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 APPENDIX F
SAMPLING EQUIPMENT
SCHEMATIC AND LITERATURE
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Tabie 1.2. LOCATION OF TRAVERSE POINTS (N CIRCULAR STACKS
{Percant of stack diamater from inside wall 10 traverse potnt)
Trayerse
pying
ﬂ;:'::r i eorer 2T olvavarco TSI 00 4 gidmeler
diarater| 7 | %t | & |3 RS o
! ; : !
Vo Das] erf e a2 28 z.xfl.s 1.6 u§ EIBSERS
2 3540 28311451005 ] 8.1 o‘ 57 49| a&f 331 2 32
3 5002560 18 1.5i114£%9.?}8‘5 ,.s' ﬂ/;~!
4 93.3[75.¢! 7!1;5112.5 LRI RE R I
H i |
5 23 »%—ciz:){:ss1;5i12.9;:':é':;
g | S Proeine s
| : o Ty ' :
7 | : H 2;?».&?2‘.‘225”4
g ¢ E e _~':‘~ -5** O T A A .
T R R R R D
s j ; i ?g;zsl R D
12 f‘ ' ' \ ; L lig = ::\.‘
(R { ! sotne iy (it
! ; ‘ | ;
12 g i CRELRRETRE BN EIY f1sz
13 f € v fziatsisizioy ot o
« ; , ;
i ! ; : : i 58 ¢ SPES. T Tt B
13 : ! : l t ’ R SRR R R -
) i ) ! i
16 : ! i CEIE BN SR B RS D AN ¢
17 i ; 1 ; 95.61 83 2 iés -
i i | ! ) . S
2 ! ; i } 3£.6; 31,3188
1§ i i 95,1‘9‘.3
20 ; : : $8.7 188 253
{ ; } ! |
21 i : i 5 e s 192
- i ! { i ) NI
2 ! ‘ ] t P
2 P ‘ . ' P28
{ ] I i | [ os
24 i i ’ ¢ H 3 3
2.3.1.2 Blacks €] The situation c;’tr';'.'c:'?.

or Loss Than §.81
cecure in Scection
any adjusted’ points shou xated
away from the siack walis (¢ (i a distance
of 1.3cm (6.50 tn ), or t2)a d:stance rgual Lo
the nozzic inside diameter. whichever (s
farger.

2.3.2 Rectangular Slaciks. Detarmir
number of traverse points 3s explain
Sections 2.1 and 2.2 of this method.
Table 1-1, determine the z..c‘. cc,m.,.u.auu:.
Divide the stzck cress-secticn {nfo as many
equal rectangular elemental srezs as tra-
verse points, and then locate a traverse
point at the c2ntroid of each egual srea ac-
cording to the example In Pigure i-4.

If the tester desires Lo use more than the
minimum number of traverse points,
expand the “minimum number of traverse
points” matrix‘(see Table 1-1) by 2dding U‘xe
extra traverse points aiong on» or {he oth
or both legs of the matrix; the {inal ...mri,.
nieed not be balenced. For example, {f & 422
“minimum number of poinls; matrix were
expanded to 36 points, the final matrix
could be 9x4 or 12x3, and weuld not neces-
sarily have 1o be §x5. After constructing the
final matrix, divide the stack ¢r os-s#c,;o.,
into =3 many egqual rectangular, elementsd
areas as traverse points, and locate 8 tra-
versie point at the centroid of each equsal
area.

cniy that
Toorelc

Tl

h o

close to the stack walls 35 nat 2ugacird 1o
arise wilh reclangular stacks. if tnis *rob
ierm should ever arise. the Adminis
must be contacted for resciviici
matier.

2.4 Verification of Absence cf Cycionic
Fiow. in most stationary sources, the diree-
tion of stack gas flow is essenlially parallel
to the stack walls. However. cycionic {low
may exist (1) after such devices as cyciones
and inertial demisters following venturi
scrubbers, or (2} in stacks having tangential
inlete cr other duct configurations which
tend Lo induce swirling. in these i{nstances.
the presence or absence ¢f cyclonic fiow at
the sampling location must be determined.
The {oliowing techniques &re acceptable {or
this determination.

Level and zero the manometer. Connect 2
Typz § pitot tube 10 the manonmeter. Posi.
tion the Type S pitol tube atl esch traverse
point, in succession, so that the pianes of
the {sce openings of the pilol tube are per-
pendicular to the stack cross- sectiona.l
plane: when the Type S pitot tube is in this
position, it is at 0" reference.” Note the dif-
ferential pressure (4p) readirg it #a~h tra-
verse point. If a null (zero) pitot reading is
obtzined at 0" reference al a given traverze
point. an acceptable {low conditien axisis at

- S A b et
! i .
o . o ' o ! o
i i :
: : | ‘
i k— - T
! !
SR < < E

de roe. A
beon appiied it

LEe BYOTEdl Gl

vaiue of o is grmu' than !
fiow rondition in the stack i
and alterpative methodologs . st
approval of the Administrator, m:
Lt perform accurale sample ana v
VOTRES,
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MirTiton 2= DetraMinaTion of Stacs Gae
. ) ) VELUCITY aND VorumeTric Frow RaTtt
i .

L . e e ) . Tyre S Pitor TuBe:

-

-« .

. LT .
o 1. Pnucipir and Applicabiltty
. ¢ .
e 1.1 Principle The average gas velocily in 90 2%4cem°
i aro s stack is determined from the gy densiy 0215 101
X “™ and from mcasurement of the averake scloc
ity head with a Type S (Stausscheibe or re- i

verse Lype! pitot tube
1.2 Applicability This method is applic’

bl {or measurement of the average veloriiy rm

of a %25 Siream ond for quanUlyink Kas i 182 :mi3eni

fluy . e TELMPERATURE SENSCR
This procedure ts not applicable Al mea- t ;

surement sites which {2if Lo meet the Crige: i

ra uf Method 1. Section 2.1 Also. the | |

i
method cannot be used for direct measure < S E

ment 10 cyclomic or swirling gas sireams, »
Sertion 2.4 of Method 1 shows kow (o doter : = 8L
mine cvelotne or swirhing {low condinions - -
When unaccerplable conaiions exis! alter
nativ e procrdures. subject to the approsal
of the Administrator. US Environmental TYPES HITOT TuBE
Protection Agency. must be employed Lo
make arcurate fiox rate delerminalions. o
amiples of such alirrnatine procedures are
(1tonstall strarghteming vanes (20 o eal
culate the tetal volumetnie flow rate sto
chiometrically, or 31 1o muve 1o anciher
measirement sile /b whic!o cne fiow Is ac
coeptabl
2 Aprarulic
Specifications for the apparatus are given
below ARy olhwer apiaratus thal nas been
demonsirated subirel 10 apsro of tne
Adnyimistrator: {0 b capable of mesiing ihe
specificatinns will be considered aceeptativ
21 Tapc S Puot Tube The Type 8§ onat
Tl tuhe (Freure 2 10 shalh be o moeh of nerad
Vet te R stairiess steets Tas reeo Bfe}
sine dinmehyr oM

1

*SUGCEISTED GNTERFERINCE FREE:
PITGT TUBL THERMCCOUPLE SFACIRE

: e that the external o
!“ mension 0. Figure 2 20 pe belveeet U048
! and 0 95 ceptimeters s and ~anehis There
| A 1 . shai! be an equal distance from th bas !
i vach lex of the pitot fube to 1is facc-opetiing : )
. _ plane cdrmensicns Poang A Feure 22001t
| s . ‘e . -
| A R Figure 21 Tyoe'S priot tube manometer assemiv
toy tubinye diametor Thoe tace apetinges of tin
! H Loster tube abatio preferaoiy Lo aipi e s
H showrn an Figure 22 hodever shhtomias?
P henments of the openmes are permissiche

tsec Fligure 2 3
The Type S pitat tube shatl have a known
coclficient. determined as ouilined an Ser

A SICE PLANE

Lo 4 an sdentuicanon namber shiall be as
—_— — — NCTE
shened 1o the paiat tabe thiy aumber shaii K) ,
be permanently marked or engraved on the LONGITUDINAL 0¢ A A ’ 1080, #1300,
bady of the tube i — 5
TUBE AxiS A 8 Py Pa:Pg
' -

TRANSVERSE BSIDE PLANE

TUBE AXIS ‘ (o}

B L-— FACE g . ) . . )
E : o OPENING — AORB
PLANES

(a) ' ()

( Fgure 2-2 Properiy constructed Type § Dol tule Shown ~ (3] end vew face pOETNG DIaNES DErPeNncaCuilr 10 rangvarse aut
(D} 1of view 1aCe DpE™ING DIANes DATAIKY 10 I0NQUUAINE! B1'S 12} S10¢ view boin legs Of Baual kength andt centerknes CowC.dent
wran vewed 11om DOIn pdes Baserne cooibownt vaioes cf O 84 may be ass.aned 10 P40l Ldes corsinucied ths way

nted from CFR Title 4Ddcted1uly1980
& et iy T U s 3 1 Tk i § et T
- pages 290-310
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A standard pitol tube may be used instead
of A Typr 8 provided that it meets Lhe
specifications of Secuions 2.7 and 4.2. note.
however, Lhat the stalic and impAact pres.
aure holes of standard p:iot tubes are Nus-
ceplibie t9 pluggineg in particulate-laden gas
streams. Therefore, ahenever a standard
n:nt tube s used Lo perform a traverse, ade-
quate prool must be furnmisted that the
openings of the pitot tube have not plugged
up during the (raverse period. this can be
donr by taking & velnoity head (apy reading
at the final traverse point. cleaning out the
impact and static holes of the standard
pitol tube by "back-purging’” with pressur.
lerrd ar. and then taking another ip read-
ini. If the ap readings made before and
aAfter the air purge are the sam:e "+ 5 per.
cenly Lthe traverse is aceeptabie. Otherwise,
retwect the run Moty that if ap ar the inal
traverse noint s unsuitably low. ancther
paomt mas be seiccted If “back-purging at
regular inlervals us part of the procedure,
then comparaiive ap read:ings shail tbe
faken. as above {of the last two Bark pirgoes
Al which suitabiyv high Ap reacings are ob.
erved.

22 Diflerentin! Pressure Ga..lp-, Anon
lined mancmerier or cqinvalent device s
ased. Mos! sampiing trains arc eguipped
with a 10an. twater column inclined-verts-
ral manometer. naving 0 01:n H,O divisions
un the 0-te 1-in. inclined scale. and 0.1-in
H.O divistons on the |- to 10-in. vertica!
scaie. This type of manometer (or other
Rauge of equivalent sensiitvity) is satisfac:
tory for the measurement of ap values as

- low &5 1.3 mm «0.8651n ) H,O. However. a €1

ferential pressure gauge of greater sensie .
ity shall be used isubject to the approval of
the Admirustrator:, 1if any of the foliowing
is found to be true 1) the arithmetic aver-
age of all ap readings at (he traverse points
in the stack is less than 1.3 mm (005 .
H,0: (2) for traverses of 12 or more points.
more than 10 percent of the individua! ip
readings are beluw 1.3 mm 0.65in.) H,O. (3}
for traverses of fewer than 12 points. more
than ane ip reading is below 1.3 mm (0.05
in.y H,O. Citation 18 1n Sect‘on 6 descrites
commerciaily avaiiabie instrumentatien for
the measurement of iow-range gas veloc:-
ties.

As an alternative (o criteria (1) through
(3) above, the foliowing caiculation may be
performed to determine Lhe necessily of
using a more sensitive differential pressure
gauge:

oA R
vl-'l i
v\.\p—.

where'

dp  Indimduai velocits head reading at oo
traverse point. mm H,.O an. H,O1

n Total number of traverse pomnts

& 0.13mm H.Owhen motrie uiils are used
anc 0.005 0 H,O when Englhiah it are
usee

If Tas greater than 1.05 the velociy head
data are unacceptable and a more sensiline
differential pressure gatuge must be used
NoTe.—1f  dilferentiai pressure gauves
other than inclined manomoters are used
(v.e.. magnehelic gaugess. their calibratson
must be checked after each 1rst series. To
check the calibration of a differential pres
sure gaure. compare dp readings of the
gauge with those of a zauge cil manom~cter
ai a minimum of three pomts, approximate.
Iy representiig the range of ap values 0 the
stack If. at carh pont the values of 3 ax
read by the differential pressure gauge and
FALRO-Ol MANOMELeT adlse Lo within & .
cent. the dilfercntial pressure
b ronmidered 10 Te 1n Brop

Ctherw the [0S1 series

eiihier Lo
voided. ur procedurcs 10 adius! the meas.
ured ap vaines and {inal resuils sha,d o~
used subect to the approval of the Adminis.
frator.

2.3 Tempcrature Gauge A thermorou

ple. hguic fiiied bulp thivrmometer, bimetal-
e thermometler. mertury in-glass thermon:

eter, or other yaune capabic of measuring
temperature 1o witin 1.5 prrrcnt uf the
minimut absoiute »lRck temperaiure shatl
be used The temperature gauge shall be at-
tarhied to the pitet tube surh {hat the
Sensor up does not touch any mital the
Rauge shall be’in an interfersnce free ar-
rangement with respect to the pitot tube
face apenings (sec Fizure 2-1 and also
Figure 2-7 10 Sectien 43 Alternate nos:ticns
may be used i the pitol tubatemroeratyre
Rauge system i1s cahibrated according (o the
procedure of Seclion 4 Provided that a dif-
ference of not mare than 1 percent In Lht“
average velocity measuremanl is introdu
Lhe temperature gauge need not be att ec
lo the pitat tube, this siternative Is subject
to the approval of the Admin:istraior.

2.4 Pressure Probe and Gauge. A plezo-
meter tube and mercury- or water-filled U-
tube manometer capable of mezsuring stack
pressure Lo within 25 mm (C.1 wn.) Hg s
used. The static tap of a standard type piiot
tube or one ieg of & Type S pitot tube witn
the face opening planes posilioned paraii=!

a

"to the gas flow may also be used &5 the pras-

sure probe.

