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Gilbert/Commonwealth, Ine. engineers and consultants

P.O. Box 1498, Reading, PA 19603-1498/Telephone 215.775-2600, Cable Gilasoc/Telex 836-431

December 12, 1988

MDC Industries
Collins & Willard Streets
Philadelphia, PA 19134

Attention: Mr. Joseph Carol

Re: Submittal of Source Sampling Report for
Measurement of Particulate and Heavy
Metal Emissions
MDC Industries
Serubber Stack
Philadelphia Facility
G/C, Inec., Report R-10-0620-001-1

Gentlemen:

We are pleased to submit six copies of our Report R-10-0620-001-1, dated
‘December 12, 1988. This report contains results of source sampling for parti e and
heavy metal emissions and determination of flue gas characteristies for the drying kiln
scrubber at your Philadelphia facility, as conducted on November 9, 1988.

;

The source sampling program defined by this report incorporates standard sampling
procedures. The results of the sampling program are representative of flue gas
emissions at the outlet of the serubber under referenced normal operating conditions.

information contained in this report and the accompanying Appendices ineludes field
data, laboratory analyses, and a computer printout of all results developed by the
testing program. We have attempted to present this information in a form that is
readily diseernible and suitable for your continued use,

Gilbert/Commonwealth, Inc., is pleased to have been of service to MDC Industries and
trusts that this report will meet your complete acceptance.

Very truly yours,

DoOrlpmem.

David Hofmann
Testing Supervisor
Testing Services Group

D_I-I: mas

Green Hills, Reading, PA 19603-1488, (215) 775-2600 » 525 Lancaster Avenue, Reading, PA 19603-1498, (215) 775-2600
320 Cadar Bluff Road, Suite 300, Knaxville, TN 37923, (615) 690-4389
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SECTION [ - SUMMARY OF TEST RESULTS

A summary of test results from the source sampling program is presented in Table 1. As
such, the results are considered representative of emission characteristics from the drying
kiln serubber during referenced operating conditions. The results show the particulate
emissions are above the limit of 0.04 gr/dsef.

Gilbert/Commonwealth
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TABLE 1

SUMMARY OF TEST RESULTS

- MDC INDUSTRIES

PHILADELPHIA FACILITY

G/C, INC. REPORT R-10-0620-001-1

LOCATION SCRUBBER STACK
RUN NO. 'MDC-1N MDC-1P MDC-2N
DATE 11/9/88 11/9/88 11/9/88
TIME 0805 1116 1341
PROCESS RATE
g . 17
Tons/hr 15-18 15-18 15-18
FLUE GAS CHARACTERISTICS
SRERREFEIEE 5685 6108 6221
‘ o 7221 7634 7959
132 132 136
13.5 12.2 13.5
0,0561
(3.00> = ©./8 bfi.
0.0561 :
0.04
e s o
2.0 /. s /. 8 7o
R L ----- - -3, bk “)4\( [, 7D (% ‘b/H( —20L77.85% )b/h(
280 L7 s




R0 K.

ERAVY METALS
~ ANTINONY
~~ ARSENIC
<3 BRRYLLION
~ [BAD
~ CADAIUN
>~ CHRONIUN
~~ HANGANESE
' NERCURY
~ THALLION

NICKEL

LH
0.1
0.3

0.01
L0
1.02
0.65

0.093

0.002
0.1

3.55

DSCE
55.320
55.320
§5.320
55,320
55.320
55.320
55.320
55.320
55.320
55.320

TABILE 2

SONNARY OF HEAVY METAL RESULYS

" SCRUBBER STACK
NDC INDOSTRIES

MDC-TN
ISCR GR/ISCE _ L/

— D\QQQQ

§685 0. 0000 0 00136~

c> oot zH

5685 0.000084 ° 1. 00407
©.Q000 2.

5685 0. 400 )

cboosa

o. oooal
5685 0.000284 0.01383
OD. OO0 52 :
5685 0.000181 0.00882
O 0oosnY
5685 0.000026 0.00126

D, 000D |7 '
5685 0.000001 0.00003_
O. 0000 .80
9685 0.000028 0.00136

Q002 8
5689 0.&@988 0.04815

/"_7 T;w/,"m_

Lt

0.1

4DC-2§

DSCF  DSCEM 6B/DSCR  LB/HR
O.ovoo& |
89.737 6221 0.000028 0.00137

> Ne'elotrd

622 1-G-0806TT 0-—0'94'1'2"" —

T O oooooB‘z_

._,Q() ﬁ
T HTBO03T 6220 0T0000- . 00014 ~

Q.00 4T }
7811 59.73T 6221 0.001575 0.08398 /
Y Bt
1.3 §8.737 6221 0.000348 0.01855
. 00037
0.46 59.737 6221 0.000119 0.00832
O OVOOHT
_0.058 53.737 6221 0.000015 0.00080
: Q. oOVOO ]
_ 0,002 §9.737__ 6221 0.000001 0.00003
' . O.000 0.8l
0.1 99,731 8221 0.000026 0.00137
: D002 3
2.80 53.737 6221 0.000722 0.03848
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SECTION II - ANALYSIS

1.

2.

3.

4.

5.

Introduction

The data presented in this report represents the results of source sampling exhaust
emissions at the stack location of the venturi serubber during referenced operating
conditions.

Specifie requirements of this source sampling program include the following:

a. Identification of final particulate and heavy metal emissions from the venturi
scrubber.

b. Average flue gas temperature, moisture, and volume of flow at the sampling
location. :

c. Orsat analysis of flue gas conditions at the point of sampling.
d. Record of pertinent operating conditions during period of the test run.

The sampling program was completed on November 9, 1988 by the Gilbert field test
crew, with the assistance of personnel assigned by MDC Industries and witnessed by
the City of Philadelphia.

Description of the Plant Exhaust System

The process involves drying copper and boiler slag through a rotary kiln. The exhaust
gas is drawn off to a venturi scrubber, then into a settling tank before exhausting
through a stack. An estimated amount of 15-18 tons/hour of processed slag was used.

Sampling Program Procedures

To satisfy the objectives established for this project, the sampling program was set-up
on a basis of using one test train positioned at the test loeation and completing three
test runs at the location. One test run consisted of a particulate test using EPA
Method 5 and the other two consisted of an EPA Method 12.

The location and number of sampling ports and traverse points are detailed in
Figure 1.

Operating Conditions

In the execution of this sampling program, an attempt was made to achieve near
normal load for the plant. The amount of product generated was recorded by the
operator. This record is included in the summary table (see Table 1).

Results

Test data developed by each test run, together with analytical results from laboratory
analysis of samples generated by the field sampling program, are reproduced in the
Appendices included with this report. Information on basic gas characteristics
developed by each test run is contained in the printout of the computer program
ineluded as Appendix 7.

A summary of pertinent test results and essential information to evaluate test results
developed for each test run is included with this report as Tables 1 and 2.

Gilbert/Commonwealth
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SECTION III - APPENDICES

TABLE OF CONTENTS
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APPENDIX I

PROJECT PARTICIPANTS

The following members of Gilbert/Commonwealth's staff participated in the planning and
execution of this project and preparation of this report.

Field Sampling Crew:

Don Wary
Klaus Burger

Laboratory Participants:

Carl J. Wummer
Vaughan O'Neill

Engineering Technician
Engineering Technician

Chemist
Laboratory Technician

All field tests were completed with the assistance of technical personnel from MDC
Industries and witnessed by the City of Philadelphia.
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2.1
2.2
2.3
2.4

APPENDIX 2

TESTING AND ANALYTICAL PROCEDURES

STANDARD EPA TEST METHODS

ACTUAL SAMPLING PROCEDURES/PARTICULATE
ANALYTICAL METHODS/PARTICULATE
ANALYTICAL METHODS/HEAVY METALS
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APPENDIX 2
TESTING AND ANALYTICAL PROCEDURES

2.1 STANDARD EPA TEST METHODS
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STATIONARY SOURCES

$-798
120:0501

11-27-87

METHOD 1—SAMPLE AND VELOCITY TRAVERSES
roR StaTiomaRY SoURCEIS .

L. Principis and Applicabilily

1.1 Principle. To zid in the representa.
tive measurement of pollutant emissions
and/or total volumetric flow rate from a
stationary source, 3 measurement site where
the effluent stream is flowing in a known di-
rection ls selected, and the cross-section of
the stack is divided into a number of equal
afeas. A traverse point is then locsted
within each of these equal areas.

12 Applicability. This method is applica.
ble to flowing gas streams in ducts, stacks,
and fluexs. The method cannot be usad
when: (1) flow i3 cyclonic or swirling (see
Section 2.4), (2) a stack is smaller than
about 0.30 meter (12 in.) in diameter, or
0.071 m?(113 in.? cross-sectional ares, or (3)
the measurement site is les than two stack
or duct diameters downstream or less than a
half diameter upstream from a flow disturd-
ance.

The requirements of this method must be
considered before construction of 3 new fa-
cility from which emissions will be meas-
ured; failure to do 30 may rtequire subse-
quent alterations to the stack or deviation
from the standard procedure, Cases involy-
ing variants are subject to approval by the
Administrator, U.S. Envirorunencal Protec.
tion Agency.

2. Procedure

21 Selection of Measurement Site. Sam-
pling or velocity measurement Is performed
at a site located at least eight stack or duct
diameters dowrnstream and two diameters
upstream from any flow disturbance such as
a8 bend, expansion. or contraction in the
stack, or from a visible (lame. If necessary,
an alternative location may be selected. at a

. position at least two stack or duct diameters

downstrearn and 2 half diameter upstream
from any flow disturbance, For 2 rectangu-
lar cross section. an equivalent diameter
(Dy) shall be calculated from the fallowing
equation, to determine the upstream and
downstream distances:

aw
(L+WD

D, =

where L=length and Wawidth.

An alternative procedure I3 available for
determining the acceptability of a measure-
ment location not meeting the criteria
above. This precedure, determination of gas
flow angles at the sampling points and com-

[21 amended by S§1 FR 20288, June 4,
1986)

2.2 Determining the Number of Traverse
Points.

(Appendix A, Method 1]
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120:0502 FEDERAL REGULATIONS

| ouey DIAMETERS UPSTREAM FROM FLOW DISTURBANCE *(DISTANCE AI

s 1.0 : . 1.5 20 ' 28
| S B B T I I | I
. SHIGHER NUMBER IS FOR RECTANGULAR STACKS OR DUCTS'
S L Fi{orsTuRsancE
2 4o : -l t MEASUREMENT | —
a 3 Ll = _site
] .
£ e in
E - - . ! B IS RS
=2 W~ - Lo * -
= R H N + e
- . o “ - 'd J-
E S 80R 2 A ‘ kms'mauuce
o s it . ‘2 S
2 - | -
§ L 18 STACK DIAMETER >0L61 m (24 in).
= Tt
E - r:‘“‘! - -‘ '2
F ol LT
W= T SOR S
*FROM POINT:QF ANY TYPE OF DISTURBANCE . )
(BEND, EXPANSION, CONTRACTION, ETC.) STACK DIAMETER =.0.30 TQ.0:61 m {12- 24 ia)
. i B B S .'. . . | ’ l ' ' l
 J I S S 3 7 ] ] 10

OQUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE® (DISTANCE B)

_ Figure 1-1. Minimum r.umber of traverse points. for particulate traverses.

(Method |—Figure 1+l revised by 52 FR 34639, September 14, 1987]

22.1 Particulats Traverses. When the
eight- snd two-diameter criterion can be
met, the minimum number of traverss
points shall be: (1) twelve, for circular or
rectangular stacks with diameters (or equiv-
alent diameters) greater than 0.61 meter (24
in.); (2) eight, for circular stacks with diam- :
eters between 0.30 and 0.61 meter (12-24
iny (3) nine, for rectangular stacks with
eqmmencdhmemmmmmou
meter (12-24 ln.).

mmmm:mmm
rion cannot be mat, the minimum number
of traverss points is determined ffom Figure
1-L. Before referring to the {igure, however,
determine the distances from the chozen
messurement site to the nearest

disturbances,

ters. Then, determine from Figure 1-1 the
minimum number of traveris points that

Envirommaent Reporter

corresponds: (1) to the number of duct di-
ameters upstream: and (2) to the number of
diameters downstream. Select the higher of
the two minimum numbers of traverse
pointa, or & greater value, so that for cireu-
Iar stacks the number is & multiple of 4, and
for rectangular stacks. the number iz one of

_those shown in Table 1-1.

TABLE 1-1, CROSS-SECTION LAYOUT FOR
RECTANGULAR STACKS

Naamber of Favers cowts e

ZEEBEREAK

[Appandix A, Methed 1)
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STATIONARY SOURCES 120:0503
QUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
s 1.0 15 20 25
0 | | l J K | I
MHIGHEA NUMBER 1S FOR RECTANGULAR STACKS OR DUETS
DISTURBANCE
H
® k- b | MEASUREMENT h
= L =--amE
[ )
s H
w [}
N J_ -]
s
- DISTURBANCE
- k
< Sy
g 21— -
= 16 STACK DIAMETER >0.61 m (24 in)
3 12 7
=
< w0 SOR® |
STACK DIAMETER = 0.30 ts TO 0.61 m (12- 24 in) -)
0 | | i | | ] |
3 . 5 ] 7 s s 10

112747

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE 8)

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

[Method 1 —Figure 1-2 revised by 52 FR 34639, September 14, 1987)

222 Velocity (Noo-Particulate) Tra
verses. When velocity or volumetric flow
rate is to be determined (but not particulate
mattar), the same procedure as that for par-
ticuiste traverses (Section 2.2.1) is {ollowed,
except that Figure 1-2 may be used instesd

m In:rme: therefore, other di-
ameter locations may be used, subject to ap-
proval of the Administrator.

In addition for stacks having diameters

within 1.3 em (0.50 in.) of the stack walls,
To meet these criteria, observe the proce-
dures given below.

23.1.1 Stackz With Diameters Grester
‘Than 0.61 m (24 in.). When any of the tra-
verse points as located in Section 23.1 fall

within 2.5 em (1.00 in.) of the stack walls, re-
locate them away from the stack walls to:
(1) a distance cm (1.00 () or (2) &

[Appendix A, Method 1]
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FEDERAL REGULATIONS

TRAVERSE DISTANCE,
POINT % of diameter

44
148
28
T4
854
9548

PR N =

P

.
>

P

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

[Method 1—Figure 1-3 revised by 52 FR 34639, September 14, 1987]

TARE 1-2. LOCATION OF TRAVERSE POINTS In CIRCULAR STACKS
[Percani of sack dehele o nexie wall 9 Faverse pot]

Number of Favrse posds ON & CalTi—
Trawerse poind rumber on & damet
2 4 [ ] [ ] 10 15 14 " w | 0| a| e
1 48] 47| 44) 22| 28| 2y 18] 161 4] 13} Wy 1t
2. Me| 20| 48] 105| 02] 7| 87| 49| 44| 39 25| 2
3 7T50| 26| 94| as| NB| 99| AS| 75| 47| 40| 45
4 MWe| I 26| 77| 148]| 125]| 08| 87| 82| 78
] Ba| 677] 42y 20| X | 149 | el 129 ] 11.8] 03
) 50| W8] 58| Me| 209| 20| 8| 45| 148 V22
? S5 774 | 6aa| S| )| 28| 04| 100 ] W
[ ] M| #4750 | DA W3 NG| [0 NA| 194
] N I AV ] &S| W2 | X8| M2 | 20
10 4| M2 S| N7 0| ME| NS 272
" N3 ek4) M0 Ma| 52| 3| I
12 79| W1 | By e | 4] 7| Wb
12 M2 075 2] 750 | eS| 602
" W2 NS |s4]| 788| A8 &7
15 M| kY| SAS{ 782 | 728
1 M4 RS 079 | &20| 770
7 96| MWI| 954 ) 208
18 W8] DI} 8da| 629
19 9y NI | N8
F-] 07| 0| WS
3] %S| 921
-] M| M5
-] E 1]
2 9.9
2312 Stack With Diameters Equel 0 or Less Than If the tester desires te vae more than the srirhvem  stack walls is not expected 1o arise with rectangular
041 m (24 in.). Follow the provedure in Section 2.2.1.1, sumbur of raverse points. expand (he ~minioum oume  stacki. If this problem should ever arise, the Adminis.
noting only any “sdiusted™ points should be rele  bar of traverss pueisits™ teatrix (sew Table 1-1) by adding  trater mast be contacted for resclution of the marter.
cated away from the stack walls ioc (1) & distence of 1.9  the exirs traverse points siong ane or the other ar both 2.4 Verifension of Almsacs of Cycloaic Flow. In most
om (0.50 in.k of (2) a distance equal to the naxzie inside  lags of the matrix: the finsl matrix oewd sot be bal-  setiesery somces. the direcrion of steck gas Oow is
diameter, whi in larger ancad. For example. if 8 4x3 “minimum number of  euential parailel b the stack walls. However. cyclonic
232 Stacks. Detmivtine the nomber of  points™ matris were expanded: to 38 points, the final  Sew muy exir (1) after soch devices a8 cyclones and
ravers ts a3 explained in Sections 21 and 23 of  ssetrix could be 934 or 12X, and would not necessarily uhld-i-uldhﬁnumuﬂmbbmmlzl in
this method. From Table 1-1, determine the grid cone hewe 10 b Gx& Afler consnxing the fnal mattix, secks havieg tangastial inlete or other duct canfigura-
figuration. Divide the stack crosssection inde ss meay  divide the stack croms-section into ss meny equal rec-  tasas which tend to inducs swirling: in thess instances,
equal rectangular elemantal arses as traverse points, tenguisr, clemewtel areas as traverse point, 3ad locas the presence or absence of cyclonic flow at the sam-
and then locate a traverss point to the centroid of each  § traverse point at the centroid of esch equal ares. pliswg location must be detsrmined. The (allowing tech-
equal sares according to the example in Figure 1-4. The situstion of traverss points being o0 close to the  Aiguas are acceptahle for this determination.
[Appendix A, Mathod 1]
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Fgue 14, SROWNYY  rectang, stack
mmmmlz mull:.rwm:
TAVErsS pOiNt at cantroid of sach area.

Leve! and zero the manometer. Connect 2 Type
S pitot tube to the manometer. Position the Type
S pitot tube at each traverse poink, in sucgession,
30 that the planes of the face openings of the pitot
tube are perpendicular to the stack cross-sectional
plane: when the Type S pitot tube is in this
position, it is at “0° reference.” Note the differ-
ential (Ap) reading at cach traverse
int. [f 2 null (zero) pitot reading is obtained at
* reference at a given traverse point, an accept-
able flow condition exists at that point. If the
pitot reading is not zero at 0° reference, rotate
the pitot tube (up to £90" yaw angle), until 2
nuil reading is obtained. Carefully determine and
record the value of the rotation angle (a) to the
nearest degree. After the null technique has been
applied at cach traverse point, calculate the aver-
age of the absolute values of 4 assign @ values of
0° to thase points (or which no rotation was
required and include these in the overall average.
If the average value of a is greater than 20°, the
overall flow condition in the stack is unacceptable
and alternative methodology, subject to the ap-
proval of the Administrator, must be used to
perform accurate sample and velocity traverses.
Tha altemative procedure described in Sec-
tion 2.5 may be used to determine the rotation
aggtu in lieu of the ure described
above.

(2.4 amended by $1 FR 20288, June 4,
1986; 52 FR 34639, September 14, 1987)
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MrYROD 2—DETIRMINATION OF STACKE Gas
VeLoorry AND VOLUMETRIC FLOW RATE
(Tyre S Prrot Tuss)

1. Principle and Applicabilily
1.1 Principle. The average gas velocity in

ling a stack is determined from the gas density

and from measurement of the average veloe:
ity head with & Type S (Stausscheibe or re-
verse type) pitot tube,

1.2 Applicability. This method is applica-
ble for messurement of the average velocity
of a gas stream and for quantifying gas
flow.

This procedure i3 not applicable at mess-
urement sites which fail to meet the criteria
of Method 1, Section 2.1. Also, the method
cannot be used for direct measurement in
cyclonic or swirling gas streams: Section 2.4
of Method 1 shows how to determine cy-
clonic or swirling flow conditions. When un-
acceptable conditions exist. alternative pro-
cedures, subject to the approval of the Ad-
ministrator, U.S. Environmental Protection
Agency, must be employed to make accurate
flow rate determinations; examples of such
alternative procedures are: (1) to install
straightening vanes: (2) to calculate the
total volumetric flow rate stoichiometrical-
ly, of (3) to move to another measurement
site at whieh the flow is acceptable.

2. Apparaius
Specifications for the apparatus are given

[Appendix A Method 2]
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below. Any- othsr spparatus that has been Administratar) to be capable of meeting the
demonstrated (subject to approval of the specifications will be considered acceptable.

1.98 - 2.50 cm®
0.5 1.0m)
g
r 1R2am{}ia)

TYPE SMTOY TUBE

*SUGGESTED (INTERFERENCE FREE)
MTOT TURE - THERMOCQUPLE SPACING

7

LEAR-FNEE
CONNECTIONS

'MANOMETER

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

2.1 Type 8 Pitot Tube. The Type 8 pitot
metal

tubing diameter. The f{ace openings of the
pitot tube shall, preferably. be aligned as
shown in Figure 2-2; however, slight mis-
alignments of the openings are permisaible
(see Plgure 2-3),

The Type S pitot tube shall have a known
coefficient, determined as outlined in Sec-
tion 4. an identification number shall be as-
signed to the pitot tube: this number shail
be permanently marked or engraved on the
body of the tube.

