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PREFACE

The worﬁ reported here was conducted by personnel from TRC -~ Eﬁvironmental
Consultants, Inc., Radian Corporation., United States Gypsum Company of For:
Dodge, Iowa, and the U.S. Environmental Protection Agency-

The scope of work, issued under EPA Contract No. 68-02-3543, Work Assign-
ment No. 5, was under the supervision of the TRC Work Assignment Manager.,
Mr. Willard A. Wade III. Mr. Leigh Gammie of TRC served as-Project Engineer
and, with Mr. Eric A. Pearson, was responsible for summarizing the test and
analytical data in this report. Analysis of the samples was performed at the
TRC laboratories under the direction of Ms. Margaret Fox of TRC.

Mr. Michael Palazzolo of Radian Corporation was responsible for monitoring
the process operations during the testing program. Radian personnel were also
responsible jor preparing Section 3 of this report, Process Description and
Operations.

Members of U.S. Gypsum Company, Fort Dodge, Iowa, whoae assistance and
guidance contributed greatly to the success of the test program, include
Mr. Daniel Nootens, Plant Manager.

Mr. Dennis Holzschuh, Office of Air Quality Planning and Standards, Emis-
sion Measurement Branch, EPA, served as Task Manager and was responsible for
coordinating the emission test prog;am. His representative on-site for the

tests was Mr. King Wu.
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not constitute endorsement or recommendation for use by the United
States Environmental Protection Agency. .
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1.0 INTRODUCTICN

b TN

1.1 Background

Section 111 of the Clean Air Act of 1970 charges the Administrator of the
U.S. Environmental Protection Agency (EPA) with the responsibility of estab-
lishing Federal standards of performance for new stationary sources which may
significantly contribute to air pollution. When promulgated, these standards
of performance for new stationary sources (SPNSS) are to reflect the degree of
emission limitation achievable through application of the hkrest demonstrated
emission control technology. EPA uses emission data, obtained from controlled
sources in the particular industry under consideration, as a partial basis for
SPNSS.

EPA's Office of Air Quality Planning and Standards (CAQPS) selected the
U.S. Gypsum Company gypsum wallboard manufacturing plant at Fort Dodge, Iowa
as a site for an emission test program. The test program was designed to pro-
vide a portion of the emlssion database reguired for SPNSS for the processes
associated with the production of gypsum wallboard. EPA engaged TRC to mea-
sure particulate emissions, particle size distributions., and plume opacities
at a continuoushand batch-kettle calciner, the board end sawing and paper

scoring operation, and the mixing and bagging operation.

- 1.2 Measurement Program

The measurement program was conducted at the U.S. Gypsum Company gypsum
wvallboard plant in ¥ort Dodge, Iowa, from October 27 to 31, 1980. The emis-~
sion tests were designed to characterize and quantify uncontrolled and con-
trolled particulate emissions from the gypsum wallboard prqduction procegs and

to determine control equipment efficiency.




TRC personnel were responsible for sampling and analyzing process emis-
sions. Concurrently Radian was respoensible for monitoring pertinent process
operation parameters. The chronology of the emission tests is contained in

Appendix D. ‘The components cf the measurement program are as follows:

1.2.1 Continuous and Batch Kettle Calciner No. 5

e Particulate Emissions

Three runs of concurrent emission tests were performed in the bag-
house inlet and outlet during continuous operation and during batch
operation.

e Visible Emissions

The opaci the calciner baghg ume was monitored during the

ulate emission tests.

Particle Size Distribution

Filter particulate catches from the six baghouse inlet emissio
were analyzed for particle size distribution using a Bahco
fugal separator.

tests
entri-

l.2.2 Board End Saw and Paper Scoring

e Particulate Emissions

Three emission test runs were performed at the baghouse outlet.

e Visible Emissions and Fugitive Emissions

The opacity of the baghouse plume and fugitive emissions from the
sawing operation were monitored during the particulate emission tests.

e Particle Size Distribution

One test run was performed at the baghouse outlet between the second
and third emission tests, using an in-train impactor.

k--—:---—



1.2.3 Mixing and Bagging Baghouse

The opacities of the stucco conveyor baghouse outlet plume and the bagging
operation baghouse plume were monitored during the particulate emission tests

at the board end saw.

1.3 Description of Report Sections

The remaining sections of this report present the Summary of Results
(Section 2}, Process Description and Operations (Section 3), Location of Sam~
pling Points (Section 4), and the Sampling and Analytical Methods (Sec-
tion 5). Detailed descriptions of methods and procedures, field laboratory
data and calculations are presented in the various appendices, as noted in the

Table of Contents.
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2.0 SUMMARY OF RESULTS

This section presents summary tables of the results of the emission
tests. EPA Method S particulate emission tests were performed on the gas
stream entering and exiting the kettle calciner No. 5 baghouse during batch
and continucus gypsum production, and on the gas stream exiting the board end
saw and paper scoring baghouse. Visible emissions from these two baghouses
and from the mixing and bagging operation baghouses were monitored during the

particulate emission tests.

2.1 Kettle Calciner No. 5 Particulate Emissions

A summary of the baghouse inlet and outlet test results for the batch and
continuous production modes is shown in Table 2-1. These data show a baghouse
pParticulate removal efficiency of 99.9 percent and 99.8 percent for batch and
continuous production modes, respectively.

T;ble 2-2 shows the results for the kettle calciner No. 5 batch mode tests
alone. The data on the first two tests show similar air flow, temperature and
moisture conditions, but the inlet grain loading of Run 2 was 34 percent lower
than that of ﬁun l. For inlet Run 3 the air flow decreased by 12 percent
while the moisture and temperature increased significantly, which affected the
isokinetic sampling rate unfavorably. Nozzle and probe plugging were a per-
sistent problem at the inlet, requiring reduced sampling times. Because of
anisokinetic sampling conditions on October 29, outlet Run 3 was repeated on
October 31. The latter test results are presented here. The 1low grain
loading for outlet Run 2 is due to the fact that no particulate was caught on

the in=-train filter: the particulate catch for this run was all in the probe

wash. The reason for the lack of particulate on the filter is not evident.




TABLE 2-1

AVERAGE VALUES FROM PARTICULATE TESTS ON THE

KETTLE' CALCINER NO. 5 INLET AND OUTLET

AT U.S. GYPSUM COMPANY
FORT DODGE, IOWA

Production Mode Batch

Continuous
Sampling Location Inlet Qutlet Inlet Qutlet
Volume of Gas Sampled (DSCF)}@ 16.92 98.88 9.72 41.96
Percent Moisture by Volume 37.55 25.95 59.77 51.72
Average Gas Temperature (°F) les 161 261 232
Stack Flow Rate, ACFM 2825 2900 3070 2830
(DSCFM) P (1510) (1820) (920) {1050)

Production Rate (tons/hr) 4.9 4.9 11.0 11.0
Percent Iscokinetic 115.4 103.6 98.5 102.2
Net Sampling Time (minutes) 25.8 1l60.0 20.0 69.0
Concentration

Gr /ACFC 15.29 0.0152 16 .26 0.0345

Gr/pscr? 22.62 0.0245 54.42 0.0935
Mass Rate

lb/hr 303.6 0.380 428.2 0.840

lb/ton 61.96 0.08 39.92 0.08

99.8

Collection Efficiency 99.9

8 dry standard cubic feet at 68°F, 29.92 inches Hg
b dry standard cubic feet per minute

€ grains per actual cubic foot

d grains per dry standard cubic foot

|
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The test data for the kettle calciner No. 5 continuous mode tests alone
are shown in Table 2-3. These data show a much higher gas séream moisture
content and temperature than do the batch mode data, while air flow rates are
very similar to those measured in the batch mode tests. Inlet Run 4 was re-
peated late in the day on October 30 because of the anisokinetic sampling con-

ditions experlienced earlier. The data from the repeat run are presented

here.

2.2 Comparison of Inlet Run 3 Batch Particulate Mass Emission Rates Calculated

by Sample Concentration and Area Ratio Methods

Table 2-4 shows a comparison of the emission rates for batch inlet Run 3
as calculated by two methods. The sample concentration method of calculating

the mass emission rate uses Equation 2-1 as follows:

MER =T % Q * k (2-1)
where: MER = mass emission rate, pounds/hour
M = mass of particulate captured, mg
v sample volume, dry standard cubic feet
0 = volumetric flow rate, dry standard cubic feet/minute
K = units correction factor = 1.32 x 10°4

This equation is wvalid only for isokinetic sampling; that is, when the ;eloc-
ity of gas entering the nozzle (Un) ig within 90 percent'of the velocity of
the gas stream (US). Under conditions of anisokinetic sampling (Uh
<0.9U5 or Un >l.1Us), particle inertlia causes sampling biases that
pProduce nonrepresentative emission rate values if the sample concentration
calculation method is used. In cases like batch Run 3, where the sampling
rate was super-isokinetic; the gas stream around the nozzle is drawn into the

nozzle but the large particles do not follow because of their inertia. Thus,

|
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TABLE 2-4

COMPARISON OF PARTICULATE EMISSION CALCULATIONS FOR RUN 3

AT THE KETTLE CALCINER NO. 5 BAGHQUSE INLET
DURING BATCH PRODUCTION AT U.S. GYPSUM COMEANY
FORT DODGE, ICWA

(Calculated by the Sample Concentration
and Area Ratio Methods)

Sample Volume, V, (DSCF)2 11.37

Particulate Captured, M (mg) 11460.84

Stack Volumetric Flow Rate, Q, (DSCFM)P 2560

Sampling Time, t (hours) i 0.3167

Area of Stack, Ag (££2) 0.99

Area of Nozzle, A, (ft?) 0.000374

\..\1
Sample Area
Calculation Method ' Concentration Ratio Average
Mass Emission Rate, MER
{Lb/Hr) 152.1 211.0 18l.6

2 dry standard cutric feet at 68°F, 29.92 inches Hg
dry standard cubic feet per minute
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the particulate concentration is less than the true value and the emission
rate calculated by the sample concentration method is too low.
The area ratio method of calculating emission rates 1is Dbased on

Equation 2-2 as follows:

A
M
MER = — * = (2-2)
t A
n
where: MER = mass emission rate, pounds per hour

t sampling time, hours
A, cross-sectional area of stack, ££2 -
AL = cross—-sectional area of nozzle, ft2

Since the mass of collected particulate is accurate, (that is, only particles
in the plane of the nozzle enter the nozzle), the area ratio technique pro-
vides a correct emission rate value for super—isckinetic conditions.