2.5 Barometer. A mercury. gnerovid. or
other barometer capabie of messuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg) may be used In many cases, the
barometric reading may be obtawned from a
neerby national weather service stalion. in
which case the station vajue (which is the

pnges 290 - 310

ab~olute baromelric pressurey shall b e
guesled and an adjustment (or eivation i
ferences betuwern the weather stulwon and
Ihe sampling point shal!l be applhred at a rate
of minus 25 mm 101 m He per 30 merer
00 Jeot: efrvalion IRCrCase OF 100 vrran
for clevation deecrease

26 Gas Density Determination Eganp
ment Method 3 equipment, ! needed o
Secthion 3 61, to determine the stack was dry
moiecular woight, and Reforence Melnod 4
or Mcrhod § eguipment for moisiure con
tent determination” other methods may be
used sublect to approval of the Administra
tor

2.7 Cabibration Piot Tube When caithra
tion of the Tipe 8§ piiot {ube s nCess
(st Section 49 a w(?.'lﬂ.l'd Bitol tube s e
&Ry 2 reference. 30 standar? m'n til:
shall. preferabiy. have & knswn roo!
obtained cither ¢y directiy from
al Bureau of Standards. Route
Orchard Eoad, Gaithershurg, Mary!
2y By caithrs L AZainsl ANGther stanfg
pito! tube withy an NBS traceablie rm!
cient. Alternatinely, a standard ol tubs
wagned atcarding to the coteria given in
2T through 2.7.5 below ane shustrated 4o
Figure 2-4 «se¢ aise Citatipns 7 [ To
Section 5§ may be used Puo! tubes dr
arcordirg lo these specilica < will
baschine coefficients of abou! 526 - ¢ ¢!

250 Henmusphe
41 elhipsodal. or ceniral hip

272 A mimnmnum of  six dhianmeters
stranefst run rhased upon Do the external o
ameter of the 1ades Betwers W D and The
StAlic preosaare hisles .

273 A meumum  of egtht divmeter,
Sral i sun betwert the SIRHEC pressuce
holes ang the centeritin of the externag
tube, followine (e 20 deprec bend

274 Stane pressure heles of sgunl s
tapproximately 0.1 Dy oeguat'y spaecsd inoa
piczomeler rine confipuralion

295 MNincly godree bend. with curved or
mitered junction

28 Differenua) Prossuare Gaoge for Tyin
S Pitot Tube Calibration Aninchned menc
moter or equivalent ix used. I (he singicae:
jocity ralibration technique 1s employed fsee
Section 4.1.2.3), the calibration differentint
pressure gauge shall be readabie to th
nearest .13 mm H,O (0005 in. K,01 For
multivelocily calibrations. the gauge shall
be readante o the nearest 0.13 mm B0
{0.005 1n H,0) for 2pvalues between 1.3 and
25 mm H,0C (0.05 and 1.0 :n H,O), and tu
the nrarest 1.3 mm H,O (0.05 1n H,O: for
&p valites ibove 25 mm H.O (1.0 1n. H,O). A
sprcial. more sensitive gauge will be re.
quired to read 3p values below 1.3 mm H.O
10.05 in. H,0) tsee Citation 18 1n Section 6.

.

eshown an Flyure 2

Reprinted from CFR .Title. 40, dated July 1980 -




AT o s AN

1
H
4

.
v ki

[P

_S%

Q) el

Figure 2-4. Standard

3. Procrdure

3.1 Sect up the apparatus as shown in
‘Figure. 2-1. Captary tubing or surge tanks
installed between the manometer and piiot
tube may be used to dampen Ap fluctu-
ations. It is recommendegd. but not required,
that a pretest fezk-check be conducted. as
foliows 11 Biow Lhrough the piloi impaei
apening until at least 7.6 ecm (3 in) H,O ve.
locily pressure regisiers on the manomeios,
then, rclase off the impact opening The
pressure sheail remain stabie for al icast 15
seconds. (12! do the same {or Lhe static pres
sure side. excepl using suction to oblain the
minimum of 7.6 cm (3 in.) K,O. Other leak-
check procedures. subject Lo Lthe approval of
the Administrator may be used.

3.2 Leve! and zerv the manomcter. Be-
cause the manometer ievel and zero may
drift due to vibrations and temperature
changes, ‘'make periodic checks during Lhe
traverse. Record all necessary data as shown
in the example data sheel (Figure 2-5),

33 Measure the velocity head and tem-
perature at the traverse points specified by
Method 1. Ensure that the proper differen.
tial pressure gauge is being used for the
range of Ap values encountered (sec Section
2.2). If 1t is necessary to change to A more
sensitive gauge, do so. and remeasure the Ap
and temperature readings a' each traverse
point: Conduct a post-test irak-check (man.
datoryl as described in Section 3.1 above. to
validate the traverse run.

3.4 Measure the static pressure in the
stack. One reading is usually sdequate.

3.5 Determine Lhe atmospheric pressure.

3.6 Dctermine the stack gas dry molecular
weight. For combustion processes or proc-
esses Lthat emit essentially CO,. O,. CO. and
N.. use Melhod 3 For processes emitling es-
sentially xir, an snalysis neerd not be con-

. -
T

PRRE5S

S WERTNPS VR RPN SR O

@ ot iy 8,

i e e e et o et o L . i< a4 B AT am oy L

CURVED OR
MITERED JUNCTION '

HEMISPHERIC

TP

ducted. use a dry molecular weight-of 29.0.
For other processes. other ‘methods, suclecr
to the approvai of the Admnmsxralor nius
e used.

3.7 Okttain the m.,;...ure conlent {rom
Referencc Method 4 (c. equivalent: or {rem
Method §

3.8 Determine the cros.s sec'xonal area of
the stack or duct ot the sampling location
Whenever possible, physically meassure the
stack dimensions rather than using biue-
prints.

4 Calibration

4.1 Type S Pitot Tube. Refore its initial
us¢. cerelully examine the Type S pitot
tube in top. side. and end views to verify
that the face openmings of the tube are
ahigned within the specifications iliustrated
in Figure 2-2 or 2-3. The pilot tube shall
not be used il it feis {0 meel these &ien:
ment specifications.

After verifving the face opening align-
ment. meesure and record the following di-
mensions of the pitot tube. ta) the cxternal
tubing diametler (dimension D, Figure 2-2b).
and (b) the base-lo-opening plane dislances
tdimensions P, and P.. Figure 2-2b). I{ D, is
between 0.48 and 0.95 cm (*i« and s in.t and
if P. and P. are equal and between 1.05 and
1.50 D,. there are two possible obtions (1)
the pitot tube may be calibrated according
to the procedure outlined in Sections 4.1.2
through 4.1.5 below, or (2) g baseline (isolat-
ed tube) coefficient value of 0.84 may be as-
signed Lo the pitol tube. Note. however that
if the pitot tube is part of an assembly. cali-
bration may still be required. despite knowl-
edge of the baseline coefficient value (see
Bection 4.1.1).

If D.. P.. and P. ar. outside the specified
limits, the pitct tube must be calibrated as
outhined in 4.1.2 through 4.1.5 below.

pitot tube design specificaticns.

de =
. @
STATIC
HOLES 4
i o
~ntn !
{~C.iD) Nk
i &
oz
o |
AT
411 Type 'S8 Pitot Tube Assemblics

During sample and velocily traverses. the
isolated Type S8 pitol Lube is notl ;w.a;.,
used. in many instances. the pito! tub~
used in combination with other source-
pling coinsonents 1 h?rmoco..mc- samph .ag
probe, nozzle) as part of an “assembiy.” The
presence of other sampling components can
sometimes affect the baselii.e vaiuve of lhe
Type S prict tube coefiicient Citation 8
Section 6+ therelore an essigned (or ot’w'
wise known) baschine coefficient value may
or mav not be valid for a given assembiy.
The baseline and  assembly  coeflicient
values will be identical only when the rela
tive piacernent of Ll e components in the as-
sembly is such tha' aerodynamic interfer-
ence effects are climinated. Figures 2-6
throuzh 2-8 illustrate interference-free
COMPONEnt ATrangements 1Cr Lype N pitnt
tubes having exiernai tubing diame(ers bee
tween 0 48 and 0.95 em ¢ e and win). Type
S piot tube assemblies that {ail to meet any
or all af the specifications of Figures 2-6
through 2-3 shall be calibrated according to
the procedure outhned in Secuons 4.1.2
through 4.1.5 below. and prior to calibra-
tion. the values of the imntercomponent spac-
iNgs (pitet-nozzle, pitot-thermocouple. pitot-
probe sheath) shall be measured and recorc-
ed.

Note.- Do not use any Type S pitol tube
assembly which is constructed such that th>
impact pressure opening plane of the pitot
tube ts below the entry plane of the nozzie
tsee Figure 2-6b).

4.1.2 Calibration Setup. If the Type 8§
pitot tube is to be calibrated. one leg of the
tube shall be permanently marked A. and
the other. B. Calibralion shall be done in a
fiow system having the following essential
design features:

Reprinted from ‘CER-Title-40 dated July 1980
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BARCOMETRIC PRESSURE, mm Hy (in. Hg)
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AVG COEFFICIENT Cp:
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Figure 2 5. Velocity traverse data.
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j & BIBEVIEW, T3 PAIVEAT ITOT Tt
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STREAMUIKES APFROACWING TiE
BOZ2LE THE IMPACT PRESSURE
OPENING PLANE OF THE PITCT TUSE | N
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NOZ2LE ENTRY PLAKE. ‘ w162 em ; 2. 58cm
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Figure 2 7 Proper thermocoupte placement 1o prevent interference.
D1 between 0 48 and 0.95 cm (316 and 3/8 in ).

D, TYPE SPITOT TUBE

CT ] |
!
SAMPLE PROBE |~w—— Y 2762 cm (3in) ——o

Il B

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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4.1.2.1 The flowing gas stream must be
conlined to a duct of definite cross-sectional
ares, either circular or rectangulsr. For cir-
cular cross-sections. the minimum duct di-
ameter shil! be 30.5 cm (12 in ) for recten:
gular croas-sections, the widlh (shorter side)
snah be st least 254 em (10 in. .

2.2 The cross-eeztions!

caist_‘r:u.;on dutt must Teeonsan
tance of 10 or more duc! diameter:

s. For &
rectangular cross-section. use an equivalent

diameler, calculated f{rom the f{oilcwing
eguation, to determine the number of duct
diameters.

b

bpnainn

whera
D. = Equivalent diameler
L~ L.eng h
W= Widih
Te ensure the nresence of sio5!e, fully de
cioned flow patlterns 2t (he calibration siie
or Lest secticn.” the sile must be Iocate: at

least eight diameters downstream angd two
diameters upsirearm from the nearest dlS" T
bances.

NoTe —The eight. and two-diameter crite-
rig sre not absolute: other test seciion loca-
tions may be used (sublect toc apgroval of
the Administrator). provided tha! the flow
Bl lhe tesl site 1s stable and demonstrabiy
parallel to the duct axis

4.1.23 The flow sysiem shs!l have the ca-
pacity to generate a test-section velocily

around 915 mimin (3.000 It muin: This ve-
““locity must be constent with time t0 guaran-

tee steady flow during calitration. Note that
Type S pitot tube coefficients oblaned by
single-velocity calibrat:on at 915 m min
(3.000 fi/min) will generally be valid to
within =3 percent for the measurement of
velocities above 305 m: min (1.000 ft/mim)
and to within =5 {0 6 percent for the mea-
surement of velocities between 18¢ and 305
m/min (600 and 1.000 ft/min!. If & more

. precise correlation.between C. and velocity

is desired. the flow system shall have the ca-
pacity (o generale at Jeast four distinct.
time-invariant test.section velocities cover-
ing the velocity range from 1B0 to 1.525 m/
min (600 to 5.000 ft’min). and calibration
data shalil be taken at regular velocity inter-
vals over this range (see Citalions 9 and 14
in Section 6 for details)

4.1.24 Two entry ports, one each “or the
standard and Type S pitot tubes. shall be
cut in the test section. the standard pitot
entry port shall be located slightly down-
stream of the Type S port, so that the
standard and Type S .mpact openings will
hie in the same cross-sectional plane during
calibration. To facilitate alignment of the
pitot tubes during calibration. 11 is advisable
that Lhe test section be constructed of plex-
iglas or some other transparent material.

4.1.3 Calibration Procedure. Note that
this procedure is a gcneral one and must not
be used without first referring to the special
considerations presented in Section 4.1.5.
Note aiso that this prucedur~ applies only
to singie.veiocily calibration To obtain cali-
bration data for the A and B sides of the
Type S pitot tube, proceed as follows:

4.1.3.1 Make sure that the manometer is
Droperly filled and that the oil is free from
coatamination and .s of the proper density.
Inspect and leak-check all pilotl lines. repair
or n-plnce 34 nccessus

4.1.2.2 Level and zero the manometer,
Turn on the fan and sllow the flow to stabi.
lize. Seal the Type S entry port.

4133 Ensure tha! the manometer |s
level and zeroed Position the stancard pitol
tube at Lhe a!mrat.c,n roint (de'ermr red e
D"L inad

aligning the tube Lo avoid yaw rna p.lc'n
angles. Make sure that the entry port sur-
rounding the Lube 1s properly sealed.

4.134 Reada, and record its value in s

data Wabie similar 1o the ere shown in
Figure 2-8. Remove the standard pito! tube
from the duct and discenneet it from the
manomeler. Seal the stancard entry port.
4.135 Connect the Type § vitct tuke to
the mancmeter. Open the Type § entry
port Check the manometer jevel and ze"
Inser: and align inhe :-..,. alke 52
that its A sides iim

D

Lome 1
Trpe 3

point as was the standsrd pitot tube and is
pointed directly -into the flow. Make sure
that the entry port surrounding the tube 15

properly sealed.