[Appendix A, Method 2)
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TRANSVERSE I
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TURE AXIS—™~
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tubeg, These affect basaiing valse of 0 1 s
5,2 QXR2em(1/8in)andw 0.08 cm (1732 in) (citation 11 '?ps(::u‘k:;gua 10d a2 10° B.iﬂﬂ

A standard pitot tube may be used instead
of a Type S, provided that it meets the spec-
ifications of Sections 2.7 and 4.2, note, how-
ever. that the statie and Impsact prossure
holes of standard pitot tubes are susceptible
to plugging in particulate-laden gas streams,
Therefore, whenever a standard pitot tube
is used (0 perform a traverse, adecuste
proof must be furnished that the openings
of the pitot tube have not plugged up
during the traverse period: tiis can be done
bv taking a velocity head (Ap) reading at
the !final traverse point, cleaning out the
impact and static holes of the standard
pitot tube by “back-purging” with pressur.
ized air, and then taking another Ap reac-
Ing. If the Ap readings made before and
after the air purge are the same (=5 per.
cent), the traverse is acceptable. Otherwise,
reject the run. Note that if Ap at the final
traverse point is unsuitably low, another

point may be selected. If “back-purging” at
regulsr intervals is part of the procedure,
then comparative ap readings shall be
taken, ax above. for the last two back purge:
at which suitably high Ap resdings are ob-
setved.

2.2 Differential Pressure Gauge. An in-
clined manometer or equivalent device is
used. Most sampling trains are equipped
with 3 10-in. (water column) inclined-verti-
cal manometer, having 0.01-in. H,O divizions
on the 0-to l-in. inclined scale, and 0.1-in.
H,O divisions on the 1- to 10-in. vertical
scale. This type of manometer (or other
gauge of equivalent sensitivity) is satisfac-
tory for che measurement of Ap vilues as
low as 1.3 mm (0.05 in.) H,0. However, a dif-
ferential pressure gauge of greater sensitivis
ty shall be used (subject to the approval of
the Administrator), if any of the following
is found to be true: (1) the arithmetic aver.
age of all ap readings at the traverse points

Environment Reporter

in the stack is less than 1.3 mm (0.05 in.)
H,Q: (2) for traverses of 12 or more points.
more than 10 percent of the individual Ap
readings are below 1.3 tun (0,05 in.) H,0: (3)
for traverses of fewer than 12 points, more
than one Ap reading is below 1.3 mm (0.05
in.) H.Q. Citation 18 in Section § describes
commercially available instrumentation for
:‘he measurement of low-range gas veloci-
es.

Az an alternative to criteria (1) through
(3) above, the following calculation may be
performed to determine the necessity of
using 3 rmore sensitive differential pressure
fauge:

n
Z; Vapi+K
ju
i
2 yap
1=
where:
ApvmIndividual velocity head reading at a
traverse point, mm 1,0 (in. H.Q).
n=Total number of traverse points,
X=0.13 mm H,O when metric units are used
and 0.005 in H.O when English units are
used.

If T is greater than 1.05, the velocity head
data are unaceeptable and a more sensitive
differential pressure gauge must be used,

Nore: If differential pressure gauges other

than inclined manometers are used (e.g.,
magnehelic gauges), their callbration must
be checked after each test series. To check
the calibration of a differential pressure
gauge, compare Ap readings of the gauge
with those of & gauge-cil manometer at a
minimum of three points, approximately
representing the range of Ap values in the
stack. [f, at each point, the values of ap as
read by the differential pressure gauge and
fauge-oil manometer agree to within 5 per-
cent, the differential pressure gauge shall
be considered to be in proper calibration.
Otherwise. the test series shall either be
voilded. or procedures to adjust the meas-
ured Ap values and final results shall be
used subject to the approval of the Adminis-
trator. '

2.3 Temperature Gauge. A thermocou.
ple, liquid-filled bulb thermometer, bimetal-
lie thermometer, mercury-in-glass thermom-
eter, or other gauge, capable of messuring
temperature to within 1.5 percent of the
minimum abiolute stack temperature shall
be used, The temperature gauge shall be at-
tached to the pitot tube such that the
sensor tip does not touch any metal; the
gauge shall be in an interference-free ar-
rangement with respect to the pitot tube
face openings (see PFigure 2-1 and also
Pigure 2-7 in Section 4). Alternate positions
may be used if the pitot tube-temperature
fauge system is calibrated acrording to the
procedure of Section 4. Provided that a dif-
ference of not more than | percent In the
average velocity measurement is introduced,
the ) ure gauge need not be attached
to the pitot tube; this alternative is subject
to the approval of the Administrator.

2.4 Pressure Probe and Gauge. A piezom.
#ter tube and mercury- or water.filled U-
tube manometer capable of measuring stack
pressure -to within 2.5 mm (0.1 in.) Hg is
used. The static tap of a standard type pitot
tube or one leg of a Type S pitot tube with
the face opening planes positioned parsliel
Lo the gas flow may also be used as the pres.
sure probe.

{Aopendiz A, Method 2] 240




»

STATIONARY SOURCES

§-798
120:0509

2.5 Barometer. A mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 25 mm Hg
(0.1 in. Hg) may be used. In many cases, the
barometric reading may be obtained from a
nearby national weacher service station, In

which case the station value (which is the.

absolute barometric pressure) shall be re-
quested and an adjustment for elevation dif.
ferences hetween the weather station and
the sampling point shall be applied at & rate
of minus 2.5 mm (0.1 in.) Hg per 30-meter
(100 foot) elevation increase or vice-versa
for elevation decrease.

{The second 2.5 was added by S1 FR
20288, June 4, 1986]

25 Alternative Measurement Site
Selection Procedure. This aiternative spplies
to sourcas where measurement locations are
less than 2 equivalent stack or duct diameters
downstream or less than % duct diameter
upstream from a flow disturbance. The
alternative should be limited 10 ducts larger
than 24 in. in diameter where blockage and
wall effects are minimal A directional flow-
sensing probe is used (0 measurs pitch and
yaw angles of the gas flow at 40 or more
traverse points: the resultant angle is
caiculated and compared with acceptable
criteria for mesn and standard deviation,

Nota—Both the pitch and yaw angles are
measured from a line passing the
traverse point and parallel to the stack axis.
‘The pitch angle is the angle of the gas flow
component in the plane that INCLUDES the
traverse line and is parallel to the stack axis.
The yaw angle is the angle of the gas flow
camponent in the plane PERPENDICULAR to
the traverss line at the traverse point and s
measured from the line passing through the
traverse point and parailel to the atack axis.

251 Apparatus.

2511 Directional Probe. Any directional
probe. such as United Sermsor Type DA Three-
Dimensional Directional Probe, capable of
measuring both the pitch and yaw sngles of
gas flows is acceptable. (Note: Mention of
trade name or specific products does not
constitute endorsement by the U.S,
Environmental Protection

1-27-87

2512 Differential Pressure Gaugss,
Inclined manomesters, U-tube mancmeters, or
oﬁuﬁﬂmﬁdm@ﬁ(&p
magnshelic gaoges
specifications described in Method 2, § 2.2

Note—If the differential pressure gauge
produces both oegative and positive readings,
then both negative and positive pressure
readings shail be calibrated at a minimum of
three points as specified in Mathod 2, § 2.2

252 mvmngoinu.Uu;m‘ .m‘:imﬂd
40 traverse points for gircular ducts
pointsﬁorn?:;\gnhrducumrm;unaw
angle determinations. Follow § 23 and Tabie
1=1 or 1=2 for the location and layout of the
traverse pointa. If the measurement location
is determinad to be accaptabie-according to
the criteria-in this alternative procedure. use
the same traverse point number and locations
for sampling and velocity measurements.

253 Measurement Procedure.

2531 Prepare the directional probe and
differential pressure gauges as recommended
by the manufacturer. Capillary tubing or
surge tanks may be used to dampen pressare
fluctuations. it is ecommended; bat et
required, thrat & pestest {sak check be
conducted. To petforor o leak check,
pressurize or use suction on she-impact
opening until a reading of et least 7.8cm (3.
in.) HyQ registers on the differential pressurs
gauge, then plug the impact opening. The
pressure of a leak-free system will remain.
stable for at least 15 seconds.

2532 Level and zero the manometers.
Since the manometer level and zem may drift
because of vibrations and tempersture
changes, periodically check the lovel and .
zero during the traverse,

2333 Pﬂl:ct;onlhcpmbom at the
appropriate tions in the gas stream, and
rotate until zero deflection is indicated for the
yaw angle pressure gauge. Determine and

. tecord the yaw angle. Record the pressure

gauge readings for the pitch angle, and
determine the pitch angle from the calibration
curve. Repest this procedure for each
traverse point. Complete a “back-purge™ of
the pressure lines and the impact cpenings
prior to measurements of each traverse point.

A post-test chack as described in § 25231
is required. If the criteria for a leak-fres
systam are not met, repair the equipment, and
rupest the flow angle measurements.

234 Cllenllu:ﬂllululhml@edudl
traverss point, the average resultant angle,
following equations. Complets the

R=aA
n = Total number of traverse points.

[1%::'.2 corrected by 51 FR 29104, August 14,

calculations retaining at lesst one extrz
n‘gﬁﬂmﬂgw-huymdthnoi&umuiud

2541 Calculate the resuitant angle at
each traverse point:

Rymarc cosine ((couing Y)(cosine P)]  Eq.
1=2

Where:

Rj = Remiltant angle at traverss point i,

degres.

Yi= Yaw angle at traverse point L, degres.

P =Pitch angle at traversa point i, degres,
2542 Calculate the average resuitant for

the measurements;

R=

Eq. 1-3

",
where;
resyltant angle, degree.

25.4.3 Calculate the standard deviations:

o 2
/ £ |('|-7)
s‘ L—-(m-,-— €q. .‘.‘

(254.3. Eq. 1-4 corracted by 51 FR 29104, Au-
gust 14, 1980] '

Whers: )
8, = Standard daviation, degree.

2335 Tha measurement location is
acceptable if R £20° and S4<10°,

258 Calibration. Ust system ag
described in Sectioms 4.72.1 and'4.1.2.2 of
Method 2 In addition, the flow system shail
bave the capacity to generate two test-
section velocities: one between 365 and 730°
m/min (1200 and 2400 ft/min) and one
between 730 and 1300 m/min (2480wnd 3
ft/min). _

Z.S.B.Thl. Cut two en in the test hs:qi:l-
tion. axes through the entry ports s
be dicular to each other agg intersect
in the centroid of the test section. The ports
should be elongated slots parallel to the axis
of the test section and of sufficient length to
allow measarement of pitch angles while
maintaining the pitot head position at the
test-section centroid. To facilitate alignment
of the directional probe during calibration,
the test section should be constructed of plex-
iglass of some other transparent material. All
calibration measurements should be made at
the same point in the test section, preferably
at the centroid of the test-section.

[Appendix A, Method 2)
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two test
flow angle m
+2° of 0°. Straightening vanes should be in.
stalled, if necessary, to mest this criterion.

2583 Plich Angle Calibration. Perform &
calibration traverse according to the
manufecturer's recommended protocol in 5°
incrementa far angles from —80° to +-60° at
one velocity in each of the two ranges
specified above, Average the pressurs ratio
values obtained for esch angle in the two
flow ranges. and plot a calibration curve with
the average values of the presasure ratio (or -
other suitable measurement factor ns
recommended by the manufacturer) versus
the pitch angle. Draw & smooth line through -
the dats points. Plot also the data vsines for
sach traverse point. Determioe the
differences betwesn the measured date
values and the angle from the calibration
curve at the same pressure ratio, The
differencs at each n’mbem'::in
2* for angles betwsn 0" and 40" and with
3* for angles between 40° and 80",

2584 Yaw Angle Calibration. Mark the
three-dimensional probe to allow the
determination of the yaw position of the-
proba. This is ususlly a line extending the
length of tha probe and aligned with the
impact opening. To determine the accuracy of
measurements of the yaw angle, only the zéro
or null position need be calilbrated as

' follows. Place the direcfional probe in thetest
section. and rotate the probe untik the zero
position is found. With a protractor ar other
angle measuring device. measure the angle
indicated by the yaw angle indicator on the
three-deraensionsl probe. This should be
within 2° of 0*. Repaat this measuremant for
any other points along the length of the pitot’
where yaw angle measurements could
read in order to accoutit for variations in the
pitat markings used to indioste pitot bead
positions.

28 Gas Density Detsrmination Equip-
ment. Method 3 equipment, if needed (see
Section 3.8), to determine the stack gas dry
molecular weight. and Reference Method 4
or Method 5 equipment for moisture con-

.tent determination: other methods may be
used subject to approval of the Administra-
tor.

as a reference.
shall, preferably, have a known coefficient,
obitained either (1) directly from the Nation-
al Buresu of Standards, Route 270, Quince
Orchard Road., Gaithersburg, Maryland,.or
(2) by calibration against another standard

pitot tube with an NBS-traceable coeffl-
cient. Alternatively, a standard pitot tube
according to the criteria given in
2.7.1 through 2.7.5 below and illustrated in
Flgure 2-4 (see also Citations 7, 8, and 17 In
Section 8) may be used. Pitot tubes designed
according to these specifications will have
baseline coefficients of about 0.99=0.01.

2.17.1 Hemispherical (shown in Figure 2-
4), ellipsoidal, or conical tip.

27.2 A minimum of 3six diameters
straight run (based upon D, the external di-
ameter of the tube) between the tip and the
static pressure holes.

273 A minimum of eight diameters
straight run between the static pressure
holes and the centerline of the external
tube, following the 90 degree bend.

27.4 Static pressure holes of equal size

(approximately 0.1 D). equally spaced in a
piezometer ring configuration.

275 Ninety degree bend, with curved or
mitered junction.

2.8 Differential Pressure Gauge for Type
8 Pitot Tube Calibration. An inclined ma-
nometer or equivalent is used. If the single-
velocity calibration technique is employed
(sae Section 4.1.2.3). the calibration differ-
ential pressure gauge shall be readable 1o
the nesrest 0.13 mm H.Q (0.005 in. H.O)\
For multivelocity calibrations, the gauge
shall be readable to the nearest 0.13 mm
H,O (0.005 in H,Q) for Ap values between 1.3
and 25 mm H,O (0.05 and 1.0 in. H:Q), and
to the nearsst 1.3 mm H,0 (0,05 in. H.O) for
ap values above 25 mm H.O (1.0 in. HO). A
specinl, more sensitive gauge will be re-
quired to read aAp values below 1.3 mm H,0
£0.05 in., H.O1 (sse Citation 18 in Section 6).

.

1D mla)

inirk)

BN

Figure 2-4. Standard pitot tube design specifications, .

3, Procedure

1.1 Set up the apparatus as shown In Figure 2-1,
Capiilary tubing or surge tanks installed betwesn
the manometer and pilot tubs may be used to
dampen Ap fnchastions. It is recommended. but
not required. that & pretest leak-check be canduct-
od. 20 follows: (1) blow throogh the pilot impect
opening until a8 least 7.6 cm (3 in.) HZO velocity
pressurs registers oo the mancmaeter: then, close off
the impect ing The premure shall remain
srabla for at legat 15 seconds: (2) do the ssme for the
static pressure side, except using suction to obtain
the minimam of 7.6 com (3 in) HaD. Other leak-
check procedures. subject to the approval of the
Administrator may be used.

3.2 Lavel and zaro the manometer. Bacsuse the
manoteter lavel and zero may drift due to vibeas
tions and temperature changes, make periodic

Environmaent Reporter

checks during the traverss. Record all necessary
data as shown in the example data sheet (Figure 2.
11

3.3 Measure the velocity head and temperature
at the traverse points specified by Method 1. En-
sure that the proper differential pressure gauge is
Hngmd(ulhompotumuummad
(—s.:unnz.ﬂ.llitbmlochmuma
rameasure the Ap
and temperaturs readings i
Conduct'a post-test leak-check (mandatory), s de-
scribad in Section 3.1 above. to validate the tra-
varye ron.

3.4 Maasure the static pressure in the stack. One
reading is ususlly adequate,

1.5 Determine the atmospheric pressure.

(Appendix A, Method 2)
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3 0y TYPE $ MTOT TUSE

2219000 (V4 in) FOR Oy = 1.3 cm (12 i)

SAMPLING NOZZLE

Dy
—h.

A, SOTTOM VIEW: SHOWING MIRIMUM PITOT NOZZLE SEPARATION,

STATIC PRESSURE
QPENING FLANE

A - —— "

" MAPALT PRESSURE
OPENING PLANE

TYPE
MTOT TUSE

NOZZLE ENTAY
nANE \

& S0t VIEW: TO PREVENT MITOT TUBE !
FROM IRTERFERING WITN GAS FLOW
STREAMLINES APPROACNING THE
NOZZLE, TWE IMPACT PRESSURE
OPENING PLANE OF THE MTOT TUBE
SHALL SE EVEN WiTH OR ASOVE THE
NOZZLE ENTRY PLANE.

Figure 2-6. Proper pitct tube-sampling nozzie configuration tO pravent aerodynamic interference;
mmwmfuuwmmmwmmmmmmoawossm

[Figure 2-6 amended by 52 FR 34639, September 14, 1967)
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THERMOCOUPLE S _ THERMOCOUM.E
= — fz:n.m-m-u = =
TYPE S MTOT TUSE 6 TYPE S PTOT TUBE
on

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

2

D¢

TYPE SPITOT TUBE

B

SAMPLE PROBE

g Y >1.62 ¢m (3in) ——2m

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

4.1.2.1 The flowing gas stream must be
confined to & duct of definite cross-sectional
area, either circular or rectangular. Por ¢ir-
cular cross-sections, the minimum duct di-
ameter shall be 30.5 cm (12 in.): for rectan-
gular cross-sections, the width (shorter side)
shall be st least 25.4 cm (10 in.).

4.1.22 The cross-sectional ares of the
calibration duct must be constant over & dis-
tance of 10 or more duct diameters, For a
rectangular cross-section, use an equivalent
dizsmeter, calculated from the following
equation, to determine the number of duet
diameters:

LW
(L+ WD

Dm

Equation 2-1

where: .
D, = Equivalent diameter

11-27-87

LaLength
W=Width

To ensure the presence of stable, fully de-
veloped (low patterns at the calibration site.
or “test section,” the site must be located at
least eight diameters downstream and two
diameters upstream {rom the nearest dis-
turbances.

ria are not absolute; other test section loca.
tions may be used (subject to approval of
the Administrator), provided that the flow
the test site is stable and demonstrably
to the duct axis. :
4.1.23 The flow system shall have the ca-
ty to generate & test-section velocity
91% m/min (3,000 ft/min). This ve-
locity must be constant with time to guaran-
tee steady Now during calibration. Note that

:

gﬁ

Type S pitot tube coefficients obtained by stream of the

(2,000 ft/min) will generally be valid to
within =3 percent for the measurement of
velocities above 305 m/min (1,000 ft/min)
and to within =5 to 6 percent for the meas-
urement of velocities between 180 and 305
m/min (600 and 1,000 ft/min). If 3 more
precise correlation between C, and velocity
Is desired, the flow system shall have the ca-
pacity to generate at least four distinct,
time-invariant test-section velocities cover-
ing the velocity range from 180 to 1.525 m/
min (600 to 5,000 ft/min). and calibration
data shall be taken at regular velocity inter-
over this range (see Citations 9 and 14
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-
Type S port, 50 that the

ok

single-velocity calibration at 915 m/min standard and Type S impact openings will
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uelnmeammucuowphneduﬂm
calibration. To facilitate alignment of the
pitot tubes during calibration, it is advisable
t.huthemtaecuonbeconm'uctedo!plu-
igias or some other transparent material

- 413 Callbration Procedure. Note that
thuprmdurehamenlonemdmmnot
heuudrlthoutﬂmreferﬂmtothespedu
considerations presented in Section 4.1.5.
Note alzo that thiz procedure applies only

41.3.3 Ensure that the manometer is
ievel and zeroed. Position the standard pitot
tube at the calibration point (determined as
outlined in Section-4.1.5.1), and align the

tube so that its tip i3 pointed directly into.

the flow. Particular car should be taken in
aligning the tube to avoid yaw and piteh
mlu_m:mmnmeenuvponmr-
rounding the tube is properly sealed.

4134 Read A%, and record its value in a
daty table similar to the one shown in
Figure 2-9. Remove the standard pitot tube
from the duct and disconnect it from the

mz:hd’mgymmenw.::nm
that the entry port surrounding the tube is
properly sesled

4.1.3.6 Read Ap, and enter its value in the
data table. Remove the Type S pitot tube
from the duct and disconnect It from the
manometer.

4.1.3.7 Repeat steps 4.1.3.3 through
tLJ.BMveununhmpuuo!Apdena
have been obtained.

4138 Repeat steps 4.1.3.3 through
Lu?abovetortheaddeotthe'rypes
pitot tube,

41.3.1 Make sure that the mano is manometer. Seal the standard entry port 41.3.9 Perform calculations, as described
properly filled and that the oil is free from ] in Section 4.1.4 balow.
contamination and is of the proper density, 4.1.3.5 Connect the Type S pitot tube to 4.1.4 Calculations,
msmmdlelk-cheekaupnatunu:rem themnmem.OpenmeTypeSenm 4.1.4.1 For each of the six pairs of Ap
or repiace if necexzary, port. Check the manometer level and zerg, teadings (Le., three from side A and three
4.1.3.2 Level and zero the manometer. Insert and align the Type S pitot tube 30 mmn)mmsecﬁmuam
on the fan and allow the flow to stabi- that its A side impact opening is at the same qnummemueotmrmsmmtwbe
lize. Seal the Type S entry port. point as was the standard pitot tube and iy coeffficient as follows:
MTOT TUBE IDENTIFICATION NUMBER: OATE:
CALIBRATED 8Y:
"A" SIDE CALIBRATION
Apga Aagg)
em H20 em H20 OEVIATION
AUN NO. (in. H20) {in. H20) Cais) C'(,) «CylA)
1
2
3
Cp (SIDE A)
“8” SIBE CALIBRATION
LY P¥) Apg) _
em H20 com H20 DEVIATION
RUN MO, lin. H20) lm.H20) | Cote) | Cpta)-Cplm
1
2
3
Cy (106 ®)

AVERAGE OEVIATION = g (A QR §) = I

3
S [cyla-Epta0nm)|

| € ts10E A1 -E, (510€ 0 |e-MusT 8E <0.01

“— MUST 3 <00

Figure 2.9. Pitot tube calibration data,

Environmant Reporter
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Cuan=C, AP s 3 - 41513 Por assemblies with sample
e ALY |Cuu—Col A oF B)]  probes. the callbration point should be lo-
« (side A or B) = cated at or near the center of the duct: how-
Fquation 2-2 3 ever, Insertion of a probe sheath into

where:

Couny= Type 3 pitot tube coefficient

CouawStandard pitot tube coefficient; use
0.99 U the coefficient is unknown and
the tube is designed according to the cri-
teria of Sections 2T.1 to 3735 of this

method.
ADag= Velocity head messured by the stand-
ard pitot tube, em H,O (in, H,0)
Ap,=Velocity head measured by the Type 8
plm_tube.cmﬂ.oun HO)

4.1.4.2 Calculate G, (side A), the mean A-
side coefficient, andﬂ; (side B), the mean B-
side coefficient: caiculate the difference be-
tween these two sverage values.