As predicted by these theoretical considerations, the batch inlet Run 3
HER calculated by the latter method is in fact greater than the MER calculated
by the sample concentration method (shown in Table 2-2). An examination of
batch Runs 1 and 2 inlet particulate MERs calculated by the area ratio methed
will show agreement within 10 percent of the values calculated by the sample
concentration technique. .Both of these runs were within the acceptable iso-

kinetic range.

2.3 Board End Sawing and Paper Scoring (BES/PS) Baghouse Emissions

A summary of the results of the BES/PS outlet emission tests is shown in
Table 2-5. These data show that over the three test runs, air flow rates
varied by less than 2.5 percent and emission rates varied by less than 40 per-

cent. Moisture and temperature values are within expected ranges for ambient
air. This air is drawn from the saw .area through the baghouse in order to

reduce dust levels in the wvicinity of the saw.
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TABLE 2-5

SUMMARY OF RESULTS OF PARTICULATE TESTS ON GASES
EXITING THE BOARD END SAW BAGHQUSE AT
U.S. GYPSUM COMPANY, FORT DODGE, IOWA

Run Number Run 7 Run 8 Run 9
Date 10-31-80 10-31-80 10-31-80
Time 1115=-1200 1310-1415 1607-1655 Average
Volume of Gas Sampled (DSCF)?2 45.4 43.8 45.1 44.7
Percent Moisture By Volume 1.17 1.48 0.716 1.12
Average Gas Temperature (°F) 71 75 70 72
Stack Flow Rate, ACFM 4026 3930 1951 3969
(DSCEM) B- (4029) (3897) (3982) (3969)
Production Rate (tons/hr) 10.7 0.7 30.7 30.7
Percent Isokinetic 96.8 93.6 97.3 95.9
Net Sampling Time (minutes) 40 40 40 40
concentration
Gr /ACF® 0.0090 0.0079 0.0135 0.0101
Gr /pscpd 0.0092 0.0084 0.0136 0.0104
Mass Rate
lb/hr 0.318 0.280 0.466 0.354
lb/ton 0.019 0.009 0.015% 0.011

4 dry standard cubic feet at 689F, 29.92 inches Hg
D dry standard cubic feet per minute

c

grains per actual cubic foot

grains per dry standard cubic foot
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2.4 Board End Saw Particle Size Test

. One particle size sampling test run was performed in the board end saw
baghouse outlet. A frequency distribution of the particle size measurements
is shown in Figure 2-1. The values used to construct this distribution are

shown in Table 2-6. The DP for the particulate matter captured during

50

this one test is approximately 2.5 microns.

2.5 Kettle Calciner No. 5 Baghouse Inlet Particle Size Tests

The in-train filter particulate catches from the three batch and three
continuous emission test runs performed at the kettle calciner baghouse inlet
were analyzed for particle size distribution. These analyses were performed
with a Bahco centrifugal separator. Use of an in-traln cascade impactor was
impractical because of high grain loadings and moisture content. The particle
size frequency distributions for the three batch test runs and the three con-
tinuous test runs are shown in Figures 2-2 and 2-3, respectively. The data
used to construct these distributions are shown in Table 2-7. The DPSO is

approximately 7.0 microns for batch operations and approximately 5.7 microns

for continuous operations.

2.6 Visible Emissions

The opacities of the kettle calciner No. 5 baghouse outlet plume, the
BES/PS baghouse plume, the stucco conveyor baghouse plume and the bagging
operation baghouse plume were monitored during the particulate emission tests
by a certified visible emission observer. BAll observation locations conform
to the guidelines of EPA Method 9.

The kettle calciner No. 5 baghouse outlet plume was monitored for approxi-

mately 2.5 hours over 4 days, and all l1l5-second observations were zero (clean

-] 2=
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FIGURE 2-1: CUMULATIVE SIZE DISTRIBUTION QF PARTICULATE IN BOARD

END SAW BAGHOUSE QUTLET AT U.S. GYPSUM COMPANY
‘ FORT DODGE, IOWA
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TABLE 2-6

SUMMARY OF BOARD END SAW BAGHOUSE OUTLET
PARTICLE SIZING TEST RESULTS
AT U.S. GYPSUM COMPANY
FORT DODGE, IOWA

Particulate Aerodynamic Mass
Test Date Concentration Size Range Fraction in Cumulative
Time (grains/DSCF*) (microns) Size Range (%) Percent
10-31-80 0.000413 >7.96 17.4 29.9
1710-1840 5.47=7.96 11.6 82.5
3.69-5.47 6.5 70.9
2.51-3.69 14.1 64.4
1l.61-2.51 21.0 50.3
0.33-1.61 17.0 29.3
<0.33 12.3 12.3

.

* Grains per dry standard cubic foot at 68°F, 29.92 inches Hg

-14_




o . o
, | T | " -yMOI ‘39000 L¥O4 | |
“¥MOI *39000 1404 _
ANYAHOD WNSAAD *S°N L¥ SNOTIV¥IdO HOlvd ONINNG 13INI ISNOHOYE -
G ON ¥INIDTYD JTLLIN NI FLVINIILAV 40 NOTINGIHISIA 3ZIS IAILYIAWND :2-2 34n9id

~

HI1IWYIAQ A3ILVITANT NYHL SS37 SSYW 40 IN3IDY3d
66°66 6°668°'66 6686 G6 06 08 0L 090G50vCE 02 O § 2 16§°0 1°0 1070

14
VY |

B
/ v =
Ay s B
/ 9 =
f Lo 5
8 e n
' 6 -
- 0I pmy
€ Ny v L =
2 NNY O =
TINY o | -
i 02 m
x
E)
el I “ 0t m.
| 3
or 2
05§
09
0L
08
06

00T



| "YMOI 39000 104
WNSdA9 "S'N 1V SNOILYYIJO SNONNILNOD SNI¥NG 1IWI ISNOHIVE
G ON ¥INIDTYD I1LLIA NI ILYINDI1¥Vd 40 NOTLNGIHLSIA 3ZIS JATLYINWND :€-Z JuN9i4

Y313IWYIQ Q3LVIIANI NvHL SS37 SSYW J0 IN3ID¥id
66°66b 6°66 8°66 66 86 G6 06 0B O/ 0905 oy Ot OZ O § ¢ 150 1°0 10°0

I
57 D
4
\k £ m
Fon ]
Vi S
W L E
// ) o
D —
T
~ LE _
/ g — W0
..\\ — [ ]
| A B = !
EINNY & c
ZINnnd o P =
m
I|NNY o m
\ﬂ\m\\ 0c =
(@)
0 3
a
oy
[ om
09
oL
08
~ 06
001




i ‘ i

queniad aafjernund q

{%) obUPl 8215 Uy uUUTIHNIJ Ssey ©

0 ant 8 66 966 8°86 'rae S°LS 1°SE 9-02 8°'d q ' "
Z o Z 0 8-0 9kl L9l | 44 S°¢I g I1 08 e snonuguod og-0t-01 9 ~
—
0°001 666 5766 S Lo ERNL 0°Ls | 14 L7ET 1°5 R !
T'0 L] 0z 6'sT 9've L Ic 9-1T y-g [ S . Snonup ULy 08-0€-0I( 3
n-ont 6°606 5 ab L Lo 34 ] 1765 T €t [ 03 Y
-0 Po B[ |4 [ X4 D=9z P-Ll L6 09 e SnonuTuos 0B-D0E-0T P
0 o0t £°606 986 | 1] oL LLi S-9¢ 6°EIL 9-9 Y
B8-0 Yo <'E P o1 [ S =Y -1z 921 ¢ 39 e Yyajeq 08-6Z-01 t
0-apt 0°56 [ X 7] 6°60 [ A 0-Cs [ S ]3 9*LE bP°IC q
0" g 91 5°t LT L 6fr L'9T L8 g9 v-1Z e Yol ey 08-82-01 2
0roort 666 9786 56 PrLL 1-L5 P tE B-oz 21T q
-0 5°0 s°C [N E-re L6l R4 £°6 9 1t e yoaeq og-az-01 T
L]
10°1C< 0" 1¢C 00" Lz 12 09°T1 STt 0E"C 56°T 0T 1> apul 21eq 359y TON uny
=00 LT =012 =09 IT -S51-L =0E"t ~G6'1 -0Z°1 uotjearado ’

(sucioyu} abuey azyg afofiieg jus[eaynbg

WHOI ‘d0Q0a0 IHOJ ‘ANYAWOD WIISAAD "S'n LY
SLTNS3d 1S3t JZIS T1oL.LdV4 0oIvaE
LAUIND ISOONNE S “ON HANIXIND ALL3X 40 AHVHWNS

L-C ATAVL




- - - - N P -~ - . — - B
— -. . — -l a - - - - v

steam plume). The board end saw baghouse plume was monitored for approxi-
mately 5 hours during 1 day, and all 15-second observations were zero. The
data for these two baghouse plume ohservations are shown in Appendix C.

The stucco conveyor baghouse plumé was monitored for 3 hours over 2 days.
The 6=-minute average opacities ranged from zeroc to 4 percent. These 6-minute
averages are shown in Table 2-8 and are plotted in Figure 2-4.

The bagging operation baghouse plume was monitored for approximately 3.5
hours over 3 days during the operation of baggers No. 2 and No. 3. All
15-second observations were zero. These data are shown in Appendix C.

