniory wnd o tamperature
wrantinl th ﬁlluru! 120:4- 14" O (ME.£25° F), or such other
tenipwrntire ns specitied by nnspplicalilo subparl, of 1he
stnnelares ar approved by thio Adiministrator,

For each ran, record vhe dala required on a diln shoot
sueh as Lthe unsshown in Figure 52, B suro to rveord Lhoe
tnitlnd dry gas mreter rondding. Recoedd tho dry gas moler
readings al the beginnlag and end of each pampling tme
incremant, whon changes In flow rates sre mado, before
and afler eacl leuk ghock, utd when satnpling is halteds




‘Take otner rendings required by Figure 5-2 al least onos
at sash sampls polnt durlng each tima ent and
ad-itional readings when signiflennt changes (20 percent
varipiion {n velocity head readings) pecessitate sddi-
tional adjusimonts in flow rata, vel and zero the
manometer. Bocause tho manometer level and zero may
drilt due to vibrations and tamperature changes, make

|

Cloan the portholes prior to the test ron to
the chanoe of sampling depositad mwtarial To
sampling, remove the norele cap, varify that the
and pro henr.in.gemumn are np to teummro, and
that the pliot tubs and probe are properly positioned.
Positlon tha nozele ot the traverss polnt with the tip
polnting dirocly into the gas stream. l’x)gmedlaul start
the pump and adjust the flow to Isokinatle conditlons.

i

ment of the Imkinstic sampling rate without srosssve
computations. Thess nomographs wre dqug\od for nse
when the T'ype B pitot tube coefliclent Lx 0,85:0.02, and
the stack gas equivalent density (dry molecular weight)
is equal to 2944 APTD-0678 detalls tho procedure for
using the nomographs. I €, and Ay are outside the
nbove siated ranges do not use the nomograpbs unless
uppropriate steps (see Citatlon 7 in Sectlon 7) are token

periodic cheeks during (he Lravorse, Nomographa are avallabls, which aid 1n the 1apid AJUSt: Lo Dom patatrs It S Geriarions,

PLANT AMBIENT TEMPERATURE —_—
LOCATION BAROMETRIC PRESSURE —
OPERATOR___ 1. . ASSUMED MOISTURE, %
DATE PRUBE LENGTH, m (f1)
RUN NO. "NO2ZLE IDENTIFICATION NO -
SAMPLE BOX NO AVERAGE CALIBRATED NOZZLE DIAMETER, em(in)
METER 80X NO. PROBE HEATER SETTING
METER 8Hg LEAK RATE, m¥/min.{cfm) :
CFACTOR PROBE LINER MATERIAL . :
PITOT YUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS secTion STATIC PRESSURE, mm g (i, Wl

. FILTER NO, -

PRESSURE
DIFFERENTIAL
) vLoc ACROSS | GAS SAMPLE TEMPERATURE T RATAE
SAMPLING | vacuUM' TEMPERA TURE ‘ﬂ.m;n' o:gge GAS SAMPLE AT DAY GAS METER LEAVING
n FILTER HOLDER| CONDENSER OR
TRAVERSE POINT TIME mm Hg {Tgt [APg), mm H20 VOLUME INLET OUTLET TEMPERATURE, | LASY IMPINGER,
. NUMBER @lmle. | Go.Hel | eC{*r) |rmlin)iz0]  qia, 1300 o (13} ‘ci*n | *c°n “c(*F *C 1)
4
TOTAL Avg. Avg.
AVERAGE , Avg. -

When the stack {3 under signifiennt negativo prossure
(helght of impinger slom), take care te closa the coarso
adjust velva bolore [nsorting Lthe probs [nto the stack to
prevant water from backing into the filter holder. If
nNecessary, the pump may be turned on with the coarse
adjust valvo closad.

When ths probe is in position, block off the openings
around the probe and porthols to prevent unropre-
sentalive diltition of the gas stream,

Traverse the siack ¢ross-section, as reqitired by Method
1 or a3 spocified by the Administrator, being carsful not
to bump the probe nozzle into the sitack walls when
sampling nesr the walls or when removing or inserting

the probe through the portholes: Lhls minimizes tho -

chanee of exteacting deposited material,

During the test run, make pariodle adjusiments to
keep the temperature nround the fiter holder at the
proper lsvel: add rnore fce angd, Il necessary, salt to
maintain & temperature of less than 20° C (68° F) at the
condenserfsilica gel outlet, Also, periodicnlly check
the level and zero of tho manomaeter.