(4.1.4.2 amended by 52 FR 34639, Sep-
tember 14, 1987]

4.1.43 Calculate the deviation of each of
the three A-side values of Com from G, (side
A), and the deviation of each B-side value of
G from s (side B) Use the following
equation:

Deviation = Cup—Cs(A or B)
kEquation 2-3

[4.1.4.3 amended by 52 FR 34639, Sep-
tember 14, 1987]

4.1.4.4 Calculate . the average deviation
from the mean, for both the A and B sides
of the pitot tube. Use the f{ollowing equa-

1-27-87

IEquation 2-4

(4.1.4.4 amended by 52 FR 34639, Sep-
tember 14, 1987]

4.1.4.3 Use the Type S pitot tube only it
the values of « (side A) and » (side B) are
less than or equal to 0.01 and If the absolute
value of the difference between Cs (A) and
& (B) i3 0.01 or less,

(4.1.4.5 amended by 52 FR 34639, Sep-
tember 14, 1987)

4.1.5 Sopecial considerations.

4.1.5.1 Selection of calibration point.

4.1.5.1.1 When an isolated Type S pitot
tube is calibrated. select a calibration point
uumrm_mwo(medmmdtouw
the outlined in Sections 4.1.3
and 4.1.4 abgve. The 8 pitet coeffl-
cients so obtained, Le. (side A) and
(ddeB).wulbevmd.soloncneuher.u)
mmuudpimwhehuud:or(zbm
pitot tube is used with other components
(noxzle, thermocouple. sample probe) in an
arrangement that is (ree from asrodynamic
interference effects (see Figures 2-8
through 3-8

(4.1.5.1.1 amended by 52 FR 34639, Sep-
tember 14, 1987]

41.5.1.2 For Type S pitot tube-thermo-
couple combinations (without sample
probe), select & calibratinn point at or near
the center of the duct. and follow the proce-
Sections 4.1.3 and 4.1.4
above. The coefficients 30 obtained will be

Published by THE BUREAU OF NATIONAL AFFAIRS, INC.. Washington, 0.C. 20037

amumdelotmenmbeshumuznereent
or lem of the duct area for
assemblies without external sheaths (Figure
2-10s), and 3 percent or less for assemblies
with external sheaths (Figure 2-10b).

41532 For those probe assemblies in
which pitot tube-nozzle Interference is 2
factar (Le., those in which the pitot-nozzle
separation distance fails to meet the speciti-
cation illustrated in Figure 2-6a), the value
o(c.udepmdiummemountot!ree-
the tube and nozzle, and

be performed with each of the commonly
ueduoﬁlesi:ulnplne.ﬂoutmme
single-velocity calibration technique 5 ac-
ceptable for this purpose, even though the
lanu‘noale:iusuo.memor%m.)m
not ordinarily used for 1sokinetic sameling
at velocities around 916 m/min (3,000 ft/
min). which i3 the calibration velocity: note
l.laoumuhnotnecmarvtodnwmlso-
kinetic sample during calibration (see Cita~-
tion 19 in Section 6).

4,1.5.3 FPor a probe assembly constructed
such that its pitot tube is always used in the
same orientation, only one side of the pitot
tube need be calibrated (the side which will
face the flow), The pitot tube must still
meet the alignment specifications of Figure
2.2 or 2-3, however, and must have an aver-
age deviation (e) value of 0.01 or less (see
Section 4.1.4.4). :

{4.1.5.3 amended by 52 FR 34639, Sep-
tember 14, 1987)

[Appendix A, Method 2]

247




120:0516 FEDERAL REGULATIONS

[ ]
', EXTERNAL '

SHEATH
w '

l—T
(b)

S|
BLOCKAGE DUCT AREA
)

Figure_2-10. Projected-area models for typical pitot tube assémblies.

4.1.6 Fleld Use and Recalibration.

4.1.6.1 PFleid Use.

4.1.6.1.1 When a Type S pitot tube (iso-
lated tube or assembly) is used in the field,
the appropriate coefficient value (whether
assigned or obtained by calibration) shall be
used to perform velocity caiculations. For
calibrated Type S pitot tubes, the A side cg-
efficient shall be used when the A side of
the tube faces the flow, and the B side coef-
ficient shall be used when the B side {aces
the flow; aiternatively, the arithmetie aver-
age of the A and B side coefficient values
aaynbc used, irrespective of which side faces

e flow,

4.1.6.1.2 When » probe assembly is used
to sample a small duct (12 to 38 In. in diame-
ter), the probe sheath sometimes blocks 3
significant part of the duct cross-section,
causing & reduction in the effective value of
Crur. Consult Citation 9 in Section 6 for de-
tails, Conventional pitot-sampling probe ag.
semblies are not recommended for use in
ducts having inside diameters smaller than
12 inches (Citation 16 in Section 6),

4.1.6.2 Recalibration.

4.1.6.21 Isolated Pitot Tubex After eacn
fleld 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 in
Figure 2-2 or 2-3, it can be assumed that the
baseline coefficient of the pitot tube has not
changed. 1f, however, the tube has been
damaged 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 face openings
or the tube shall be discarded,

41622 Pitot Tube Assemblies After
each fleld use, check the face opening align-
ment of the pitot tube, as in Seetion
4.1.6.2.1; also, remessure the intercompon-
ent spacings of the assembly. If the intes-
compoanent spacings have not changed and
the face opening alignment is acceptable, it
can be assumed that the coefficient of the
astembly has not changed. If the face open.
ing alignment is no longer within the speci-
fications of Figures 2-2 or 2-3, either repair

the damage or replace the pitot tube (eall-
brating the new assembly, if necessary). If
the intercomponent spacings have changed,
restore the original spacings or recalibrate
the astembly.

4.2 Standard pitot tube (if applicable). If
8 standard pitot tube is used for the velocity
traverse, the tube shall be constructed ie.
cording to the criteria of Section 2.7 and
shall be asgigned a baseline coefficient value
of 0.99. If the standard pitot tube is used as
part of an assembly, the tube shall be in an
interference-free arrangement (subject to

“the approval of the Administrator).

4.3 Temperature Gauges. After each
fleld use, calibrate dial thermometers,
liquid-filled buib thermometers. thermocou-
ple-potentiometer systems, and other
fauges at A temperature within 10 percent
of the aversge abmolute stack temperatuyre.
For temperatures up to 405° C (761" B, use
an ASTM mercury-in-glass reference ther.
mometer, or equivalent, as a reference: al-
ternatively, either a reference thermocouple
and potentiometer (calibrated by NBS) or

[Appandix A, Method 2]
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thermometric fixed points, e.g., ice bath and
boiling water (corrected for barometric pres-
sure) may be used. Por temperatures above
405" C (761" P), use an NBS-calibrated refer-
ence thermocouple-potentiometer system or
an alternate reference. subject to the ap-
proval of the Administrator.

If, during calibration, the absolute tem.
Deratures measured with the gauge being
calibrated and the reference gauge agree
within 1.5 percent, the temperature data
taken in the fleld shall be considered valid.
Otherwise, the pollutant emission test shall
either be considered invalid or adjustments
(if appropriate) of the test results shall be
made, subject to the approval of the Admin-
istrator.

4.4 Barometer. Calibrate the barometer
used against a mercury barometer.

3. Caleculations

Carry out calculations, retaining at least
one extra decimal figure beyond that of the
acquired data, Round off figures after final
calculation.,

5.1 Nomenclature.

A=Cross-sectional area of stack, m*(ft 2.

Be=Water vapor in the gas stream (from
Method 5 or Reference Method 4), pro-
portion by volume,

C, = Pitot tube coefficient, dimensionless,

K, =Pitot tube constant,

m (g/g-mole)(mm Hg) 2
W e L R mm o)

{or the metrie system and

. ft [ (Ib/lb-mole)(in. 11g)T?
81490 % [ R (in, K,0)

for the Englizh system.
M,w=Molecular weight of stack gus, dry basis
(see Section 3.6) g/g-mole (b/lb-mole).
M,=Molecular weight of stack gas, wet
basis, g/g-mole (1b/1b-mole).
=My (1 -5g) +18.0 B,
Eq. 2.5

P =Barometric pressure at measurement
site, mm Hg (in. Hg).

Py mStack static pressure, mm Hg (in. He).

P.-ahlolut.e stack gas pressure, nun Hg (in.

g).

ol + Py

Equation 2-8

P=Standard absolute pressure, 760 mm
He (29.92 in, Hg). :

Qu=Dry volumetric stack gus flow rate cor-
rected to standard conditions. dsem/hr
(dset/hr).

& =Stack temperature, °C ("P),

T. = Absolute stack tempersture. “K, ("R).

=273 « 4 for metric .

’ Equation 2-7

11-27-87

=460+ 4 for English
Equation 2-8
T..rsstnndudw s absolute tempersture, 293 'K
&-Am) e stack gas veloeity, m/sec (ft/
sec),
A.-;sgn;ﬂtyheado(mmmﬂﬂ(m.
3,600« Conversion factor, sec/hr.
18.0=Molecular weight of water, g/g-mole
(1b/1b-mole),
5.2 Average stack gas velocity.

- =K DCI(E;)MBJ g%;
Equation 2-9

53 Average stack gas dry volumetric flow
rate.

T,
Quad000(1-Baitd  ——e 2
T g P

Equation 2-10

To convert Qg4 from dsem/hr (dsef/hs)
to dsem/min (dsef/min), divide Q.4 by 60.

[5.3 amended by 52 FR 34639, September
14, 1987]
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METHOD 2A~DIRECT MEASUREMENT OF (GAS
VoruMe THROUGH PIres anND SMALL Ducts

1. Applicability and Principle.

1.1 Applicability. This methaod applies to
the mezsurement of gas flow rates in pipes
and small ducts, either in-line or at exhaust
Dogu%ns. within the temperature range of 0
to 30°C.

[Appendix A, Method 2A]
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1.2 Pﬂn:lplc.Anlvommuetarhmd
. Temperas

below. Any other spparatus
demonstrated (subject to approval of the
Administrator) to be cspable of meeting the
eations will be considered scceptable
21 Gss Volume Meter, A positive dis.

mm Hg). The s recommended
mzyotmmmumndemm
the expected maximum and minimum flow

rates st the sampling conditions. Tempera-
characteristics,

ture, pressure, corrosive and
pipe size are {actors necessary to consider in
choosing & suitable gas meter.

(2.1 amended by 52 FR 34639, September
14, 1987

value (which is the absolute barometric
preuure)smnbemumed.mdmldlm
ment for elevation differences between the

station and the sampling point
shall be appiied at a rate of minus 2.5 mm

3.2 Leak Test. A volume meter installed
at & location under positive pressure may be
leak-checked at the meter connections by
using & leak detector solution contain-
m.mmnyam.mumot

i

the
and end of the test run. Record the data on
a table similar to Figure 2A-1,
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Plant

Date Run Number

Sample Location

Barometric Prassure mm Hg Start______ Finish___
Qperators |
Mater Number . Meter Calibration Coefficient
Last Date Calibrated
Static
Time Volume prassurs

Meter Temperature

Run/clock | reading mn Hg oC oK
Average
Figure 2A-1. Volume flow rate measurament data.
[Appendiz A, Method 2A])
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4. Calidrution,

4.1 Volume Meter. The volume meter is
calibrated agninst s standard
' meter prior to its initisl use in the fleld, The

(V= Vo) (5, +273)
(V.,—V.)(t.-b!ﬂ)

P,
(Py+Py

Eg. 2A-1
Where:

Yo=Test volume meter calibration coeffl-
_clent, dimensionless,

V.= Reference meter volume reading, m?.

Vo =Test meter volume reading, m?

t.-!‘lé{erm meter averige temperature,

ta=Test meter average temperature, °C.
P, = Barometric pressure, mm Hy,
P.-;:n meter average static presure, mm

{=Final reading for run.

| 3
e

are met the flow rates, averzge all the
Yo values from runs meeting the specifica-
tions to obtain an average meter calibration
coefficient, Y.

(based on the previous fleld test) with the
meter pressure set at the average value en.
countered in the flaid test. Calculate the av-
value of the calibration factor. If the
has changed by more than 5 per-

EE

-cent, recalibrate the meter over the full

range of flow as described sbove.
Note.—Lf the volume meter calibration co-

ture data collectad in the field shall be con-
sidered valid. Otherwize, the test data shall
be consicered invalid or adjustments of Lhe
test resuits shall be made, subject to the ap-
proval of the Administrator.

meter, mm Hy.
Q=Gas flow rate, m¥/min, standard condi-

'r.-_a.vemc absolute meter temperature,

Va=Meter volume reading, m?.
Ya=Average meter calibration coeffictent,
dimensionl

ess,
{=Final reading for test period.
{=Initial reading for test period.

Environment Reporter

s=Standard conditions, 20° C and 760 mm

Hg.
OuElapsed test period time, min.
5.2 Volume.

Ve = 03853 Yo (Vo—Vo) FatP)
T,

Eq. 2A-2
5.3 Gas Flow Rate.
Q- .!.'L Eq. 2A-3
o
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MeTHOD 2B--DETIAMINATION OF EXHAUST
Gas VoLumx Frow Rate FroM CiasoLine
VAPOR INCINERATORS -

1. Applicability ans principle
1.1 Applicability. Thiz method applies to

the messurement of exhaust volume flow

rate from incinerators that process gasoline
vapors consisting primarily of alkanes, al-
kenes, and/or arenes (aromatic hydrocar-
bons). It is assumed that the amount of aux-

{liary fuel is negligible.

12 Prineiple. The Incinerator exhaust
flow rate is determined by carbon balance.
Organie carbon concentration and volume
flow rate are measured at the incinerator
inlet. Organie carbon, carbon dioxide (COy),
and carbon monoxide (CQ) concentrations
are messured at the outlet. Then the ratio
of total carbon at the inecinerator inlet and
outlet is muitiplled by the Inlet volume to
determine the exhaust volume and volume
flow rate. .

& Apparutus
21 Volume Meter. Equipment described
in Method 2A. :

2.2 Orgunic Analyzers (2). Equipment de-
scribed in Method 25A or 25B.

2.3 CO Analyzer. Equipment described In
Method 10, -

[Appendix A, Method 28)
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to the probe & leak-tight, heated (if neces-
sary to prevent condensation) sample line
(stainless steel or equivalent) and an organic
mmsmumudmumzu
or 25B.

3.2 Exhaust Installation. Three sample
analyzers are required for the incinerator
exhaust: CO,y, CO, and organic analyzers. A
sample manifold with a single sample probe
mvbeuaed.lnsuuasmpleprobeude-
scribed Method 25A. Connect a leak-tight
heated sample line to the sample probe.

span value for the CO; analyzer shall be 15
percent by volume. All calibration gases
must be introduced at the connection be-
tween the probe and the sample line. If a
manifold system is used for the exhsust
snalyzers. all the snalyzers and sample
pumps must be operating when the calibra-
tions are done. Note: For the purposes of
this test, methane should not be used as an
organic calibration gas.

3.5 Sampling. At the beginning of the
test period, record the initial parameters for
the inlet volume meter aceording to the pro-
cedures in Method 2A and mark all of the
recorder steip charts to indicate the start of
the test. Continue recording Inlet organic
and exhaust COy, CO, and ofganic concen-
trations throughout the test. During periods
of process Interruption and halting of gas
flow, stop the timer and mark the recorder

3.6 Post Test Calibrations. At the conciu-
sion of the sampling period, introduce the
calibration gases as specified in the respec-
tive reference methods. If an analyzer

1-27-87

specifications of

ns,

least one extra decimal {igure beyond that
of the acquired data. Round off [ligures
after the final calculation.

4.1 Nomenciature.
CO,=Mean carbon monoxide concentration
in system exhaust. ppmv.

CO,, = Mean carbon dioxide concentration in
_system exhaust, ppmv.

HC,=Mean organic coneentration in system
axhaust as deflned by the calibration
FAS, PpmY.

HC,=Mean ol concentration in system

~ inlet as defined by the calibration gas,
ppmv.

K =Calibration gas factor

=2 for ethane calibration gas

=3 for propans calibration gas.

a4 for butane calibration gas.

= Appropriate response {actof for other
calibration gas.

V. =Exhaust gas volume, M2,

V,=Inlet gas volume, M? .

Q. =Exhaust gas volume flow rate. m‘/min

Q, = lnlet gas volume Now rate, m?/min
@=Sample run time. min.
s=Standard Conditions: 20°C, 760 mm He.
300 =Estimated concen

CO., ppmyv. (CO, concentration in the

ambient air may be measured during the
test period using an NDIR).

reguiations.
determined on a parts per million by volume
(ppmv) basis. '

4.3 Exhaust Gas Volume. Calculate the
exhaust gas volume as followx:

K(HC)
E(HC,) + CO +C0O, -300

Va = Vo

Eq 2B-1

44 Exhaust Gas Volume Flow Rate. Cal.
culate the exhausi gas volume {low rate as
followsx

Qu=Vd/8

Eq. 2B-2

[4.4 Eq. 2 B-2 amended by 52 FR 34639,
September 14, 1987]

3. Bidbliography.

5.1 Measurement of Volatile Organic
Com| U.& Environmental Protection
Agency. Office of Air Quality Planning and
Standards, Research Triangle Park, N.C.
2T711. Publication Ne. EPA-450/2-T8-041.
October 1978. p. 55.

Mrrnop 3—GAs ANALYaLS rom’ Carpox DioxidE,
OXYGEN, KXcran Ak, AND Doy MoLECULABR WEIGET

1. Principle and Applicebility

11 Principle, A £20 ssmpie is exteactod from 3 stack,
by ona of the following methods: (1) diglhepoint, prab
sampling: (2) zingle-poiat, integraied samplivg; of (1)
muly-point, Inwerted sampling, The ¢as samolo I

yzed for pereent carbon diozide (Cldy), percent oTy-

wen (Os). maud, [ necessary, pereent earbon monoside
(CO). If & dry molecuise weight deteriunntion i3 to be
made, cither an Ursat or & Fynite | snalyzer may be uied
for tive analysis; for e1cess air of PMiwINN rate corrrclion
factor determination, an (Orsat anelyzer must be used.

2 Applicability. Thia method is spplicabie for de-
teyroining 2Oy and O: cunernlimiions, fseess air, and
dry molecular weirht of 2 <ymyvis (rom a g3 streain ol
Susil-iunl combustion procems, The metliod may wlso bo

phicable tooLlier froceses wher it has hwva deteemined
t compuun-!s ather than CUy, 3, CO, and nitrogen. *
( are pot presest o concenunalons Auitivient o
aflert the results.

Other methods, an well a3 morlifications (o the proce=
dure described herein, are also sppikable (of somo or all
of tha above determinationt. Exsrapics of seeilic meth=
ods and modifiealions inctude: (1) o muiti-pmint samp-

ng hod using an Orsat ahalyzet 10 snsivis indis
viddual grab samples vbtained ot each point: G 3 method
uxing CU, or U and stoichiometne ealculutions to duter-
miue dry molecuiar wetght end cacems wir; i) axigning o
value of 30.0 for dey mulecular weight. in livu of sctual
Mmesstrenmenty, lor processes hurning naturnl gax, coal, of
il These methods and madilicatuony may be used. hit
are subject to U approval of the Adusmistrater.  US.
Ewvironmental Protectson Agescy

As an alternative (0 (ho sampling apparstus nnd sys-
tems bed lereil, OLIer sunpling Systens (..,
linpuid displacoment) may e vl providd such systens
afe capable of obtaining » repmesentauve unple and
AAITIGIRINE 3 CONSLANL SAPAINE (L6, any ore otHerwiss

of yielding acreplable sult Use of such
systerma is sulieet to thie approvel of (he Admumsteaior.
21 rob Sampling (Figure d-1). ]

21.1 Probs, The probe shouki be mmbe of stainlesa
stewl or borogilicnte gluss Lubing and should e cqnipped
with an in-stack of out-stsck nitet 10 remove puriiculate
master (8 plug of glass wool i3 satisfactory fur tlis pur-
pame). Any other pasterinl iert to U3, CUy, CO, and Ny
o resisaant 10 LOIPErALre At sampling comiitions may
e used for the probe; exanphes of such matenal are
alnminum, copper, (QUArE s amnl Teilon. i

240 Pump, A ONBWAY S\eete bulb, o enuivalent,

wand 0 poct the :nlr : ”!0 the umalyzer,

{nterrated Sempling { igues 3-2).

%il nl'mhe A probe such ua that deseribed in Section

2.1.1 is saitable.

——————

I Mentton of 1rale names or speeific produets dora not
sonstitiite cinlarsentent by the Euvirmmeatol 1'rotec-
tion Axewy. \ .

[Appendix A, Method 3]
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/ PROSE

* FILTER (GLASS WOOL)

FLEXIBLE TUBING (

T0 ANALYZER

SQUEEZE BULB
Figure 3-1. Grab-sampling train.

RATE METER

VALVE
~ SURGE TANK

AIR-COOLED
CONDENSER

PROBE —u _4—
N\,

iFll.'l'El!

(GLASS wooL)

QUICK DISCONNECT ﬁ% |

VALVE wh

/

Figure 3.2, lmegﬁud gas-sampling train.

RIGID CONTAINER
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222 Condenser, An ait-cooled or water-
cooled condenser. or other condenser that
will not remove Gy, CO. CO, and Ny, may be
used to remove excess moisture which
would interfere with the operation of the
pump and flow meter.