Visible fugitive emissions originating directly from the board end saw
were monitored for approximately 3 hours during 1 day. Observations were made
by certified visible emission observers feollowing the guidelines of EPAR Method
22. Visible emissions occurred during approximateiy 17 minutes of the moni-

toring periocd. These data are shown in Table 2-9.
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TABLE 2-8

SIX-MINUTE AVERAGE OPFACITIES OF THE
STUCCO CONVEYOR BAGHOUSE PLUME
AT U.S. GYPSUM COMPANY
FORT DODGE, IOWA

6~Minute Average
Day Time Period Opacity (%)

10-29-80 1400-1405
1406-1411
1412-1417
1418-1423
1424-1429
1430-1435
1436-1441
1442-1447
1448-1453
1454-1459

0000000000

10-30-80 . 0903-0208
0909-0914

0915-0920

- 0921-0926
0927-0932

B 0933-0938
0939-0944

0945-0950

0951-0956

0957-1002

1003-1009

1009-1014

1015-1020

1021~-1026

1027-1032

1033-1038

1039-1044

1045-1050

1051-1056

1057-1102
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TABLE 2-9

VISIBLE FUGITIVE EMISSIONS FROM BOARD END SAW
AT U.S5. GYPSUM COMPANY, FORT DODGE, IOWA

Observation Observation Accumulated Emissions Time
Start Period During Observation Period
Date Time (minutes) (minutes: seconds)
10-31-80 1415 20 2:20
1430 15 1:41.5
1600 20 3:20
1620 20 2:57
1640 20 3:16
1700 20 1:16.5
1725 20 0:32.5
1750 40 1:42.5
TOTAL 175 17:0¢ -
_21-.
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3.0 PROCESS DESCRIPTION AND OPERATIONS

3.l General Plant Description

The United States Gypsum Company plant at Fort Dodge, Iowa, produces wall-
board and plaster products from gypsum ore mined about 1 mile from the plant.
A simplified flow diagram for the process used at the Fort Dodge plant is
shown in Figure 3-1. Ore stockpiled at the plant is crushed to about 5 cm (2
inches) and then dried to remove surface moisture. The dry ore is further
ground to about 90 percent 100 mesh in a grinding mill. The ground crude gyp-

sum, primarily calcium sulfate dihydrate (CaS0O 2H20), is heated to

4

about 150C (300°F) to remove 75 percent of its water of hydration in a pro-

cess known as calcining, thus forming calcium sulfate hemihydrate

(CaSO4 1/2 HZO), or stucco. The stucce is mixed with starch, water
and other additives to form a slurry. The slurry is spread between two paper

sheets and formed into wet wallboard. The wallboard is subsequently dried in

a multideck kiln, trimmed to the correct size, and shipped to distributors.

3.2 Process Equipment Description

Kettle Calciner

The calciner tested at the Fort Dodge plant is a.kettle calciner that has
been modified to operate in both batch or continuous modes. In continuous
calcining, as finely ground gypsum (land plaster) is fed to the kettle, hot
combustion gases are passed through the flues inside the kettle to provide an
indirect transfer of heat to the land plaster. This heating causes the re-
lease of chemically-bound water, producing stucco. In batch calcining, the
kettle is filled and heated through a cycle to remove this water, producing a
stucco more suitable for use as a plaster product. A schematic diagram of the

calcining kettle is shown in Figure 3-2.

i)
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Land Plaster and Stucco Conveying

The land plaster and stucco conveying system tested at the plant includes
5 land plaster screw conveyors, 2 stucco screw conveyors, and 2 stucco bucket
elevators-

Board End Sawing and Paper Scoring

The boardline tested at the Fort Dodge plant is capable of producing ap-
proximately 26.6 million sgquare meters (286 million square feet) of 1l/2-inch
wallboard annually. The board end sawing and paper scoring operations tested
on this boardline are typical of those operating in the gypsum industry.

Mixing and Bagging

The plaster mixing and bagging unit tested at the Fort Dodge plant is
typical of those found throughout the gypsum industry. The mixer capacity is

1,500 pounds per batch.

3.3 Emission Controls

Baghouse dust collectors are used at the Fort Dodge plant to contreol gyp-
sum particulate emissions. Dust-laden gases exiting the kettle calciner are
vented to a pulse-jet baghouse. Emissions from conveyors and bucket elevators
are vented to baghouse dust collectors. Boardline emissions from paper
scoring and board end sawing are also controlled by baghouses. Emissions from
each plaster mixing and bagging operation are vented to a single, separate
baghouse.

Design and operating parameters for the baghouses tested at the Fort Dodge
plant are given in Table 3-;- The bag replacement schedule and history for

the dust collectors tested are shown in Table 3-2.
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TABLE 3-2

BAGHOUSE BAG REPLACEMENT SCHEDULE
AT U.S5. GYPSUM COMPANY, FORT DODGE, IOWA

Estimated Normal

Last Date of Replacement
Process Unit Name Bag Replacement Frequency (months)
Kettle Calciner 9-10~80 6
Board End Sawing and
Paper Scoring 10-6-80 4
Land Plaster and
Stucco Conveying 9-25-80 12
Mixing and Bagging unknown 316
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3.4 Process Conditions During the Emission Tests

While all process equipment operated normally during the emission testing,
the emission control equipment on the calciner operated at less than peak per-
formance during the tests. The operating conditions of the process and emis-
sion control equipment are discussed in this section.

Kettle Calciner

During emission testing of the kettle calciner, full capacity operation
was maintained, with production at 11.8 Mg (13 tons) of stucco for each batch
and at 10 Mg/hr (11 TPH) of stucco when operated continuously. Kettle produc-
tion rates were supplied by plant personnel and were based on previous kettle
production records. The length of each batch cycle was approximately é hours
and 40 minutes which is normal for the kettle tested.

The kettle was operated normally during all particulate sampling runs.
Process data collected during hatch kettle testing are shown in Table 3-3.
Process data collected during continucus kettle testing are shown 1n Table
3-4. Batch test Run 3 was initially performed on October 29, 1980. Because
of anisckinetic sampling conditions the outlet portion of this run was re-
peated on October 31, 1980. The outlet portion of continucus test Run 4 was
repeated at the conclusion of the other continuous test runs on October 30,
1980, also because of anisokinetic sampling conditions.

During the calciner testing, the kettle was being fired with natural gas.
The average heat use of the unit during continuous operation was 0.9 kJ/g (0.8
million Btu/ton) and was 1.2 kJ/g (1.0 million Btu/ton) during batch opera-
tion. The temperature of the kettle is wvaried throughout a bhatch kettle
cycle. Conéinuous temperature records for two of the batch test runs are

shown in Fiqure 3-3.
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During hatch kettle testing, condensation occurred in the Laghouse dust
collector. The condensation was evident fhrough pPlugging of the sampling
Probes on inlet sampling with a gypsum "paste"”. At the completion of the mea-
Surement program, plant maintenance personnel inspected the baghouse and found
the following:

l. All of the filter bags has become blinded with gypsum and required

laundering. '

2. Three of the "cups" to which the bags were attached required re-
caulking.

3. The rachet and c¢lamps on two filter bags had become sufficiently
loosened to allow scme inlet gases to pass through the baghouse un-
treated.

The existence of these three problems, in spite of theAkettle operating in a
normal manner, indicates that the baghouse was not operating at peak perfor-
mance during the tests.

Uncontrolled emissions from batch kettle calciners vary throughout the
batch cycle, with highest emissions occuring during loading of the kettle,
immediately after loading, and during unloading of the kettle. Due to the
sampling probe pasting problem mentioned above, the sampling time on the inlet
to the collector during batch testing was reduced from 60 minutes to 20 to 40
minutes. Since the normal batch cycle is 2 hours and 40 minutes, the inlet
batch kettle sampling did not characterize the full-batch cycle. Therefore,
the;e results are not representative of uncontrolled batch kettle calciner
emissions. Results of inlet testing during continuous kettle operation, how-
ever, are representative of uncontrolled emissions from a continuous kettle
calciner.

During the batch and continuous kettle tests, an undetached steam plume

existed at the outlet of the baghouse stack. Water vapor in the exit’ gases

. . . (o)
condensed on contact with the cool ambient air (30 to 40°F).
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Land Plaster and Stucco Conveying

The transfer system was operating at normal capacity during the emission
testing, transferring approximately 41 Mg (45 tons) of land plaster and stucco

each hour.

Board End Saw and Paper Scoring

During the board end saw testing, the boardline was running regular
1/2-inch board, 12 feet in length. The line was operating at a rate of 143
feet a minute. Emissions from both the board end sawing and paper scoring
operations on this boardline were ducted to the baghouse that was tested. The
baghouse operated normally during the testing.

Mixing and Bagging

The plaster mixing and bagging operation was operating at full capacity
during the testing, producing about 250 80-pound bags of plaster each hour (10

tons an hour).
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4.0 LOCATION OF SAMPLING POQINTS

This section presents descriptions of the sampling locations used during
the emission testing program conducted at the U.S5. Gypsum Company gypsum wall-

board plant in Fort Dodge, Iowa, in October 1980. An overhead view of the

plant site and pertinent process facilities is shown in Figure 4-1.

4.1 Kettle Calciner No. 5 Baghouse

4.1.1 Baghouse Inlet

The kettle calciner No. 5 baghouse inlet sampling location was located in
a 13 1l/2-inch i.d. section of metal duct inclined approximately 20 degrees
from the vertical. A schematic diagram of this inlet is shown in Figure 4-2.
Two 3-inch nipples were positioned 90 degrees apart in a plane perpendicular
to the duct and were located 7 feet 9 inches (6.9 duct diameters) downstream
from a bend in the duct and 18 inches (1.3 duct diameters) upstream £from
another bend. This sampling location did not meet the eight-and-two diameters
cri- teria of EPA Method 1, so 10 sampling points were used on each of the two

traverse axes, for a total of 20 sampling points.