I the pressure drep across the flter becomes ton high,
making isckinetle snmlpllng difficnlt to malntain, tha
filler may be replaced in the midst of a sampls cun. It
is recommendded that another completo diter assombl
be used rather than atlempilng to change the filter [tself.
Before a new flter assembly s Iusl.n;lnd. conduct a leak-
cheel (300 Hection 4.1.4.2). The 1olal partlenlate weight
shall include the summation of all Nlter assembly catehe,

A singla traln shall be used for Lhe stitire sampla run
exeapt in coses where simultancous sampling Is requise
in Lwo or moro seporate dicts or at Lwo or more different
locations within the same duct, or, In cases where equip-
mant [allure neceasitates & changes of traina. In all other
sltuatlons, the 118s of two or more tralng wil) be subject to
tha approval of the Administmior.

Figure 5-2. Parliculate field data,

MNolo that whon two or more tralns ars used, ssparats
analyses of the front-hall and (If applicable} lnpinger
catches [rom cach traln shall be performed, unlesy identl-
ral nozele sizes ware used on all tralns, In which case, the
front-hall catches from the individual trains may be
comblned (a8 may the impinger catches ) and oneanslysis
of front-hall catch and one analysis of Impinger catch
may be performed, Consult with the Administrator for
detally congarning the caleulation of results whea two or
more Lrains are .

At the end of the sample riin, turn off the coarse adjust
valva, remove the probe and norele from 1he staek, turn
ofl the pump, rocord the final dry gas meter reading, and
conduct 8 post-test leak-check, 83 oullined in Sectlon
4.1.4.3, Also, lenk-check the pitot lincs as described in
Method 2, Section 3.1; tha lines tnust pass this leak-check,
in order to valldate the velocity head data,

4.1.6 Colculation of Percent lsokinetic, Caleulats
percent isokinetle (sce Caleulations, Bectlon 6) to detor-
mins whother the rin was valld or another test run
should be madea. 1f thera was difMenlty in maintalning
Lsokingtle rates duo to source conditions, consuit with
the Administralor lor possible vuriance o the {sokinetle
rales,

42 Sample Recovery, Praper cleanup procedurs
beglus ns soom ns the probe 13 removed from the slack ot
the end of the sninpting Lu.-rlod. Allow Llie proba to cool.

When the probe ean bo sifely handled, wips off all
exlernal parlictinto motter neur thie tip of the probe
nntzle andd place a cap ovoer It La provent Josing or gaining
particnlste matter, Do not cap off tho probe tip Ughtly
whilo Uhe ssmpdlig 1raln 1 cooting down ny 1hils wonlel
crente n vacuum o the filter holder, thug dmwkng water
from the Impingera into the ter holder.”

Helory morln§ tha sampla truin to tha cleanup ts,
tenove the probo oo Lhe sample teadn, wipe off th

dllenne grease, and cap the apen octlot of the prolie. Na
careiul not to lose By condensate that might be grmnl.
W1ipa off Lthe silicons grease from the Alter Inbot where the
Probe waa [astened and cap it. Remove the umbillest
cord from the last {mpinger and cap the implnger, Il a
flaxible 1ine is used betwoon the first lmgln et or oon-
denser and the Altar holder, disconnect the line nt tha
filter bold~ «nqd let any condensed water or ligoid
drain [nto t  impingers or condenser. Afier wiping off
the siticone f““" cap off the fiiter holder outlet and
impinger tnlet, Elther ground-glosy stoppers, plastic
caps, or ser. 2aps may be usad to closs these openings.

ransfer t..o probs and fliter-impinger assrmbly to tha
cleanuﬁ orca. This arca should be clean and protected
from tho wind xo that the chances of contaminoilng or
loaing the sample will be minimized,

Bave a portion of the acetone used for clomtup as o
blank, Taks 200 m) of this acetona directly from the wash
bottla being used and place 1t in & glass sunple contalner
labeled “acetona blank."