223 Valve. A needle valve is used to

adjust sample gas flow rate, )

224 Pump. A leak-free, disphragm-type
pump, or equivalent. is used to transport
sample gas to the flexible bag. Install a
small surge tank between the pump and
rate meter to eliminate the pulsation effect
of the diaphragm pump on the rotametet.

225 Rate Meter, The rotameter. of
equivalent rate meter, used should be capa-
ble of measuring {low rate to within +2 per-
cent of the selected flow rate. A flow rate
range of 500 to 1000 cm*/min is suggested.

2.2.6 Flexible Bag. Any leak-(ree plastic
(e.g.. Tedlar, Mylar, Teflon) or plastie-
coated aluminum (e.g., sluminized Mylar)
bag, or equivalent, having a capacity con-
sistent with the selected flow rate and time
length of the test run, may be used. A ca-
pacity in the fange of 55 to 90 liters Is sug-
gested.

" To leak.check the bag. connect it to a
water manometer and pressurize the bag to
8 to 10 em H,0O (2 to 4 in. H:O). Allow to
stand for 10 minutes. Any displacement in

alternative leak-check method is to pressur-
ize the bag to 5 to 10 cm H,O (2 to 4 in. HO)
and allow to stand overnight. A deflated bag
indicates a leak.

2.2.7 Pressure Gauge. A water-filled U-
tube manometer, or equivalent, of about
30 em (12 in.) is used for the flexible bag
leak-check,

[2.2.7 amended by 52 FR 34639, Septem-
ber 14, 1987)

228 Vacuum Gauge. A mercury mano-
meter, or equivalent, of at least 760 mm Hg
(30 in. Hg) is used for the sampling train
{eak-check.

2.3 Analysis For Orsat and Fyrite ana-
lyzer maintenance and operation proce-
dures. {ollow the instructions recommended
by the manufacturer, unless otherwise spec-
ifled herein,

2.3.1 Dry Molecular Weight Determina-
tion. An Orsat analyzer or Fyrite type com-
bustion gas analyzer may be used.

232 Emission Rate Correction Factor or
Excess Air Determination. An Orsat analyz-
er must be used, For low CQ, (less than 4.0
percent) or high O, (greater that 13.0 per-
cent) concentrations. the measuring burette
of the Orsat must have at least 0.1 percent
subdivisions.

1-27-87

3. Dry Molecular Weight Determination

Any of the three sampling and analyticeal
procedures described below may be used for
determining the dry molecular weight.

3.1 Single-Point. Grab Sampling and
Analytical Procedure.

3.1.1 The sampling point in the duct
shall either be at the centroid of the cross
section or at a point no closer to the walls
than 1.00 m (3.3 ft), unless otherwise speci-
fied by the Administrator.

‘3.1.2 Set up the equipment ss shown in
Figure 3-1, making sure all connections
ahead of the analyzer are tight and leak-
{ree. If and Orsat analyzer is used, it s rec-
ommended that the analyzer be leaked-
checiked by following the procedure in Sec-
tion 5; however, the leak-check iy optional

1.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
pling point; purge the sampling line, Draw a
sampie into the anslyzer and immediately
analyze it for percent CO, and percent Q.
Determine the percentage of the gas that Is
N, and CO by subtracting the sum of the
percent CO, and percent O, from 100 per-
cent. Calculate the dry molecular weight as
indicated in Section 6.3.

1.1.4 Repeat the sampling, analysis. and
caleulation procedures, until the dry molee-
ular weights of any three grab samples
differ {rom their mean by no more than 0.3
g/e-mole (0.3 lb/Ib-mole). Average these
three molecular weights, and report the re-
sults to the nearest 0.1 g/g-mole (Ib/1b-
mole).

3.2 Single-Point. Integrated Sampling
and Analytical Procedure.

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

3:2.2 Leak-check (optional) the flexible
bag as in Section 22.6. Set up the equip-
ment as shown in Pigure 3-2, Just prior to
sampling, leak-check (optional) the train by
placing a vacuum gauge at the condenser
inlet. pulling 2 vacuum of at least 250 mm
Hg (10 in. Hg), plugging the outlet at the
quick disconnect, and then turning off the
pumg. The vacuum should remain stable for
at least 0.5 minute. Evacuate the Nexible
bag. Connect the probe and place it in the
stack. with the tip of the probe positioned
st the sampling point; purge the sampling
line. Next, connect the bag and make sure
that all connections are tight and leak free.

3.23 Sample at a constant rate. The sam-
pling run should be simultaneous with. and
for the same total length of time as, the pol-
Jutant emission rate determination. Collee-
tion of at least 30 liters (1.00 It) of sample

gas s recommended; however, smaller vol-
umes may be collected. if desired, )

3,24 Obtain one integrated flue gas
sampie during each pollutant emission rate
determination. Within 8 hours after the
sample s taken, analyze it for percent CO.
and percent O, using either an Orsat analyz-
er or a Pyrite-type combustion gas analyzer.
1f an Orsat analyzer is used, it is recom-
mended that the Orsat leak-check described
in Section 5 be performed before this deter-
mination; however, the check is optional.
Determine the percentage of the gas that is
N, and CO by subtracting the sum of the
percent CO, and percent O, {rom 100 per-
esnt. Calculate the dry molecular weight as
indicated in Section 6.3.

3.2.5 Repeat the analysis and caleulation
procedures until the individual dry molecu-
lar weights for any three analyses differ
from their mean by no more than 0.3 g/i-
mole (0.3 ib/lb-mole). Average these three
molecular weights. and report the results to
the nearest 0.1 g/g-mole (0.1 1b/1b-mole).

3.3 Muiti-Point, Integrated Sampling and
Analytical Procedure.

3.3.1 Unless otherwise specified by the
Administrator, 2 minimum of eight traverse
points shall be used for circular stacks
having dizmeters less than 0.81 m (24 in.). 2
minimum of nine shall be used for rectangu-
|ar stacks having equivalent diameters less
than 0.61 m (24 in). and a rhinimum of,
twelve traverse points shall be used for all
sther cases. The traverse points shall be lo-
cated according to Method 1. The use of
fewer points is subject to approval of the
Administrator.

3.3.2 Follow the procedures outlined in
sections 3.2.2 throught 3.2.5, except for the
following: traverse all sampling points and
sample at each point for an equal length of
time. Record sampling data as shown in
PFigure 33,

4. Emission Rate Correction Factor or
Ezcess Air Determination

Norr: A Fyrite-type combustion gas ana-
lyzer is not acceptable for excess air or emis-
sion rate correction factor determination,
unless approved by the Administrator. If
both percent CO, and percent 0, are meas-
ured, the analytical resuits of any of the
three procedures given below may also be
used for cslculating the dry molecular
welght.

Each of the three procedures below shall
be used only when specified in an applicable
subpart of the standards. The use of these
procedures for other must have
specific prior approval of the Administrator,

(Appendix A, Methed 3]
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4.1 Single-Point, Grad Sampling and
Analytical Procedure.

4.1.1 The sampling point in the duct
shall either be at the centroid of the cross.

section or at a point no closer to the walls

4.1.2 Set up the equipment as shown in
PFlgure

3-1. making sure all connections.

ahesd of the analyzer are tight and leak-
free, Leak-check the Orsat analyzer accord-
ing to the procedure described in Section 8.

:lhqidnb;.ot:em (3.3 ft), Ilg:;ﬂ atherwise spect. This leak-check is mandatory.
TRAVERSE Q
TIME oT. Tom % DEV.3
AVERAGE
a . ¢Q-Qave
%DEV= (—go=) 100 (MUST BE <{10%)

[Figure 3-3 footnote amended by 52 FR
34639, September 14, 1987)

4.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
pling point; purge the sampling line. Draw &
sample into the analyzer. For emission rate
correction factor determination. immediate-
iy analyze the sample, as outlined in See-
tions 4.1.4 and 4.1.5. for percent CO, or per-
cent Oy If excess air is desired, proceed as
follows: (1) immediately analyze the sample,
a8 in Sections 4.1.4 and 4.1.5, for percent
COy Q. and CO: (2) determine the percent-
age of the gas that is N, by subtracting the
sum of the percent CO. percent O, and per-
cent CO from 100 percent: and (3) calculate
percent excess air as outlined in Section 6.2,

4.14 To insure complete absorption of
the CO. O, or if applicable. CO. make re-

readings cannot be obtained after three con-
rmunmmmmmn-
ution.)

4.1.5 After the analysis is completed,
leak-check (mandatory) the Orsat analyzer
once again, as described in Section 5. Por
the results of the analysis to be valid, the
Orsat analyzer must pass this leak test
before and after the analysis, o

Note Since this single-point. grab sam-
pling and analytical procedure in normally
conducted In conjunction with a single-
point, grab sampling and analytical proce-
dure for a pollutant, only one analysis is or-
dinarily conducted. Therefore, great care
must be taken to obtain a valid sample and
analysis. Although in most cases only CO,
or O, is required, it is recommended that
both CO, and Q,' be measured, and that
Section 4.4 be used to validate the analyt-
ical data.

(4.1.5 Note amended by 48 FR 49459,
Octaber 25, 1983]

4.2 Single-Point, Integrated Sampling
and Analytical Procedure.

4.2.1 The sampling point in the duet
shalil be located as specified in Section 4.1.1,

422 Lesk-check (mandatory) the flexi-
ble bag as in Section 2.2.6. Set up the equip-
ment as shown in Pigure 3-2. Just prior to
sampling. leak-check (mandatory) the train
by placing a vacuum gauge at the condenser
inlet, pulling a vacuum of a least 250 mm Hg
(10 in. Hg), plugging the outlet at the quick
disconneet, and then turning off the pump.
The vacuum shall remain stable for at least
0.5 minute. Evacuate the flexible bag. Con-
nect 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 make sure that
all connections are tight and leak free.

423 Sample at a constant rate. or as
specified by the Administrator. The sam-
pling run must be simultaneous with, and
for the same total lengh of time as, the pol-
lutatit emission rate determination. Collect
at leagt 30 liters (1.00 ft* of sample gas.
Smaller volumes may be collected. subject
to approval of the Administrator.

424 Obtain one integrated flue gas
sample during each pollutant emission rate
determination. For emission rate correction
factor determination, analyze the sample
within 4 hours after it is taken for percent
CO, or percent O, (az outlined in Sections
4.295 through 4.2.7). The Orsat analyzer
must be leak-check (see Section 3) before
the analysia, If excess air is desired. proceed
as follows: (1) within 4 hours arter the
sample is taken, analyze it (as in Sections
4.2.5 through 4.2.7) for percent CO,, O,, and
CO; (2) determine the percentage of the gas
that iz N, by subtracting the sum of the per-
cent CO,. percent O, and percent CO from
100 percent: (3) calculate percent excess air,
as outlined in Section 8.2,

4.2% To insure complete absorption of
the CO,, O, or if applicable, CO, make re-
peated passes through each absorbing solu-
tion until 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 criteriz are met:

4.26.1 Por percent CO,, repeat the ana-
lytical procedur® until the results of any

three analyses differ by no more that (3) 0.3 -

percent by volume when CO, is greater than
4.0 percent or (b) 0.2 percent by volume
when CO, i3 less than or equal to 4.0 per-
cent. Average the three acceptable values of
percent CO, and report the results to the
nearest 0.1 percent.

[Appendiz A, Method 3]
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4242 For percent O,. repeat the analyt-
ical procedure until the results of any three
analyses differ by no more than (a) 0.3 per-

cent by volume when O, Is less than 15.0°

percent or (b) 0.2 percent by volume when
Oy {5 greater than or equal to 15.0 percent.
Average the three acceptable values of per.
cent O, and report the resuits to the nearest
0.1 percent.,

4.2.6.3 For percent CO, repeat the ana-
Iytical procedure until the results of any
three analyses differ by no more than 0.3
percent. Average the three acceptable
values of percent CO and report the results
to the nearest 0.1 percent.

4.27 After the analysis iz completed,
leak-check (mandatory) the Qrsat analyzer
once agiin, as described in Section 5. For
the results of the analysis to be valid, the
Orsat analyzer must pass this leak test
before an after the analysis,

Norte Although in most instances only
COy or O, I3 required, it is recommended
that both CO, and O, be measured. and that
Section 4.4.] to be used to validate the

analytical datwa.

(4.7 Note amended by 48 FR 49459,
October 25, 1983; 52 FR 34639, Septem-
ber 14, 1987]

4.3 Muiti-Point, Integrated Sampling and
Analytical Procedure.

4J.1 Both the minimum number of sam-
pling points and the sampling point location
shall be as specified in Section 3.3.1 of this
method. The use of fewer points than speci-
fled is subject to the approval of the Admin-
istrator. :

4.3.2 Follow the procedures outlined in
Sections 4.2.2 through 4.2.7. except for the
following: Traverse all sampling points and
sampie at each point for an equal length of
time. Record sampling data as shown In
Flgure 3-3.

[Section 4.4 added by 48 FR 49459, Octo-
ber 25, 1983)

4.4 Quality Control Procedures,

441 Data Validation When Both CO,
- and Os Are Measured. Ajthough in most In-.
stances, only COy or O, measurement is re-
quired, it ix recommended that both CO,
and Oy be measured to provide a check on
Quality of the data. The following qual-
control procedure is suggested.

Since the method for validating the
O analyses is based on combustion
organic and fossi! fuels and dilution of
stream with air, this method does
y to sources that (1) remove CO, of
gh procemes other than combus-
(2) add O, (e.g., oxygen enrichment)
in proportions different from thet of
ar, (3) add C0Oy (e.g., cement aor lime kilns),
or (4) have no {usi factor, P,, values obtain-
able (eg., extremely varisble waste mix-
tures). This method validates the messured
proportions of CO,; and O, for the fuel type,
but the method does not detect sample dily.

88z &F
i

[
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tion resuiting from leaks during or after
sample collection. The method is applicable
for sampies collested downstream of most
lime or limestone flue.gas desulfurization
units as the CO, added or removed from the
gas siream is not significant in relation to

the total CO; concentration. The CO, con- |

centrations from other types of scrubbers
using only water or basic slurry can be sig-
nificantly affected and would render the P,
check minimally useful,

4.4.1.1 Calcuiate a fuel factor, F, using
the following equation:

20.9~%0,

Eq, 3-3
Where
%Ch = Percent Os by volume (dry basis),
%C0Oy= Percent COy by volume (dry basis).
20.9=Percent O, by volume in ambient air.
If CO is present in quantities messurable by
this method, adjust the O, and COs values
l‘:etore performing the calculation for P, as

R COxad)) = HCOL+RHCO

%O ad)) = %0y -0.5 %CO

Where:
%CO=Percent CO by volume (dry basis).

4412 Compare the caicuiated F, factor
with the expected P, values. The following
table may be used in establishing accsptable
ranges for the expected P, If the fuel being
burned Is known. When fuels are burned in
combination, calculate the combined fuel F,
and P, factors (a3 defined in Method 19) ac-
cording to the procedure (n Method 19 Sec-
;lon 5.2.3. Then ecalculate the F, {actor as
ollowsx:

0.209 P,
F=
.
Eq. 34
Fual iypw F, range
Cone
ANITICAD el W] 1.016=1,130
- [ 1.083=1.230
[ ] 1.200=1.413
] 1.270=1.370
G
Newrsl 1.600-1.428
PFropars 1.44=1.500
L") 1.405=1.553
Wood. 1.000=1,120
e 1.003=1.130

In the gas analyzer and the analyzing tech-
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much greater than the compliance limit,
repetition of the test would not significantly
change the compliance status of the source
and would be unnecessarily time-consuming
and costly.

S, Leak-Check Procedure for Oriat Analyzers

Moving an Orsat analyzer frequently
causes it to lesk. Therefore, an QOrsat ana.
lyzer should be throughly leak-checked on
site before the flue gas sample is introduced .
into it. The procedure {or leak-checking an
Orsat analyzer ix:

5.1.1 Bring the liquid level in each pi-
pette up to the reference mark on the capil-
lary tubing and then close the pipette stop-

5.1.2 Raize the leveling buld sufficiently
to bring the confining liquid meniscus onto
the graduated portion of the burette and
then clase the manifold stopeock.

513 Record the meniscus position.

5.1.4 Observe the menicus in the burette
and the liquid level in the pipette {or move:
ment over the next 4 minutes.

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

$.1.5.1 The liquid level in each pipetie
must not fall below the bottom of the capil-
1ary tubing during this 4-minute interval. )

5.1.5.2 The meniscus in the burette must
not change by more than 0.2 ml during this
4-minute interval

5.1.6 If the analyzer fails the leak-check
procedure. all rubber connections and stop-
cocks should be checked until. the cause of
the leak is identified. Leaking stopcocks
must be disazzembled, cleaned, and re-
greased, Leaking rubber connections must
be replaced, After the analyzer is reassem-
bled, the leak-check procedure must be re-

8. Caleulations
8.1 Nomeneclature.

M-Dl;y,molemna.r weight, g/g-mole (1b/1b.

mole).

%EA = Pervent excess air.

%CO,= Percent CO, by volume (dry basis),

7Oy = Percent O, by volume (dry basis),

%CO =Percent CO by volume (dry basis).

%N»=Percent N, by volume (dry basis).

0.264 = Ratio of O, ta N, in air, v/v.

0.280 = Molecular weight of N, or CO, divid-
ed by 100.

o.:ztlloaaMolecular weight of O divided by

o.iiil)&Molecular weight of CO, divided by

[Appendix A, Method 3]
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4.2 Percent Excess Air. Caleulate the per-
cent excess air (if applicable), by substitut-
ing the appropriate values of percent O
CO, and N, (obtained from Section 4.1.3 or
4.2.4) into Equation 3-1.

%0, ~0.5% CO
0.2684 %Ny ~(%Oz—0.5 %CO}

Equation 3-}

{6.2 Eq. 3-1 amended by 52 FR 34639,
September 14, 1987)

RRA =

Nore The equation above assumes that
ambient air is used as the source of O, and
that the fuel does not contain appreciable
amounts of N, (as do coke oven or blast fur-
nace gazes). For those cases when apprecia.
ble amounts of N, are present (coal, ofl, and
natural gss do not contsin appreciable
amounts of N, or when oxygen enrichment
is used, alternate methods, subject to ap-
proval of the Administrator, are required.

83 Dry Molecular Weight. Use Equation
3-2 to calculate the dry molecular weight of
the stack gas
M= 044K %CON+0.32U %0+

0.280(%N,+ %CQ)
Equation 3-2

Nore The above equation does uot consid-
er argon in air cabout 0.9 percent, molecu-
lars weight of 31.7), A negative error of
about 0.4 percent iz introduced. The tester
may opt to inciude argon In the analysis
using procedures subject to approval of the
Administrator.
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MrTHOD JA—DETTIAMINATION OF OXTYGEN AND
Carson DI0XIDE CONCENTRATIONS 1N EMI3-
s1083 FROM STATIONARY SOURCES (INSTRO-
MENTAL ANALYZIR PROCIDURE)

{Method 3A added by 51 FR 21165, June
11, 1986]

1. Applicability and Principle

1.1 Applicability. This method is appli-
cable to the determination of oxygen (Oy)
and carbon dioxide (CQy) concentrations in
emissions fram stationary sources only
when specified within the regulations.

1.2 Principle. A sample is continuously
extracted from the effluent stream: 3 por-
tion of the ssmple stream is conveyed to an
instrumental analyzer(s) for determination
of Oy and CO. concentration(s). Perform-
ance ons and test procedures are
provided to ensure reliable data.

2. Range and Sensitivity

Same as Method 6C, Sections 2.1 and 2.2
except that the span of the monitoring
system shall be selected such that the aver-
age O, or CO: concentration is not less than
20 percent of the span.

3. Definitions

3.1 Measurement System. The total
equipment requited for the determination
of the O, or CO: concentration. The meas-
urement system consists of the same major
subsystems as defined in Method 6C, Sec-
tions 3.1.1, 3.1.2, and 3.1.3.

3.2 Span. Calibration Gas. Analyzer Cali-
bration Error, Sampling System Bias. Zero
Drift. Calibration Drift. Response Time, and
Calibration Curve. Same as Method 6C,
Sections 3.2 through 3.8. and 3.10.

3.3 Interference Response, The output
response of the measurement system to a
component in the sampie gas, other than
the gas component being measured.

4. Measurement System Performance Speci-
Sfications

Same as Method 6C, Sections 4.1 through
4.4

5. Apparcetus and Reagents

5.1 Measurement System. Any measure-
ment system f[or O: or CO: that meets the
specifications of this method. A schematic
of an acceptable measurement system is
shown in Figure 6C-1 of Method 8C. The es-
sential components of the measurement
system are described below:

§.1.1 Sample Probe. A leak-free probe, of
au(tlclent. jength to traverse the sample
points.

5.1.2 Sample Line. Tubing. to transport
the sample gas from the probe to the mois-
ture removal system. A heated sample line
is not required for systems that measure the
O, or CO,y concentration on a dry basis. or
transport dry gases,

$.1.3 Sample Transport Line, Calibration
Value Assembly, Moisture Removal System,
Particulate Filter, Sample Pump, Sample

Flow Rate Control. Sample Gas Manifold,

and Data Recorder. Same as Method 6C,
Sections 5.1.3 through 5.1.9, and 5.1.11,
exeept that the requirements to use stain-
less steel. Teflon, and nonreactive glass {il-
tors do not apply.

5.1.4 Gas Analyzer. An analyzer to deter.
mine continuously the O, or CO: concentra-
tion in the sample gas stream. The analyzer
shall meet the applicable performance spec:

ifications of Section 4. A means of control-
ling the analyzer flow rate and a device for
determining proper sample flow rate (e.g.
precision rotameter, pressure gauge down-
stream of all {low controls, ete.) shall be
provided at the analyzer. The requirements
for measuring and controlling the analyzer
flow rate are not applicable if data are pre-
sented that demonstrate the analyzer is in-
sansitive to {low variations over the range
encountered during the test.

5.2 Calibration Gases. The calibration
mesrorco.a.na.lyzmshnllbecoalnm or
CO, in air. Alternatively, CO:/SOs. 0:/S0s .,
or O./CO:/SO; gas mixtures in N, may be
used. Three calibration gases, as specified
Section 5.3.1 through 5.3.3 of Method 6C,
shall be used, For O: monitors that cannot
analyze zero gas, 2 calibration gas concefil-
tration equivalent to less than 10 percent of
the span may be used in place of zero §as.