4.1.3.6 Read sp. and enter fts value i the
data table. Remove the Type S pitot tude
frorn the duct and disconnect it from the

-
m

~rrew

4.:.2.7 Brpral

BL00s :
4.1.3.8 above until three pairs o A

ey £1.

have been obtained.

41338 Repen!

from s

m
.
o
po4
-
3
Ixd
2.
5
6
3
m_,_-'

e valu? :'.' the Type
’.a.': {cllows:

4133

through
4.1.3.7 a2bove for the B sids of the Tvre S
pitot tube.
4.1.3.9 Peorform calculations, ne desnrited
in Section 4.1.4 below.
4.1.4 Calculations.

steps

PITOT TUSE IDERTIFICATION NULISID DATE T
CALIBRATED §v IR
“RUSIDE CALIARATION
“Pad Bis)

em W30 cm 20 DEVIATICY

RUN ND fin W20} G Hz01 Cetsl Cots) - gl
1
2
3

Cq ISIDE A}
"B SIDE CALIBRATION
Spnd Aps)
cem H20 em H20 OEVIATIOH
RUN NO lin W30} {m.H20} c Cais- Cpld)
" 2 2 pls) plst-Lp
1
2
3
Cp (SIDE B
3 -
< |cpls)-Tpta ORBI
AVERAGE DEVIATIGN = 4 {A OR 3 ~— MUST 8£ <0.33

b

Cp (SIDE &) -C, (SIDE @) |~—2uST BE < 0.01

Figure 2.9. Pitot tube calibration data.
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Foguation 2 2

where:

Crar=Type 8§ pitct tube co2{finiant
H opitot tube o] ¥

0.89 {f the co*mcxcm iy unh'\cbn enc
the tube is designed according to the cri-
teria of Bections 2.7.1 to 2.7.5 of this
method.

AP, = Velocily hasd messured by the stznd-

4 pitot tube, em H,0 (n. H,O)

ap,= Velocity head meazured by the Type §

pitot tube, em H,O (In H.O)

LoRE?

4.1.4.2 Cilculnte C, (zide A the imean A
side coafficient, and C, (side B), the mear B-
sige cowffizient: ealculate the giffsrercs b
tween these two avarage valuns,

4.1.4.3 Calculate the geviation of each of
the three A-side values ¢f Can from G (side
A, and the deviation of mach Boside valus of
Crar from G, G, (slde B). Use the fzllewing
eguation:

Devintion — Cry = CulA or 13

I:qtl;:li-vn 2-3

[

i — ﬁ-"

w
. s

. . :

1]

(a)

4.1.4.4 Calculate 8, the average deviation
from the mean. for both the A and B sides
of the pltot Lube. Use the following egua-
tion:

e (side A or i) =
Fguation 2- 4

4.145 Use the Type S pitot tube only if
the values of § (side A) and & (side B) are
fess than or squal to 0.0 and if the ahsolute
value of the difference between C. (A) and
C, (B) is 0.0 or iess.

415 Bpscial conziderations.

£.1.5.1 Selection of ca..s.k.mﬂ meis uf

41511 When an L,ms.ug "
tuhe is cmzb":'.t
80 0r newr the center
the procedures cutlined in S-ec
and 4.1.4 agbove
cients so obtaings,
(side B! wili be valid,
the isolated pitol tube is used: or

fo long ns either:

]

t

EXTERNAL
SHEATH

I

/

pitot tube is used with other components
{nozzle. thermocouple. sample probe’ tn 20
srrangement that is free {from aerodynamic
interference effects (see Figures 2-6
through 2-8).

4.1.5.1.2 For Tyre 8 pitot ;-be therma.

coupla eembinat; (- -r
prohe), seizcl a ¢ ok

the center cf U‘xe '*ucn :\N‘

combination (s uzed by iisell o' '.w* .
components in an interference.{ree arranze.
ment (Figures 2-6. and 2-5..

4.1.51.3 For assemblies
probes. the calibraticn poi
catecd sl or neas Lhe cent
ever, insertion of a prede
simall duct may cause :"‘;{,:1--‘
ticrnal areg blockaz, and
efficient values (Citation
There! L to minimaze U
the caiibration poi
of [-center if neces
effect wij! be negl

or less of the duct cross sectjonnl area !
assernblies without ex Peheaths (7
2-103:, and 3 porw-‘t or 255 {or aesamblice
with exterrial sheaths (Figure 2-100..

| ——b
()
ESTIMATED ' -
SHEATH = < 100
BLOCKAGE DUCT AREA
(%)

Figure 2-10. Projected-area models for typical pitot tube assemblies.
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4.1.5.2 For those probe assemblies (n
which pltot tube.nozzie jnterference is a
Iactar (le.. those in which the pitci-nomzle
separation distance fails to meet the ro=cifi
cation {Husirzted in Figure 2-8a), the value
Of Comi Cemends upon the amount of Ir
space beinsen the tube and newmie, and
therefore is 2 function of homle size. In
these instances, separsie calibrations sha!
De performed with esach of the commonly
used nozzle tizex In pizce. Mole thzt the
single-velcaity aalibration t.cchmque o
ceplable fer this purpose. even though th
larger notxle sizes (>90.835 cm or % in.) are
ncot ordinarlly used for lsokinetls sampling
at velocities sround B!3 m/min (2000 ft/
min), which is the eiibration velocity: note
siso that it s not necessary tz draw an !sc-
kinetic sample curing calibration (see Cita-
tion 18 In Section &,

4.1.53 For a probe assembly conctru
such that its pitat tebe 5 always uszd in ¢!
same orientaticn. only one side of the p‘
tube need be calibraled (the side which
face the fow) The pitot tube
meet the alignment specifications of I
2-2 or 2-3, however, and musi have an ’ver-
sge deviation (8) value of Q.01 or less (see
Section <.1.4.4).

Figure 2-10. Projectec-area modeis (o
cal pilot tube assemblies

€

1]

type-

4.1.6 Fieid Use and Reczlitration
4.1.6.1 Fieid Use.
4.16.1.1 When a Type S pitot tube (:50-

lated tube or assembly! is used in the field.

- the appropriste coefficient value (whether

assigned or oblained by calibration shali be
used .to perform velocity calculations. For
calibrated Type S pitot tubes, the A side co-
elficienit shall be used when the A side of
the tube faces the (low, and the B side coe!-
ficient shall be used when the B sids faces
the fiow: alternatively, the arithmetic aver-
agt of the A and B cide coefficient values
may be used, irrespective of which side faces
the flow,

4.161.2 When a probe sssembly ic used
to sampie a smajl duct (12 to 36 in. in diame-
ter), the probe sheath somotimes blocks a
significant part of the duct cross-section.
causing a reduction in the effective valuc of
C,ui. Consult Citation 8 in Section 6 for de-
tails. Co Avenuanal pitol-sarapling probe¢ as-
semblies are’ not recommended for use in
ducts having inside diameters smaller than
‘2 inches (Citation 16 in Section 6).

4.1.6.2 Recalibration.

4.16.2.1 Isolated Pitot Tubes. Aller vach

ield use. the pitot tube shall be carefully

reexamined in top. side. and end views If
the pitot face openings are still aligned
within the specifications illustrated n
Figure 2-2 or 2-3, it can be assumec that the
baseline coefficient of the pitot tube has not
changed. If. however, the tube has bren
damanged to the extent that it no longer
meets the specifications of Figure 2-2 or 2-
3. the damage shall either be repaired to re-
store proper alignment of the facre openings
or the tube shall be discarded.

4.1622 Pitot Tube Assemblies. After
each field use. check the face opening atign-
ment of the pitot tube, &s in Section
4.1.8.2.1, also, remeasure the intercompon:

ent spacings of the assembly. If the inter-
component spacings have not changed and
the {zce rzening alignment is acceptable, it
can be aszumed that the coefficient of the
m mbly has not chaneces 17 the face cz:e:\

ng allznment i DnrEE Wil the sne

m.n‘or: of Pigures

" _e ~
e~ LT k-4,

either resarr
the damaxse or rezlace the pitoai tube (cali-
brating the new gasembly. if necessaryy 1f
the intercomponent sparings have changed.
restore the corizinal spacings or recalibrate
the assembly.

4.2 Standard pite? tube (if applicabis). If
& standard pitot tube is used {or the velocity
tmvcrsc. the tube shail be constructed ac-
cording to the criteria of Seacticn 2.7 and
shall be assigned & Saseline coelficient value
of 038 If the stancard pitat tube iz usad as
part of an acsembly L‘*= Ui 'raﬂ in
'nn"ere“ce Iree ar subjec: 1o

st

the zppraval of the AL
4.3 Temperature ft each
ficlé wuser. caitbrale cial thermometers,
liquid-filled buid thermometers. thermocou-
sikor

ple.polen
gavIts at 5 LamToeral I
of the averagr absclule slack tu‘v‘c ture.
For temperratures up to 405 C (761 Fou, use
an ASTM™ mvrf'ur:,'»m—i:!a_as reforence ther-
memeler, or equiizlent. as a reference. al-
ternatively. either a rc{n-""cr tnermocounte

Lomater <

and

and potentiomeie- teaiihrated by NBS ar
thermaometnic fixed points. e.g . 1ce bath and

boiling water ccorrected for baromelric pres.
surc! may be usecd. For temperatures agove
405 C (761 F). use an NBS.calibrated refer-
once lh?'ﬂDCOHD c-perentiemeter s¥ysiem or
an aliernate reference, sub}f‘u to Lhe ap-
proval of the Adminiitrater

If. during calibrat.on. the absolute tem:.

peratures measured with the gauge being.

calibrated and the reference gauge agree
within 1.3 percent. the temperalure datla
taken 1n the field shall be considered valid.
Otherwise. the poliutant emission test shall
cither be considered invalid or adjustments
(if appropr.aie) of the test resuits shall be
made. subject te the approval of the Admin-
istrator

4.4 Baremetcer, Calibrate the barometler
used against & mercury harometer,

5. Calculations

Carry out calculations, retaining at least
one extra dircimal figure beyond that of the
arquired data. Round off lgures after final

caleutation
5.1 Nomenciature.

A Cross-sectional area of stack. m®ft5).
B., Water vapar 1n the gas stream (from
Method 5 or Reference Method 4), pro-
portion by volume.
C. - Pitot tube coefficient. dimensionless
1 sof opatninle s
~t (B4 RESTHITR AN

X. - Pitot tube constant,

I
for the metric system and
N (I Thereede fra, M7
e VN e, 00

for the English system.

- Crany Hye
RERIN

No4n

v 1{':@&;‘;%?&@'

o3

M.= Molecular weight of stack gas. dry basis
(see Section 3.6) g./g-mole (Ib/ib-mole).
B4, = Molecular weight of stack gas. we!
basis. g/g-mole (1b/Ib-mole).
=X, (1-2,) + 18y E,
Egquetion 2.2
P,., - Barametric pre-'"rr 2l measureaen’
site. mm Hg tin. Hg
=8tack static pr*’s&.re mm n‘ Gn. XMy

P, = Absolute stack gas pressure, mm Hg ¢in.
Hg)
=P+ P

P..-8tandard sbsolute pressure,
Hg (28.92 in. Hg).
Q= Dry voluretric stack g

rected Lo stendard cond
tdscfonry

L Stack tempersture, "C o7

T. Absoiule steck tempernture, "1, 50
73 - L for metric

Egquaticn 2-7
460 . 4 for Znglsns
Eguzation 2-3
Standard absolute lemperaiure, 283 “31
(528 R
t, - Avermge siach
sev
.- Velocily hesd of stack gas. mm H,O «in
H,0).
.000 - Conversion {actor. sec/hr.

Tue

crivy., mdsec (fu/

gos vel

18.0 = Molecular weight of water, g/g-mole
(lb/sic-moles
...5.2 Average stack gas velocity. -
. — T
v, }\ ("< A?‘.... I riy e
! v N i,

Equaticn 2-9

5.3 Average s..ack e‘.s dry velumatric flow

rate.
ny ( Tea \

(=)

Equation 2-10

Que=23,600 (1—11
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4. Principle and Applicability

~1.} Principle. A gas sample_ s extracted
from a stack. by one of the following meth.
ods (1) single-point. grab samphng. ()
single-point, Integrated sampling, or (1)
multi-point, integrated sampling The gas
sample is anajyzed for percent carbon diox-
ide (00, percent oxygen (G, 2no if
SETY. Perofnl Carton monoxide (CCGHL I a
dry molecular weight determinstion is to be
nade. either an Orsat or g Fyrite ' analyzer
nay be used fcr the analysis. for pxcess air
or emission rate correction factor determi.
nalion, an Drsat anaivzer must be uned

1.2 Applicebility This method is applica-
ble for delermining CO, and O, concentira:
tions, excess air. and cdry molecular weight
of a sample from a gas stream of a foseil-
fue! cembustion process The method may
aiso be applicable to other processes where
it has been determined that compounds
other thar CC, O, CO. and nitrogen n,)
are not preseni in concenirations sufficien:
to affest the resulis
. as well as modifications to
escrineg herein. are also ap
0 o5 il 27 the azZove deter.
* s ¢l specific methods
and modifica: 5 inciucde. il a multi-point
samphing m using an Crsal analyzer 1o
aralyze individual grab samples ohtainec a!
cach point; (23 a method using CO. or O,
and stoichiometric calculations Lo determine
Ty molecular weight anc pxcess air; (3) as-
sigiung a value of 300 for dry molecuiar
weight, in lieu of actual meacuremen:s, for
processes burnuing naturai ges coal. or oil.
These methods and mod:{ications may be
used. but are subject 16 the gpproval of the
Administrator. U.S Environmerntal Protec.
tion Agency.

the proceayre d
pl.catie for so
minations

-

o)
od
U

2. Appcratus

As an elternative 1o the sampling appara-
tus and sysiems described herein. other
sampling systems (e.g.. liquid displacement
may be used provided such systems are ca-
pable of obtaining a representative sample
and mairntaining & constani sampling rate.
and are otherwise capable of yielding ac
ceptable results. Use of such systems is sub-
ject Lo the approval of the Administrator.