Inapect the r.rnInuFr[ur to and Auring dissasembly and
;-uI)lte any abnormal condliitons. Treat tho sampies g
ol lows: :

Contalner No. 1, Carefully remove tha fllier from tha
filier holder and place It in'lts jdentlfled petrt dish eon-
talner. Use o palz of Lweezers and/ne clean dlspoaabls
aurgical glaves 10 handlo the filler, I it is necrssary Lo
fold the tilter, do so such that the partlculale cake is
Lnslelas Lo [old. Carelully wransier 1o 1o potrl dish any
partlculats matler andfor fter flbers whilch ndhers 10
tho {iiter holder gaskel, by using s dry nylon brisils
brusl andfor n sharp-cdeed blade. Heal tha contalner.

Confainer No. 2, Taklng curo Lo ses that ditst on tha
outslde of Lhe probe or other exterior surtaces doss not
gat Into the sample, yuantitatively recover Particulaie
HIsLLer ur uny odnidensata from Lhe probe nertle, probe




ﬂLLll probe Hue: and front half of the filter holder by
‘ﬁ.\g these mmpuuouu with nostons snd the
wub in = glass container, Distilled water may be tsed
instead of acotona when approved by tho Admlnl.ntmtor
and shalt be used whoen specified by the Administrator;
in these cases, save a woter blank md !ouow the Admin

- istrator’s directions on analysis. Perform the aocetons

ringes as follows:

Carelully remave the probe nozele and clean the Insida
surface by fosing with acetnnie from a wush bottle and
brusking with a nylon bristle brush, Drush untdl the
aceloneg rinse shows mo vwisible particles, after which
ke a linal rinse of the inside surface with acctone,

Brush siid rinse the inside paris of the Bwagelok
fitting with acetone in a simllar way untl ne visille
parileles remain,

Rinse the prohe liner with acetonn hy tlilng and
rotating the probe while squirting scctone Inlo its upper
end 8o that all instde surfoers el e wetted with sce-
tone. Let the acetone dratn {rom the lower end Into the
sample contatner, A funnel {giass ar polyetlylene) may
be used 1o ald [n transferri  liuld washes 10 the con-
tniner, Follow Lhe zeeton:  tisn wiih a8 probe bwush.
Jeuld the probe in an inelined posiiton, squin, acetone
tnto tho upper end as vhe probe brush fs heing pushed
with a iwisung action thre the probe; hold o sampln
contalner gnderneath the » or enid of the probe, sind
catch ahy aeetone and pwliculatle matier which i3
brushed from ths probe. Hun the Lrush through the
probe thres times or more uniil ne visibie pariieitisle
mltet Is carried ont with the acetaone or uutll none
rernalng s the probe linet on visual inspection. With
stainless steel or olher metsl probes, tun the brush
through in the above preseribwd mmnwer at jeast six
Gimes nitwd rial probes e snabt ereviess iy whicrh
patticulale pwttee can be entzapped, Rinse the brusiv
with sentotte, and quantitatively eolleet thess washings
fv the sample contiluer. Afler the brushing, mnhke 8

linal aectone rinse of L probe as described alove,

1t is rocommended that two people be used Lo clean
the probe to minimize sample losses. Between sampling
lams, keep brushes clran and protectod from contaminn-

on,

Alter ensuring that all joints have been wiped clean
ol silicone grease, clean the inside of the ront half of the
filter holder by rubbing thosurfaces with a nylon brisile
brush and rinsing with acclone. Rinse tach surfece
three times or more if needed 10 remove visible partieu-
late. Make a flnal rinse of the brush and filter haelder.
Carefully rinse aut the gloss cyelone, also (if appliceble).
Alter all acctona washings and particulate matter bave
been collected in the sample contalner, tighten the lid
on the sample containet so that acatone will not lesk
out when it (s shipped to tho inboratory, Mark the
height of the fluid level 1o determine whether or not
leakags ocourred diring trunsport. Label the container
to clearly ldentify ity contents.