8. Measurement System Performance Test
Procedures

Perform the following procedures before
messurement of emissions (Section 7).

8.1 Calibration Concentration Verifica-
tion. Follow Section 8.1 of Method 8C,
except if calibration gas analysis is required.
use Method 3 and change the acceptance
criteria for agreement anong Method 3 re-
sults to 5 percent (or 0.2 percent by volume,
whichever is greater).

6.2 Interference Response, Conduct an
interference response test of the analyzer
prior to its initial use in the fleid. Thereaf-
ter, recheck the messurement systéf if
changes are made in the instrumentation
that could alter the interference response
(e.g.. changes in the type of gas detector).
Conduct the interference response in ac-
eardance with Section 5.4 of Method 20.

8.3 Measurement System Preparation.
Analyzer Calibration Error. and Sampling
System Blas Check. Follow Sections 6.2
through 6.4 of Method 6C.

1. Emiszion Test Procedure

%.1 Selection of Sampling Site and Sam-
pling Points. Select 2 measurement site and
sampling points using the same criteria that
are applicable to tests performed using
Method 3.

7.2 Sample Collection. Position the sam-
pling probe at the first measurement point,
and begin sampling at the same rate as used
during the sampling system bias check.
Maintain constant rate sampling (i.e. =10
percent) during the entire run. The sam-
puncumepermnshallbetnesamea.stor
tests conducted using Method 3 plus twice
memrapomezhne.ﬁ'ormhrun.m
only those ts obtained after
twice the response time of the measurement
system has elapsed to determine the aver-
age effluent copcentration.

73 Zero and Calibration Drift Test.
Follow Section 7.4 of Methoed 6C.

8. Quality Control Procedures

The following quality control procedures
are recominended when the resuits of this
method are used for an emission rate correc-
tion factor, or excess air determination. The
tester should select one of the following op-
tions for validating measurement results:

(Appendix A, Method 3A]
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41 If both O, and CO, are measured Where:

using Method 3A, the procedures described
hmtdo!modashculdbefol-
lowed to validate the O, and CO, measure-
ment resuits.

82 If only O, Is measured using Method
3A, measurements of the sample stream COy
soncentration should be obtained ac the
mmple by-pass vent discharge using an
Orsat or Fyrite analyzer, or equivalent. Du-
plicate samples should be obtained concur-
rent with at least one run. Average the du-
pumomori‘yﬂumummutor

as described in Section 8.2. For
esch run, differences than 0.5 per-
cent between the Method 3A results and the
average of the duplicate Fyrite analysis
should be investigated.

9. Emiszion Calculation

For all CO, analyzers, and for Os analys-
ers that can be calibrated with zero gas
follow Section 8 of Method &C, except €X-
press all concentrations as percent, rather
than ppm.

For O, analyzers that use = low-level cali-
bration gas In place of & zero gas, caleulate

the effluent gas concentration using Equa-
tion 3A-1.

Cas—Cu

-~
c._C. Cu)+Cua

Eq. 3A-1

11-27-87

’

Cou=Effluent gas concentration, dry baxis,

percent.

Co=Actusl concentration of the upscale .
calibration gas, percent.

Ca=Actual concentration of the low-level
calibration ¢as, percent.

c.-AvmceotlnmalandnnnMun-
bration bias checi responses for the ups-
cale calibration gas, percent.

C,=Average of initial and final system eall-
bration bias cheek responses for the low-
level gas, percent.

C=Average gas concentration indicated by
the gas analyzer, dry Basis, percent,

10, Bibliography

Same as bibliography of Method 8C.

METHOD 4=DETERMINATION OF MOLISTURE
CONTENT IN STACK GASES
\. Principle and Applicability

1.1 Principle. A ¢gas sample is extractad
st a constant rate from the source: moisture
is removed {rom the sample stream and de-

termined either volumetrically or gravime-

trically.

1.2 Applicability. This method i3 applics-
ble for determining the moisture content of
stack pas

Two procedures are given. The first is &
reference method, for aceurate determina-
of moisture content (such as are
needed to calculate emission data). The
second is an approximation method, which
provides estimates of percent moisture to
ald In setting isokinetic sampling rates prior
to a pollutant emizszion measurement .

Published by THE BUREAU OF NATIONAL AFFAIRS, INC.. Washington, D.C. 20037

The referencs method is often conducted
simuitanecusly with a pollutant emission
messurement run: when it is. calculation of
percent isokinetic, poilutant emission rate,
ete., for the run shall be based upon the re-

-gults of the reference method or its equiva-

lent; these calculations shail not be based
upon the results of the approximation

uniess the spproximation method
is shown, to the satisfaction of the Adminis-

trator, U.S. Environmental Protection -

Agency, to be capable of yielding results
within 1 percent ILO of the reference
method,

Nore The reference method may yield
questionable resuits when applied to satu-
medmmorwsmmzconm
water droplets. Therefore, when these con-

that

vapor pressure tables. In cases where

the pyschrometric chart or the ssturation
are not applicable

(based on evaluation of the process), alter-

2, Reference Method )
The procedure described In Method 5 for

. determining moisture content is acceptable

(Appendix A, Method 4]
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) STACK
& Flﬁlﬂ WALL CONDENSER-ICE BA;"I:'SVS'I'EM INCLUDING
HER srm ICA GEL TUBE —

Figure 4-1.

When stack conditions permit, other
metals or plastic tubing may be used for the
probe, subject to the approval of the Admin-
istrator.

2.1.2 Condenser. The condenser consists
of four impingers connected in series with
ground glass, leak-free {ittings or any simi-
larly leak-free non-con fittingx.
The first, third, and fourth impingers shall
be of the Greenburg-Smith design, modifled
by replacing the tip with a 1.3 centimeter (%
inch) ID glass tube extending to about 1.3
em (X In.) from the bottom of the flazk The
second impinger shall be of the Greenhurg-
Smith design with the standard tip. Modifi-
cations (e.g. using flexibie connections be-
tween the impingers, using materials other
than glass. or uging (lexibiie vacuum lines to
connect the (iiter hoider to the condenser)
may be used, subject to the approval of the
Administrator,

pressures, or (2) passing the sampie gas
stream through a tared silica gel (or equiva-
lent desiccant) trap, with exit gases kept
below 20" C (68° P). and determining the

weight gain.
1f means other than silica gel are used to
the amount of moisture leaving

Environmant Reparter

MAIN VALVE

AIR-TIGHT
W

Maisture sampling tramn-referance method.

the condenser, it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump, to prevent
moisture condensation in the pump and me-
tering devices and to avoid the need to make
corrections for moisture in the metered

-volume.

213 Cooling Systems. An ice bath con.
tainer and crushed ice (or equivalent) are
used to aid in condensing moisture.

2.1.4 Metering System. This system In-
cludes ‘2 vacuum guuge. leak-free pump,
thermometers capable of measuring tem-
perature to within 3 C (54 ), dry gas
meter capable of measuring volume to
within 2 percent. and related equipment as
shown: in Flgure 4-1. Other metering sys.
tems, capable of maintaining a constant
sampling rate and determining sample gas
volume, may be used, subject to the approv-
al of the Administrator.

2.1.5 Barometer. Mercury, aneroid, or
other barometer capable 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 {rom a
nearby national weather serviee station, in
which case the station value (which is the
absolute barometric presture) shall be re-
quested and an adjustment for elevation dif-

[Appendix A, Method 4)
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ferences between the weather station and
the sampling point shall be applied at a rate
of minus 25 mm Hg (0.1 in. Eg) per 30 m
(100 ft) elevation increase or vice versa for
elevation

ance. These items are used to measure con-
densed water and moisture caught in the
silica gel to within 1 ml or 0.5 g. Graduated
cylinders shall have subdivisions no greater
than 2 ml Most laboratory balances are ca.
pable of weighing to the nearest 0.5 ¢ or
less. These balances are suitable for use

22 Procedure. The following procedure
{s written for a condenser system (such as
the impinger system described In Section
21.2) incorporating volumetric analysis to

11-27-87

weight of the silica gei to the nearest 0.5 g.
and transfer the silica gel to the fourth im-
pinger: aiternatively. the silica gel may first
be transferred to the impinger, and the

decrease, " weight of the silica gel plus impinger record.
218 Graduated Cylinder and/or Bal- . ed.

2.2.2 Select 2 total sampling titme such
that a minimum total gas volume of 0.80
scm (31 scf) will be collected, at 3 rate no
greater than 0.021 m¥/min (0.75 efm). When
both moisture content and pollutant emis-
sion rate are to be determined, the moisture
determination shall be simultaneous with,
and for the same total length of time a3, the
pollutant emission rate run. unless other-
wise specified in an applicable subpart of
the standards,

223 Set up the sampling train as shown
in Figure 4-1. Turn on the probe heater and

(If applicable) the filter heating system to.

temperatures of about 120" C (248" P, to
prevent water condensation ahead of the
condenser; allow time for the temperatures
to stabilize. Place crushed ice in the iee bath
container. It is recommended, but not re-
quired, that a leak check be done, a3 follows
Disconnect the probe from the first im-
pinger or (if applicable) from the fliter
holder. Plug the inlet to the first impinger
(or filter holder) and pull 5 320 mm (13 in.)
Hg vacuum: » lower vacuum may be used,
pravided that It is not exceeded during the

test. A leakage rate in excess of 4 percent of .

the average sampling rate or 0.00057 m¥/
min (0.02 cfm), whichever {s less, i3 unsceep-
table. Following the leak check, reconnect
the probe to the sampling train.

224 During the sampling run, maintain
& sampling rate within 10 percent of con-
stant rate, or a3 spevified by the Adminis.

Published by THE BUREAU OF NATIONAL AFFAIRS, INC.. Washington, 0.C. 20037

trator. For each run, record the data re-
quired on the example data shest shown in.
Plgure 4-2. Be sure to record the dry gas
meter reading at the beginning and end of
each sampling time increment and when-
ever sampling is halted. Take other appro-
priate readingz at esch sample point, at
least once during each time increment.

225 To begin sampling. position the
probe tip at the first traverse point. Imme-
diately start the pump and adjust the flow
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 a temperature of
less 20° C (68° ) at the silica gel outlet.

22.0 After collecting the sample, discon-
nect the probe from the filter holder (or
from the first impinger) and conduct a leak
check (mandatory) as described in Section
2.2.3. Record the leak rate. If the leakage
rate exceeds the allowsble rate, the tester
shall either reject the test results or shall
correct the sampie volume as in Section 6.3
of Method §. 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
example data sheet, Pigure 4-3) and clcu-
late the moisture percentage, as described in
2.3 below. .

217 A quakity costrol chastk of the volume meierg system
at the field sue o sugpisted before colleciing the sample follow-
1ng (b procedure ia Method 5, Sextion 4.4.

1227 wtdod by 48 FR 55671, Dacember 14, 1983)

2.3 Calculatiows. Carry out the following calculations. retain-
ing a8 least cu cxtre decimal figant beyond that of the scquired
data. Rownd off figures after fnal caiculaium.

[Appendix A, Method 4]
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QATE
RUN BO.
AMBIENT TEMPERATURE
SARQMETRIC PAESSURE
PROSE LERGTH min)

SEHEMATIC OF STACK CROSS SEETION

PRESSURE TEMPERATURE
DOFFERENTIAL | = METER GAS SAMPLE TEIPERATURE OF GAS
ACROSS READING AT DRY CASMETER LEAVIRG

SAMINS STACK ORIFICE METER | casSAMMLE , CONUENSER OR

TRAVERSE r:m THE | TEMPERATURE (am, voLumg ) T OUTLET LAST INMIRGER,

ToTAL ' r— ry
AVERAGE ’ Aw

Figure 4-2. Field moisture determination-reference method.
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Figure 41 Analyti

23.1 Nomenclature.

8 = Proportion of water vapor, by volume,
in the gas stream. ‘

M y=Molecular weight of water, 18.0 g/g-
mole (18.0 1b/1b-mole).

PamAbsolute pressure (for this method,

same a8 barometric pressure) at the dry ‘

a3 meter, mm Hg (in. He).

Pau=Standard ahsolute pressure, 760 mm
Hyg (29.92 in. Hg).

R=Ideal gas constant, 0.06238 (mm Hg)
(m?/(g-mole) CK) for metric ynits and
21.85 (in. Hy) (ftH/(Ib-mole) (*R) for
Englizh units.

T.Tguolm.e temperature at meter, ‘K
‘R).

Tww=Standard absolute temperature, 293*
K (528'R).

Ve=Dry gaz volume measured by dry gas
meter, dem (def).

AV e =Incremental dry gas volume measured
by dry gas meter at each traverse point,
dem (def).

Vawn=Dry gas volume measured by the dry
§A3 meter, corrected to standard condl-
tions, dsem (dsef).

Veen=Volume of water vapor condensed
eor‘rected to standard conditions, sem
(sef).

V mpan = Volume of water vapor collected in
silica gel corrected to standard condi-
tions, sem (sef),

V,=Pinal volume of condenser water, ml.

Vi=Initial volume, if any, of condenser
water, ml,

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

Wi=Initial weight of silica gel or silica gel
plus impinger, g.

Y = Dry gas meter calibration factor,

pe=Density of water, 0.9982 g/ml (0.002201
1b/ml).

2.3.2 Volume of water vapor condenssd.

" ( VI_ V.)D.”_T.u
wrlonl) = —'—m":" ——

=K(V,—V,)
Equation 41

11-27-87

where:

K\=0.001333 m’/ml for metric units
=0.04707 ft*/ml for English units

2.3.3 Volume of water vapor collected in
silica gel.

(W= W) RTw
Plﬂ"’.
=Ky( W,—=W;)

Vﬂc(mﬂ o=

Kquation 4-2

where:

K ,=0.00133% m?/g for metric units
=0.04715 ft/g for English units

23.4 Sample gas volume.

y (Pa)(Tu)

V- {awd) ™ V-

(Poa)(Ta)
=K, l’.;’-,&
- Equation 4-3

where:
K ,=0.3358 ‘K/mm Hg for metrie units
=17.64 'R/In. Hg for English units

Note: If the past-test lead rate (Section
2.2.6) exceeds the allowable rate, correct the
value of V. in Equation 4-3, as deseribed in
Section 6.3 of Method 5.

2.3.5 Moisture Content.

Vee ot + Vess (o
ch (aul) + Vru ({1%] + V- (snd)
Equation 4=4

B..=

Notx In ssturated or moisture droplet-
Iaden gas streams. two calculations of the
moisture content of the stack gas shall be
made, one using & value based upon the
saturated conditions (see Section 1.2), and
another based upon the results of the im-
pinger analysis. The lower of these two
values of 8., shall be considered cofrect.

23.6 Verilication of constant sampling
rate, For each time increment, determine
the AV.. Calculate the average. If the value

for any time increment differs from the
average by more than 10 percent, reject the
resuits and repeat the run.

3. Approrimation Method

The approximation method deseribed
below is presente’' only as a suggested
method (see Section 1.2). .

3.1 Apparatus. :

3.1.1 Probe. Stainilesy steel glass tubing.
sufficiently heated to prevent water conden-
sation and equipped with a filter (either in-
stack or heated out.-stack) to remove partic-
ulate matter. A plug of glass wool, inserted
into the end of the probe, is a satisfactory
fliter.

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

3.1.3 Ice Bath. Container and ice, to aid
in condensing moisture in impingers.

3.1.4 Drying Tube. Tube packed with
new or regenerated 8- to 16-mesh indicating-
type silica gel (or equivalent desiceant), to
dry the sample gas and to protect the meter

and pump. .

3.1.5 Valve. Needle valve, to regulate the
sample gas flow rate.

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

3.1.7 Volume Meter. Dry gas meter, suffl-
ciently accurate to measure the sample
volume within 2%, and calibrated over the
range of flow rates and conditions actually
encountered during sampling,

3.1.8 Rate Meter. Rotameter, to measure
the flow range from 0 to 3 lpm (0 to 0.11
cfm).

3.1.9 Graduated Cylinder, 25 ml

3.1.10 Barometer, Mercury, aneroid. ot
other barometer, as described in Section
2.1.5 above,

3.1.11 Vacuum Gauge. At least 760 mm
Hg (30 in. Hg) gauge, to be used for the sam-
pling leak check.

3.2 Procedure.

3.2.1 Place exactly 5 ml distilled water in
each impinger. )

Lesk check the sampling train as follows:
Temporarily insert a vacuum gauge at or
near the probe inlet: then. plug the probe
inlet and pull 2 vacuum of at least 250 mm
Hg (10 in. Hg). Note, the time rate of
change of the dry gas meter dial; alterna-
tively, & rotameter (0-40 ce/min) may be
temporarily attached to the dry gas meter
outlet to determine the leakage rate. A leak
rate not in excess of 2 percent of the aver.
age sampling rate is acceptable.

Nore Carefully release the probe inlet
plug before turning off the pump.

{Appendix A, Method 4]
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Figure 4-4. ‘Moisture-sampling train - approximation method.

LOCATION COMMENTS

TEST

DATE

OPERATOR

BAROMETRIC PRESSURE

GAS VOLUME THROUGH |
METER. (Vm), RATE METER SETTING METER TEMPERATURE,
CLOCK TIME m3 (ft3) m3/min. (#t3/min.) °C (°F)

Figure 4-5. Field moisture determination - app_roximatién method.
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1.2.2 Connect the probe, insert it into the
stack. and sampile at a constant rate of 2
Ipm (0.07T) cfm). Continye sampling until
the dry gas meter sbout 30 liters
(1.1 £t or until visible liquid dropleta are
carried over trom the first impinger to the
second. Record tempersture, pressure, and
dry gas meter resdings as required by
Flgure 4-5.

3.23 After collecting the sample, com-
bine the contents of the two impingers and
measure the ~olume to the nearest 0.5 mL

3.3 Calculations. The calculation
presented is designed to estimate the mois-
ture in the stack gas: therefore, other data,
which are only necessary for sccurate mois-
ture determinations. are not collected. The
followir-g equations adequately estimate the
moisture content, for the purpose of deter-
mining isokinetic sampling rate settings.

3.3.1 Nomenciature.

Bom= Approximate proportion. by volume,
of Wwater vapor in the gas stream leaving
the second impinger, 0.028. ‘

Be=Water vapor in the gas stream, propor-
tion by volume.

Mo =Molecular weight of water. 18.0 g/s-
mole (18.0 Ib/1b-mole),

P.mAbsolute pressure (for this method,
same as barometric pressure) at the dry

EAS meter,

Pa=Standard shsolute pressure, 760 mm
Hg (29.92 in. He).

Raldeal gas constant. 0.06236 (mm Hg)
(m¥/(g-mole) ("K) for metric units and
21.85 (in. He) (1t)/1b-mole) ("R) for Eng-
lish units.

Ta = Absolute temperature at meter, ‘K (‘R).

Tou=Standard absolute temperature, 293° K
(528" R).

Vy=Pinal volume of impinger contents, mi,

V;=Initial volume of impinger conternts, ml.

Va=Dry gas volume measured by dry gas
meter, dem (def).

Vawn = Dry gas volume measured by dry gas

meter, co to standard conditions,
dsem (dsef),

Veren=Volume of water vapor condensed.
e:“mef.ed to standard conditions, scm
(aef).

pemDensity of water. 0.9982 g/ml (0.002201
1o/mi).

¥ =Dry gas meter calibration factor.
3.3.2 Volume of water vapor collected.
where; .

1=27-87

(Vr=Vi)BuATan
Vi =
Pruahle
- Kivy— W)
Equation 4-5

K, =0.001333 m%/ml for metric units
=0,04707 ft¥/ml for English units,
3.3.3 Gas volume

£) (e
Vala
Ta

Va (ot} ™= Va

=K.
Fquation 4-i

where:
Ky=0.3858 "X/mm Hg for metric units
= 17.84 "R/in. He for Englisl: units
3.3.4 Approximate moisture content.

Veo
B'"- i et ?-|M+ B’-
Vee -
-V-0+ V-(M+(o.02.')

Equation 4-7

4. Calibration

4.1 For the reference method, calibrate
equipment as specified in the following sec-
tions of Method 5. Section 5.3 (metering
system); Section 5.5 (temperature gauges)
and Section 5.7 (barometer). The recom-
mended leak check of the metering system
(Section 5.6 of Method 5) also applies to the
reference method. For the approximation
method, use the procedures outlined in Sec-
tion 5.1.1 of Method 8 to calibrate the me-
tering system. and the procedure of Method
§. Section 5.7 to calibrate the barometer.
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METHOD 5—DETERMINATION OF PARTICULATE
EM1sstons ProM STATIONARY SOURCES

at » temperature in the range of 120=14* C
(248=25" F) or such other temperature as
specified by an applicable subpart of the
standards or approved by Administrator,
U.5. Environmental Protection Agency, {or
a particular application. The particulate
mass, which includes any material that con-
denses at or above the filtration tempers-
ture, is determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of t
emissions {rom statlonary sources.

2. Apparatus

2.1 Sampiing Train A schematic of the
sampling train used in this method Is shown
fn Figure 5-1. Complete construction detalls
are given in APTD-0581 (Citation 2 in Bibli-
ography); commercial models of this train
are also available. For changes from AFPTD-
0581 and for allowable modifications of the
train shown in Figure 5-1, see the following
subsections.