2.1 Grab Sampling (Figure 3-1).

2.1.1 Probe The probe should be made of
stainless steel or borosilicate glass tubing
and should bt equipped with an in-stack or
out-stack fiiter tc remove particulate matter
(a plug of glass wool is satisfactory for this
purpose). Any otner malerials inert to O..
CO,.. CO. and N_.and resistant to tempera.
ture at sampling conditions may be used for
the probe. examples of such material are
aluminum. copper. quartz glass and Teflon.

2.1.2 Pump, A one-way squeeze bulb. or
equivalent, is used (o0 transport the gas
sample (o the analvzer.

2.2 Integrated Sampling (Figure 3-2).

2.2.1 Probe. A probe such as that de-
scribed in Section 2.1.1 is suttable,

2.2.2 Condenser. An air-cocled or water-
cooled condenser, or other condenser that
will not remove Q,. CO,. CO. and N,. may be
used to remove excess moisture which would
interfere with the operstion of tlie pump

-and low meter,

223 Valve. A needie valve is used to
adjust sample gas flow rate.

‘Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency. .

e L

[ REE
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- 2.24  Pump: A leak-free, diaphragm-type
pump. or equivalent, s used to transport
sampie gas io.the fiexidle bag. Install s
small surge tank between the pump and
rate meter (o eliminate the pulsetion effect
of ithe diaphragm pump on the rotameter:
3.2.5 Fale The retamolzr, or
sgulvaiznt reie meior, uusd ahould Le eapa-
ble of messuring fiow rate Lo within x 2 per-
cent of the selected flow rate. A {low rate
range of £09 o 1000 em¥/min Is suggested.
2.2.6 Flexible Bzg. Any leak.free plastic
(e.g., Tedlar, Muwviar, Tellcn) or plastic
ccaled aluminum (eg., aluminized Mylar)
baz. or equivalent, having s capacity con-
sistent with the selected flow ruate and time

Tats
SLOVES

\F!LTER {GL

53 WOD

.

METHOD 3~ GaAs ANALYSES FOR CARBON DIOX-
102, Oxvcen. EXCrss Air, AND Dry MoLxc- .
ULAR® WEICHT

length of the test run. may be used A ca-
pacity in the range of 55 to 90 liters is sug-
gested.

To leak-check the bag. connect it o &
water mancmetler and pressurize the bag o
5to 10 cm MO (2 w0 4 in. H.O) Az 1o
stand for 10 minutss, Aoy .
the water reanometer Indicate
alternative lecx—<check methed |
ize the bag to 8 0 10 em H,0 (2
and allow to stend overnight. A
indicates a Jeak,

2.2.7 Pressure Cauge A
tube manometer, or equivzlent, of 2t

waler-filles U

aut 2

cm (12 in.) i5 uged for the flexibie bag leak-
check.

SQUEEZE BULS

Figure 21

AIR.CODLED
COWDENSER

VALVE

Grab samphing train

RATE METER

SURGE TANK

I
)

FILTER
(GLASS WOOL)
QUICK DISCONNECT
VALVE & S
ac
/"
RIGID CONTAIKER

Figure 3 2. integrated gas-sampling train,

W11 O—Ni—-—2}

Reprinted:from_CFR :Title 40 dated July 1980 - -
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.+ 2.2.8 Vacuum Gauge. A mercury mano-

meter, or equivalent, of st least 780 mm Hg
(30 In. Hg) s used for the sampling train
leax check.

2.3 Analysis. For Orsat and Fyrite ana-
lyzer main tmuc“ and operation procs-
dures, fzil ~:.::-:: ions recoramenii=d
by the man niess otherwise s5pac-
ified her:m

2.3.1 Dry Molecular Weight Determina-
tion. An Orsat analrzer er Fyrite type com-
bustion gas analyzar may be used.

2.3.2 | Zmizsion Rate Correction Factor or
Excess Air Determinztion. An Orsat analvz-
er must be used. For low CO, (less than 4.0
percent) or high O, (greater that 15.0 Der-
cent) concentraticns, the measuring buret:e
of the Crsat must have at least 0.1 percent
subdivisions.

3. Dry Moiecular Weight Determinaiicn
An, of the t:
oeedures ¢
de'.er:‘:.:nm:, the ary mo
3.1 Singie-P
Analyticai Pr cre

3.1 The sampling point in the duct
saall efther be &l Lhe centroid of the cross
sectien or sl 3 peint no closer 1o the walls
than 1.00 m <3.3 {1, unless otherwise speci-
fied by the Admuaistirator.

3.1.2 Set up the equipment as shown in
Pigure 2-1. moaking sure &l connection:
anead cf tnhe analyzer are Light and leai-
free. 1f and Orsat analyzer is used. it is rec-
ommended that the analyzer be leaked-
checked by following the procedure in Sec-
tion 5. however, the leak-check is optionzal.

3.1.3 Place the probe in the stack, with

~ the tip of the probe positioned at the sam-
 pling point: purze the sampling line. Draw a

sample into the snaiyzer and immediately
analyze |t roA percent T0, and percent O,
Determine (o parcenisge of the gas that i
N, and CO b) subtracting the sum of the
percent CO, and pcreent C, from 100 per-
cent. Criculate the Jry molecular weight as
indicated in Section 6.3.

3.1.4 Repest the sampling. anslysis, and
calculation procedures, until the dry molec-
ular weights of sny three grab samples
differ from their mean by no more than 0.3
g/g-mole (0.3 lb/ib-mole). Average these
three mclecular weights. and report the re-
sults to e nearest 0.! g/g-mole (lb/lb-
molel.

3.2 Single-Point. Integrated Sampling
and Analytical Procedure.

3.21 The sampling point In the duct
shall be located as specified in Section 3.1.1.

3.2.2 Leak-check ¢optionall the flexible
bag as in Section 2.2.6. Set up the equip-
ment as shown (n Figure 3-2. Just prior to
sampling. leak-check (optional) the train by
placing a vacuum gauge at the condenser
inlet. pulling 8 vacuum of at least 250 mm
Hg (10 in. Hg). plugging the outlet at the
Quick disconnect, and then turning off the
pump. The vacuum should remain stable for
at least 0.5 minute. Evacuatce the Nexible
bag. Connect the probe and place it in the
stack, with the tip of the probe positioned
at the sampling point: purge the sampling
line. Next, connect the bag and mske sure
that all conncetions are tight snd leak free.

3.2.3 Sample at a constant rate. The sam-
pling run should be simultaneous with, and
for the same total length of time as. the pol-
lutant emission rate determination. Coliec-
tion of at least 20 liters (1.00 {t) of sample
gas is recommended; however, smaller vol-
umes may be collected, if desired.

3.24 Obtain one Integrated flue gss
sample during esch pollutant emission rate
determination. Within -8 hours sfter the
sample Is taken, analyze {t for percent CO,
and percent O, using efther an Orzat analvz-
er or a4 Fyrite-tvoe com>ustion gos anzlyzer.
17 an Croat onzlyaer is oused, ¥ s CoiT
mended 1hst e f‘rsat leakcheck desc:zbed
in Section 5 b2 parformed before this deter-
mination; however, the check s optional.
Determine the percentage of the zas that is
N, and CO by subtrscting the sum of the
percent €2, end percent G, from 100 per-
cent. Calculate the dry moiscular weight as
indicated in Section 8.3.

325 Repeat the xnalysis and ecajculation
procecures until the individus! dry noiecu-
Inr weights for any Lhree saxiyses giffer
from their mean by no more thnr. 0.3 g/g-
mole (6.3 lb/lb-mole). Average these three
molecular weights, and report il 3
the nearest 0 13/

3 hed 4 Dr-—x'

331 U ‘xess o
Ad'rm-\'x.‘w..
points shall
ha' ing d:meL:*c iess than 061 m !
minimim of nine shall be used for rec
lar stacks hawn$ eguivalent diamete
than 23.61 m (24 in
twelve tra\e’w jole}]

uv\«e v oo

M LIIL‘ us® of
fewer points is su!;js-ct to approval of the
AZminisirator.

3.3.2 Follow the procedures outlined in
sections 3.2.2 throught 3.2.5, excep! for the
following: traverse all sampling peinls and
sample at each point {cr an equal length of
time. Record sampling data. as shown in
Figure 3-

4. [Ewmission Rate Corvection Faclor 2.
Ezrcess Air Delerminatlion

Notr.—A Fyrite-type combustion gss ans
lyze: is not acceptable for excess alr or emis
alon rate correction factor d°t""‘~"'x';“‘
unless npproved by the S
ol percent CO, and percent G, are m:‘&:
ursd, the analytical resuits of any of ikt
three procedures given beiow may also be¢
used for calculating the dry rmoieculs)
weight.

Each of the three procedures below zhal
be used only when specified in an spplicibic
subpart ¢f the standards. The use of thesc
procedures for other purposes must have
specific prior approval of the Admini :

4.1 Single-Point, Grat Sampling anc
Ansglytical Procedur.,

4.1.1 The sampliig point iu the
sha.‘ che' be at the centreid of Lhe c

t o i.uO m iS 3 x’L) uA izs3 oL
fied by the Adm Azms‘.’a:o—
A

bin
‘s\z.g S

5-.;,_\. rer

YIer

o opoint pu 53

mpie into the ara!»te i
correc'.:on factor determinz ticn. A..Ld.s.tp
ly aralyze the sample. &s outlined in Sec
ticns <.1.4 &nd 4.1.5, for percent CO, or per
cent O.. If excess air Is gesired, proceed &
fellows: (1) immediately rnalyze the sample
25 in Sections 4.1.4 and 4.1.5, for percernt
CO,. O,. and CO; (2) determine the porzent-
aze of the gas that is N, by subtracting the
sum of the percent CO,. percznt O,, and pos
cent TO from 100 percent, and (3} waiculzle
percent excess &ir as gutlined in Eection

TRAVERSE a
TIME PT. 1pm % DEV.?
AVERAGE
a Q- Qavg
% DEV = ( )100  (MUST BE <10%)

Figure 3-3. Sampling rate data.

P i

pages 3]0 315
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4.4 To=-insure complete absorption of
the CQ,, O, orif applicable, CO, make re-
peated passes through each absarbing solu-
tion unti! two consecutive readings are the
same. Several passes (three or four) should
be made between readings. (Il constant
Md after three con-
tiie absording so-

readings cannol be ohts
seculive readinzs. replace
lution.}

4.1.3 After the analysis is completed,
leak-check (mendatcry) the Orsat analyzer
once sraln, s described in Becticn 5. Por
the resclts of the analysis to be valid, the
Orzat snalyzer must pass this leskx tes:
before and after the analysis. Norr.—Since
this single-point. grab sampling and mnlvt-
fcal procedure in normaily conducted in co

junction with ¢ singls.poini. grzb J:L'..pun.g,'

and snalytical procedure for a pollutant,
-2

ordmari!y conduriad,

only one gnalys:s :'5

Therefzre, greal

obtain a valid 1y

though in most s eniy €0, or O, is ro.
quirec. it i3z recommendsd tha! both CO,

ané O, be measures, and that Citation 3 1n
the Bibliogrzphy be used to validnte thz
anelytica! dats,

4.2 Single-FPoint. Integrated
and Analytical Procedure

4.2.1 The samplng poinl in the duct
shall be locatad an specific 2 in Sectien ¢ 1.1

2.2 Leak-check (mancatory) the flexi-

bie bag as in Section 2.2.6. Ret up the equin:
ment 3 shown Figure 3-2. Just prier (¢
sampling. leak- chez.k lr‘r::.ndalor}l the train
by piacing a vacuum gaugze at the ;cndense-
iniet. pulling a vacuum of a leest 250 mm Hg
(10 in Hg), plugging the outlet ai the guick
disconnecl, and then turning off the pump.
The vacuum shall rersain stable for at least

Samphing

© 0.5 minute. Evacuate the [lexible bag. Con- .

nect the probe ancd piace it in the stack.
with the tip of the probe positioned st the
sampling peoint: purge the hine,
Next, connect the bag and make sure that
all connections are tight and leak {ree.

. 423 Sample at a constant rale, or as
specified by the Administrater. The sam-
pling run must be simultaneosus with. and
{or the same total lengh of time &s, the pol-
lutant emission rate determination. Col'ect
at least 30 Iiters (1.00 ft) of sample gas.
Smaller volumes riay be coliected, subject
to approval of the Administrator.

4.24 Obtain one integrated flue gas
sample during each pollutant emission rate
determination. For emission rate correction
factor determination, analyze the sample
within € hours after it is taken for percent
CO, or percent O, (as outlined in Sections
4.2.5 through 4.27). The Orsat analyzer
must oe leak-check (se¢ Section 5 beicre
the analysis. If excess air is desired. proceed
as follows: (1) within 4 hours after the
sample is tahen, analyze it (as in Sectiors
4.2.5 through 4.2.7) for percent CO,. O,. and
CO: (2) determine the percentage of the gas
that is N, by zubtracting the sum of the per-
cent CO,, percent O,. and percent CO from
100 percent; (3) calculate percent excess air,

samphic

_&s outlined in Section 6.2.

4.2.5 To insure complete sabsorption of
the CO,, O, or {f applicable. CO make re-
peated passes through each absorbing solu-
tion unti] two consecutive readings are the
same. Several passes (three of four) should
be make between readings. (If constant
readings cannot be obtained after three con-
secutive readings. replace the absorbing so-
lution.)

4.2.6 Repeat the analysis until the fol-
lowing criteria are met:

¢ st e oo o ARl o T Y ek

4.2.6.1 For percent CQ, repex! the ana-
1ytical procedure until the results of any
three analyses differ by no more that (a) 0.3
percent by volume when CO, is greater than
4.0 percent or (b) 0.2 percent oy volume
when CC, s thar or zqual to 4.0 per-
Average et
r reent C©0, and report the resuits to the
nearesst 0.1 percent.