4.1.2 Baghouse Qutlet

The kettle calciner No. 5 baghouse outlet sampling location was located in
a ll-inch ID vertical section of metal duct, as shown in FiguFe 4-3, Two
3-inch nipples were positioned 90 degrees apart in a horizontal plane and were
located 80 inches (7.3 diameters) downstream from the fan exit elbow and 52
inches (4.7 diameters} upstream from the top of the stack. This sampling lo-
cation did not meet the eight-and-two diameters criteria of Method 1, so 8
sampling points were used on each of the two traverse axes, for a total of 16

sampling points.
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NO.5 BAGHOUSE

b 16%" -
pe— 133 -
18"
o
FLOOR
93 "
KETTLE CALCINER
NO.5
TRAVERSE POINT LOCATIONS
TRAVERSE POINT | TRAVERSE POINT
NUMBER LOCATION FROM
DUCT WALL
( INCHES)
1 0.5
2 1.1
3 2.0
4 3.1
5 4.6
6 8.9
7 10.5
8 11.5
9 12.4
10 13.0
FIGURE 4-2:

KETTLE CALCINER NO.5 BAGHOUSE INLET SAMPLING
LOCATION AT U.S. GYPSUM COMPANY

FORT DODGE, IOWA
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NO.5
BAGHOUSE

FAN

G = T 9 e

TRAVERSE POINT LQOCATIONS
TRAVERSE POINT { TRAVERSE POINT
NUMBER LOCATION FROM
DUCT WALL
{ INCHES)
1 i 0.5
2 1.2
3 2.1
4 3.6
5 7.4
6 8.9
7 9.8
8 10.5

FIGURE 4-3: KETTLE CALCINER NO.é BAGHOUSE QUTLET SAMPLING
LOCATION AT U.S. GYPSUM COMPANY
FORT DODGE, IQWA
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4.2 Board End Saw Baghouse Qutlet

The board end saw baghouse outlet sampling location was located in an
11-1/2 inch ID horizontal section of sheet metal duct, as shown in
FPigure 4-4. Two 3-inch nipples were positioned 90 degrees apart in a vertical
Plane and were located more than eight duct diameters downstream from an elbow
and more than 2 duct diameters from the discharge end of the duct. Six sam-
Pling points were used on each traverse axis for a total of 12 sampling
points, in accordance with EPA Method 1.

One particle size test was performed at this location. The sample was
extracted from a single point at the centroid of the duct using an Andersen

cascade impactor with a Methed 5 train.

4.3 Visible Emission Observation Locations

The kettle calciner No. 5 baghouse plume was observed from five locations
on the ground and on the roofs ¢f buildings around the baghouse. The board
end saw baghouse plume was observed from one location atop the boardline
building roof. The stucco conveyor baghouse plume was observed from two loca-
tions atop buildings near the baghouse. The bagging operation baghouse plume
was observed from two ground-level locaticons.

All cobservation locations were chosen to conform to the guidelines of EPA
Method 9. All locations are shown in -Figure 4-1 and are described in
Table 4-1.

Fugitive emission observations at the board end saw were made from a posi-
tion 30 feet from the saw. This location conformed to the guidelines of EPA

Method 22.
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MORE THAN MORE THAN (
R e 8' —]
BOARD END SAW
O = ) BAGHOUSE
STACK EXTENSION
b— 145" - FAN )
be 13- ol

TRAVERSE POINT LOCATIONS
TRAVERSE PQINT JTRAVERSE POINT
NUMBER LOCATION FROM
DUCT WALL
(INCHES)
1 0.8
2 2.9
3 8.6
4 10.7

FIGURE 4-4: BOARD END SAW BAGHOUSE OUTLET SAMPLING
LOCATION AT U.S. GYPSUM COMPANY
FORT DODGE, IOWA

-4]-

-.-.a-—-.a-.--.-s.a._-;.-[

.



TABLE 4-1

VISIBLE EMISSION OBSERVATION LOCATIONS
AT U.S. GYPSUM COMPANY
FORT DODGE, ICWA

Distance From

‘i 4 .-l TN A = 9 e

Observor Direction From Discharge Point Height Above Discharge
Location Discharge Point (feet) Ground {feet) Description
KC-1 NwW 25 62 Kettle Calciner #5
Baghouse Outlet
KC-2 NE ) 100 57
Kc-3 SE 200 o
KC-4 SW 23 60
KC-5 SE 60 0
BB-1 SuW 60 0 Bagging Baghouse
Outlet
BB-2 SwW 75 0
I SC=1 NE 100 100 Stucco Conveyor
. Baghouse Outlet
s5C-2 NNE 30 70
1
BS~1 S 20 30 Board End Saw

Baghouse Outlet
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5.0 SAMPLING AND ANALYSIS METHODS

This section presents general descriptions of sampling and analysis proce-
dures employed during the emissions testing program conducted at the U.S5. Gyp-
sum Company gypsum wallboard plant in Fort Dodge, Iowa, during October 1980.

Details of sampling and analysis procedures are contained in the appendices.

5.1 EPA Reference Methods Used

The following EPA Reference Methods were used during this emission testing
programe. These methods are taken from "Standards of Performance for New

Stationary Sources”, Appendix A, Federal Réaister, Volume 42, (No. 160},

Thursday, August 18, 1977, pp 41755 ff.

e Method 1 - Sample and Velocity Traverses for Staticnary Sources

This method specifies the number and location of sampling points
within a duct, taking into account duct size and shape and local flow
disturbances.

e Method 2 - Determination of Stack Gas Velocity and Volumetric Flow
Rate

This method specifies the measurement of gas wvelocity and flow rate
using a pitot tube, manometer and temperature sensor. The physical
dimensions of the pitot tube and its spatial relationship to the tem-
perature sensor and any sample probe are also specified.

e Method 4 - Determination of Moisture Content in Stack Gases

This method describes the extractlion of a gas sample from a stack and
the removal and measurement of the moisture in that sample by conden=-
sation impingers. The assembly and operation of the required sam-
Pling train is specified.

e¢ Method 5 - Determination of Particulate Emissions from Stationary
Sources

This method specifies the isokinetic sampling of particulate matter
from a gas stream using techniques introduced in the above three
methods. Sample collection and recovery, sampling train cleaning and
calibration, and gas stream flow rate calculation procedures are spe-
cified.
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e Method 9 - Visual Determination of the Opacity of Emissions from Sta-
tionary Sources

Certified personnel conducted visual tests to determine plume opacity

in accordance with the guidelines of EPA Method 9. {See
Appendix C.2).

® Method 22 - Visual Determination of Fugitive Emissions from Material

Processing Sources

The frequency of occurrence of fugitive emissions was determined in
accordance with the guidelines of EPA Method 22. (See Appendix C.2).

5.2 Particulate Emissions Sampling and Analysis

5.2.1 Sampling Methods

Particulate emissions from the kettle calciner MNo. 5 baghouse inlet and
outlet and the board end saw baghouse ocutlet were sampled at points located in
accordance with EPA Method 1. Duct gas velocities were measured using S-type
pitot tubes constructed and calibrated in accordance with EPA Method 2.

The sampling train used on this program is shown in Figure 5-1 and is a
modification of the particulate sampling train specified in EPA Method 5. The
modification consists of the addition of a flexible line between the heated
filter and the impingers. The sampling train consisted of a nozzle, probe,
heated filter holder, four impingers, vacuum pump, dry gas meter, and an ori-
fice flow meter. The nozzle was stainless steel and of buttonﬁook shape. The
nozzle was connected to a 5/8-inch stainless steel glass-lined probe wrapped
with nichrome heating wire and jacketed. Following the procbe, the gas stream
passed through a heated preweighed 4 l1/2-inch glass-fiber filter and then into
the ice bath/impinger system. The impinger system c¢onsisted of four impingers
in series. The first two impingers each contained 100 milliliters of de-
ioqizeaf distilled watér. The third impinger was empty, and the fourth im-
pinger_contained 200 grams of indicating silica gel. Leaving the last imf

Pinger, the sample stream flowed through flexible tubing, a wvacuum gauge,
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needle valve, pump and a dry gas meter. A calibrated crifice and inclined
manometer completed the train. The stack velocity pressure was measured with
a pitot tube and inclined manometer. Stack temperature was monitored with a
thermocouple attached to the probe and connected to a potentiometer. A nomo-
graph was used to determine the orifice pressure drop required for any pitot
velocity pressure and stack temperature in order to maintain isokinetic sam-
pling conditions.

Test data recorded at each sampling point included test time, sampling
duration at each traverse point, pitot pressure, stack temperature, dry gas
meter volume and inlet-outlet temperature, probe temperature, and orifice

pressure drop.

5.2.2 Sample Recovery and Preparation

At the completion of each test run, the sampling train was leak-checked.

Samples were recovered and placed in containers as follows:

o Container No. l: Filter from the filter holder.

o Container No. 2: Acetone wash of the nozzle, probe and front half of
filter holder.

o0 Container No. 3: Silica gel from the fourth impinger.

The volume of the contents of the first three impingers was measured for mois-

ture gain and then the contents were discarded.

5.2.3 Sample Analysis

The sample containers were returned to the TRC laboratory and were ana-

lyzed as. follows:

—46-

L



-

e Container No. 1: The filter and any loose material in the sample
container were desiccated and weighed to a constant
weight.

e Container No. 2: The acetone washings were transferred to a tared
beaker and evaporated to dryness at ambient tem-
pPerature and pressure. The material that remained

was then desiccated and weighed to a constant

weight .

® Container No. 3: The silica gel was weighed for moisture gain.

A sample of the acetone used to wash the probe and nozzle was also returned
from the £field. The volume of this acetone blank was measured and the blank

was then evaporated to dryness, desiccated and weighed.

5.3 Sampling and Analysis Problems During Particulate Emission Tests

The primary problem encountered at the No. 5 kettle calciner baghouse was
due to variation in stack gas moisture content during the batch cycle. Be-
cause of changes in the rate of heating and length of cooking time of each
cycle, the ‘total amount of moisture collected during the test run varied. The
variation in moisture collected often resulted in anisokinetic sampling condi~
tions hecause nomograph settings were based either on moisture content mea-
sured in previous runs or on preliminary moisture tests.