Container No. 5. Nole the calor of the indleating stlira
gol Lo determine if it has boen completely spent and maka
o notation of its conditivh. Transfer Lhe siliva gel from
Lhe fourth imnpinger to its original condainer and seal.
A lunnel may make jt endier Lo pour Lhesilica gel without
spilling. A rubber policeman may be used as an aid in
removing thie silica gel from tha impinger. It [ not
flecessary Lo reinove tho small sancunt of dust particles
that niny adhere to the impinger wall and are diflicult
to remuve. Since the gain in weight i3 w0 bo used for
moisture calculations, do not use any water or other
liuids to transfer the silica gel. If & balance is availalile
in tha field, follow the procedure for contniner No. 3
in Bection 4.3,

Impinger Water. Treat Ll irupingers as follows; Make
a notation of any color or tilin in the liquid cateh, Measitre
1ha lignid whie ﬁ is in the first three impingers to within
a1 mi by using a graduated cylinder or by welghing it
1o within %:0.5 g by using a halanee {if uite is avallshle).
Itecord the volunie or weight of liquld present, This
informetion is required Lo ealeulate the moisture content
of the efluent %ns.

Discard the liquid after measuring and recording Lhe
volurne or weight, wiless analysis of the impinger catch
Is reguired (see I\ote Section 2,1.7).

If & dilferent type of condenscr Is wused, measure the
ameunt ol moisture condensed either Vo]u.l:neuua]iy or
gravimetrically.

Whenever f:lwsz’,lble containers should be shipped In
such a way that they remain upright at all tlmes.

4.3 " Analysis, Record the data required on a sheat
such as the bne shown in Figuro 53, Handle each saiple
container as follows:

Container Ne. I. Leave Lthe contents In the shipping
rontainer or transfer the fter and any loose particulals
from the sampla contsiner Lo a tared gloss weighing dish,
Desleeate for 24 hours In e desiccator containing anhy-
drous calelum mlfats. Wolgh to a constant welght and
Teport tlie Tednits 10 1he nearsst 0.1 g, For purposes of
ihis Bection, 4,3, the termn ‘‘constant welght' means a
difference of ne more than 0.5 mg or 1 petcout of total
wolght less tare welght, whichover 1s greator, between
two consecutive welghings, with no less than 8 hours of
desiceation time between welghings.

-Plant __
Date S
Run No.

Filter No.

Amount liquid lost during transport :

Acetone blank volume, mi -

Acetone wash volume, ml

Acetone blank concentration, mg/myg lequation 54}

Acetone wash blank, myg {equation 5-5)

WEIGHT OF PARTICULATE COLLECTED,

CONTAINER mg
NUMBER
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
1
2
TOTAL
Less acetone blank
Weight of particulate matter
VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
ml. 9
FINAL
INITIAL
LIQUID COLLECTED
TOTAL VOLUME COLLECTED g% mi

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

INCREASE, g

: VOLUME WATER, gl
To/ml m

Fligure 5-3. Analytical dala.




Alternatively, the sample may be oven drled at 105* O
(XX F) tor 2 to 3 hours, oooled In the deslocator, and
weighed to s constant weight, unless otharwise s od
by the Admlinistrator. The testor may also opt to oven
dry the sample at 105 ® C (220 * ¥) for 2¢0 3 hours, welgh
the sampls, and uso this wolght aa a nal welght.

Coniaincr No. 8. Noto the level afliquid in tho contalner
and confirm on the anatysis shoot whether or not leakage
ocourred durlng transport. If a noticeabls amount of
loakage has ocotrred, either vold the samplo or uss
methods, subject to the approval of the Administrator,
to corroct the final results, Measurs the lquid in this
contelner elther volumetrically to =1 ml or gravi-
metrically to :£0.5 g. Transfor the contents to a tared
250-m! beaker and evaporats to dryness at amblent

temperature and presstre. Desiccate for 24 hours and .

welgh to a constant weight. Report the results to the
nearest 0.1 mg.

Container No, 3. Welgh the spont silica gal (or siliea gel
plus impinger) to tho nearest 0.5 q using a balance. This
step may be conducted in the fleld, N

“Acetune Blank’ Confoiner. Msasure acetone In this
contsiner sither wvolumetrically or gravimotrically.
Transler the acstone to s tared 250-ml beaker and svap-
orats to drynees st ambient temperaturs and preasure.
Dealoonte for 24 hours and walgh to & contsant welght.
Raport the rosults to the nearest 0.1 mg.