4.2.6.2 For percent O,. repeat the anslyt-
feal procedure until the results of any three
gnalyses giff2r 5y no more than (a} 0.3 per-
cent by veiume when C, is less than 15.0
percent or (4 0.2 peareent by volume when
G, is greater than or equal to 15.0 percent.
Average the three acceptable velues of per-
centl G, and repart Whe results to the pearast
C.1 percent.

4281 For pcrcen\ CO. repeat the ans-
fytica! proceds i .he resulis ¢f

- - I |
o aecrplable values of

'Lss.; is comnpleted.
*the Orsatl arnu
%

€ in Section 5.

the Ie aiys:s 1o by vaiid,
Orsat analyzer mL..". pass this leax le:.
pelore an afier the analysis Note Althe ua
in mosl instances enly CO: or G, is requires,

it is recommended tha! both CO, and C. 'QF‘

doand thar Clhation §in the

liograpny be used to validate the analys
dats.

4.3 Mulli-Point. Integrated Sampling and
Analytical Procedure.

4.3.1 Both'the minimum number of sam-
pling points and the sampling point jocation
shall be as specified in Section 3.3.1 of this

metnod. The use of fewer points than speci- -

fied i1s subject to the approval of the Admin-
istrator.

+.3.2 Follow the procedures cutlined in
Bections 4.2.2 through 4.2.7. except for the
following: Traverse all sampling points and
sample at each point for an equal length ¢f
time. Reccrd sampling data as shown in
Figure 3-3.

§. Leak-Check Procedure for Orsal Analyzers

Moving an Orsatl snalyzer {requently
causes it to lenk. Therefore, an Orsal ana-
lyzer should be throughly leak-checked on
site before the flue gas sample is introduced
into it. The procedure for leak-checking an
Orsat rnalyzer is:

5.1.1 Bring the liquid level in each pi-
pette up to t..& reference mark on the capil-
lary tubing and Lhen close the pipetle stop-
cock.

5.1.2 Raeise the levehng bulb sufficiently
to bring the confining liquid meniscus onto
the graduated portion of the burette and
then cluse the manifold stopecock.

5.1.3 Record the meniscus position.

5.1.4 Observe the menicus in the burette
ang the liquid level in the pipetie for move-
ment over the next £ minutes.

5.1.5 For the Orsat analyzer to pass the
leak-check, two conditions must be met,

§.1.5.1 The liquid level in esach pipetle
must not fall below the bottom of the capil-
Jary tubing during this 4-minute interval.

5.1.5.2 The meniscus in the buretie must
rot change by more than 6.2 ml during this
4-minute interval.

5.1 6 If the analyzer fails the leak-check
procedure, al! rubber connections and stor
cocks should be checked until the cause of
the leak is identified. Leaking stopcocks
must be disassembled. cleaned. and re-

Pa
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greased. Leaking rubber connections must
be replaced. After the anslyzer is reassem-
bled. the leak-check procedure must be re-
peated.

8. Calculations
5.1 Maomenclalure.

M«=Dry mnolecular weight, g/z-maole (b1
moie).

%EA = Percent excess air.

%CO,=Percent CO, by volume (d-x ,a,axs.

FCy = Poercent O, by volume (dry banizy

%CQO = Percent CQ by volume &dr} .,ws,_

SN, =Percant M, by volume (dry bazis)

0.264 = Ratio of O. to N, im air, v/v.

0.280 = Molecular weight of N, or CC. 2ivig.
ed Ly 100,
0.320=Molecular weight of O, divided by

ular weight of CO, divided by

- 0.5, C0

PR o reas am
L6255 000 \~L 1(()~—-’ st

Fauatinn 3.1

NcoTZ.—The squation abcve azsumies thst
ambient eir is used as the source ¢f G, and
that the Jue! deoes not contain apnrezcanie
amoun's of N, tas do coke cven or Bisst {ur-
nace gases). Far these cases when appraois-
bie amounts af N, are present (ceal, ¢il, and
natural ggs do not contain xppreciable
amounts of N,) or when oxygen enrichment
is used. alternate methods, subject to ag-
proval ¢f the Administrator, ave regquired.

6.3 Dry Moleculat Weight. Use Equaticn
3-2 to caiculatle the dry molecular weignt of
the stack za3s
Mi=0.4400%C0O:1+0.320¢.0,3 +

0.280¢ %K, + %CO:
Equation 3-2

Norr.—The above equation does nol con-
sicer argon in air fxbout 0.9 percent, mole-
rulars weight of 37.7). A negative errcr of
nbout 0.4 percent is introduced. The tester
may opl to include argon in the analysis
using procedures subject to approval of the
Administrator.
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* 1. Principle and Applicability

1.1 Principle. A gas sample iz extracted
at & conatant rate from the source; moisture
is removed from the sample stream and de.
termined efther volumetrically or gravime-
tricaliy.

1.2 Applicadility. Thiz method s annlien.
bie far determining tie maolsturs ment ot ol
slack gas.

‘Two procedures are given. The first is a
reference method. for sccurate determina-
tions of moisturs eontent (auch a5 are
nesded to calrulate amiazion zatn:, The
second s an apprextmation methed, which
provides estimates cf persent maotsture to
aid In zetiing izokinetic saepling rytes prior
to a pollutant emiszion messuremen: ruit.
The approximation method describad
herein is only a 3uggested approsch; alter-
native means for appreximating the mol:-
ture content, e.g., drylng tubes, wet Sulbedry
bult techniques, ecndenaation tach .
etaichiometric ealeulations, nrevisus o
ence, elo., are alro asceptabie,

The refersnce methed i often conducted
simultanecusly with a pellutant emizeicn
messuremant run when i Lo, raleuls
percent isoktnetic, ncllutant emisslon meis,
elc., fer the 1un snall e beaed upen the re-
sults of the referance method or its eguivsy.
lent: these calculations zhal! not be basad
upon the resulls of the Aopreximaticon
method, unless the approximetlen method
is showtn to the zatisfroting of the Adminiz.
trator, U.S. Environmental Protection
Agency, to be capable of yielding resulis
within 1 percent H,O of the reference
method. -

“UCFILTER
(EITHER IN STACK -
OR OUT OF STACK) -

STACK
WALL

Korz.—The reference method may yleid
Questionable results when applied to satu-
rated ges streams or Lo streams that contain
water droplets. Therefore, when these con-
diticns exist or are suspected. a second de-
termination of the moisture content shai!
22 made simullanesusly with the refersnoe
methed, 28 follows: Agsume thz2t the g3
stream {= satursted. Attech a tempersiure
sencor (capable of measuring to =1° ¢ (2
F1 to the reference method probe. Measure
the stack pas temperatuse at each traverse
peint (see Scction 2.2.1) during the rafer.
ence method traverse; calculate the average
SLACK ges temaperziure. Nexzt, determine the
molsture percentage, elther by: (1) ustng a
psychrometric chert and making sopropri.

MITHOD 4 —DETERMINATION OF MorisTUR:
CONTINT 1% 8TACK Gasks

2.1.1 Probe. The probe s constructad cf
stainless steel or glass tubing, suffictently
heated to prevent water condensation, and
is equipped with a filter. efther {n-stack
(e.g.. & plug of glass woo! Inserted ints the
end of the probe) or heated out-gtacs (e.g..
33 described in Methed 5}, 10 rormoy s e
wizr mettsr

When stack econditicns pernit, tiner
metals or plastic tubing may be used for the
probe. subject o the spproval of the Admin:
istraior.

2.1.2 Concenser. The condeneer
of feur impingers connecied In ger
ground gless, lesk-free fittings o an
larly leak.free non-contaminating fittin
The first, thir2, and fourth tmplrgsrs

BLe corTections i stack pressuss i3 Qiflarant be of the CGreenburg-Smits design o3
from that of the chart. or (2) using satura- by repiscing the tp with a 1.3 centimeter
ion vapor preszure tables. In ewsec whers (% Irch) ID glass tube axtending to ab

the pysehromeiric chart ar the sbturat:
Yapor preossure tables ars not

W ine approval of the
rged,

e in Mothed 5 fo

5
sontent e scceptas)

L |

determining moi
35 2 refarence method.

2.1 Apparatus. A schematic cf the sam-
piinz train used in thic raference methed is
shown in Figure 4-1. Al components shajl
be maintalnes ard czlicrated secording to
the proceaure cutlined in Method 5.

using
tians betwren the lmpingars
als other than glass. or using
vacuum lines to connect the 1

The first two implngers shall

DOwT volumes of water, the thirz
emply, and the fourth shaii co
Inown weizht of € to 13-mresh &
irpe siliex gel, or equivaleni desicesn: 77
the silicx gel has been praviously used, dry
at 175" C (350" F) for 2 hours. Mew silica ze!
may be used as received. A thermometer, ca-

CONDENSERCE BATH SYSTEM INCLUDING

ORIFICE

THERMOMETERS

BY-PASS VALVE

VACUUN
GAUGE

MAIN VALVE

—— e

AIR-TIGHT
PUMWP

Figure 4-1. Moisiure sampling train-reference method

Reprinted from CFR Vitle-40 dated July 1980
pages J15-325 o
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pable of measuring tempersture to within 1°
C (2’ F), shall be placed st the outlet of the
fourth impinger, for monitoring purposes.

Alternstively, any system may be used
(subject 1o the approval of the Administrs-
tor) that cools the sample gas stream znd
sllows measurement of both the waler that
hag been condensed and the melsturs ooy
ing the ""v‘e‘.ae' each to within I mior i
8. Acceptable mesans are to measure the con-
densed water, either gravimetrically or votu-
metrically, and to mesasure the moisturs
leaving the condenser by: (1) monitoring the
tempersture and pressurs at the exit of the
condenzer and using Dalton's law of partisl
pressures, or (2) passing the sampie goas
stream through & tared silica gel (or equiva-
fent desiccant) trzp. with exit geses kept
below 200 C (23" ), and determaining the
weight gain.

1f meers other than sflfca gel are weed o
determinie ths amount of moisturs laav
the condenser, it is recomunended (hat of
gel (or Fc.at'.’..'t L still e vgesd Lo
condenser v).»eu and pump, L& prev
molsture condensation in the purm: and
tering devices and (o aveid the need Lo m
correclions {or molsture in the mele
volume.

2.1.2 Cooling System. An lce bath con-
teiner and crushed Ice (or equivalent) ars
used to aid in condensing moisture.

2.1.4 Metering System. This system in-
cludes a vacuum gauge, lesk-free pump.
therniometers capeble of measuring tem-
perature to within 3' C (5.4° F). dry zas
meter capable of messuring volume to
within 2 percent, and related equipment as
shown in Figure 4-1. Other metering sys-
tems, capable of maintaining s ceonstant
sampling rate and determining sampie gas
volume, may be used, subject to the approv-
al of the Administrator.

2.1.5 Barometer. Mercury, sneroid, or
other barometer capsble of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg) may be used. In many cases. the
barometric reading may be obtained from a
nearby nations! wetther service station. in
which czse the stat.on value (which is the
absociute barometric pressure) shall be re-
vuested and an edjustment for elevation dif-
ferernces between the westher station and
the sampling point shall be applied at a rate
of minus 2.5 mm Hg (0.1 in. Hg) per 30 m
(100 ft) elevation increase or vice versa for
eievation decrease.

2.1.6 Graduated Cylinder and/or Bal-
ance. These {tems are used 10 messure con-
densed weter and moisture caught in the
silica gel to within 1 m! or 0.5 g. Gradusied
cylinders shall have subdivisions no grester
than 2 ml. Most laboratory balances are ca-
pable of weighing to the nearest 0.5 g or
less. These balances are suitable for use
here.

2.2 Procedure. The following procedure
s written for & condenser system (such as
the impinger system described In Section
2.1.2) incorporating volumetric analysis to
measure the condensed moisture, and silica
ge! and gravimetric analysis. to measure the
moisture leaving the condenser.

2.2.1 Unless otherwise specified by the
Administrator, a minimum of eight traverse
points shall be used for circular stacks
having dismeters less than 0.61 m (246 in.), a
minimum of nine points shall be used for
rectangular stacks having equivalent diame-
ters less than 0.81 m (24 in.), and a minl-
mum of twelve traverse points shall be used
fn all other cases. The traverse points shall
be located according to Method 1. The use
of fewer points is subject to the approval of

B -

the Administrator. Belect a sultable probe
and probe length such that all traverse
points can be sampled. Consider sampling
{from opposeite sides of the stack (four total
sampling ports) for large stacks, to permit
uze of zhorter probe lengths. Mark the
prebe with heat resistant tape or by scme
athizr motihcd W danote the proper Jistance
o the tack or duct lor each zampling
point. Flace inown veiumes of waler in the
first two lmpingers. Weigh and record the
weight of the sflica gel to the nearest 0.5 g
and transier Lthe silica gel to the fourth in-
pinger: siternatively, the sillca gel moy first
be transferred to the impinger. and the
weight of the silicz gel plus impinger record-
ed

21.2 Belzct z tota! aampling time zuch
tiiat 2 minimum lotal gas velume of 0.60
s (21 scf) will be collected, at a rate no
graster than 0.02! m/min (0.75 cfm). When
both moisture centent and poilulast emis-
zion mate areto e detarmined, the moisiurs
"':.mvu;
hof Urr J‘t
. tnless czi-‘r
'1 t.;:::!' cable zubgere of

the standards.