Outlet test Runs 3 (batch) and 4 (continuous) were repeated because of
anisokinetic sampling conditions. Batch inlet Run 3 was adversely affected by
the increased moisture content due to a shortened cooking time but Radian de-
cided that this test should not be repeated. The high particulate concentra-
tions at the inlet necessitated changing the filter between ports. Probe and
nozzle plugging problems were .encountered during all batch inlet tests. To
reduce the effects of the high locadings the sampling times were reduced and,
within the constraints of isokinetic sampling considerations, the largest noz-

zles possible were wused for these inlet tests. Sampling could not

-




be performed at some traverse end points because of nozzle plugging and heavy
particulate buildup on the stack walls. The moisture content and particulate
loadings prevented doing in-stack particle size tests at the inlet as origi-
nally planned. Instead the desiccated filter particulate catches were ana-
lyzed with a Bahco centrifugal separator.

The moisture content (60 percent) at the kettle calciner No. 5 baghouse
inlet during the continuous production mode was in excess of the nomograph
maximum value of 50 percent. It was therefore necessary to use the isokinetic
rate equation to adjust sampling rates to isokinetic values instead of using
the nomograph.

No problems were encountered during the board end saw baghouse outlet

tests.

5.4 Particle Size Distribution Tests

5.4.1 Board End Saw Baghouse Cutlet

One particle size test was performed at the board end saw baghouse outlet
using an Andersen Mark Il cascade impactor with a preimpactor. The inpactor
was operated in its in-stack mode in accordance with the manufacturer's proce-
dures. A schematic diagram of the impactor sampling train is shown in Figure
5-2. Because of the low moisture content in this outlet (1 percent), only cne
impinger with silica gel was needed in the train.

Prior to the initiation of sampiing, the Impactor was leak-tested and
Placed in the duct for 20 minutes to allow it to heat to duct temperature to
Prevent condensgtion. Sampling began immediately upon rotation of the nozzle
into the flow stream. Sampling was performed isokinetically from a single
point at the centroid of the duct. The test lasted for 90 minutes, with sam-

"N
Pling parameter values recorded every 5 minutes.
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The impactor was loaded before the test run with preweighed glass fiber
collection substrates. Upon completion of the test run, the substrates were
removed in a secluded, clean area and placed in petri dishes and sealed. The
cyclone preseparator contents ;ere brushed into a tared sample jar and
sealed. These samples were brought to the TRC laboratory and were weighed on

an analytical balance to 0.0l mg in a constant-humidity environment.

5.4.2 Kettle Calciner No. 5 Baghouse Inlet

The high moisture and heavy grain loading at this location precluded the
use of the Andersen cascade impactor for particle size tests. Instead, the
desiccated filter catches from the six Method S5 inlet test runs (3 batch mode
and 3 continous mode) were analyzed with a Bahco centrifugal separator fol-
lowing ASME Power Test Code 28. These Bahco analyses were performed by a sub-
contractor retaiqed by TRC. The analysis method and data are presented in

Appendix B.

5.5 Visible Emission Cbservations

Visible emission observations of the plumes from the kettle calciner No. 5
baghouse, the board end saw baghouse, the stucco conveyor baghouse, and the
bagging operation baghouse were conducted by a certified observer. Observa=-
tion locations, as described in Section 4.3, were choosen to‘conform to the
guidelines of EPA Method 9. The gray plant buildings and bhlue sky were used
as backgrounds. During an observation period, opacity readings were taken and

recorded at 15-second intervals. Six-minute averages were calculated from

these 1l5-second observations.

The only problems encountered during the visible emissions observations

were associated with the kettle calciner No. 5 baghouse outlet plume. The

-
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high moisture content of the exiting gas stream, in conjunction with relative-
ly cool ambient air temperatures (ranging from 40°F to 70°F), caused the
formation of a heavy steam plume. With westerly winds the plume was blown
through a line of stacks (see Figure 4-2). This occasionally caused some dif-
ficulty in estimating plume opacity at the point where the steam plume dissi-
pated.

Visible fugitive emssions from the board end saw were observed by certi=-
fied visible emission observers over a period of 3 hours following the guide-
lines of EPA Method 22. The amount of time during which emissions were ob-

served was measured and recorded.
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APPENDIX A

FIELD DATA SHEETS FOR
PARTICULATE EMISSION TESTS
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PRELIMINARY VELOCITY TRAVERSE
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'NOMOGRAPH DATA

PLANT ). D (eI,
oate 'l oilen

-
sapLiNG LocaTion Letile®S outfert

CALIERATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. Hy0 atg 2.0
AVERAGE METER TEMPERATURE (AMBIENT + 20 °F), °F Tm avg. 8o
PERCENT MOISTURE IN GAS STREAM BY YOLUME Byo 269
BAROMETRIC PRESSURE AT METER, in. He Pn 20.05

STATIC PRESSURE IN STACK, in. Hg

(Pm£0.073 x STACK GAUGE PRESSURE in in. H30) s Logr
RATIO OF STATIC PRESSURE TO HETER PRESSURE F’S/P,,,
AVERAGE STACK TEMPERATURE, °F Ts"g_ 172
AVERAGE VELOCITY HEAD, in. H,0 Aavg. | 1.3
MAXIMUM VELOCITY HEAD, in. H50 APmar. | /.55
(C FACTOR 0.80
CALCULATED NOZZLE DIAMETER, in. 0.2
ACTUAL NOZZLE DIAMETER, in. O 1942
REFERENCE ap, in. Hy0 ) 165
EPA (Dun) 234
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS
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PRELIMINARY VELOCITY TRAVERSE.

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE YELOCITY STACK
POINT HEAD TEMPERATURE
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"AVERAGE
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APPENDIX B
PARTICLE SIZE TESTS
Includes:

B.l BAnderson Cascade Impactor Test
B.2 Bahco Centrifugal Separator Tests




APPENDIX B.1l

ANDEBSOQ CASCADE IMPACTOR TEST
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DISCUSSION QOF PARTICLE SIZE TESTING AT THE BOARD END SAW BAGHOUSE OQOUTLET

An Anderson Mark II In-Stack Cascade Sampler was operated in its instack
mode and attached directly to the front end of a standard EPA Method 5 train.
Sampling was performed isokinetically, and data was recorded in much the same

manner as for the EPA Method 5 train with the exception that sampling was per-
formed at only one point.

The impact unit consists of a cyclone preseparator k;nd seven impactor
stages fcllowed by a built-in backup filter stage. All parts are constructed
of stainless steel. The unit is designed to hold eight pre-weighed radially-
slotted glass fiber fiIters and one glass backup filter.

An impéctor with particle collector filters on each stage was used because
it offered low tare weights and caused minimal particle retainment (compared
to steel plate collection)., The sampled air stream accelerates through four
radial slots on every stage. A particle will pass through each stage until it
acquires sufficient momentum to impact on one of the collector filter. The
backup Eilter is designed to capture all particles whicg do not deposit on a
stage filter. The particle size cutoff for all stages depends on the operat-
ing conditions during a test. The equations used to calculate the particle

size cutoff for the impaction stages are as follows (Equations B-1 through

B-6):

lap ¥aIl DC3
4 CDPQ

DPSO = 10% x Eq. B-1

Where:

50% effective cutoff diameter of particle, um
gas viscosity, poise

= dimensionless inertial impaction parameter, 0.14
number of jets per plate

jet diameter, cm

Cunningham slip correction factor

density of particle, gm/cm3

= volumetric flow rate, cm3/sec

D_?noclz-é‘l:.tz
=]
i




ANDERSON CASCADE IMPACTQOR PARTICLE SIZING TEST RESULTS
AT U.5. GYPSUM COMPANY, FORT DODGE, IOWA

Run Number: Board End Saw Baghouse Cutlet

Date: 10-31-80
Total Mass Collected (mg) 2.76
Total Meter Volume (ft3) 98.38
Barometric Pressure (inches Hg) 30.50
Orifice Pressure Drop (inches Hg) 4.50
Meter Temperature (°F) 59.83

%Hzo
Dry Gas Fraction =-- (1 - iab'" 0.989 (From Particulate Tests)
Stack Temperature (°F) 70
Static Pressure {inches Hg) -0.20
Time (minutes) 90 l
Molecular Weight (grams/gram-mole) 28.73
Particle Density (grams/cc) 1.00
Cyclone (milligrams collected) 0.48 l
Stage 0 (milligrams collected) ND (None Detected}
Stage 1 (milligrams collected) 0.32
Stage 2 (milligrams collected) 0.18 .
Stage 3 (milligrams collected) 0.39 |'
Stage 4 (milligrams collected) 0.58
Stage 5 (milligrams collected) 0.47
Stage 6 (milligrams collected) ND l
Stage 7 (milligrams collected) ND
Backup Filter (milligrams collected) 0.34
Volume of Gas Sampled (DSCF) 102.98 l
Particulate Concentration (gr/DSCF) 0.000413
Volumetric Flowrate (ACFM) l.14 ,
n (micropoise) 182.2 .
X {um) 0.066
Cyclone 7.957
Cutoff Stage 0 (p = 1.0)um 8.778
Cutoff Stage 1 (p = 1.0)um 5.469 l
Cutoff Stage 2 (p = 1.0)um 3.699
Cutoff Stage 3 (p = 1.0)um 2.514 .
Cutoff Stage 4 (p = 1.0)um - 1.606 '
Cutoff Stage 5 (p = 1.0)um 0.796
Cutoff Stage 6 (p = 1.0)um 0.486
Cutoff Stage 7 (p = 1.0)um 0.327




- - -, P P . . . . - . -
\
'

Where:
Q = volumetric flow rate through impactor, acfm
vm = dry gas meter volume, ft
DGF = dry gas fraction
Ts = stack temp, °R
Ps = stack pressure, inches Hg
Tm = meter temp, °R
Pm . = - meter pressure, inches Hg
t = time, minutes

DGF = 1 - % Hy0/100.