OTX.—At the option of the tester, the contents of
Contalner No. 2 as well as the scotons blank container
may be sveporatsd at temperntures higher than ambi.
ent. If evaporation is done at an slevatad tem ture,
the temperature must be below the bolling polnt of the
solvent; also, to prevent “bumping,’” the evaporation
process must be olosoly su tsed, and the contents of
the beaker must ba swirlad occasionslly to maintain an
oven tamperature, Uss extﬂr;;o care, 0y acetons s highly

flammable and has s low point.
§. Calidration
Malntain a Iaboratory log of all calibrationa,

8.1 Probe Nomls. Probe nostlea shall ho callhrated
belgre thelr inltial use 1o the feld. Using a micrometer,
measurs the inside diametar of the noztle to tha nearest

RUBBER

RUBBER STOPPER

TUBING

0.025 mm (0.001 in. ). Make thres separate measurements
diferent dismeters sach time, and obtain the aver-
age ol the measurements, The diforence betwaen the high
and low numbars ghall not exceed 0.1 mm’ (0.004 In.).
Whan noztles bscome nloked, danted, or corroded, they
shall ba reshaped, lharmnod, and recalibrated before
;.:;u.tﬁ:cdh nostls shall pormansntly and unlquely

on .

5.2 Pitot Tube, The Typo & pltot tube assembly shall
be callbrated according to the procedurs outlined in
Sectlon 4 of Mothod 2. .

8.3 Moetering Bystem. Dofore [ts Inltia! use in the Aold,
the metering systom shall be eatibrated sccording to the *
procadure gutlined in A PTD-0574. Instead of physically
adjusting the dry gas meter dial readings to correspond
to the wot test meter readings, calibration factors may be
uudbomatharnatlcallg correct the gas meter dialr [1]
to the ?mper valies. Before eallbrating the metering sys-
tem, It Ia suggested that m leak-cheek be conductoed.
For metering systems having disphragm pumps, the
normal leak-theck grocoduu will not detect leskages
within the jmmr. 'or theso cases the following leak.
check procedure I3 suggeated: maks a t0-minata calibra-
ton run at 0.00057 m 3/min (0. 02 efm); al the end of the
run, taka the differance of the measured wat tost metar
snd dry gas meter volumes; divide the difference by 10
to get the loak rate. The feak rats should not exceed
0.00057 m ¥min {0.02 ctm}.

After ench fleld use, the calibration of the mstering
system shall be checked by performing three calibration
runs at a single, intermediata orifice setting (based on
the previous fleld test), with the vacuum sot st the
maxlmum volue reached during the test serles. To
ad}ust the vacuum, & valvs batwesn the wet test
meter and the {nlst of the matering system. Calenlata
the average value of the calibration factor. Lt the calibra.
tion has chmg%d b{ more than 5 parcent, recalibrate
the meter over ths full range of orl
Iined in APTD-0578,

Alternative procedures, s.g., using the orifice meter
cosfliclants, may be used, subject Lo the approval of the
Admlinlstrator,

ORIFICE BY-PASS VALVE

CLOSED
BLOWINTGQ TUBING a]
UNTIL MANOMETER
READS § TO 7 INCHES
MANOMETER

41 Nomsnclature
Aa = Cross-sections| ares of nozzls, m* (3},
By, -g’atvarol vapor [n the gas stream, proportion

¥ volume.

Ca = Acotons blank residue ooncentratlons, m;j&

¢ =Concentration of particulats matier in stack
gas, dry basls, correctad to standard condl-
tions, g/dscm (g/dsel). -

I = Porcent of lsokinetio sampling.

L, = Maximum acceptable leakage rate for slther &

retest leak check or for s leak check [nllow-
g » component change; equal to 0.00057
m¥/min (0.02 ¢fm) or 4 percent of the average
sampling rate, whichever Is Jesa.

Lt =I[ndividual leakage rate chaerved dur{nF tha
leak oheck conducted prior to the T(u'
component change, (f=1, 2, 3.,...4n),

I, Tenkage cay bserved durlng th

= Laakngs rate obsery ur! the t-lost
leak check, m¥min (cfm). pos

™, = Total amount of pariiculate maiter collected,
Mg,
M wMolecular welght of water, 18.0 -mol
" T(801b/1b-mote). 8/ mole
m.  =Masy of residus of scetons olter evaporation,
mg.
Pys =DBarometric pressure at the sampling site,
mm, Hg (in. flg}.