The operating and maintenance proce-
dures for the sampling train are described in
APTD-0378 (Citation 3 in Bibliography).
Sines correct usage is important in obtain-
ing valid resuits. all users should read
APTD-0576 and adopt the operating and
maintenance outlined In it,
unless otherwise ted herein, The sam-
pling train consists of the [ollowing compo-
nents:
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IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
8Y AN EQUIVALENT CONDENSER

THERMOMETER
CHECK

TEMPERATURE SENSOR
e
. PROBE -
===f upenarune "EATEDAREA THERMOMETER
PITOT TUBE SENSOR FILTER HOLOER

PROBE

VACUUM
! LINE
REVERSE-TYPE
MITOT TUBE
PITOT MANOMETER ICE BATH
BY-PASS VALVE
ORIFICE /
VACUUM
f \ GAUGE
' i. IN VALV
THERMOMETERS' \ / MAIN VALVE
ORY GAS METER AIR-TIGHT
PUNP

" 211 Probe Nomle. Stainless steel (318)
or glass with sharp, tapered leading edge.
The angle df taper shall be < 30°and the
taper shall be on the outside to preserve 3
constant internal diameter. The probe
nozzle shall be of the button-hook or elbow
design, unless otherwise specified by the Ad.
ministratof. If made of stainless steel, the
nozle shall be constructed from sesmiess
tubing; other materials of construction may
be used, subject to the approval of the Ad-
ministrator.

A range of nozzle sizes suitable for isokin-
etic sampling should be available, e.g., 0.32
to 1.27 em (K to % in.)—or larger if higher
volume sampling trains are used—inside di-
ameter (ID) nozzles in increments of 0,18 cm
(%e in.). Each nozzle shall be calibrated ae.
mrql:gwmepmedwwumm&cw
tion §.

{2.1.1 amended by 52 FR 34639, Septem-
ber 14, 1987) :

' Figyre 5-1. Particulate-sampling train

2.1.2 Probe Liner, Borosilicate of quartz
glass tubing with & heating system capable
of maintaining a gas temperature at the exit
end during sampling of 120+ 14° C (248=25*
M), or such other temperature as speeified
by an applicable subpart of the standards or

‘approved by the Administrator {or a partie-

ular application. (The tester may opt to op-
erate the equipment at a temperature lower
than that specified.) Since the actual tem-

used at higher temperatures
than specified for short periods of time, sub-
approval of the Admintstrator,
temperature for horusilleate

is 820° C (1.508" ), and for quartz it is 1,500°
c(amnrm.

Whetiever practical, every effort should
be made to use boresilicate or quartz glass
probe liners. Alternatively, metal liners
(e.g., I16 stainless steel, Incoloy 8257 or
other corrosion resistant metals) made of
seamiezs tubing may be used, subject to the
approval of the Administrator,

213 Pitot Tube. Type S, as descrided In
Section 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube
shall be attached to the probe (as shown In
Figure 3-1) to allow constant monitoring of
the stack gus velocity. The impact (high
pressure) opening plane of the pitot tube
shall be even with or above the nozzie encry
plane (see Method 2, Figure 2-6b) during

"Mention of trade names or specific prod-
uct does not constitute endorsement by the
Environmental Protection Agency.
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sampling. The Type S pitot tube aszembly
shall have a known coefficient, determined
as outlined in Section 4 of Method 2.

2.1.4 Differentia Pressure Gauge. In-
clined manometer or equivalent device
(two), as described in Section 2.2 of Method
2. One manometer shall be uzsed or velocity
head (Ap) readings, and the other, for orifice
differentia pressure readings.

2.1.5 Plter Holder. Borosilicate glass,
with a glass frit {ilter support and a silicone
rubber gasket. Other materials of construc-
tion {(e.g., stainless steel, Teflon, Viton) may
be used, subject to approval of the Adminis-
trator. The holder design shall provide a
positive seal against leakage from the out-
side or around the fliter. The hoider shall
be attached immediately at the outlet of the
probe (or cyclone, it used).

2.1.6 Fllter Heating System. Any heating
system capable of maintaining a tetnpera-
ture around the filter holder during sam-
pling of 120=14" C (248=25' F), or such
other temperature as specified by an appll-
cable subpart of the standards or approved
by the Administrator for & particular appli-
cation. Alternatively, the teater may opt to
operate the eguipment at a temperature
lower than that specified. A temperature
gauge capable of messuring temperature to
within 3* C (3.4° P shall be installed 5o that
the temperature around the filter holder
can be reguisted and monitored during sam-
pling. Heating systems other than the one
shown in APTD-0581 may be used.

2.1.7 Condenser. The following system
shall be used to determine the stack gus
moisture content: Four impingers connected
In series with leak-free ground glass fittings
or any similar leak-free non-contaminating
fittings. The first, third, and fourth im-
pingera shsll be of the Greenburg-Smith
design, modified by replacing the tip with
1.3 em (% in.) ID glass tube extending to
sbout 1.3 em (X In.) from the bottom of the
flask. The second Impinger shall be of the
Greenburg-Smith design with the standard
tip. Modifications (e.g., using flexible con-
nections between the impingers, using mate-
riala other than glass, or using flexible
vacuum lines to connect the fllter holder to
the condenser) may be used, subject to the
approval of the Administrator. The first and
second {mpingers shall contain known quan-
tities of water (Section 4.1.3), the third shall
be empty. and the fourth shall contain s
known weight of silica gel, or equivalent
desiceant. A thermomaeter, capable of meas-
uring temperture to within 1° C (2* F) shall
be placed at the outlet of the (ourth im-
pinger for monitoring purposes.

Alternatively, any system that cools the
sample gas stream and allows measurement
of the water condensed and moisture leav-
ing the condenser. each to within I mlor 1 g
may be used, subjeet to the approval of the
Administrator. means are to
measure the condensed water either gravi-
metricslly or volumetrically and to measure
the moisture leaving the condenser by: (1)
monitoring the temperature and pressure at
the exit of the condenser and using Dalton's
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law of partial pressures; or (2) passing the
sample has stream through a tared silica gel
(or equivalent desiccant) trap with exit
gases kept below 20° C (68* ) and determin-
ing the weight guin.

If means other than silica gel are used to -

determine the amount of moisture leaving
the condenser., it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump to prevent
mofsture condensation in the pump and me-
tering devices and to avoid the need to make
%rrecuom for moisture in the metered
ume,

Note If a determination of the particu-
late matter collected in the impingers is de-
sired in addition to moisture content, the
impinger system described above shall be
used. without modification. Individual
States or control agencies requiring this in-
formation shall be contacted as to the
sample recovery and analysis of the im-
pinger contents.

2.1.8 Metering System. Vacuum gauge,
leak-(ree pump, thermometers capable of

messuring temperature to within 3* C (5.4*"

P). dry gas meter capable of measuring
volume to within 2 percent. and related
equipment, a3 shown In Fligure 3-1. Other
metering systems capable of maintaining
sampling rates within 10 percent of isokine.
tic and of determining sample volumes to
within 2 percent may be used, subject to the
approval of the Administrator. When the
metering system (s used in conjunction with
a pitot tube, the system shall enable checks
of isokinetic rates.

Sampling trains utilizing metering sys-
tems designed for higher flow rates than
that decribed In APTD-0381 or AFDT-0678
may be used provided that the specifica-
tions of this method are met.

2.1.9 Barometer, Mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg). In many cases, the barome-
tric rcading may be obtained from a
nearby national weather service station,
in which case the station value (which is
the absolute barometric ) shall be request-
ed and an adjustment for elevation differences
between the weather station and sampling point
shal! be applied at a rate of minus 2.5 mm Hg (0.1
in. Hg) per 30 m (100 () elevation increase or vice
versa lor elevation decrease.

2.1.10 Gas Density Determination Equip-
ment. Temperature sensor and pressure
gauge, as described in Sections 2.3 and 2.4 of
Method 2, and gas anaiyzer, if necessary, as
described in Method 3. The temperature
semisor shall, preferably, be permanently at-
tached to the pitot tube or sampling probe
in a fixed configuration, such that the tip of
the sensor extends beyond the leading edge
of the probe sheath and does not touch any
metal. Alternatively, the sensor may be at-
tached just orior to use in the field Note,
however, that if the temperature sensor is
attached Iin the field. the sensor must be
placed in an interference-(ree arrangement

with respect to the Type 8 pitot tube open-
ings (see Method 2, Plgure 2-7). As 2 second
siternative, if 2 difference of not more than
1 percent in the average velocity measure-
ment is to be introduced, the temperature
gauge need not be attached to the probe or
pitot tube. (This alternative is subject to the
approval of the Administrator.)

2.2 Sample Recovery. The following
{tems are needed.

22.1 Probe-Liner and Probe-Nozzle
Brushes. Nylon bristle brushes with stain-
less steel wire handles. The probe brush
shall have extensions (at least as long as the
probe) of stainless steel, Nylon, Teflon. or
similarly inert material, The brushes shall
be properly sized and shaped to brush out
the probe liner and nozzle.

2,22 Wash Bottles~Two, Glass wash
bottles are recommended; polyethylene
wasgh bottles may be used at the option of
the tester. It is recommended that acetone
not be stored in polyethylene bottles for
longer than a month.

223 Glazs Sample Storage Containers.
Chemically resistant, borosilicate glass bot-
tlex. for acetone washes, 500 ml or 1000 mi.
Screw cap liners shall either be rubber-
backed Teflon or shall be constructed 50 as
to be leak-free and resistant to chemical
attack by acetone, (Narrow mouth glass bot-
tles have been found to be less prone (o
leakage.) Alternatively, polyethylene bottles
may be used. .

224 Petri Dishes. For filter samples.
glass or polyethylene; unless otherwise spec-
itied by the Administrator.

225 Graduated Cylinder and/or Bal-
ance. To messure condensed water to within
1 ml or 1 g&. Graduated cylinders shall have
subdivisions no greater than 2 ml. Most lab-
oratory balances are capable of weighing to
the nearest 0.5 g or less Any of these bal-
;gmhmubleoruuheremdin&cnon

4.

2265 Plastie Storage Containers. Air-
tight containers to store sillea gel.

2.27 Funnel and Rubber Policeman. To
aid in transfer of silica gel to container; not
necessary if siliea gel is weighed in the field.

2.2.8 Funnel Glass or polyethylene, to
aid in sample recovery.

2.3 Analysis, For analysis. the following
equipment is needed.

2.3.1 Glass Weighing Dishes,

2.3.2 Desiceator.

2.3.3 Analytical Balance. To measure to
within 0.1 mg.

2.3.4 Balance. To measure to within 0.5 g,

2.3.5 Beakers 250 ml.

23.6 Hygrometer, To measure the rela.

tive humidity of the laboratory environ-
ment,

2.3.7 Temperature Gauge. TO measure

the temperature of the laboratory environ-

ment.
3. Reagents

3.1 Sampling. The reagents used in sam.
pling are as follows:
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3.1.1 Filters. Glass fiber filters, without

at least 99.95

|  phthalate
The Hhiter efficiency test
conducted in accordance with
(\RSTM stani:lga_;'g) (_metllod &2%;6-
apm ,m -
erence -= see 560.17);°le data from d}e
supplier’s quality control program are suf-
fme?:.m for this purpose. In sources contain-
ing S0, or SO,, the filter material must be
of a type that is unreactive 10 SO+ or SOs,
Citation 10 in Section 7 Bibliography,
g}ay be used to select the appropriate
ter, }
{-’68’3% amended by 48 FR 3715, January 27,
3.1.2 Sillea Gel. Indicating type, 6 to 16
mesh, If previously used, dry at 175 C (350°
F) for 2 hours, New silica gel may be used as
received. Alternatively, other types of desic-
cants (equivalent or better) may be used,

subject to the approval of the Administra- -

tor.
3.1.3 Water. When analysia of the mate-
rial caught in the impingers is required, dis-
tilled water shall be used. Run blanks prior
to field use to eliminate 2 high blank on test
sampies.

3.1.4 Crushed Ice.

3.1.5 Stopcock Grease. Acetone-insoluble,
heat-stable silicone grease., This is not neces-
sary if serew-on connectors with Teflon
sleeves. or similar, are used. Alternatively,
other types of stopeock gresse may be used,
subject to the approval of the Administra-
tor.
3.2 Sample Recovery. Acetone-resgent

tainers
and should not be used. Sometimes, suppli-
ers transfer acetone to glass bottles from
metal containers: thus, acetone blanks shall
be run prior to field use and only acetone
- with low blank values (<0.001 percent) shall
be used. In no case shall a blank value of
greater than 0.001 percent of the weight of
acetone used be subtracted from the sxmple
weight.
33 Analysizs Two reagents are required
for the analysix:
3.3.1 Acetone. Same as 3.2
3.3.2 Desiccant. Anhydrous calcium sul-
fate, indicating type. Alternatively, other
" types of desiccants may be used, subject to
the approval of the Administrator.
4, Procedure

4.1 Sampling. The complexity of this
method is such that, in order to obtain reli-
able results, testers should be trained and
experienced with the test procedures.

411 Preteat Preparation. It is suggested
that sampling equipment be meintained
according to the procedures descsibed in
APTD-0578,

[4.1.1 amended by 50 FR 1165, January 9,
1985)

Check fliters visually against light for r-
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 fllters in these contain-
ers at all times except during sampling and
weighing.

Desiccate the fllters at 20+-56" C (88+10°
) and ambient pressure for at least 24
hours and weigh at intervals of at least 6
hours to a2 constant weight, lLe., 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 lahoratory 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° ) for 2 to 3 hours, desiccated for 2
hours, and weighed. Procedures other than
those described. which aceount for relative
humidity effects, may be used. subject to
the approval of the Administrator.

412 Preliminary Determinations. Select
the sampling site and the minimum number
of sampling points according to Method 1 or
a8 specified by the Administrator. Deter.
mine the stack pressure, temperature, and
the range of velocity heads using Method 2;
it iz recommended that a leak-chieck of the
pitot lines (see Method 2, Section 3.1) be
performed. Determine the moisture content
using Approximation Method 4 or its alter.

:

the proper differental pressure
is chosen for the range of velocity heads en-
Section 2.2 of Method 2).

time per point is not less than 2 min (or
some greater time interval as specified by
the Administrator), and (2) the sample
volume taken (corrected to standard condi-
tions) will exceed the required minimum
total gas sample volume. The latter is based
on an approximate 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, e.g., batch cycles, it
may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sample volumes, In these cases,
the Administrator's approval must first be
obtained.

4.1.3 Preparatipn of Collection Train.
During preparation and assembly of the
sampling train, keep al] openings where con-
tamination can ocgur covered until juset
prior to aszsembly or until sampling is about

to begin.

Place 100 mil 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
may be used, but care should be taken to
ensure that it is not entrained and carried
out from 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 determined to.the nearest 0.5 g and
recorded.

Using a tweezer or clean disposable surgi-
cal gloves, piare a labeled (identified) and
filter in the fliter holder, Be sure
the filter is property centered and the
properly placed 30 as to prevent the
e gas stream from cifcumventing the

. Check the filter for tears after assem-
is pleted,

giass liners are used. install the se-
lected nomle using a Viton A O-ring when
stack temperstures are less than 260" C
500" ™ and an asbestos string gasket when
temperatures are higher, See APTD-0576
or details. Other connecting systems using
either 316 stainless steel or Teflon {errules
may be used. When metal liners are used,
install the nozzie as above or by 2 leak-free
direct mechanieal connection. Mark the
probe with heat resistant tape or by some
other method to denote the proper distance
into the stack or duct for each sampling

2

i

f

I
B

b=

Set up the train as in Figure 5-1, using «if

avoid possibility of contamination by the

. silicone grease. Subject to the approval of

the Administrator, a2 glass cyclone may be
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Place crushed ice around the impingers.

4.1.4 Lesk-Check Procedurea.

4.1.4.1 Pretest Leak-Check, A pretest
leak«check i3 recommended. but not re.
quired, If the tester opts to conduct the pre-
test leak-check, the following procedure
shall be used.

Alter the sampling train has been astem-
bled, turn on and set the fliter and probe
heating systems at the desired operating
temperatures. Allow time for the (empers-
tures to stabilize, If 2 Viton A O-ring or
other leak-free connection is used in assem-
bling the probe nozzie to the probe liner,
leak-check the train at the sampling site by
plugging the nozle and pulling a 380 mm
Hg (15 in. Hg) vacuum.

NoTr: A lower vacuum may be used. pro-
vided that it is not exceeded during the test.

If an asbestoa string is used, do not coti-
nect the probe to the train during the leak-
cheek. Instead, lesk-check the train by first
plugging the inlet to the filter holder
(cycone, if applicable) and pulling & 380 mm
Hg (15 in. Hg) vacuum (see Note immediate-
ly above). Then connect the probe to the
train and leak-check at about 25 mm Hg (1
in. Hg) vacuum: alternstively, the probe
may be leak.checked with the rest of the
mpuntmmonem.ummﬂz
(15 in. Hg) vacuum. Leakage rates in excess
of 4 percent of the average sampling rate or
0.00057 m’/min (0.02 cfm), whichever is less,
are unacceptable.

The following leak-check instructions for
the sampling train described in APTD-0576
and APTD-0581 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 resched. Do not reverse di-
rection of bypass value; this will cause water
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 below and start over.

When the leak-check is completed, [irst
slowly remove the piug {rom the inlet to the
probe. filter holder. or cyclone (if applica-
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ble) and immedistely turn off the vacuum
pump. This prevents the water in the im-
pingers from being {orced backward into the
{titer holder and silica get from being en-
trained backward Into the third impinger.

Ing
4.1.4.1 above, except that it shall be done at
s vacuum equal to or greater than the maxi-
mum value recorded up to that point in
test. If the leakage rate is found to be no
greater than 0.00057 m*/min (0.02 cfm) or 4
percent of the average
(whichever Is less), the resuits are accept-
able. and no correction will need to be ap-
plied to the total volume of dry gas metered;
{f, however, a higher leakage rate
tained, the tester shall either record the
leskage rate and plan to correct the sampile
volume as shown in Section 6.3 of thix
method, or shall void the sampling run.

Immediately after component changes.
leak-checks are optionsl: if such leak-checks
are done. the procedurs outlined in Section
4.1.4.1 above shall be used.

4.1.4.3 Post-test Leak-Check. A leak-
check is mandatory at the conclusion of
each sampling run. The leakcheek shall be
done in accordance with the procedures out-
lined in Section 4.1.4.1, except that it shall
be conducted at 2 vacuum equal to or great.
er than the maximum value reached during
the sampling run. If the leakage rate is
found to be no greater than 0.00057 m?¥/min
(6.02 efm) or 4 percent of the average sam-
pling rate (whichever is less), the resuits are
acceptable, and no correction need be ap-
plied to the total volume of dry gas metered
[f, however, a higher leakage rate is ob-
tained. the tester shall either record the
leakage rate and cofrect the sample vojume
as shown in Section 6.3 of this method, or
shall void the sampling run. '

4.1.5 Particulate Train Operation.
During the sampling run. maintain an iso-
kinetic sampling rate (within 10 percent of

13
o
¥
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true isokinetic unless otherwise specified by

Administrator) and a temperature
around the filter of 120=14° C (243=25" F).
or such other temperature as specified by
an applicable subpart of the standards or
approved by the Administrator.

For each run., record the data required on
as the one shown in
$.2. Be sure to record the initial dry
gus meter reading. Record the dry gas meter
readings at the beginning and end of each
sampling time increment, when changes in
flow rates are made, before and after each
leak-check, and when sampling is haited.
Take other readings required by Flgure 5-2
at least once at each sample point during
time increment and additional read-
when significant changes (20 percent
variation in velocity head readings) necessi-
tate additional adjustments in flow rate.
Level and zero the manometer. Because the.
manometer level and zero may drift due to
vibrations and temperature changes. make
periodie checks during the traverse.

Clean the portholes prior to the test run
to minimize the chance of sampling deposit-
ed material. To begin sampling, remove the
nazzle cap. verify that the filter and probe
heating systems are up to temperature, and
that the pitot tube and probe are properly
positioned. Pesition the nozzle at the first
traverse point with the tip pointing directly
into the gas stream. [mmediately start the
pump and adjust the flow to isokinetic con-
ditions. Nomographs are available, which
aid in the rapid adjustment of the isokinetic
sampling rate without excessive computa-
tions. These nomographs are designed for
use when the Type S pitot tube coefficient
is 0.85=0.02, and the stack gas equivalent
density (dry molecular weight) is equal to
294, APTD-0576 details the procedure for
using the nomographs. If C, and M. are out-
side the above stated ranges do not use the
nomographs unless appropriate steps (see
Citation 7 in Bibliography) are taken to
compensate for the deviations,

[4.1.5 amended by 43 FR 35011, August

26, 19831

§
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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 to
prevent water from backing into the filter
holder. If necessary, the pump may be
turned on with the coarse adjust valve
clased,

When the probe is In position, block off
the openings around the probe and porthole
to prevent unrepresencative dilution of the
£AS stream. )

Traverse the stack cromy-section. as e
quired by Method | or as specified by the
Administrator, being careful not to bump
the probe nozzie into the stack walls when
sampling near the walls or when removing
or inserting the probe through the port-
hales; this minimizes the chance of extract-
ing deposited material.

During the test run, make pericdic adjust.

Figure 5-2. Particulate field dma,

ments to keep the temperature around the
filter holder at the proper level: add more
ice and, if negcessary, salt to maintain a tem-
perature of less than 20° C (88" F) at the
condenser/silica gel outlet. Also, periodical-
ly check the level and zero of the mano-

Il the pressure drop across the fllter be-
comes too high. making isokinetic sampling
diffieult to maintain, the filter may be re-
placed in the midst of a sampie run. It is
recommended that another complete filter
sssembly be used rather than attempting to
change the [ilter itself. Before & new filter
assembly I3 Instalied, conduct a lesk-cheek
(zsee Section 4.1.4.2), The total particulate
weight shall include the summation of al]
filter assembly catches.

A singie train shall be used for the entire
sampile run, except in cases where simulta-
neous sampiing Is required in two or mare

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
usé of two or more trains will be subject to
the approval of the Administrator.

Note that when two or more traing are
used, separate analyses of the front-half
and (if applicable) impinger catches from
each train shall be performed. unless Identf.
cal noxzle sizes were used on al! traing, In
which case, the front-half catehes from the
individual trains may be combined (as may
the impinger catches) and one analysts of
front-half cateh and one analysis of im-

At the end of the sample run, turn off the
coarse adjust vilve, remove the probe and
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nozzle from the stack, turn off the pump.
record the {inal dry gas meter . and
conduct a post-test leak-check, as ouulned
in Section 4.1.4.3. Also, leak-check the pitot
lines a3 described in Method 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,
Caleulate percent isokinetic (see Calcula-
tions, Section §) to determine whether the
run was valid or another test run should be
made. If there was difficulty in maintaining
isokinetic rates due to source conditions,
consult with the Administrator for possible
variance 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 period. Allow the probe to cool.