The cascade impactor determined the aerodynamic particle size distribu-
tion. Aerodynamic particle sizing differs from geometric sizing in that a
mass of particles containing various shapes and densities is fractionated and
collected according to each partiéles aerodynamic characteristics. A particle
collected on a given stage is aerodynamically equivalent in size to the unit
density sphere (1 g/cc) collected on that stage during calibration,

Particle size distributions are normally plotted cumulatively on log-nor-

mal graph paper. In this format, the total mass wi on each stage, including

the backup filte:; is added‘uguand the_iercent of the togélrma;s_éaat collect-
ed on a given stage and on all smaller Dp stage;-is plotted against the Dp
for that stage. The size is typically plotted on terms of "Equivalent Aerody-
namic Diameter": the size of a spherical particle of unit density which has
the same terminal settling velocity as the sampled particle.

Bach of the eight filters was placed in a petri dish and transferred to
the laboratory for analysis. Each filter was desiccated and weighed repeated-
ly until a constant weight was obtained. The contents of the cyclone presep-
arator sample contalner were collected in a glass'jar, transferred to a pre-

weighted beaker, desiccated, and weighed to a constant weight. Results are

reported to the nearest 0.01 mg.




Where:

and

Where:

/)

Where:

and

2

Where:

T

P
m’.

Cunningham slip correction factor

2X
D
P

c

1}
’_l

+ 1.257 + G.40 exp (-1l.10 DP/ZA)

1 + (0.16 X 10'4np)

0
1]

for normal temperatures and pressures

particle density, 1 gm/cm? -
actual gas flow rate, cm3/sec
mean free path for gas molecules, um

o
14.58 g sec-lcm 1 ("K-1/2

110.4°K
ok

‘particle diam, Mm

mean free path, Um

4 1/2
2.3 x 107" x

wic
213

gas temp, °K = ©C + 273
pressure, atmospheres
gas molecular wt (wet), g/g-mole

Note that gravitational constant, gc, is not shown.

and

Eg. B-4

Eq. B-5
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APPENDIX B.2

BAHCO CENTRIFUGAL SEPARATOR TESTS




el

York Waslewater Consultants, Inc.

One Research Drive
Stamlord, Connecilicut 06906
Telephone: (203) 325-1371
TWX: 710-474-3947

01-3081-192
TRC ENVIRONMENTAL CONSULTANTS, INC.

PURPQSE AND RESULTS:

Six (6) gypsum samples were submitted to the Analytical
Laboratories Division of York Wastewater Consultants, Inc.
for particle size distribution analysis. The samples
were pre-sieved and analyzed according to the American
Society of Mechanical Engineers Power Test Code 28. The
results are attched hereto.

-

Prepared by: -ﬂgyaf'ﬁﬁéﬁqoﬁayﬁL

Robert B. Shepherd
Laboratory Technician
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SECTION 4, TEST METHODS

4.01 The lollowing test methods shall be em-
ployed Lo determine those physical and chemical
properties of dust deflined in Section 2 of this

Code.

4.02 - METHOD FOR THE DETERMINATION
OF TERMINAL YELOCITY DISTRIBUTION

Apparatus:

1. Centrifugal Classifier, conforming to the de-
scription in the Appendix, see Figs. 1 and 2.

2. Chemical Balance.

3. Scoop, spatula, soft brush, large sheets of
glazed paper.

4. Sieve, 100 mesh (U.S. Sieve Size).

Procedure:

1. Dry the sample in a drying oven at a tempera-

ture of 105-110 C to constant weight. Cool in a

desiceator. Weigh out a portion of the dried

sample of approximately 10 grams. Record the

weight to the nearest 0.01 gram as I, See
Note 3.

2. Screen the weighed sample through the 100
mesh sieve. Weigh the portion of the sample
passing through the sieve. Record the weight
as W,.

3. Insert the largest throttle spacer, Thratile 4,
under the grading member of the Centrifugal
Classifier and secure.

4. Transfer the portion of the sample weighed in

Step 2 1o the feed hopper. Replace the hopper

cover aud secure.

5. Siart the rolor motor. When the rotor reaches
maximum speed, start the nitrogen flow. See
Nole 4. Turn on the vibrator and brush motor.

The vibrator may be controlled by the rheostat.

6. Aflter approximalely five mioules of operation,
swilch off the brush motor and the vibrater.

Culc;.vlcf_ic«ns:

10.

11.

12.

13.

Tum off the nitrogen flow. Remove the cover
from the feed hopper. Estimate the quantity
of sample that has been fed inlo the classifier
and ascerlain whether the feed rate is within
limits. See Note 5, Il the adjustable slide
and the brush have been properly positioned,
the feed rate can be adjusted to the comect
value by means of the vibralor rheostal.

. Replace the cover on the feed hopper. Start

the nitrogen supply. Tum on the vibrator and
the brush motor. Adjust the vibrator ta obtain
correcl {eed rate,

. Continue operation unti] the feed hopper is

emply. Switch off the brush motor and the
vibrator, Tura off the nitragen [low. Swiich
ofl the rotor motor and slop the rotor by gently
applying the brake.

. Swing the cover casing up out of the way.

Remove the knurled locking ring. Raise the
upper rolor assembly out of the lower section
and place it on a large sheel of clean glazed
paper.

Brush the adhering dust to the bottom of the
catch basin. Detach the catch basin. Collect
the dust from the catch basin plus any that
spills on the glazed paper and weigh. Recerd
the weight as K.

Reassemble the caich basin and the upper rotor
assembly and secure Lhe knurled locking ring,.
Replace the throtile spacer with the next
smaller size, Throttle B.

Transfer the samiple weighed ia Step 10 ta the
feed hopper. Repeat Steps 5 through 10, record-
ing the weight of sample as ¥,. See Note 5.

Repeat Steps 5 through 12 for each of the re-
maining throltles, using as [eed the residue
from the preceeding run. Record the weights
as B, Wy, I, eLc.

1. Calculate the Weight Per Cent Smaller Than Indicated Size comesponding to the Terminal Velocity

1

values for cach throltle as {ollows, using the terminal velocily values oblained for each throttle Jurin
: B 4 g

calibration of the Centrifugal Clas: ifier.

12




i

- e a7 .a—u;-.»l - I\ e |\ . .

Sk A m =S m

L - _, - _ -

DT NS T D P R TIEA CF Frm P TTINLLATE MATT 13

F == ].Ul:} (.-1"0 -— !'c)/ lr.'_‘., i‘.l‘."]
F, = 100(F, — F,)/¥,, and

Fo = 100(7, -F.)/F,, etc., where
F., F,, F., etc. = [raction of s+ :nle in weight per cent, having teraien) selocitieg less th w
U, U, cte.
U, U, U, etc. = Terminal Velacity values in inches per minute, assigned toThrottles 4, B,
C, etc.
F, = weight of sampln.
F, = weight of that portion of the sawmpl: passing throezh 100 mash sisve.

V., ¥, V., etc.
- respectively.

Tha data ohirind zbove should be ploited cn loga-
ritkmic prabubility graph papar, the logarithm
of the Terminal Velocity (in inches pec minute)
versus the Weight Per Cent Smaller Than Indi-
cated Size. A typical curve is shown in Fig. 3
in the Appendix.

Notes:

1.

Prior to conducting any terminal velocity dis-
tribution analyses in accordance with this
Code, the Centrifugal Classifier shouldbe in-
stalled and calibrated in accordance with the
pracedure described in the Appendix. The
calibration should be checked pericdically by
testing a portion of material previously tested
which has a known terminal velocity distribu-
tion.

Clean the Ceantrifugal Classilier thoroughly be-

fare each test, making sure that no [ilms re-
main which would cause dust particles to ad-
here to the surface of the apparatus.

Particular care should be taken to insure that
the 10 gram sample used iz this test is re-
presentative of the gross sample in respect to
particle gize.

The nitrogen gas pressure should aot exceed
one-hall inch of mercury as registered on the
manometer. Higher pressures will tend to blow
the sample out of the cup section in the upper
rotor. This will contaminate the sample on the
stop ring. If this condition exists, it will be
indicated by a fine coating of material on the

lock ring.

The sample need not be inspected during the
subsequent runs (Steps 6 and 7) oace the

weights of sample remaining after fractionation using Throttles 4, B. C, etc.

propar fead rate has bran obtainad. A fead
rate of approximatzly 1 gram per minute is
desirable. With higher feed rates, the sample
may not be properly deagzlomerated. If suffi-
cienat gross sample is available, the corrsct
feed rate can be established on a portion of the
material prior to the actual test on the 10 gram
sample. Otherwise the feed rate should be
determined by using a sample having similar
characteristics,

6. All weights should be recorded to the neares:

0.01 gram.

4,03 - METHOD FOR THE DETERMINATION
OF SPECIFIC GRAYITY

References:

1. ASTM Designation C 188-44, “Method of Test
for Specilic Gravity of Hydraulic Cement.”

Apparatus and Reagents:

1. Le Chatelier Flask, confoming to the dimen-
sions shown in-Fig. 11,

. Funael, loag stem (approximately 150 mm).

2
3. Constant temperature Water Bath.
4. Chemical Balance.

5

. Kerosene or Naphtha, water free, having a
specific gravity not lighter than 62 de grees.
APIL.

6. Themometers, small spatula, and scoop.




5.01 Mgiz: The tenn “weight” isused nthis
Cole in accordance with the general practice
althongh the teem “mass” would be techaic!ly
corcact. “Weight” is by definition a force of
geas itationel attiaction vhich chong s nit
location and altitude. “Mass” is a property of
metter independeat of the force of gravitational

attraction.