P, == Absolute stask pressurs, mm Hy {ln. Hﬁi
=Btandarg nbaofl:‘u réssure, 780 mm
YT 1

DRY TEST METER

L7

utdngl. aa out- -

Noti.—If the dry gus meter cosMelegt values abtained
befora and after & test aeries ditfer by mare than 5 peroont,
the tost series shail either bo volded, or caleulatlons for
the teat serios shall be porformed walng whicheesr meter
cotfliclont walue (1.e, beforo or afler) pives the lower
valus of total sampls volumn,

54 Probe I{sater CallLratlon. The probo heating
aystom shall be callbrated biefors Its Initla) use in the
field accord!ng 1o Lhe procoditre outlined in AP 130570,
Prohes constructed acoording o AP 1-058t need oot
bo callbrsted if The calibratlon curves In APT 1)-0578
are ussd, .

5.5 Tempemture Gaugea.’ Uss the procedurn In
Bectlon 4.3 of Mothod 2 to catibrate In-stack tomporntitro
gauges. Dial thermometors, such as ars usod for Lthe dry
gas meter and condenser outlet, shall be callbrated
against mereury-in-glasy thermomaters,

5.0 Leak Check of Metering Systarn Shown In Figtire
5-1. That portion of the sampling traln from the pump
o the orifice meter should be leak ehecked prior to {nitial
uso and after oach shipment. Leakage after the pump will
result in leas volume being recorded than ls actually
sampled. The following procodure 13 suggested (sso
Flgure 5~4): Close tho inain valve on the meter boa.
Insert a one-holo rubber stopper with robber tubing
attached Into the orifleo exhaust plpe. Dlsconnect and
vent the low slda of the oriflco manorueter, Closs off the
low side orifice tap. Pressuriza the systom to 13 to 18 cm
(5 to 7 In,) water column by blowing Into the rubber
tubing. Pinch ofl the tublng and observe the manometor
for one minute. A loss of pressurs on the manemeter
Indicates a leak In the moter box; Jeaks, 1 present, must
be corrected.

5.7 Barometer, Callbrote ngalnst & mercury barom-
eter,

8. Calculations

Carry out calculntlons, retalning at least one extma
declmal igurs beyond that of the sequired data. Round
oft flgures after tf‘l'e final caloulation, Othor forms of the
eql.uiunru may be used as long as they give equivalent
resulla, -

VACUUM
GAUGE Tk

CLOSED

AIR-TIGHT
PUMP

1; —_T g :..T."'. J-L f=*
VENT - | l-I .
. MAIN VALVE
)

=

Figure 5-4. Leak check of meter box.

R =TIdeal gea constont, 0.06238 mm Hg-m*°K-g-
mole (21.85 in, Hg-Mt/® R-1b-molas).
Ta = Absoluts aversge d i!“ metsr Lamperatire
(see Flgure 5-2), *K (*R).
T, =Absolute ﬁter&ge stack gas tempernture (ses
. Flgure 5-2), ° K (°R). .
Tia -&L;;:ada;d absolute temperniure, 203* K
Ve =Volume of acetons blank, ml,
Vee_ =«Volume of acetone used in wash, ml.
Vi,=Total volume of liquld collected in lmpingers
snd silica gel {see Figurs 5-3), mi,
VanVolume of gas sample aa measured by dry gas
meter, dem (def).
Vatuny=Volume of gas sampls measursd by the dry
£83 meter, corrected to standard conditions,

dacm (dsci), =
Vetaay=Volume of water vapor In the gas sam Ls,
corrected to standard conditions, sern ’H
V.=8tack gas velocity, calculated by Mythod 2,
Equation 2-0, using data obiained from
Method 5, m/sec (ft/sec).
.= Welght of residues [n acetone wash, mg.
Y= Dry gns meter calibratlon {actor.
AH = Avorags pressure differential acroas the orifics
meter (3es Figure 5-2), mm H:0 {jn. Hy0).
p.ntl))oelﬂ;.y of acetons, mg/ml (ses label on

"".2,&'.‘,’,1““" of water, 0.0982 g/ml (0.002201
#=Total Qampllnx {me, mixz.

#;=Bampling time interval, from the heginnlng

z{la run untll the first comporent chango,
n.

- -+8ampling” time Intorval, between two sue-
cesslve component changes, beginning with
the Interval between the first and second
changes, min. .

¢ -Sampling timo Interval, from the final {nth)
component change untll the end of Lhe
sampling run, min.