When the probe can be safely handled.
wipe off all external particulate matter near
the tip of the probe nozzle and place a cap
over it to prevent losing or gaining particu-
late matter. Do not cap off the probe tip
tightly while the sampling train is cooling
down as this would ¢reate a vacuum in the
filter hoider, thus drawing water from the
impingers into the filter holder.

Before moving the sample train to the
cleanup site, remove the probe from the
sampile train, wipe off the silicone grease,
and cap the open outlet of the probe. Be
careful not to lose any condenzate that
might be present. Wipe off the silicone
grease from the filter inlet where the probe
was {astened and cap it. Remove the umbili-
cal cord from the last impinger and cap the
impinger. If a flexible line is used between
the first impinger or condenser and the
filter holder, disconnect the line at the
filter holder and let any condensed water or
liquid drain into the impingers or condens-
er. After wiping off the sillcone grease, cap
off the filter holder outlet and impinger
(nlet. Either ground-glass stoppers, plastic
caps, Of serum caps may be used to close
these openings.

Transfer the probe and {liter-impinger as-
sembly to the cleanup area. This ares
should be clean and protected from the
wind so that the chances of contaminating
or lasing the sample will be minimized.
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Save a portion of the acetone used for
cleanup as s blank. Take 200 mi of this ac-
etone directly from the wash bottle being
used and piace it in a glass sample container
labeled acetone blank.”

Inspect the train prior to and during dis-
assermbly and note any abnormal conditions.
Treat the samples as follows:

Container Na 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 to handle the filter, If it is necessary
to fold the filter. do so such that the partie-
ulate cake is inside the fold. Carefully trans-
fer to the petri dish any particulate matter
and/or {liter fibers which adhere to the
filter holder gasket. by using a dry Nylon
bristle brush and/or a 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 matter or
any condensate from the probe nozzle,
probe fitting, probe liner, and front half of
the filter holder by washing these compo-
nents with acetone and placing the wash in
a glasy comamer, Dissitled) water may be used wstedd of acrrons
when approved by the Adin and shall be used when
specificd by ihe Admwmistraice; in thess cases, tave 2 waler
blask and foliow the Admenisiraior's ditection on analysis.
Perform the acctode rases a8 followy:

Carefully comowe the probe nozzic and clean the wnide sur-

mAnmer 5t least six vimes since metal probes have smail crevice
in which garticulate matter can be entrappexd. Rinse the brush
with aceione, and quantitatively collect these washings in the
sample contaner, Afier (he brushing, make a final accione finse
of the probe as described above.

lmwnhnu-om can the prode 0
losses,  Betwern sampling funs, keep
brushes cleas and protected from contammatioos-

Afur ensuring thas all joints have bern wiped clean of
silicone grense, clean the inside of the froot hail of the flter
holder by rubbing the surfaces with a Nylon bristie brush and
tinsing with acenne. Rinse cach surface three times or more if

ted 10 visible p Make a final nnse of the
murmm.cwuuynmmmummom.
atso (if applicable), After all Mangs and partcul

maner have been collected in (he sample contamer, tighten (he
lid on the sammie comsiner so that aome will nox leaak ou
when it 8 shipped 10 the laboratory, Mark the height of the
fwid bewed 10 devermine whether of ot leakage ocoured during

P Labed the 1o clearly iemufy ity contenis,

[4.2 Container No. 2 amended by 52 FR

34639, September 14, 1987]

Comoniner No. J. Note the coloe of the indicting wilica gd o
determine if 1 has been compictely spest and make a natancn
of its condition. Transfer (he silica gel from the founh impinger
10 is original comesiner and scal. A furnel may make i chsiT (0
oxver (e sdics gl withoar spuling. A rubber policeman may be
usexd 2% 40 aid in remeveg the ulica el from tbe impanger. It s
N0l AECESLATY 10 the smati of duss partiies that
may adhere 10 the impinger wall and are difficult (0 remave.
Since the gaiD im weight i 10 be used for moistare calculatioas,
40 BOK Gat ARy waler o oeher liquids 10 cransfer the sibca gel. If
a balamce is svailabie in the fickd, follow the procedure for con-
taier No. 3 in Sextion 4.3,

Impinger Water, Tres tw impwngers xs (ollows; Make a
notation of any color or film in the lquid casch. Measure the li-
quid witich i3 o the first chree impengers 10 withun = | ml by us-
ing a graduated cytinder or by werghing it to within =0.5 § by
using a balance (if ome is avalabie). Recowd the volume of
woght of Uquid present. This intormaton s required ©

dcuiaee tha of the gas.

fanx by rovang wwh acetons from a wash bottle 3ad ing
witly 3 Nylon brisile Brush. Brush umid the coione nmie sbhows
no viubic partwcies, alter whach make 3 final nnse of the: inde
surface wuly Jatome.

Brush and rurse the inside parts of the Swagtiok fitung wuh
acetone 1n 3 wraldr wiy word 00 visible Dartiches femaun.

Dincard the liquad afier measuring and reconding the volume

aF weight, walers of the cach 15 required (see
. Note, Sectwom 1.7
If a difteren type of is used, ihe
of d enler vol wallv or gravimetncally.
g the Wh N shoulkd be smpped in sh 3

Russe the probe hner wab acmone by tinng and
probe winhe squAning acTIOnE O HS UPDCT erd w0 that all inade
surtaces will be wetted wuh acerone. Let the acerone diam from
The lower endd ubO U STmpie comLuner. A funod (glass or poly-
ethylenc) may be wwxd to aud Of wramdcrhing e wasives (0 the
coutanet. denhamrmuhamm Hold
1he ¢ robe th an emclined I the uppér
eadulhmmnhnmm-uuu-mmmm
theough the probe: hold 3 smple comtamer underneh the
tower erad of the (wobe, amd vaich any waone Jnd paricule
matier whech is Brusied (e the probe, Run the brush through
tie prote thoee tisacs o miaore untl N viuible partwulaie maey
is caned Owt Wl (B JCETUNE OF ALl nOnE remans a8 the
ol bty on vesssl unpectan. With stanios sieel or other
metal probes, ref the brnk Ihwough i (he above prewcnibed

Published by THE BUREAU OF NATIONAL AFFAIRS INC.. Washington, 0.C. 20037

way tha :m remain uprygit ac Al mes.

4.3 Analyws. Record the data required on 3 sheet such 3s the
ont shown wn Figure 5.3. Haodle cach wumpt comainer s
follows:

Comtauner No. |. Leave the o e
o trasfer (e Tiler amd any loose panculace from the wample
mwnmmmu Dmc for 24 hours @
swifate, Weagh to a
smmu;MaMrcmrumuusmwmolmp For
purpotes of this Sectwn, 4.3, (he 1T Ccomdant wenght™*
mcans 3 difference of no mare thao 0.5 mg of | percent of total
woght leas are woght, winchever o gHtMer, Bevacen (wa con-
seculive werghangs, waly 00 less thas & howns of deucuanion tme
bevwren wergiings.

[Appendix A, Method 5)
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Plaot T ot S

Date : . &wy‘&mum‘?&n' 03 hetars, waieh -
S0 smple, and Ue this welght a5 8 final weight. (
Run Ne. : Container NVo. £, Note the lavel ofliquid in the containet B

Fiter Ne.

Amaount liquid lost during transport can cither_volumemrically to 1 mi o gravi

Acetons blank volume, mi . tampaeatare and pressure, Desiceste fx 24 houes snd

Acetone wash volume, mi

Acstone blank concentration, mg/mg (equation 54) Hep may b m.;.‘,':m. iy

Acetone wash blank, mg (equation 5-5) spatainer either oLy beaker and ovap:
and prezaure.

WEIGHT OF PARTICULATE COLLECTED, -
CONTAINER mg o NOTE—AL the option of the Leotar: Sk outainee
NUMBER o e

FINAL WEIGHT WEIGHT GAIN

TARE WEIGHT

2 . 4.4 Quality Control Procedures, The fol-
JOTAL —  lowing quality control procedures are sug-
. gested to check the volume metering system
— calibration values at the field test site prior
Leas acetone blank ma“mf“’“ procedures are
Weight of particulate matter e e S it the ealibrasion
procedure described in Section 5.3, deter-
VOLUME OF LIQUID m‘gc m & l!'or mt.:u m ?n-
(o
WATER COLLECTED B e e o In. H.O that correlates to (
0.75 ofm of air at 528°R and 29.92 in. Hg.
IMPINGER SILICA GEL The AHg Is calculated as {ollows:
VOLUME, WEIGHT,
mi. 9
FINAL
INITIAL
LIQUID COLLECTED
TOTAL VOLUME COLLECTED ' g* mi
* CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER (1g/ml).
. INCREASE. 9. . vOLUME WATER, mi
Figure 5-3. Analytical data. 1g/mi
[Appendix A, Method 5] ' t
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Ta !

AHg=0.0319 aH v

£q. 59
Where:
AHwAverage pressure differential across
the orifice meter, in. H:O.
T.=Absolute aversge dry s meter temper-
ature, ‘R.
P = Barometric pressure, in. Hg.
©=Total sampling time, min.
¥ aDry gas meter calibration factor, dimen-
sionless.
V.= Volume of gas sample as measured by
dry gas meter, def.
0.0319=(0.0567 in. Hg/*R) x (0,75 cfm)?
Before beginning the field test (a set of
three runs usually constitutes a field test).
operate the metering system (l.e., pump.
volume meter. and orifice) at the AHe pres-
sure differential for 10 minutes, Record the
volume collected, the dry gas meter temper-
ature, and the barometric pressure. Calcu-
Iate a dry gas meter calibration check value,
Y., as {ollows

10 | 0.0319 T.
- [—'_] % Eq. 5-10
P

Va

If the Y, value is not within this range, the
volume metering system should be investl-
gated before beginning the test.

4.4.2. Calibration Critical Orifice. A
calibrated critical orifice, calibrated '
against a wet test meter of spirometer and
designed to be inserted at the inlet of the
sampling meter box, may be used as 2
quality control check by following the pro-
cedure of Section 7.2.

[4.4.2 Amended by 52 FR 9658, March
26, 1987}

S. Calibration. Maintain a laboratory log of
all calibrations.

5.1 Probe Nozie. Probe noxzles shall be
calibrated before their initial use in the
fleld. Using a micrometer, measure the
{nside diameter of the nozzle to the nearest
0,025 mm (0.001 in.). Make three separate
measurements using different diameters
each time, and obtain the average of the
measurements. The difference between the
high snd low numbers shall not exceed 0.1
When nczzies become
nicked, dented, or corroded, they shall be
reshaped, sharpened. and recalibrated
before use, Each nozzie shall be permanent.
ly and uniquely identified.

[5.1 amended by 52 FR 34619, September
14, 1987}

5.3.1 Calibration Prior to Use. Before its
initial use in the fieid, the metering system
shall be calibrated as follows: Connect the
mmwammeowﬂuauz
test meter that Is accurate to within 1 per-
cent. Refer to Figure 5.5. The wet test meter
should have a capacity of 30 liters/rev «u
ftc/rev). A spirometer of 400 liters (14 ft?)
ormouapldty.oreqmvnmt.mbemd

calibration. although a2 wet test

nometer (ndicating
pe:ledmlhldmmauwthepumuw
up and to permit the interior surface
of the wet test meter to be thoroughly
at each of a minimum of
manometer settings, pass an
quantity of gas through the wet test
meter and note the gas volume indicited by
mmmm.maoumebammem‘:
pmandmemperuumo(mewee
meter, the inlet of the dry gas meter,
the outlet of the dry gas meter. Select
lowest oriflce settings to
expected field operating range

E

.

of the o:;l!:e U:eu a rmuumum voh;ne og
. 0.15 m2 (S cf) at settings. Reco

Where: 3.2 Pitot Tube. The Type S pitot tube as- mm":d-uonuor:m::uuwnmsfe.
Y,=Dry gas meter calibration check value,  sembly shall be calibrated aceording to the 4n4 culeulate Y, the dry gas meter calibra-
dimensionless. procedure outlined in Section 4 of Method jon tactor, and AH@. the orifice calibration
10=10 minutes of run time. zu s factor. at each orifice setting as shown on
Compare the Y, value with the dry gas Metering System. Pigure 5.6. Allowable tolerances for individ-
meter calibration factor Y to determine . ual Y and AH@, values are given in Figure
that: (5.3 revised by 50 FR 1165, January §.6. Use the average of the Y values in the

0.97¥ <Y, <1.03Y 1985] calculations in Section §.

U-TUBE
THEAMOMETER MANOMETER
)
L]
\ m
——— 9
METERING SYSTEM WET TEST METER
Figure 5.5 Equipment arrangement for metering
) system calibration,
[(Appendix A, Method 5]
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Date Metering Systeam
- . ldentification:

Baromtric pressure, Py » in. Hy
Orifice |Spirometer |Ury gas ) { ratures
manoweter| (wvet meter)| meter |Spirometer y_Gas Meter
setting [gas volume {volume |(wet meter)| InTet [ Cutlet Average |Time

a1y, , Va 4 t t tm )
n. 0 | Te ft o G o F | min

Calculations
_ Y Mo

a Y, P, (t, + 460) {t, * 450) 8]2

in, H0 v ' tm 0.0317 an [ ) ] _
al ta * R ' A .
v l.'-b * 1] e * 40 Fo (tq * 460) "

Average

Y = Ratfo of reading of wet test meter to dry test meter; tolerance
for individual values +0.02 from average.

dHg = Orifice pressure differential that equates to 0.75 cfm of air

@ 68°F and
individual

29.92 inches of mercury, in, H20; tolerance for
values +0.20 from average.

Figure 6.6, Example data sheet for calibration of matering

system (English units).

[Figure 5.6 revised by 52 FR 34639, September 14, 1987)

Before calibrating the metering system. It
is suggested that a leak-check be conducted,
For metering systems having diaphragm
pumps, the normal leak-check procedure
will not detect leakages within the pump.
For these cases the following leak-check
procedure s suggested: make a 10-minute
calibration run at 0.00057Tm?/min (0.02 cim):;
at the end of the run, take the difference of

mcmmuredmtmmemmddrymmoﬂﬂumunc(bmdmthe previous
meter volumes: divided the difference by 10, fleld test), with the vacuum set at the maxi-
to get the leak rate. The leak rate should mum value reached during the tast seriss,
not exceed 0.00057 m2/min (0.02 efm). To adjust the vacuum,. inset a valve between
: the wet test meter and the inlet of the me-

53.2 Calibration After Use. After each tering system. Calculate the average value
filed use. the ealibration of the metering of the dry gas meter calibration factor. If
system shall be checked by performing the value has changed by more than 5 per.
three calibration runs at » single, Intermedi- cent, recalibrate the meter over the full

[Appendix A, Method 5]
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range of orifice settings, as previcusly de- Use & hest source to generate air hested 5.8 Leak Check of Metering System
to selected temperatures that approximate Shown in Figure 5-1. That portion of the
Alternative procedures, eg., rechecking those expected to occur in the sources to be sampling train from the pump to the orifice
the orifice meter may be used, sampled. Pass this air through the probe at meter should be leak checked prior to (nitial
subject to the approval of Administra- & typical simple flow rate while measuring use and after esch shipment. Leakage after
3 the probe iniet and cutlet temperatures at the pump will resuit in less volume being re-
533 Aceeptable Variation in Calibration. various probe heater settings. For each air corded than is actuaily sampled, The follow-
If the dry gas meter coefficient values ob- temperature construct a graph of ing procedure is suggested (see Plgure 5-4)
tained before and after u test series differ probe heating systein setting versus probe Close the main valve on the meter box.
by mare than 5 percent, the test series shall outlet temperature, procedure qutlined Insert a one-hole rubber stopper with
either be voided, or calculations for the test {n APTD-0576 can alto be used, Probes con- rubber tubing atached intg the orifice ex-
seriea shall be performéd using whichever to APTD-0581 nesd not haust pipe. Disconnect and vent the low side
meter coefficient value (Le.. before or after) be calibrated Uf the calibration curves In of the orifice manometer. Close off the low
gives the lower value of total sample APTD-0576 are used. Alse, probes with side orifice tap. Pressurize the system to 13
volume, outlet temperature monitoring capabilities to 18 em (3 to 7 in.) water column by blow-
5.4 Probe Heater Calibration, The probe do not require calibration. ing into the rubber tubing. Pinch off the
heating system shall be calibrated before its 5.5 Temperature Gauges, Use the proce- tuhing and observe the mancmeter for one
initial use in the fleld, dure In Section 4.3 of Method 2 to calibrate minute. A loss of premure on the manome-
in-stack

¢ gauges. Dial thermom- ter indicates & leak in the mater boxs leaks,
mer-

[5.4 revised by 50 FR 1165, January 9, and condenser outlet, shall be calibrated 8.7 Barometer. Calibrate against a
1985) against mercury-in-glass thermometers. cury barometer.

VACUUM

RUSBER GAUGE
STOPPER ORIFICE BY-PASS VALVE

RUSSER
TUSING

MAIN VALVE
CLOSED

AIR-TIGHT
ruMP

oRIFICE |
MANOMETER

SLOW INTO TUBING

UNTIL MANOMETER

READS 5 7O 7 INCHES
WATER COLUMA

Figure 5-4. Leak eheck of meter box.

.

[Appendix A, Method 5]
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6. Calculations

Carry out calculations, retaining at least
one extra decimal figure beyond that of the
acquired data. Round off figures after the
final ealeulation. Other forms of the equa-
uommubemduhncnmeynveequlv-
alent restlts,

6.1 Nomenciature

As = Crozs-sectional ares of nozzle. m2(t?,

By = Water vapor in the gas stream, propor-
tion by volume.

C,=Acetone blank residue concepntration.
mg/mg.

o, =Concentration of particulate maiter In
stack gas. dry basiz, corrected to stand-
ard conditions, g/dsem (g/dsel).

I=Percent of isokinetic sampling.

Ly =Maximaum: acceptable leakage rate for
either a ~retest leak check or for a leak
check following a component change;
equal to 0.0057 m¥/min (0.02 cfm) or 4
percent of the average sampling rate,
whichever is less.

L. = Individual leakage rate observed during
the leak check conducted prior to the
“iw* component change (i=l, 2, 3....m

m¥/min (¢fm).

Le=Leakage rate observed during the post-

) test leak check, m¥/min (¢fm).

m. = Total amount of mniculat.e matter col-
lected, mg.

M.=Molecular weight of water, 18.0 g/¢-
mole (18.01b/1b-mole).

e = Mass of residue of acteone after evapo-
ration, mg.

P\ = Barometric pressure at the sampling
site. mm Hg (in. Hg).

F,= Absolute stack gas pressure, mm Hg (In.

Hg)

P,..:Sundard absolute pressure, 760 mm
Hg (29.92 in. Hg).

R=1deal gas constant. 0.06236 mm Hg-m?¥/
*K-g-mole (21.85 in. Hg-[t/"R-1b-mole),

Ta = Absolute average dry gas meter lem-
perature (see Figure 5-2), 'K ('R).

T. = Absolute average stack gas temperature
(see Plgure 5-2), ‘K ("R,

T,.-.‘.szl.sangud absolute temperature. 293° K
( " R).

V. = Volume of aretone blank. ml.

Ve = Volume of acetone used in wash, ml.

Ve =Total volume of liquid collected in im-
pingers and silica gel (see Figure 3-3),
ml.

Va = Volume of gas sample as measured by
dry gas meter, dem (dsef).

Vaen=Volume of gas sample measured by
the dry gas meter, corrected to standard
conditions, dsem (dacf).

Vewny=Volume of water vapor in the gas
sample, corrected to standard condi.
tions, sem (sci).

v, =Stack gas velocity, calculated by Method
2, Equation 2.9, using data obtained
from Method 5. m/sec ({t/see).

W. = Weight of residue in acetone wash, mg.
Y=Dry gas meter calibration factor.
AH=Average pressure differential acroes

the orifice meter (see Plgure $-2), mm
H.Q tin. H,0).

p==Density of acetone, mg/mil (see label on
hottle),
= Dunsity of water, 0.9982 g/mi (0.002291 ¢
1b/ml).

#=Total sampling time, min.

9, = Sampling time interval. from the begin.

ning of a run until the first component.

change, min.

#=Sampling time interval, between two
successive component changes. begin-
ning with the interval between the first
and second changes, min.

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

13.8 = Specific gravity of mercury.

60 = Sec/min.
100 « Conversion to percent.

(6.1 amended by 52 FR 34639, September
14, 1987

6.2 Average dry gas meter tempersture
and average orifice pressure drop. See data
sheet (Pigure 5-2).

6.3 Dry Gas Volume. Correct the sample
volume measured by the dry gas meter to
standard conditions (20° C. 760 mm Hg or
68° P, 29.92 in. Hg) by using Equaion Se1.

Pno+
-‘“=‘,-1 ( 136

=R VoY P....-!-(;.\HII-'!.G)

Eauadien 51

where:
K| o). 3058 *K/mm Hg for metne unus
= 17.64 "R/, Hg lor Englivh unux
MNOTE. =Eyuanon -1 unheuwd:nwmuudmch
Icakage rae otnerved dunng anv of the mandmory leak
chevks (1.¢., 1he pou-eu leak vheck o leak checks comducted
oY 1o ‘L..ll'Lpor,rwudi
E 4 2y follows:

5-1 muy be

{2 Cawe ). Nacummcnamm‘lmm
run. In this case, veplace Vg n Eyuaiion 5.0 wieh (he cupres-
e

Vor=ALpr=L o}

mlel One or MOre GWRMENEN! chanes made Jduring -

e unwplang fum, I8ty case, replave Vg v Equanon 540 by
muim

[ Vet L | L0}
-"2:z (il —iLp=La¥p |

and substituie omly for those lcakage rates (Li or Lp) which
6.4 \ glume of waier vapor.

pw\/RTud
Ve (ud) = Vie{— “K3¥ie
M Pad

Equation 5-2

Kz =0 Nli”m-‘/ﬂll for mexnc units
=0.047070} /mi for English unts.
6.5 Moisnure Conten.