5.02 Daescription of Conrcifugal Classifise,
A Ceatrifugal Classifize shall be used Toe the
determination of Tenuinal Velocity Distributioa.
The instrumeat is a evinbination air centrifuge-
eluiriator consisting of a rotor assembly driven
by a totally enclosed electrical mator. The rotac
is enclosed in a housizg which also sunznnis the
sauple fesd mechanism. A typicel instrument ot
this type is shown in Fig. 1. The motor operates
at 3500 rpm ereating precisely coatrolled air
velocities within the air spiral and sifting chamber
of the centrifuge. The unit employs the following
operating principle:

5.03 The sample is introduced into a spiral
shaped air current Howing toward the center. The
spiral current of air has suitable values of tan-
gential and radial velocities so that a certain part
of the sample is accelerated by the centrifugal
force toward the periphery of the whirl, the other
part of the sample being carried by the air curreat
towacd the center of the whirl by means of friction
between the air and the dust particle. The size,
shape, and weight of the particles determines
which direction they will take in the air curreat.
By varying the air {low, it is possible to change
the terminal velocity limit of division and thus
the material can be divided into a number of frac-
tions with limited terminal velocity ranges.

5.04 By referring to Fig. 2, the operation can
be followed in greater detail. The sample passes
from the feed hopper (5) down the funael and
enters the feed hole (12) in the upper rotor assem-
bly along with en extremely small quantity of air
moving at high velocity. In the small rotary duct
(11) the air velocity is rapidly reduced as the
radius increases and the conveyance of the mate-
rial is takea over by ceatrilugal force. During the
passage through the narcow duct (11), where the
rotation of the air is high owing to the friction
against the walls, the particles are also given a
preliminary velocity in the direction of rotation of

the alr in tha sifting chonber {19}, to vhick the
sample is introduced through the slot (E).

5.00 The spiral of alr opzroting in the siftic
1 ~
chootoer {19 bs craatod Oy the varo e (32 0 2
fan wheal io the upper robney acaextly . Thes.
van:s draw zir between the grading meinboer (15)
and the lower rotor assembly casting (1). As the
fan runs ata constant speed, the positica of the
gedingmember as set by the horseshoe shapad
thrattle spacing pizce (14) preduces a praditoe-
mined flow of air which is easily altered by the
exchang: of throttles.

5.06 Alter entering the annular opening the air
pussas through a bank of closely spaced disks
(18Y which impart the necessary symmetcical
rotation to the air by the [riction agaiust the
disks. The air then passes in a spiral through
the siftingchamber and is driven out through the
vaned fan wheel. The design is such that a homo-
geneous gytatory field is established in the sifting
chamber with streamlines having the same inclina-
tion towards the radius and the same velocity at
every point of an arbitrary circle within the sifting
chamber.

5.07 The sample enters the sifting chamber
symmetrically from the duct mentioned above and
is divided into two fractions. The lighter [ructioa
is borne by the spiral air out through the fan to
stop ring where most of it is deposited due ta the
strong centrifugal force and the relatively low
radial air velocity at this point. The heavier frac-
tion is carried by centrifugal force out against the
rotating wall of the catch basin (20) where it forms
a drilt uniformly distributed around the entire
peciphery.

5.08 Asall the surfaces have approximately
the velocity of the air, the treatment of the mate-
rial is gentle so that it is not wom during its
repeated passages through the apparatus.

5.09 The method of introducing the sample into
the air stream insures good deagglomeration and
dispersion without fracture. The feed hopper is
shaken by the vibrator (3), the amplitude of the

. vibration being controlled by a rheostat. The

sample passes slowly under the adjustable slide
(4) where the revolving brush (6) aids_ in passing
the sample into the {eed tube (7). The sample

then passes into the rotary duct (11) through the

" e



a

e e . ,

) ; ASME POWER TEST CODES

lced hole (12). Nitrogen gas, under low pressure,
is admitted 10 the brush chamber through the small
tube shown at the right to assist in transporting
the sample. The amplitude of the vibralion, the
position of the adjustable slide, the position of
the revolving brush, and the nitrogen flow rate are
so adjusted as 1o insure uniform sample flowrale
with good deagglomeration.

5,10 Various models of this instrument are
available, each incorporating various modifica-
tions of the feed mechanism and housing. How-
ever, the operaling principles remain the same.
Dimensional differences between various models
will produce diflerent ranges ol air velocity and
centrifupal force at the point where the sample
enters the sifting chamber from the feed slot.

The actual values of these paramcters are not
critical as Tong as the teminal veloeity cut-points
available with the throttles supplied provide an
adequale number of Lest points Lo permit the
plotting of a smooth terminal velocity distribution
curve over Lhe range of 0.1 to 100 inches per
minute,

5.11 lnstallotion and Calibration of Centrifugal
Classifier.

Installation:

The Centrifugal Classifier should be assembled

in accordance with the manulacturer’s instructions
and installed on a firm table or bench away [rom
ovens, heaters, or direct drafts. The instrument
should be localed in a room having a dust-free
atmosphere with a temperature range of 65—75 F
and relative humidity of less than 50 per cent.

Cezlitrotion:

The Ceniz fir el Clazsificr slauld be operatedin
accordance with the manulacturer’s inslructions
and the “Method for the Delermination of Terminal
Velocity Dizteibution” during the calibration proce-
dure except for the [ollowing modifications and

supplemert, =y steps.

1. Determine the weight of one of the three
samples in the Standard Sample Set 1o the

nearest 0.01 grams. The samples have been .

sereencd and dried during preparation so that
these sleps are 1o be omitled Juring the celi-
Lration cpcration.

2. Using the first throttle, feed the entire sample

thraush the centrifugal Clacsifier. Weigh the
calleciad fraction of the sample (the fraction

16.

11.

larger than the throttle cut-point). Calculale
the weight per cent of the sample smaller than
the cut-point value. Using a data sheet similar
Lo that shown in Fig. 4, enter this value, Lo the
nearest 0.1 per cent, opposite the appropriate
throttle number in the column labelled Test

No. 1.

Using the second throtile, {eed the entire col-
lected fraction [rom the previous run through
the classifier. Weigh the collected fraction of
the sample. Calculate the total weight per cent
of the original sample smaller than this cut-
point. FEoler this value opposite the appropriate
throttle number in the same column.

Repeal as above, using successively all the
throttles. Enter the cumnlative weight per
cents smaller than the indicated throttle cut-
points in Lhe Test No. 1 column.

Repeat the above procedure using the second
sample of the set. Enler the test data in the
column labelled Test No. 2.

Repeat the above procedure using the third

sample of the set. Enter test data in the
column labelled Test No. 3.

Average the date in the three columns 10 the
nearest 0.1 per cent for each of the throtiles
and enter the averages in the column labelled

Test Avg.

Plot the terminal velocity dala encleosed with
the Standard Samples es showa in the example

in Fig. 5. !

On the graph draw a vertical line up to the
terminal velocity diswribution cerve frem Lhe
appropriale weight per cent {or the first
throttle. From Lbe intersection of this line and
the curve, draw a horizonlal line to the terminal
velocily scale on the left. Iadicale the throttle
designation in the margin oppesite this hord-
zontal line.

[lepeat the zbove steps for each of the other
throttles. The leminal velocity values ipter-
cepted by the horizontal lines are ihe calibra-
tion paints for the sespective throttle numbers.
Eater these values 1o three significiar i jures
in the Term. Vel. column cn the data sheet.
The terminal velocity cut-point for the throttles,

thus ohtaized, shall be veed in the detennina-
tion of the Teiafnal Velocity Distribution of
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mathod deseribad 1a this Code.

512 Standasd Samales Foe Celivritian of
C .ot =l Clas sl

The disteibviion of stardacd samples 15 limitad.
In order to obtain a sample set, the following
qualifications must be met:

(1) User possesses a centrifugal classifizr of the
type specilied in this Code,

(2) Standard samples are to be used in conjunctinn
with the elevation of air pollutioa control
equipment, and

(3} No more than one set af samples s acquired

PEC YCAr UMISSS @ MAJOr TEPulr wits Demd mlis

oo the centrifugal classifier.

Address all requests for standard samples to
Chairmean, Power Test Code Commiltee No. 28,
c/o The Aiarican Society of Mechanical Engi-
neers, 345 East 47th Street, New York, N.Y,
10017, along with $5.00, to cover handling and

mailing expeases.

5.13 Relationship Between Terminal Velocity
and Particle Diometer. Terminal Velocity Distri-
bution, defined elsewhere in this Code, is a
property ol dust that has a major elfect on the
pecformance of many types of dust separating
apparatus, in particular, those which utilize
inertial or centrifugal forces to separate the dust
from the gas stream. For this type of equipment,
the particle Terminal Velocity is a more sigaificant
purameter than the actual particle dimensions be-
cause it includes the effect of particle shape and
specific gravity for each particle. This is
especially important for heterogeneous dusts that
are composed of particles of varying shape and
specific gravity. Faor example, a portion of dust
may consist of hollow particles with an eflective
specific gravity considerably lower than the
average value as determined by analysis of the
bulk sample. From microscopic measurement of
_the particle dimensions, combined with the average
specific gravity value, one might conclude that a

glven picce o dest sepnrating anpar tus woil!
colluct these particles, whereas in fuct, these
particles woull have a much lewer Terminal Ve-
locity tho e colewloted and weanld eseape seper -

tivn.

5.14 However, since dust “size distributions™
are commonly given in terms of paclicle size
rather than Terminal Velocity, Fig. 6 is included
in this Cols 0s a means of converting Tecminal
Veloeity valuies to equivalzet solid sphecical
particle dicmetars, for o given specific graviv.
Whenaver this conversiva is used, the resulting
particle diameter shouldbe clearly labeled as an
“Equivalent Solid Spherical Particle Diameter
based on Stotes” Luw unl a specific gravity

afl o -
~

5.15 This intecrelation of particle dimensioas,
shape, and specific gravity is the basic reasoa
why “particle size” analyses determined by dif-
ferent methods can seldom be comrelated although
each msthod may give coasistent and reproducible
values of the particular dust property which is
measured.

Notes:

If it is desired to use the Stokes’ Law formula
given on Fig. 6, it may be more convenient to use
the [ollowiog units with a conversion facfor rather
than the basic cgs system of units.

v - KD (p, — p,) < 10-°
7
where:
¥ = termioal velocity, in in./min.
D = particle diameter, in microos
p, = specific gravity of particle relative to
water at 4 C.
p; = specilic gravity of fluid relative to water
at 4 C.
7 = viscosity of fluid, in poises
K = 12.93" = conversion factor for units used.