13.8=8pecific gravlty of mercury.
CO=Hec/min,
100= Converslon to percent.
8.2 Average dry gas meter temperaturs and AvVerage
erifice preasurs drop. See data sheet (Figura 52).
6.3 Dry Oas Volume, Correct the sampls volume
measured by the dry gas rmeter to standard condlitions
(20" C, 760 mm Hy or 68" F, 20.92 In. Hg) by using

Equatlon 81,
' . Phnr+é£
V =1, Y(Tlld) 13.6
w {aid) " _“‘T- P"d

=‘-K;V,“Y Pbar+ (;HI’I";G)

Equation 5-1




m1~0.3858 *Efmm Hy for meiric unia
=17.64*R/In. Hy for Epglish units

Nore.—Equation 61 can be nsed as written anles
the leaknge rate observed during any of the mandatory
Jeak checks (1.e., the post-test leak check or leak checka
eonducted prior to compenant changes) sxceeds L. kI
Lip of Iy axcoeds L., Equation 51 must be modlfied ay
1o 3;

{a) Cass I. No eomponent changes made during
sampling run. In this case, replace Va in Equation 5-1
with ths expression;

Va—(L,—L4)0]

(b) Cese II. One or more component changes made
the sampling run. In this case, replace V. in
Equation §-1 by the expression:

[V_—{L.—L.)sl

—i: (L,—-L.)e.—-(L,-—-L.)a,]
jml

and substitute only for those leakage rates (L, or L,)
whieh excoed L..

6.4 VYolume of water vapor. .
Equation 5-2
BTia

Vu(ud)=V1- ({—{"") P.m )=K2 1e

whore: .
3 0,001333 mi/ml for metric units
={0.04707 ft¥/m] for Englisb units,

8.5 Moisture Content.
B Vetun
- V-u (lld)+ V-(-ld)

Equation 5-3

Nore.—In saturated o water droplei-laden gaa
sireams, two ealculations of the moisturs content of Lthe
stack gas shall be made, one from the Impinger anslynls
(Equstion 5-3), and a second from the assumption of
satursted conditions, The lowor of the two values of
By, shall be considered cortect, The procedure for detar-
minlng the molsture eontent based upon assumption of
saturatied conditions is given tn tho Nets of Soction 1.2
of Method 4. For tha purposas of this melhod, the average
stack gas temperatute from Figure 5-2 may be used 1o
make this detormination, provided that the accuracy of
the in-stack temperature sensor ia =+ 1° C {2° F).

6.6 Acetone Blank Concentration.

C,=e o

Vn Pa
6.7 Acelomn Wash Blank,

]Vn = Cn vmt Pa
Equation 55

6.3 Tolal Parlculste Welght. Determine the total
gammﬂnr.e catch from the sum of the welghts obtained

om containers 1and 2 lcss the acetone blank (see Figure
5-3). Norg.— Refor to Bection 4.1,5 to assist In calculation
of remults inwolving two or mere filter assomblies or two
or mora sampling tralns.

6.9 Particulate Concentration.

Equalion -4

€,=(0.001 g/myg) (e Vaauny

Enquation 5-6
610 Conversiun Factors:

From To Muldply by
sef m! a, 2832
gl g 15,43

gihe Ibiir 2, 05X
wite g/m? 35, 31

6.11 IsokInetic Variation.
8.11.1 Calculation From Raw Dala.

1= 300 T K Vi (Vo[ T0) ( Pou, + AH/13.6)]

608v, P, A,

where:
3 =0.003454 mun Hg—m¥inl —*K for metrie units.
={.002069 tn. Hg=1t8m1—°R for English unitw
6.11.2 Calculation Frotm Intermediats Valucs,

TOV- {aLd} Paul 100

T P 0 AP 60T
TcVn {atd)

=Ki-pyrtT

A0 (1= B,,)

Equution 7§
where:

Fy=4.320 for melrke units

=0.0450 for English units.

8.12 Acceptable Results. It 90 poreent < J <110 per.
oent, the results ars acceplabls. IT the resuits ate low i
comparison to the standard and [ Ia boyond the scoept-
able range, or, {f fts less than 90 percent, tho Adminis-
trator mny opt to accept the rasults. Uss Cltation 4 to
a*;aka]udg:uents. Otherwise, reject the resulls and repeat

o .
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