2.2.3 Set up ine samzling troin as shown
in Figure §-1. Turn on the probe heater and
(f appiicedler the filter hestling svitem (o
temperatures of atout 12060 £ (248 F). to
preven! waler condensation ahead of the
condenzer; Kilow Limz [or the teraperaiures
o stabilize. Flsce crushed ce in th2 ice bath
container. It is recommended. bul not re-
quired. that a legzk check be done, &s follows:
Disconnect the probe from the first im-
pinger cor (if saprpiicable) from the filter
hoider. Plug the [nlet Lo the first impinger
(or filter holder) and pul! = 380 mm (15 in.)
Hg vacuum; a Jower vacuum may be used,

provided that it is not exceeded during the

test. A leaksge rate in excess of 4 percent of
the sverage sampling rete or 0.60357 m¥/
min (0 02 cfm), whichever is less, is unaccep-

table. Following the jeak check, reconnect

the probe to the sampling train.

2.2.4 “During the ssnipling run. maintain
a sampling rate within 10 percent of con-
stant rate, or as spocified by the Adminis-
tiator. For each run, record the data re-
quired on the examyple ta sheet shown {5
Figure 4-2. Be sure 10 record the dry gos
meter reading at the beginning sand end of
each zampling thne increment and when-
ever sampling is halted. Take other appro-
priate readings at each sample point, at
lerst once during esch time increment.

225 To begin sampling. position ths
probe tip at the first traverse point. Imme-
distely start the pump and adjuct the Now’
to the desired rate. Traverse the cross sec-
tion. sampling at each traverse point for an
equal length of time. Add more ice and, if
necessary, salt to maintain & temperature of
less 20° C (88 F} at the silica gel outlet.

2.26 After collecling the sample, discon-
nect the probe from the filter holder (or
from the first impir.ger) and conduct & lexk
check (mandatory) as described in Section
2.2.3. Record the leak rate.’If the leskage
rate exceeds the aliowable rate, the tester
shall either reject the test results or shzll
correct the sample volume =as in Section 8.3
of Method 5. Next, measure the volume of
the moisture condensed to the nearest mil.
Determine the increase in weight of the
silica gel (or silica gel plus impinger) to the
nearest 0.5 g. Record this information (see
exampie data sheet, Figure 4-3) and calcu-
late the moisture percentage. as described in
2.3 below.

pages 315-325

2.3 Calculations. Carry out the following
calculations, retalning at least one extrs
decimal figure beyond that of the scquired
data. Round off figures sfter fing! ealeula-
tion.

[~ e IRICA Gib
WYOLLAE wEICHT l
-
FiMaL |
o wma] |
DHELRENCE }

Frgure £ 3 Anaivieal data - celerenca rtnod

. 2.3.1 Momenclature.

B ,=Froporilon of water vaps
in the gas stream.

M =Molacuisr welght ol water, 150 g~

mole (18.2 h/1b- 'nc le).

Pa=Aksolute presgure (for this
same as barometlric pressure) at
gas meter, mm Hg (in. Hg).

Pu«=8landard sbsolute pressure, 7§00 mm
Hg (29.82 in. Hg}.

R=1dea! ges constant, 0.92222 (mm XKoo
(m/(g-mole) CRY for metric i
2135 (n. Hg) (ita/0b-meier ("R far

oo kY vohuns,

.

English units.

T o=Absolute temperature at meter, K
CR).

Tuwe=Standard absolute temperaturz, 233"
K (328'R).

Vu=Dry gas volume men.sur:d by dry gas
meter, dem (def).

AVa=Incremental dry gzs volume measured
by dry gas meter st each treverse peirnt.
dem (def).

Vmown=Dry gas volume mesasured by the dry
£35 meter, corrected to siendard condi-
tions, dscm (dscf).

Vaewn=Volume of waler vapor condensed
corrected to standard ccnditions, sem
{(scf).

- Veauar=Volume of water vapor czilected in
silica ge! corracted to stzndard condi-
tions. sem (scf).

V;=Final volume of condenser water, ml.

Vi=Initial veiume, if any. of condenser
water, ml, '

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

W, =1nitial weigkt of silica gel or silica g=l
pius impinger, g.

Y =Dry gas meter calibration factor.

pe=Density of water, 0.9582 g/m] (0.002201
1b/mh).

2.3.2 Volume of water vapor condensed.

(Vi= Vo0 T o

l..f‘ll'l‘= - l)_.|l‘l

=K1y 1)

Eequaetoan 4 1

Reprinted from CFR Title 40 dated July 1980 -~ .-
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where: .

K, =0.001333 mi/ml for metric units
=~ 0.04707 {t3/m] for English units

23.3.3 Volume of water vagor collected In
silica gel.

Wy WO R T
Poatf .
= K:( We-- “'.)

Equation ¢

Vieeetarn =

where:

X ,=0.001335 m?¥/g {for metric units
=0.04715 ft3/g for English unlts

2.3.4 Sample gas vclume.

V— (st} = "‘n Y —

=kK,;) Y-Pa

Equatio: ¢-3

PLANY

where:
K ,=0.3858 ‘K/mm Hg for metric units
=17.64 "R/in. Hg for English units
Notz.—1f the post-test lesad rate (Section
2.2.8) sxcezds the allowable rals, corraet the
value of Va in Equation ¢-3, ss deserided in
Bection 5.3 of Method 5
2.3.5 Moisture Content,

V.., ot ) + ¥ wazriaet)
5 . -
Vectnss + Vo tnts + Vi aeny

Equntion 4-4

B,,=

NoTe.—In saturated or meisturs dreplet-
laden gas streams. two exlculatisng of the
moisture content of the stsck gas zhall be
mede, one using a value bosed "nc* the
zaturatesd eonditicns (sen Zoglicn L1 y
another based l.pcn the results of ,,_,, tin-
pinger anslysis. The lower ¢f the ta'o
values of B, =h‘ ! "«* consicerad oot

oCATION

" erematon

BATE

AMBIENT TEMPERATURL,

BAROMETAIL PRESSURE

PROBE LEBG TN mint)

SCMEMATIC OF STACK CROST SICTION

2.3.8 Verification of constant sampling
rate. For each time incremen?, determinz
the AV, . Calculate the sversags. If the valyr
for any time increment differs {roqm the
aversge by more than 16 perceant, mefvo? 150
results and repeat the run.

3. Approrimation Kethed

The  approximation methed Coecrited
below is presented conly as = s.,:z~:'»c'
method (see Section 1.2).

3.1 Apparstus.

3.1.1 Probe. Btainless :tevl gless tubing,
sulficiently hested to prevent waler sorien.
satlon and equipped with a filter (elthar ia-
atack cr heated out-stack) Lo remove purtis-
ulale matter. A piug of glass woo!l, insert er‘
into the end o! the probe, {5 a gaiislactc
fiiter

3.1.2 Impingers. Two nidae' Lar

®ch with 3¢ ml smpocity, 5

singers,

! masuxe | | TEVPERATURS
: DIFFERENTIAL | pgTea GAS SAMSLE TERFEALTURE OF Gds
' ALROSS . ReADG AT DAY GAS METER LEAVInG
SaarvLinc STACK ' SRIFICEMETER  gagSamplt CORSEISEN 38
TRAVERIE POINT TRE ram BATURE | tam voLweE | OVa | E? suTLEY LAST 2emaceRr. !
RUMEER (6] men o 1% i eatalngd wdind | @lmd) ! (Tag O | (tmee OC(PF o (*F} :
! ! | l i j
T T |
J -+ L .
4 ! j - 1 ; :
| : ‘ 1 | ' -
; - T , j j T N -
| i . ] ! _
; | i
: I 13
+ + l
! | g
; ' | Y
N ! i
l T
TOTAL A Ag
AVERAGE ™
Figure 4 2. Field moisture determination-reference method
A
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3.1.4 Dryihg Tube. Tube packed with
new or regenersted 8- to 18-mesh indicating-
type sllica gel (or equivalent desicoant), o
dry the sample g=5 and to protect the meler
and pumo.

3.1.3 Valve Heedle vrlve, to reguinie ths
sample gas flow rate.

3.1.6 Pump. Leak-free, diaphrsgm type,
or equivalent., to pull the gas zample
through the train.

3.1.7 Volume Meter. Dry zas meter, zuffi.
ciently accurate to messure the samgle
volume within 2%, and callbrated over the
range of flow rates and conditions actually
encourtered during sampling.

3.1.8 Rate Meter Rotameter, to mezsurs
the fiow range from 0 to 3 lpm (0 o 0.11
efm).

319 CGraduated Cyl! r‘dcr .a ml

3.2.19 0B 2
other barsme
2.1.5 above.

3.1.11 Yacuum Gauge At lzas
Hz (S in Hg:gnuge, to be uzed for
pling leak check.

3.2 Procedure.

3.2.1 Place exactly 5 ml distilled water in
each impinger.

HEATED PROBE

FILTER

Leak check the sampling train as follows:
Temporarily insert a vacuurm gauge at or
near the probe inlet; then, plug the probe
inlet and pull & vacuum of &t least 250 mm
Bg (10 {n. Hg) Note, the time rate of

ehange of the dry ges malor ¢lal; allerna-
tively, a rotametzr (040 cc/min) may be

temporarily sttachsd to the dry gas meter
outict to determine the lesksge mate. A leak
rale not {n excess of 2 percent of the aver.
age sampling rats {5 acceptadls,

Notr.~Carefully release the probe .lnlet
plug before turntng off the pump.

3.2.2 Connec! the probe, (nser: it {nto the
gtack, and sample at a constant rate of 2
lprn (0 271 efm). Centinue :m..r.un untll

G liters

1 the ﬂ'st Lrpingc" t¢ the
'>v AsKU LY, &:d
required by

ecarried over from
second, ’leccr.. »e,“pc“\mr*
dry Zas meter readings as
E’x’zure %-5.

3.2.3 Afier coilecting the mampio,
bine the contents of the tw
measure the volume to the nesrest 0.5 ml.

3.3 Calculsatiens, The calculation method
presented is designied to estimote the mols-
ture in the stack gns; therefore, cther data
which are only necessary for eccurate mois-
ture determinations. are not collected. The
followir-g equations adequately =stimate the
moisture content, for the purpose of deter-
mining isokinetic sampling rate settings.

oo

SILICA GEL TUBE

(GLASS WOOL)

ICE BATH

wo {mplngers and.

RATE METER

3.3.1 Nomenclature.

Bee=Approximate proportion, by volum
of water vapor in the gas strearm leavin
the second impinger, 0.025.

B = Water vapor in the gas stream, propo:
tien by volume.

M, =2Mciccular weight of wxaier, 13.0 g/i
mole (18.0 1b/1b-mclel.

Pu=Absolute pressure (for thls methoc
mme & barometric pressure) at the &7
ga6 meter,

Paue=Standard absolute pressure, 760 m:
Hg (29.82 in. Hg).

R~1Ideal gas constant, 0.06233 (mm H;
(m?*/(g-mole) ('K} for metric units ax
21.85 (in. HE! (ft/1b-mole) C"R) fer En
lish units.

Te = Absclute temperature 3{ meter, ¥ 'R

Twe =Standard absolute temperaiure, 293}
(528" R).

V, -.nsw,x ""‘t of (_T—-tn-p- pominrie pat

Pediy

v..:D*, gn.s volume rrc_.surr.--
meter. em (def).
Vawe =Dy gus volum
meter, correcied
dscm (dscf).
Vrw.r=Volume of water vapor ¢
ecrrected to stsndsrd conditicns, sc
(scf).
o = Density of water, 0.0082 z/ml (0.702%¢
b/ /ml).
Y =Dry gas meter calibration fasier.
3.2.2 Volume of water vapor ceilected.
wheare:

ndernise

v (‘I_‘ )P-" (189
= 'M"-

"'Kl(‘ !“‘ )
Fguation 4-5

=

DRY GAS
METER

MIDGET IMPINGERS

17 4

PUMP

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

i leprmfed from CFR ‘I'ltle ‘40 dand .Iuly 1980
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* ' LOCATION COMMENTS

- TEST

DATE
OPERATOR

BAROMETRIC PRESSURE

GAS VOLUME THROUGH
METER. (/m). RATE METER SETTING METER TEMPERATURE. |
CLOCK TIME m3 (113 m3 min (gt3, i) °C 19F) ;
z
1
: .
b . . '

Figure 4-5. Field moisture determination - approximation method.
g :

4. Calibration
4.1 For the reference method, calibrate
equipment as specified in the following sec-
tions of Method 5: Secticn 5.3 (metering
system); Section §.5 (temperature gaugesy,
and S8ection 5.7 (barometer). The recom-
I3 T mended leak check of the metering system
Vo=V ( - ) (_H) (Section 5.6 of Method 5) also applies to the
Pow 7 reference method. For the approximation
method, use the procedures outlined in Sec-

K, =0.001333 m¥/m! for metric units
=0.04707 [t*/m! for English units.
3.3.3 Gas volume.

- 2
=K. ! ",1 i tion 5.1.1 of Method & to calibrate the me-
7. R . . tering system. and the procedure of Method
liquation 4-06 S, Section 5.7 to celibrate the barometer.
wh 5. Bibliography
ere: e
K.~ 0.3858 "K/mm Hg for metric units 1. Afr_Pollution Engireering Manual
N (Second Edition}). Danielson. J. A. (ed.). US.
=17.84 ‘R/in. Hg {or English units Envi ental Protection Agencs. Offi ¢
-3.3.4  Approximate moisture content. nvironm ote n Agency. lce o
Air Quslity Planning and Standards. Re.
search Triangle Park. N.C. Publication No.
o Ve AP-40. 1973,
B. = + B.m 2. Devorkin, Howard. et al. Afr Pollution
Vrc+ V-l-"l)

Source Testing Manual. Air Pollution Con-

V.. trol District. Los Angeles. Calif. November,

L rt'?"-lnd) 1963.
. - 3. Methods for Determination of Velocity,
Equation 4-7 Volume Dust and Mist Content of Gases.

Western Precipitation Division of Joy Man-
ufacturing Co.. Los Angeles, Calif. Bulletin
WP-50. 1968.
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1. Principle and Applicability

1.1 Principle, Particulate matter is with-
drawn Isokinetically from the source and
collected on a glass fiber filter maintained
at a tempersture {n the range of 120+ 14° C
(248+25° F) or such other temperature as
specified by an applicas!2 subpart of the
standards or sapprovad Ly Administrator,
U.S. Envircnmental Protection Agency, for
a particular application. The particuiate
mass, which includes any material that con-
denses at or above the flitrstion .empersa-
ture, is determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of particulate
emissions from stationsry sources.