Vg td)

By
Vi () + Vg (1dd

Equation 5.3

NOTE.=In saurasted or water droplet-laden gas streams,
1w calcatations of the momaure content of the stack gas shall

be made. mrm the analyas (Equation 3-3), and
a second from af i The
b-o(tlut-ovﬂuﬂoll.mallbnmmﬂedcmm The
soore for baxied upon

uu-m of wuwrated wndnms is given in the Nete of
Secrion 1.2 of Mathad 4. For the purposes of this method.
the average sack gas (omperdture from Figure 5.2 may be
used 10 make this d that the Y
Mlumqﬂ(mmmu =1*C2*F).

6.6 Acctone Blank Concentration

. " .
Cw— Equation 54
Vapu
6.7 Acetone Wash Blank.
Wom G, Vowpe Equation 5-5

‘8.8 Total Particulate Weight. Determine
the total particulate catch {rom the sum of
the weights obtained from containers 1 and
2 lesx the acetone blank (see Figure 5-3).

Note: Refer to Section 4.1.5 to assist in
clculation of results involving two or more
filter azzembilies or two or more sampling
trains.

6.9 Particulate Concentration.

C=(0.001 9/™0) (Ma/ Ve wa)
Equation 5-6
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APPENDIX 2

TESTING AND ANALYTICAL PROCEDURES
2.2 ACTUAL SAMPLING PROCEDURES/PARTICULATE

Particulate matter in the exhaust gas stream at the stack sampling loeation was sampled
according to procedures and type of equipment as basically deseribed in EPA Method 5 (see
Appendix 2.1 for a complete deseription).

In place of the fragile glass material, the in-stack probe liner was constructed of high
corrosion resistant Inconel stainless steel, which was eneclosed in an outer protective sheath
and heat traced to minimize condensation within the probe.

The basie test train consisted of a stainless steel nozzle followed by a heated probe liner,
glass fiber filter, and glass impingers with all glass connectors, :

The required sampling time for the compliance test, in terms of time per traverse point and
overall sampling time per individual test run, was selected on the basis of maintaining a
minimum sampling time of 2.5 minutes at each of the traverse points.

The test program was completed with one test train located at the stack. All sampling
activities were halted in the event of any test equipment malfunction or at the report of
any operational problem. There was no planned interruption or extensive delay during the
completion of the test runs.

Gilbert/Commonwealth
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APPENDIX 2
TESTING AND ANALYTICAL PROCEDURES
2.3 ANALYTICAL METHODS/PARTICULATE

The reported particulate emissions included the total particulate catch from the water then
acetone wash of the nozzle and probe, plus accumulations on the glass fiber filter. The
impinger water was filtered through a .22 mieron filter. These results along with the probe
wash and glass fiber filter are considered particulate emissions in the Commonwealth of
Pennsylvania.

The soluble water from the impingers was dried down and weighed. This particulate weight
is only reported and is not counted toward the total particulate weight.

In the clean-up of the front half of the sampling equipment, the nozzle from the front of the
probe was removed, brushed out, and washed with water then acetone. The probe liner was
also brushed out and washed with water then acetone. The glass fiber filter was removed
from the fritted dise of the filter holder and replaced in its petri dish. All adhering filter
particles were removed from the silicone rubber gasket and placed in the same petri dish
prior to sealing for transport back to the Gilbert assigned laboratory for final analysis. The
filter holder was then washed with water then acetone and combined with the probe and
nozzle wash.

The elean-up procedure for the back half of the sampling train initially involved removal of
the silica gel from the last impinger and replacement in its original container for final
weighing to determine moisture pickup. Water collected in the impingers was measured and
placed in a sample bottle. The impingers and glass connectors were rinsed with water then
acetone. This rinse was also placed in sample bottles to be analyzed.

Laboratory analysis of samples eollected during the test run proceeded according to EPA
Method 5 (Appendix 2.1).

All eritical items of séampling and analytical equipment were certified and/or calibrated for
aceuracy and results considered within acceptable limits for source sampling operations (see
Appendix 6).
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APPENDIX 2 _
TESTING AND ANALYTICAL PROCEDURES
2.3 ANALYTICAL METHODS/HEAVY METALS

The reported heavy metal emissions included the total catceh from the nitric acid wash of
the nozzle and probe, plus accumulations on the glass fiber filter. The impingers, which

contained nitrie acid, were washed with nitrie acid, as well as the back half of the filter

holder and all connecting glassware. '

In the clean-up of the front half of the sampling equipment, the nozzle from the front of the
probe was removed, brushed out, and washed with nitrie acid. The probe liner was then
brushed out and washed with nitric acid. All of the wash solutions for the probe and filter
holder were combined into a single sample for analysis. The glass fiber filter was removed
from the fritted dise of the filter holder and replaced in its Petri dish. All adhering filter
particles were removed from the silicone rubber gasket and placed in the same Petri dish
prior to sealing for transport back to the Gilbert-assigned laboratory for final analysis.

The clean-up procedure for the back half of the sampling train initially involved removal of
the silica gel from the last impinger and replacement in its original container for final '
weighing to determine moisture pickup. The content of the impingers was measured for
volume and then put into sample bottles. The impingers, back half of the filter holder, and
connecting glassware were then rinsed with nitric acid and placed into the sample bottle.

The collected heavy metal samples analysis proceeded according to EPA Method 12
(Appendix 2.1). ,

All critical items of sampling and analytical equipment were certified and/or calibrated for

aceuracy and results considered within acceptable limits for source sampling operations (see
Appendix 6). ‘
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APPENDIX 3
OPERATING DATA
(SEE TABLE 1)
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APPENDIX 4
ANALYTICAL RESULTS FOR PARTICULATES
(CLEAN-UP SHEETS)
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SPOTTS, STEVENS and McCOY, INC
ENGINEERS & PLANNERS SCIENTISTS

-1 -

CERTIFICATE OF ANALYSIS

GILBERT/COMMONWEALTH, INC.

CLIENT: e DATE REPORTED: 11/21/88
READING, PA. 19603 REPORT NO: 8821434
DATE SAMPLED:  11/9/88
SAMPLE TYPE:  STACK - DATE RECEIVED: 11/11/88
SAMPLED BY:  CLIENT PURCHASE NO.: 51922
SAMPLE IDENTIFICATION: MDC ORDER NO.: 13361-001

W.0. #10-0620-001

LAB. NO. RUN PARTICULATE SQURCE PARTICULATE WT. (ma)

8821434-1 MDC-1P Impinger Water 13.8

8821434~1 MDC-1P Impinger Water (>0.22 um Filter) 5.0

8821434-1 MDC-~1P Impinger Acetone 5.7

8821434-1 -MDC-1P Probe Acetone 4.5

8821434-1 MDC-1P Probe Water 5.3

8821434-1 MDC-1P Filter 4.0
Respectfully subm1tted
<% ﬁﬁ, wraat?
CARL J. WHMMER - GROUP LEADER
LABORATORY SERVICES

cc: Steve Brocke1'

Fo(m No. L11a nev.1)a7

REPLY TO:

O HOME OFFICE 0 ANALYTICAL LABORATORIES 0O LEHIGH VALLEY OFFICE O BALTIMORE QFFICE
345 N. Wyomissing Bivd. 30 Noble Straet MacArthur Office Plaza Suite 401 558 Fairmount Averue
P.O. Box 8307 P.O, Box 6257 3722 Lehigh Street Suite 105
Rending PA 19610-0307 Reading PA 19811-0527 Allantown PA 18052-3439 Baltimore MD 212042819
(218) a7e-45a1 . (215) 378-8581 {215) 433-4188 (301) 494-0500

Fax # (215) 378-8950

Fax # (215) 376-6950



CLIENT:

,STEVENS ancl McCOY, INC

ENGINEERS ® PLANNERS = SCIENTISTS

CERTIFICATE OF ANALYSIS

GILBERT/COMMONWEALTH, INC.

P. 0. BOX 1498
READING, PA. 19603

SAMPLE TYPE; STACK

SAMPLED BY: CLIENT

DATE REPORTED: 11/21/88

REPORT NO:

DATE SAMPLED:

8821436
11/9/88

DATE RECEIVED: 11/11/88

PURCHASE NO.: 51922

SAMPLE IDENTIFICATION: MDC ORDER NO.: 13361-001
W.0. #10-0620-001 _
8821436-1 8821436-2
MDC-IN MDC-2N
Antimony mg Sb < 0.1 < 0.1
Beryllium mg Be < 0.01 < 0.01
Cadmium mg Cd 1.02 .1.35
Chromium mg Cr 0.65 0.46
Lead mg Pb 4,73 6.11
Manganese mg Mn .093 .058
Nickel mg Ni 3.55 2.80
Thallium mg TI1 < 0.1 < 0.1
Arsenic mg As 0.30 0.64
Mercury mg Hg .002 .002
Respectfu]]y submitted,
CE;%£¢4E? -<;lﬁ;;4/vvvbmtif/
CARL J. WUMMER - GROUP LEADER
LABORATORY SERVICES
cc: Steve Brockel
Form No. L11a Rev. 1/87

REPLY TO:

0O HOME OFFICE O ANALYTICAL LABORATORIES O LEHKAH VALLEY OFFICE 0 BALTIMORE OFFICE
345 N, Wyomissing 8ivd, 30 Noble Street MacArthur Otfice Ptaza Suite 401 698 Fairmount Avenue '
P.0. Bax 6307 P.O. Box 6257 . 3722 Lahigh Strest Suite 105
Rexding PA 19610-0307 . Reading PA 19811-0527 Allgntown PA 18052-2439 Banimore MD 21204-2819
{215) 376-8581 : (215) 376-6501 {215) 433-4188

Fax # (215) 378-6850

Fax # (215) 376-6950

(301) 4940500



GILBERT ASSOCLAIES, INC.
AIR POLLUTION CONTROL DEPFT,
PARTICULATE CLEAN UP AND RFPORT SHEET

K Dace: “\c‘\;':'- Climac: M OQ
S : V. 0. Bo.:- V6 9 ks 20|
Sample Box n.? Mae:

op : iy = o Sampling Locacian: C,'"'{ > L -
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¥oszlewacecons Wash w . 14 3¢ Ras tdue “rdae

frebe, Thimble Holder, Cyclons ) . -
n.a:h. Fronc Ualf r:uz umm::u Yash 1 D & Lab No. ._/.:./...z.i._/.. tasidus =1 3 g

Ihishle o,  Lab No. = Ueighe Rasglcy

R
[
g
ug Thisble particulate uoll-h: g
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g
uy
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FRONT HALF Sus Total - <2 /3, X u
7Y 270 ]
lapinger Concamt md Wacar Yash of Ispingery Lab Mo. ’43 E‘-/ Ether=Chloto form
Cormeccors and lack Balf of Filtar doldar E og
Collected oo 0.22u Filter 53
Aquacus Rasidua / ?' ?..
+ Conne ) —
iter aol.dn‘:anm:-hu:nm£ ! Lab No. M ) tasidue S 7
-
BACK HALF Sub Total : J Y48 =
TOTAL VELGHT : 23 ?' B . T
) tityy 4
Imingers: 2116 Stlica Cel
Z39 Uaighc aftec cass: O
—— Waight bafors r..-u 232
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Intetal Volums 2, TOTAL VEIGHT-Silics Gal -Le m
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LB tatr rxcrrves _ 10 J/9 A4 . ‘
DATE REFORTED __/ ____L_——O

ANALTTICAL CHEMIST

HFS/APC 12/74




GILBERT ASSOCIATES, INC.
AR POLLUTION COSTIOL DEPT.
PAKTICULATE CLEAN UP AND RETORT SHEXT

Rt Dace: ll]?\ 22 Client: JV\BC
1] T
lm Ho.: Mmpc -] v ¥. 0. No.: VO O LT G
Sample Aoz Na.: Plaac:
op : D& Sampling Locacion: $¥»e\s
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AMALTTICAL CHEMIST




GILBEET ASSOCIATES, DNC.
ALR POLLUTION CONTROL DEPT.
PARTICULATE CLEAW UP AND REPORT SHEET
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ANALYTICAL CaEMIST
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APPENDIX 5
RAW FIELD DATA
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APPENDIX 6
CALIBRATION DATA

Gilbert/Commonwealth




Gilbert /Commonwealth Inc.
Testing Services Group

METER BOX CALIBRATION
DR L1/10/88 NETER BOF NONDRR: %%
BABOMETRIC PRESS. (Pb) - 29.73 in, He CALIBRATED BY: WARY
GAS VOLUNE TEMPRRATURRS
(rifice et Dry Het Dry Gas Neter
Nanopeter Test (as Test,
Setting Neter Heter Neter Iniet (utlet  Average Time
(delta H) (V) (Vd) (T’) (Tdi) (Tdo} (1d) '
In. 820 e ft.  ou. ft. deg. F - deg. ¥ deg. F deg. ¥ min, 71 delta Hai
0.5 5,000 5.017 10 81 75 78.90 12.37 1.0 1.71
1.0 5. 000 5130 71 89 78 83.5 9.00 1.00 1.81
1.5 10.500 10.926 T 99 84 91.5 15.53 0.99 1.81
2.0 10,000 10,581 ) 105 50 91.5 13.3 | 0.9 1.86
30 10.500 11273 i 111 93 102.0 11.60 0.98- 1%
410 10,000 10,853 1 115 9% 105.5 9.62 0.97 1.93
AVERAGE Yi 0.99
FORMULAS
{Vw) (Ph) (Td+460) , 0.921
fi: : delta B8 = -----oo-
(Vd) (Pb+(H/13.6) ) (Te+460) (k) (Kn)
! (Pb} (29)
O .

\ (Tdo+460) (delta H)
(Vd) (Tdo+460)
(Time) (Td+460)




Bilbert/Cosmonwealth Inc,
Testing Services Group
METER 50X CALIBRATION

DATE: 10725728 HETER HOX NUMBER: 2838
BAROMETRIC PRESS. (PR} = 29.74 in, Ho CALIBRATED BY: Burger
BAS VOLUNE TEMPERATURES
Oritice et Dry Wet frv Bas Meter
Hanoaeter Test bas Test -=-= --==
Setting Meter Heter Heter Inlet Qutlet Average Tiae
(delta H) (V) {vd) (Tw) (Tdi) (Tdo) (Td)
In, H20 fu, ft. cu. ft, deg. F geg. F deg. F deq. F ain. Yi delta HEi
0.3 3.230 5.268 70 77 n 74,0 12,90 1.00 1.72
1.0 3,000 5.118 70 87 7 80,5 8.93 0.99 1.78
1.5 10,000 10,417 70 99 82 90,3 15.00 0.79 1.86
2.0 11.250 11.5869 il 105 a9 97,0 14.73 0.99 1.86
3.0 10,000 10,728 70 112 34 103,90 11.00 0.98 1.93
N _
( 4.0 10,759 11,867 70 115 97 106.0 10.40 0.97 1.93
AVERAGE Yi 0.99
FURMULAS
(Yw) (Ph) (Td+db0) 0.921
is= _delta HBi = ~memem—mm-
(V) {Ph+(H/13.6)) (TwHdaD) (Ka) {Ka)
H {Fb) (29)
K = @@ | ---—--mmmmmmmmes
\l (Tdo+460) (delta H)
(Vd) (Tdo+d60)
m = ==
{Time) (Td+440)
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: Pot Meter # | | | . . & S
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L : Thermocouple Type oo K i :
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R . Certified Mercury Bulb °F i R
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RULES AND REGULATIONS
'y . . 'l ay /} \ a2l
| i/ ;
TRANSVERSE' L
TUBE AXIS *—— 15
S I (a\

bl

LONGITUDINAL 8 FLow 1 =~ - .
TUBE AXIS 7 = o

A

Pitot No. X=2.

- —— . O t—

-T—-—
N . B2t or-)
-\ﬁ.“.h

. : B
' 1 - | A | "
oA, - = p——— - ___'_’.h(t"" |
) . ®

Side

Reference. A

5
"o
0 =

. 4
Reference Inches H‘/
Z o - _ﬂ - - /'_ “\
: A '

y o N AN,
("
MmpDcC - -
10 0LAD 00| . . -—:———".__Z_ o —-:31;’-_
B R~
1jiojes

Fiqure 2.3, Typc:s of’face-openir_*.g misalignment that can result from field usa or {m.
proper construction of Type § pitot tubes. Thesa will not affect the basaline value

of.Cpls) so long as aq and a2 <10° f1 and 82 < 5%, 2 < 0.32 em (1/8in.) and w <
| 0.08 ¢cm (1/32in.) (cita;ion 11in Section 6), 2 '
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RULES AND REGULATIONS
1 a4 " . Yag ! " az
|
TRANSVERSE ) -
TUBE AXIS == A
| {a}

b
!

LONGITUDINAL i! 8 FLOW T :
TUBE AXIg" = -

Y e ] -

41761

- 8ide \; B2t o4
Reference. A B ' 8 S~
I © o) _ A ' "

_ '151 {+or-)

. ‘ o z
Reference Inches ,%

z ( . i\ -
W | % Q A \ _AB .

{f)

N B o
S — S S T}
QA _ _-_.....-‘{—" = =

{c)

F:'gure 2-3. Types of face-openixj.g misalignment thatcan result f.'bm tield us2 or im.
propsr construction of Type S pitot tubes, These will not affect the baseline value
- of.Cpls) so long 25 a1 and

{ a2 <109, 81 and 59, 2 <0.32 in. '
| 0.08cm (1/32in.) (cita;ion 11in SéctiLn 6).32 < S2em (18 in) and w <

FEDERAL REGISTER, VOL 42, NO, VEO—THURSBAY, AUGUST 18, 1977













APPENDIX 7
COMPUTER PRINTOUT -

(Flue Gas Characteristies, [sokinetie Calculations, and
Test Results for Particulates)

Gilbert/Commonwealth
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APPENDIX 8
SAMPLE CALCULATIONS

Gilbert/Commonwealth .



w
vy

SAMPLE CALCULATIONS

Particulate Isokinetic Sampling

I. Calculations for stack volume and Isokinetic Ratio

Stack
Pitot Orifice Dry Gas Static
Dry Gas AP, AH, Temp °F Pressure Stack
Time  Meter Ft3  In.Hy0  In.H,0 In Out  In. Hy0 Temp °F
T M AP PM TMI TMO PST TS
1. DN = Nozzle Diameter, inches
2. PB = Barometric Pressure, inches Hg
3. TT = Net Sampling Time, minutes
4. VM = VM final - VM initial = Sample Gas Volume, fr3
5. TM = Average Dry Gas Temperature at Meter, °F
T = Avg. TMI ; Ave, TMO
6. PM = Average Orifice Pressure Drop, inches H»0

PM = Avg. AH
7. Volume of dry gas sampled at standard conditions®, DSCF

VMSTD = 17.65 x WM x Y (BP + PM

13,6,

(TM + 460)
8. VW = Total Water Collected = gm Hy0 Silica gel + ml Imp. Hy0 = ml
9. Volume of water vapor at standard conditionsb, SCF
VW gas = 0.0471 x VW = SCF
10. Percent moisture in stack gas

% M = 100 x VW pas
VM STD + VW gas

11, Mole fraction of dry gas

100 - zM

MD = =755




-« M

12. Molecular weight of dry stack gas

wup o (%C0p x 44 + (207 x 32_) + [ (2CO + ZNy) x gg__]

100 100 100

(% 0p) - 0.5 (%CO)]
0.264 (#Np) -[(%2) + 0.5% (CO)]

12A. 7EA = % Excess Air =!

x 100

13. Mdlecular weight of wet stack gas
MW = MWD x MD + 18 (1 - MD)

14, AS

Stack Area, square inches

15. PS = Stack Pressure, inches Hg

PS = PB + Avg. PST
PST in. Hy0

NOTE: PST in. Hg. =
13.6

16. TS = Average Stack Temperature, °F

TS = Average TS

17. SDE = Average \/Velocity Head (AP) x (Stack Temperature + 460)

(Calculated each line)

SDE = Avg VAP x (TS + 460)

18. Stack gas velocity at stack conditions, fpm

1/2

- - Cp = pitot tube
Vs 5130 x Cp x Avg(SDE)x [§§~;—ﬁﬁ] ?PM

coefficient
19. Stack gas volumetric flow rate at standard conditions®, DSCFM

_0.123 x VS x AS x MD x PS _
Qs = (TS + 460) = DSCEM

20. Stack gas volumetric flow rate at stack conditions, ACFM

.05667 x QS (TS + 460)

= 3
PS x MD ACEM

Qa =

21. Percent isockinetic

_ 1,032 x (TS + 460) x VMSTD
VS x TT x PS x MD x (DN)?Z

o2
]

NOTES: 2Dry standard cubic feet at 69°F, 29.92 in. Hg.
bgrandard conditions at 68°F, 29.92 in. Hg.

cpry standard cubic feet per minute at 68°F, 29.92 in. Hg-




II.

Calculations for grain loading and emission rates

22.

23.

24,

25.

26.

27.

28,

29.

‘Particulate, 1b/hr conc. method

Particulate, gr/DSCF

= _mg
gr/DSCF = 0.0154 x TS TD

Particulate at stack conditions, gr/ACF

_ 17.65 gr/DSCF x PS x MD
gr/ACF (TS + 460)

1b/hr = 0.00857 x gr/DSCF x QS

Particulate lb/hr area method = 0.132 x &22 particulate x AS

2
(2)s

Particulate, combustion
1b/hr - %1
106 BTU/hr | CT

Particulate, process lb/ton

1b/hr
tons/hr

lb/ton =
Particulate, 1b/MMBTU, F-Factor Method =
Using 0y = .

0.0154 x mg x F-Factor x 20.9
7000 x VMSTD x  (20.9-%0,)

Using COp:

0.0154 x mg x F=Factor x 100
7000 x VMSTD x % CO9

F-Factor, dscf/mmBtu

0, Format: _ :
| ' 106(3.64(%H)+l.53(ZC)+O.57(%S)+O.lA(ZN)-O.46(ZOz))
GCV

F-Factor =

COp Format: -

109 (0. 321) (%0)
GCV