2. Apparalus

2,1 Sampling Train. A schematic of the
sampling train used in this method is show
in Pigure 5-1. Complete construction details
are given in APTD-0521 (Citation 2 in S
tion 7); commercial medels of this train are
also avallable. For changes from APTD-
0581 and for allewable medifications of the
train shown in Figure §-1, see the fcllowing
subsections.

*Menticn of trade names or specific prod-
uct does not constitute endorsement by the
Environmental Protection Agency.

TEMPERATURE SENSOR

I
lo~ PROBE

; REA  THERMOMETER
TEMPERATURE CATEDAREA
PITOT TUBE SENSOR FILTER HOLDER
PROBE STACK
— WALL

o - The Almega Conponnidr«

The operating and maintenance proce-
dures for the sampling train are described in
APTD-0576 (Citation 3 in Section 7). Since
correct usage ls important in obtaining valid
results, all users should read APTD-0576
and adopt the coperating snd maintenance
procedures outlined In it, unless otherwise
specilied herzin. The sampling train con-
sists of the {ollowing components:

2.1.1 Probe NMNozzle. Stalnless steel (316}
or glass with sharp, tapered leading edge.
The angle of taper shall be 30° and the
taper shall be on the outside to preserve &
constant internal! dlameter. The probe
nozzle shall be of the button-hdok or elbow
design, unless otherwise specified by the Ad-
ministrator. If mace of stainless steel, the
nozzle shall be constructed from seamless
tubing; other materials of construction may
be used, subject to the approval of the Ad-
ministratar.

A range of pozzle cizes suiteble for isokin-
etic sampling shouid be svailabie, e.g., 0.32
te 1.27 em (W to % in)—or larger if higher
volurme sampling trains are used—inside di-
ermetor (ID) newies in increments ol 8.16 em
(Y1s inY, Zach nozzic shall be calicrated ac.

METHOD 5—DETERMINATION OF PARTICUIATE
EMISSIONS PROM STATIONARY SOURCES

.cording to the procedures outlined in Sec-

tion 5.

2.1.2 Probe Liner. Borosilicate or quartz
glass tubing with a hesting system capable
of maintaining a gas temperature at the exit
end during sampling of 120~i14° C (245=25°
F), or such cther temperature 23 specilied
ty an appilicable subpart of the standards or
rpproved by the Administrator for s partic-
ular application. (The tester may opt to op-
erate the equipment at a temperature igwar
than that specified.) Since the actual tem-
perature at the outlet of the prebe is not
usually monitored during sempling, probas
constructed according to APTD-0581 and
utilizing the calibraticn curves c¢f APTD-
0576 (or calibrated according to the proce-
dure outlined in APTD-0576; will be consic-
ered acceptadle.

Either berosilicate er
liners may be used for i
up to about 480° C (30'; )
shall be used for temperatures Le
and 200" C (800 and 1,§5¢° Fi. Zotn
liners may be used at higher :e'“p
than specified for short pericds o
ject to the approval of the Ad..; T,
The softenmg temperature for borosilicate
is 820° C (1,508 ¥), and for guar:z it is 1,500°
C (~2,73"' .

IMPINGER TRAIN OPTIONAL,MAY BE REPLACED

BY AN EQUIVALENT CONDENSER

REVERSE- 'YPE ""{
1

5

THERMOMETER
CHECK
VALVE

VACUUM
LINE

2ITOT TUBE
NTOTMANDMETER ICE BATH
: BY-PASS VALVE
ORIFICE /
VACUUM
GAUGE
MAIN VALVE
THERMOMETERS NV

AIR-TIGHT
PUMP

Figure 5-1. Particulate-sampling train
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.. $1.3 _Water. When analysis of the mate- .. .
rial caught in the impingers is required, dis-

tilled water shall be used. Run blanks prior
to field use to elimlnate a high blank on test
samples.

3.1.4 Crushed Ice,

3.1.5 Stoprock Grease. Acetone-lnsoluble,
heat-stable silicone grease. This is not nec-
essary if screw-on connectors with Teflon
sleeves, or similar, are used. Alternatively,
other types of stopcock grease may be used,
subject to the approval of the Administra-
tor.

3.2 Sample Recovery. Acetone-reagent
grade, <0.001 percent residue. in glass bot-
tles—is required. Acetone from metal con-
tainers generally has a high residue blank
and should not be used. Sometimes, suppli-
ers transfer acetone to glass bottles from
metal containers: thus, acetone blanks shall
be run pricr to fieléd use znd only acetene
with low blank values (<0.061 percent) shall
be used. In no case ghall a blank value of
greater than §.001 percent of the weight of
acetone used be subtracted from the samupie
weight,

3.3 Analysis. Two reagents are requireq
for the analysis:

3.3.1 Acetone. Same as 3.2,

3.3.2 Desiceant. Anhvdrous calcium sul-
fate, indicziling iype. Alternatively, other
types of desiccants may be used. subject to
the appreval of the Administrator.

4. Procedure

4.1 Samplirg. The complexity of this
method is stch that, in arder to obtain reli-
able rosults, testers should be trained ard

_experienced with the test procedures.
“ 4.1.1 - Pretest Preparation. All the compo-
“nents shall be maintainéd and caliprated ac-
cording to the procedure described in
APTD-0578, unless otherwise specified
herein.

Weigh several 200 to 300 g portions of
-silica gel in air-tight containers to the near-
est 0.5 g. Record the total weight of the
silica gel plus container, on each container.
As an alternative, the silica ge! nced not be
preweighed, but may be weighed directly in
the impinger or sampling holder just prior
to trafn assembly.

Check filters visually against light for ir-
regularities and flaws or pinhole leaks.
Label filters of the proper diameter on the
back side near the edge using numbering
machine ink. As an alternative, label the
shipping containers (glass or plastic petri
dishes) and keep the filters in these contain-
ers at all times except during sampling and
wefghing.

Desiccate the filters at 20=5.6° C (68=10°
F) and ambient pressure for at least 24
hours and weigh at intervals of at least 6
hours to & constant weight, i.e., 0.5 mg
change from previous weighing; record re-
sults to the. nearest 0.1 mg. During each
weighing the filter must not be exposed to
the laboratory atmosphere for a period
greater than 2 minutes and a relative hu-
midity above 50 percent. Alternatively
(unless otherwise specified by the Adminis-
trator), the filters may be oven dried at 105°
C (220" F) for 2 to 3 hours, desiccated for 2
hours. and weighed. Procedures other than
those described, which account for relative
humidity effects, may be used. subject to
the approval of the Administrator.

4.1.2 Preliminary Determinations. Select
the sampling site and the minimum number
of sampling points according to Method 1 or
as specified by the Administrator. Deter-

- mine the stack pressure, temperature. and

“;*hE‘AlMEQA"‘Cf’)Rp*ORATION

-the range of velocity heads using Method 2;
it is recommended that a leak-check of the

" pitot lines (see Method 2, Section 3.1) be

performed. Determine the molsture content
using Approximation Method 4 or {ts alter-
natives for the purpose of making Isokinetic
sampling rate settings. Delermine the stack
gas dry molecular weight. as described in
Method 2, Section 3.6; if integrated Method
3 sampling fs used for molecular weight de-
terminatien, the integrated bag sample
shall be taken simultaneously with. and for
the aame total length of time as, the partic-
ulate sample run.

Select 8 nozzle size based on the range of
velocity heads, such that it is not necessary
to change the nozzle size in order to main-
tain isokinetic sampling rates. During the
run. do not change the nozzle size. Ersure
that the proper differental pressure gauze
is chesen {or the rangez cf velocily heads er
countered (see Secticn 2.2 of Method 2.

Select & suitable prote liner and prabe
length such that all traverse pcints can be
sampled. For large stacks, consider sampling
from oppasite sides of the stack to reduce
the length of probes.

Select a tota! sampling time greater than
or egqual io the minimum total sampling
time specified in the test zrocedures for the
specific industry such that £1) the sampling
time per point is not less than 2 min (or
some greatel time interval as specified by
the Administrator). and (2) the sampie
volume taken (corrected to standard condi-
tions) wiil exceed the required minimum
total gas sample valume. The latter is based
on an anproximate average sampling rate.

It is recommended that the number of
minutes sampled at each point be an integer
or an integer plus one-half minute, in order
to avoid timekeeping errors. The sampling
time at each point shall be the same.

In some cirumstances, €.g., batch cycles, it
may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sampie volumes. In these cases,
the Administrator's approval must first be
aobtained.

4.1.3 Preparation of Collection Train.
During preparation and assembly of the
sampling train, keep all openings where con-
tamination can occur covered until jus.
prior to assembly or until sampling is about
to begin.

Place 100 m] of water in each of the first
two impingers. leave the third impinger
empty, and transfer approximately 200 to
300 g of preweighed silica gel from its con-
tainer to the fourth impinger. More silica
gel may be used. but care should be taken 1o
ensure that it is not entrained and carried
out f{rom the impinger during sampling.
Place the container in a clean place for later
use in the sample recovery. Alternatively,
the weight of the silica gel plus impinger

may be deltermined to the nearest 0.5 g and

recorded.

Using 8 tweezer or clean disposable surgi-
cal gioves, place a labeled (identified) and
weighed filter in the filter holder. Be sure
that the filter is property centered and the
gasket properly placed so as to prevent the
sample gas stream from circumventing the
filter. Check the filter for tears after assem-
bly is completed.

When glass liners are used, install the se-
lected nozzle using a Viton A O-ring when
stack temperatures are less than 2607 C
(500' F) and an asbestos string gasket when
temperatures are higher. See APTD-0576
for details. Other connecting systems using
either 316 stainless steel or Tellon ferrules
may be used. When.melal liners are used.

pages 325 342 -

install the nozzle as above or by a leak-free
direct mechanical connection. Mark the
probe with heat resistant tape or by some
other method to denote the proper distapte
Irto the stack or duct for each sampling
point.

Set up the trafn as in Fizure §5-1, using (if
necessary}) a very lght coa: of silicone
grease on all ground glass joints, greasing
only the outer portion (see APTD-0576) to
svoid possibility of contaminzaticn by the
silicone grease. Subject to the approval of
the Administrator, a glass cyclone meay be
used between the probe and fiiter holder
when the total particulate catch is expected
to exceed 100 mg or when water droplets are
present in the stack gas.

Place crushed ice around the 1-np|n ers.

4.1.4 Leak-Check Procedure
. 4.1.4.1 Pretest Lea!-:-Check. A pretest
leak-check is recommernded, hul not re-

«qQuired. If the tester opts to conduct the pre-
test leak-check, the following procedure
shall be used.

After the sampling train hes bteen zszem-
wled, turn on and set the filtar ancd prob:
heating systems at the desired operati
temperatures. Allow time for the temperz
tures to stabilize. If a Viten A O-ring or
other leak-free connection is v-sef‘ in assem-
biing the prote nogzle to the por i
leak.check the train at the sammmg site n)
plugging the nozzle and pulling 2 380 mm
Hg (15 in. Hg) vacuum.

NoTe.—A lower vacuum may be used, pro-
vided that it is not exceeded during the test

If an asbestos string is used, ¢o not con-
nect the probe to the train during the leak-
check. Instead, leak-check the train by first
plugging the inlet to the f{iiter holder
(cycone. if applicable) and pulling 8 380 mm
Hg (15 in. Hg) vacuum (see Note immediate-

-1y above}. Then connect the probe to the

train and leak-check at about 25 mm Hg (1

in. Hg) vacuum; alternatively, the probe

may be leak-checked with thie rest of the

sampling train. in one step, at 380 mm Hg

(15 in. Hg) vacuum. Leakage rates in excess

of 4 percent of the average samplinig rate or -
0.00057 m¥/min (0.02 cfm), whichever is less,

are unacceptable.

The following lezk-check insiructicns for
the sampling train described in APTD-0576
and APTD-058! may be helpful. Start the
pump with bypass valve fully open and
coarse adjust valve, completely closed. Par-
tially open the coarse adjust valve and
slowly close the bypass valve until the de-
sired vacuum is reached. Do not reverse di-
rection of bypass value: this will cause wzl.-r
to back up into the filter holder. If the de-
sired vacuum is exceeded. either leak-check
at this higher vacuum or end the leak-check
as shown btelow and start over.

'hen the leak-check is completed. first
slowly remove the plug from the inlet to the
probe. filter holder. or cyclone (if applica-
bie) and immediately turn off the vacuum
pump. This prevents the water in the im-
pingers from being forced backward into the
filter holder and silica get from being eil-
trained backward into the third impinger.

4.1.4.2 Leak-Checks During Sample Run.
1{. during the sampling run. a component
(e.g.. filter assembly or impinger) change be-
comes unecessary, & leak-check shall be con-
ducted immed:sately before the change is
made. The leak-check shall be done accord-

* ing to the procedure outlined in Section

4.1.4.1 above, except that it shall be done at
a vacuum equal to or greater than the maxi-
mum value recorded up to that point in the
test. If the .cakage rate is found to be no

Reprmted from CFR Title 40 doted July 1980
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When the stack is under significant nega-
tive pressure (height of impinger stem).
take care to close the coarse adjust valve
before inserting the probe into the stack %2
prevent water from backing inta the fiiter
holder. TIf necessary, the pump
turmed ¢n with ihe coarse ac!
clcsed.

Whnen the prote s In position. block off
the openings around the probe and porth
to prevent unrepresentative diiution of
gas stream,

Traverse tue stack cross-section, ns ra-
quired by Method | or as specified by the
Administrater, being carsful not to bu D
the prebe nozle ints the stack walls
samypling near Lhe walls or when
or [nserting me obe throué“ ?‘*P
holes: tais
ing deposited

During the

menis 10 Xeep the ter
filter '"aln.e' al the
ice and, if necessary,
per"'dr" oI’ iess tha
conilenser/cilice go!
ly check the level @
meter.
I{ the pressurz drep :'.c'
comes 10 higt
difli~ult o = he ! yooeor
placed in the midst of a samcle run. It is
recommended that &nother complate filter
assembly be used .uthe. than atie '—x,,’.i‘:; ’o

a.sse-x“, is .n._r d
(see Secticn 414") The tctal paruc.ﬂ te
weight shall include the summation of all
filter assembly catches.

A single train shall be used for the entire
sample run, exceptl in cases where simulta-
neous sampling is requirec in two or morz
separate ducts or at two or more different
locations within the same duct, or, in cases
where equipment! [failure necessitates a
change of trains. In all other situations, the
use of two or more trains will be subject to
the approval of the Administrator.

Note that when twg or more trains are
used, separate analyses of the front-half
and (if applicable) impinger catches from
each train shall te performed, unless identi-
cal nozzie sizes were used on all trains. in
which ‘case, the front-half catches {rom the
individual trains may be combined (as may
the impinger catches) and one analysis of
front-hal! catch and one analysis of im-
pinger catch may be performed. Consult
with the Administrator for details concern-
ing the calculation of results when two or
more trains are used.

At the end of the sample run. turn off the
coarse adjusti valve, remove the probe and
nozzle from the stack. turn off the pump.
record the firal dry gas meter reading. and
conduct a post-test leak-check. as outlined
in Section 4.1.4.3. Aiso, leak-check the pitot
lines as desc¢ribed in Methed 2, Section 3.1;
the lines must pass this leak-check, in order
to validate the velocity head data.

4.1.6 Calculation of Percent Isokinetic.
Calculate percent isokinetic (see Calcula-
tlons, Section 6) to determine whether the
run was valid or another test run should be
made. If there was difficulty in maintaining
{sokinetic rates due to source conditions,
consult with the Administrator for possible
varfance on the isokinetic rates,

4.2 Sample Recovery. Proper cleanup
procedure begins as soon as the probe is re-
moved from the stack at the end of the sam-
pling par‘c" Aliow the probe to cool.

When the probe can be safely handled,
wipe off all external particulats matier near
the tin cf the praie na "‘:m‘ e &

over it t¢ preven: losin
lete matier. To not
tightiy while the sa 3
dewn as inis weuld (r a&te a vacuum in the
{ilter hOIut" thus drawing water {from the
impingers intc the fiit

Befora movir.g the n train to the
cleanup site, remove the probe from the
sample tr:un. wipe off the silicone grease,
and cap the open outiet of the probe Be
careful not to lose any condansate that
might te present. Wipe off the silicone
grease fram the fiiter { i

was {astened and cap it Re
i

cal cc i 1
impicger. k izle line is used between
the firs condenser and the
filter k 1 the iink at the
filter he rean i

liquic drain ints the impir

er. After wiping off the silicone grease, cap

off the
iniel, =
caps, or

r helder gutiet and

these cpen:

Transfer npinger as-
semb!y ts . This area
“ould ke i from the

ind so that the charnices of comam’natmg
or losing the samp will be minimized.

Save a portion of the acetone used for
cleanup as a blank. Take 200 ml of this ac-
etone directly frem the wash bottle being
used and pizece it in a glass sample container
labeled “acetone blank.”

Inspect the irain prior 0 and during dis-
assembly and note any abnrnormal conditions,.
Treat the samples as follows:

Container No. 1. Carefully remove the
filter from the filter holder and place it in
its identified petri dish container. Use a pair
of tweezers and/or clean disposable surgical
gloves 10 handle the filter. If it is necessary
to {old the filter. do so such that the partic-
ulate cake is inside the fold. Carefully trans-
fer to the petri dish any particulate matter
and/or filter fibers which adhere to the
filter holder gasket. by using a dry Nvylon
bristle brush and/or & sharp-edged blade.
Seal the container.

Container No. 2. Taking care to see that
dust on the outside of the probe or other ex-
terior surfaces does not get into the sample,
quantitatively recover particulate maltter or
any condensate from the probe nozzle,
probe fitting, probe liner, and {ront half of
the f{ilter nolder by washing these compo-
nents with acetone and placing the wash in
a glass container. Distilled water may be
used instead of acetone when approved by
the Administrator and shall be used when
specified by the Administrator: in these
cases, save a water blank and follow the Ad-
ministrator's directions un analysis. Perform
the acetone rinses as follows:

Caref.lly remove the probe nozzle and
clean thie inside surface by rinsing with ac-
etone from a wash bottle and brushing with
a Nylon bristle brush. Brush until the ac-
etane rinse shows no visible particles, after
which make a final rinse of the inside sur-

face with acetone.

Brush and rinse the inside parts of the
Swagelok fitting with acetone in a similar
way until rno visihle particles remain.

Rinse the ,Jrobe liner with aretone Ly tilt-
ing ard rﬂ"“ ng the prehe while sau
acetene into {ts upper end 5o tha! zl
surliaces 2 wetted with acetone.
acetone Jrain [rom the jower 2nd i
sampis contziner. A funnel (gless or po:
ethvlens! may be used to aid on transler.
ring liquid washes to the container.
the acetone rinse with & probe br-_‘sr.. Hoid

he prete in an inclined pos ::cn H ,
eLore intc the upper end as the b
is being pushed with a t.uatmg a.ctAo
..hroug”\ the probe: hold 2 sampi2 container
O othe lewer end of <he oros :
acetone and particulate
which i3 :rus:ed from the p R
trush through t.l‘e orobe
more un
carried ¢

.
[$¢3

p'etux'-ef‘ mannear at
metal probes have sm
pa" culale matter ca

st *.mb
the proue 'x.s dﬁ

sCcr

ciean :m(“ Notected f'-c‘r" “ovarm

Afte: ensuring that all joints have bef-"
wipod clean of silicone gre:zse. clean Lthe
inside of the front ha!f cf the filtcr hoider
by rubbing the surfaces with a Nylen bristie
brush and rinsing with acetone. Rinse each
surface three times or more if needed to
remove visib'e particulate. Make a final
rinse of the brush and filter holder. Careful-
Iy rinse out the glass ¢yclene, also (if appli-
cable). After all acetone washings and par-
ticulate matter have been collected in the
sample container, tighten the lid on the
sample container so that acetcne will not
leak nut when it is shipped to the laborz-
tory. Mark the height of the fluid levcel o
determine whether or not leaxage cccured
during transport. Label the container to
clearly identify its contents.

Contginer No. 3. Note the color of the in-
dicating silica gel to Jdetermine if it has been
complete!y spent anc make a notation of its
condition. Transfer the silica gel from the
fourth impinger to ils origir=) . rrain -
and seal. A funnel may make it easier to
pour the silica gel without spilling. A rubber
policeman may be used as an aid in remo:-
ing the silica gel from the impinger. it is not
necessary to remove the small amount of
dust particies that may adhere to the im-
pinger wall and are difficult to remove.
Since the gain in weight is to be used for
moisture calculations. dn not use any water
or other liquids to transfer the silica gel. If
a balance is available in the field, follow the
procedure for container No. 3 in Section 4.3.

Impinger Water. Treat the impingers as
foliows: Make a notation of any color or
film in the liquid catch. Measure the liquid
which is in the first three impingers to
within =1 m! by using a graduated cylinder
or by weighing it to within =0.5 g by using a
balance (i{ one is available). Record the

Reprinted from CFR Title 40 dated July 1980
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§. Calibration

Maintain a laboratory log of all calibra-

tions.

5.1 Prohe Nozzle. Probe nozzies shull he
celibrated pefore their {nitlal use in :r
field. Using a micrometer. measure
fnside dlameter of the nozzle to the neare
01.025 mm {(08.001 in.). Make three separa!
measurements using different diameters
each time, and obtain the average of (o
measurements. The difference between (¢
high and low numbers shall not exceed 9.1
mm (0.004 In.). When nozzles beccme
nicked, dented, or corrcded, they shail be
reshaped, sharpened. and recalitrated
before use. Each nc"‘e zhall be permanent-
ly and uniquely identifiad.

5.2 Pitot Tube. The Tripe S pitot
sembly shall be calibrataed zceordin :
procedure cutllined in Section 4 of Method

-m....
3 =

o (;.

53 Metering System. Eelore its initial
use in the [ield, tho metering system shall
be calibrated accorimg to t
outlined in APTD-0576. Instead of
1y adjusting the dry gas meter di 9.1
to correspond to the weti tesi met
ings, caiibration fzactors mey be used W
mathematically correct the gas meter dial
readings to the proper values, Before cali-
brating the metering system. it is suggested
that a leak-check be conducted. For meter-
ing systems having diaphragm pumps, the
normal leak-check procedure will not detect

leakagzes ¥ithin the pump. for these cases
the folicw.i ng leak-crheck procedure is sug-
gested: make a2 10- v"m.L.'e calibration run at
C.0057 m ¥min (0.02 cfm); at the end of the
run, take the diifereme of the measured
wet test meter and dry gas meter volumes;
divide the difference by 10, to get the leak
rate. The leak rate should not exceed
0.000587 m ¥min (0.82 ¢fm).

After 2ach ffeld use, the calibration of the
metering system shail be checked by per-
forming three calibration runs at e singile.
intermediste orifice setting (based on the
previous field test), With the vacuum set at
the maximum value rezched dunng the test
scnes To adj usL the »e.cuz:'r insert a valve

the mc,er;ng s:,sm'*. x.amuza;e the a»e.—:ge
value of the calibrztion factor. If the cali.
bradien has changed by more than 5 per-
cent, rzealibratle the meler over the full
range ¢i crifice setiings, as outlined in
APTD-C578

Ahcr'm:x.e procef'\; es, e.g., using the ori
e used, subject

gas coeffiz

\a.‘ues omamed beff'e and after a test
series differ by more than 5 percent, the
test series shall either be voided, or calcula-
ticns for test series shall be performed using
wlhichever meter coefficient value (e,
before or after) gives the lower value of
total sample volume,

o

5.4 Probe Heater Calibration. The probe
hezling system shall be caliSrated belo 5
in P uze in the fleid according to t}
cedure outlined in APTD-057S. Prok: :
structed according to APTD-0331 need not
be calibrated if the calibration curves in
AP TD-0576 are used.

5.5 Temperature Gauges. Use the proce-
dure in Secticn 4.3 of Method 2 to zali
in-stack temperature gatges. Dig! tha
eters, such as are used for the dry gas
and condenser outlet, shall be calibrated
against mercury-in-glass therms

5.6 Leait Checx 0! Meterin
Shecwn in Figure 5-1. That pertion ¢f the
sampling train {rom the pump to the corifice
meter shouid be leak checked oriar toin!
use and after 2ach shizment.
the pump will result in eas volume be
corded 'nan is actuzally i

ing procecurs is sugges ed (s«*: Tig
Clese the main valve on the me
o)
©
-

Inser: a one-hole ‘Jbbr"’ s co
r\.bbor t bing atached o

to 18 cm (5 Lo.”

ing into the ryuk uer tubingz. Pinch olf the
tubing and olserve the mancmater far cno
minute. A loss of pressure con the mano-
meter indicates a leak in the meter box:

leaks, if present, must be correcte?.
5.7 Barcmeter. Calibrate against a mer-
cury barometer.

VACUUM
GAUGE

RUBBER
STOPPER

QRIFICE BY-PASS VALVE

RUBBER
TUBING

CLOSED
BLOW INTO TUBING

UNTIL MANQOMETER

MAIN VALVE

READSSTO 7 INCHES . ! CLOSED
S DRY TESTMETER
WATER COLUMN
ORIFICE AIR-TIGHT
MANOMETER PUMP

Figure 5-4. Leak check of meter box.
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i Vo fents
=

IR —— o
Veternin o b L (g

Erenation 522

Ca=Ace LD%‘.e Eiank

residus  concentrntic:

STl

riration

—s.olumv af gas samph_ ws
Gry gas meter, dem (

maart =

mensyred i

the d' & I . corrected to standarc
conditions, dscm 4(150‘ 3
ey = Volume of waler vapor in the gas V=150, Lo,
sample. corrected to standard comdi-
tony, som (3¢l

=3t gas velonity, o . —~ > =L~ 1L, /.;;a,,_l
2, Eguation 2-9, using data = o Froe: Te Mutticiy 3y
from Method 5. m/ac" ft/sec). res
=Weight of residue in acetone wasa, mg. snd substitute only In; those lericage ratss - o
-Dry gas meter ralibration factor, (Lor Lp) which excesd L. o e
I= Average pressure difjerential scross 6.1 Volume of water vapor, ait wot E
the orifice meter (see Figure 5-2), mm g/t g/m?
H.O tin. H,0) s Fq.a
I, Arat Yy (v S At e s " P . . .
=Density of acetone, mg/m! (see label on V=1 ;; ( «P . .): Al §.11 Isckiretic Varition,
bottle:. - an 8.11.1 Csiculaticn From Raw Data.

Ta) (P + 38131
m;a '1 LA
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_‘r‘
where:
,=0.003454 mm Hg-m?/ml-"K for metric
units.
=0.00288%-in. Hz-1.¥/ml-"R for English
units. -

6.11.2 Calculation From Intermediate

Values.
TVa (et l) P..,. 100

T Tar 8 AP, 800145,

. T-Vn {ntsl)
=& pAlsl B
Fuation -3
where:

K,=4.320 for metric units
=0.09450 for English units.

6.12 Acceptable Results. If 90 percent [
<110« percent, the results are acceptable.

If the results are low in comparison to the
standard and [ is beycnd the acceptable
range. or, if / is less than 90 percent. the Ad-
ministrator may opt to accept the resuils.

Reprinted from CFR Title 40 dated July 1980
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Use Citation 4 to make judgments. Other-
wise, reject the results and repeat the test.
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