- en = ww

. J . . I N
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FIG. | CENTRIFUGAL CLASSIFIER
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APPENDIX C

VISIBLE EMISSIONS

Includes:

C.l Observer Certificates
C.2 EPA Method 9 and Method 22
C.3 Field Data Sheets
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FEDERAL REGULATIONS

,.\ 121:1592

i

METTIOD  B—VISTAL DETERAMCNATION OF THE
OFiCIT OF rMISSIONE FROM STATIS™AY
BOTRCEY - !

© Many statlonary sources discharge Tisible

;  ZAIlODS lntp tha aumosphere; these emlse

( ' AP usyally in the shape of a plume.

method lnvolves the determinstion of

gy P14E0 OPacity by qualifed aobeervern. Tho

.methn-d includes procedures for the tralning

And certification af observers. And procedures

to be used ln the fleld for determination of

Plume opacity. Tha appearancs of & plomes as

viewed DY an obsarver depands upon & nume

g Der of varishles some of which may be con-

trollable snd some af which may not be

! roontrollable 1n the fleld Variables which can

. De coutrolled to an, extent o which they no

lobger exert a algmificant influence upon

plumo appesrance loclude: Angle of the ob-

: BSTVEr With respect wp the plume; sngle of the

observer with respect ta the sum; polot of

Wiy observation of attached and detached steam

" plume; and angle of the observer with re-

Epect W0 & plume emitted {rom a rectangular

g Fack with & large lepgth W widih ratio. The

W method includes specific critaris applicable
- e thess variables

Ofher variables which may not be control-

lable Lo the fAcld are luminescencs and eolor

e CODLTASt Detwean tha plume and the back-

' ground. agalnst which Lhe plume is viewed

Thesa variahles axert an influenocs upon the

- appearancs of a plumes a§ viewed by an ob-

¥ server, and can affect the ability of the ob-

server t0 sccurately assigh opacity values

\ to the observed plume. Studies of the theory

of piume opacity and Oeld studies have dem-

[, onstrated that s plume iz most visible and

W presants the grestest apparent opacity when

viewed against & contrasting background. It

. follows from this, and ls confirmed by field

triala. that the opscity of s plume, viewed

under conditions where s contrasting bock-

ground ls present can be pixigned with the

.- ureatett degree of accurncy. Howevar, the po-

atlal far & peaitive errar 18 nlso the grestest

frw

s . . =
‘ L
~ o ~ - Ry =

f v
.

’
by

when a plume 19 viewed under such comT=314
lag ccpditions Under condlilons presedting
& leas conrasiing backgTound, the apparenc
opacity of a piume 13 iexs and spproaches
tero as the color and lumlnescence conlrast
docreass Loward zoro. A3 & result, significant
negativa bias and negative cr-0T8 can b
made when & plume i3 viewed under lesy
contrasting copditions A necgative bias de-
creares rather than lnecresses the posalbllity
that & plant operator will be cited for » vio-
iatlon @f opscity standards dus to ohserver
arror. .

Studies have been undertaken to determine
ths magnitude of positive errors which can
be made by qualified observers whils read-
ing plumes under contrasting conditiona and
using the procedures sat forth In this
mathod. The results of thess ‘studies (feld
trials} which lovolve s total of 769 sews of
25 readings each Are as followe:

{1),For black plumes (133 sets at a smoks
generator), 100 percent of the s wers
read with s positive errort of less than 78
percent opscity; 99 percent were resd with
& positive error of less thean 3 percont opacity,

(2) For white plumes {170 s&ts at a smoke
geoerator, 180 sets at u coal-fired power plant,
208 sety At & sulfuric acld plaot), 09 percent
of the sets were read with a positive error of
leas than 7.3 percent opacity: 85 pertent were
read with & positive error of less thun § per-
cent opacity. L

The positive obzervational error assoclated
with an average of twenty-five readings ls
therefore establlshed. The accuricy of the
method must be taken inw sceount when
determining poasible violatlons of applle
cable opn-rJ_ty standords

1 Por & sot, positive error—Average opscity
determined by observers’ 25 observetiona-—
average opscity determined from tranamis-
sametar'a 18 recardioga

Environmani Reporier

L Principle end appliceblity.

1.1 Principle. The opacity of emizslons

from sialooary sowrces s delermloed vls-
ually by a quallfied ohserver,
1.2 Applicability. This method 13 appli-
cable for the determinston of the opacity
of emissions from stallooary sources pur.
suant 1w §80.11(d) apd for qualllylng ob-
servers for visually dewwrmining opscity of
sminsionL '

1 Procedures. The observer quallfied In
accerdance with parigraph 3 of this meihod
aball uce the following procedures for vis.
unlly determining the opacity of emlnclons:

11 Poeition. Tho quailfied observer ahall
stand at s dlsiance sufMcient to provide m
clear viaw of the emlmians wikh the sum
orjented Lo the 140" sector to hls back. Con-
fistent with malntaining the above requlre-
ment, the cbserver shall, as much as poasihle,
maks hiy observations from a position such
that his llne of vislon i3 approximately
perpendicular 3 tho plume direction, snd
when ohserving opacity of emisilons fmom
rectangular outlets (e.g. roof moaltors, open
baghouses, noncircular stacks)., approxi-
mately perpendicular (o the longer axis of
the outlet. Tho observer's line of s5ight should
not loclude more than ona plume &t & tins
when multiple stacks are involved, saod in
any care the observer thould make his ob-
servations with his lins of sight perpendicu-
lar to the longer axis of such a set-of multl-
Ple stacks (e.g. stub stacks on baghouses).

32 Fileld records. The ohserver sball re-
cord the name of the plant, em!ssion loca-
tion, type IfacuUity. obrerver's Dams and
aMliatign, and the dato on & fizld data sheot
{Figurs 9-1). The (ime, estimated distance
to the emlasion location. approximate wind
direction, estimated wind speed, descripticon
©f the sky coodltion (presence and color of
cloudy), and plume beckground are recorded
on a fleld data sheet at the tlme cpacity resd-
ings are initiated and completed,

{Appandin A, Mathod 9] 98
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23 Observaticas. Opncity obrervations
#20ll be made at the point of greswest opacity
in that portion of the plume whbere con-
decied waler vapor 18 not present Toe ob-
server shall pnot look contimucualy st the
plume, but lnstead shall observe the plume
momentarlly st )5-second Ictervals.

2.3.1 Attached steam plurces. When con-
densed waler vapor la present within the
plume as it emerges from the emission out-
let, opocity obaervations shall bs made be-
yocd the point io the plume at which con-
depsed water vapar 18 oo longer visibls. The
observer shall record the approximate dis-
tance from the emission outlet to the point
In the plume &t which the observations are
mads.

223 Detached steam plume. When wal'-e:r
vapor in the plume conderses and bacomes
visible at & dlstinct distance from Lha emle-
sion outlet, the opacity of emlssions should
be evaluntéd at the emission outlet prior to
the condensation of water vapor and the [or-
mation of the steam plume.

3.4 Recording observations Opecity ob-
servations ahall be recorded to the Dcarcst 8
percent at 15-second intervals on an ob~
servatiopal record sheet. (See Figure -2 for
an examplé.) A minimum of 24 observations
ghall be recorded Eath momentary observa«
tion recorded shall be decmcd to represant
the average opacity of emisrions for a 15«
secoad period.

2.5 Data Reduction Opacity shall be de-
uraned a3 An average of 24 consecutiva
observations recorded at 15-a-cond 1ntervals,
Divide the observatlors recarded on Lthe rec-
ord sheet loto scws of 14 co-secutlive ohser-
vations. A set 18 composed of abY 24 con-
s:cutlve observations. Sets need not be con-
secutive in time and ln Do cmse shall two
ssts gverlap. For =ach set of 24 observatlions,
calculate the average by summing the opacity
of tho 24 observations and dividing thils sum
by 24 If an applicabla standard specifies an
averaging timse requiring more than 14 ob-
servations, calculste the averags. for all ob-
servations made during the specified time
period. Record the avérage opacity on & record
ahext. (See Figure 9-1 {for an example.)

3. Quallficaiions and teséing.

31 Cerdfication requlrements. To receive
cartification as & qualified observer, a can-
didats must be tested and demnnstrats the
ability to assign opacity readir gy in 3 percent
Increments to 25 diferent black plumes and
28 differnnt whila plumes, with ao errol
not to exceed 15 percent opucity ol any one
reading and an sverngt error oot W exgeed
7.3 percent opacity In each category. Candi-
dates shall be tested according W the pro-
cedures described 12 paragraph 32, Smoke
generators used pursuant to pamgraph 33

abell be equipped with s smoke meter which ..

meets the requirements of paragraph 3.3,

The certification ahall be valld for a period
of 8 montha, at which time the qualification
procedure must be repeated by any observer
1n order to retain certification.

31 Certliication procedure. The certifica-
tion teat conaists of showing the candidata s
complets run of 50 plumes—25 black plumes

and 23 whits plumes—genecrated by 8 smoks .

generator. Plumes within each sat of 28 biack
and 23 white runs shall be presanted in ran-
dom order. The candldate assigns an opacity
value to each plume and records his obeer-
vation on a sultable form. At the corapletion
of each run of 60 readings, the score of the
candidate is determined, If & candidate falls
to quelify, the eompleta ron al 50 readings
must be repeated In any retest. The amoke

tstmlybendm]nlsuredupunn!nmon-

school or training program, and may be pro-

9779

ceded by tralning or famlllarization runs of
the stooke generator during which candldates
are shown black and white plumes of known
opacity.

33 Smoke generator specliications. Any
emoke gmneratar used for the purposes of
paragraph 3.2 shall be equlpped wilh a 3moke
matar Instilled o measurs opacity across
the dinmeter of Lhe siooke gEOEerator stick,
‘The amoke meter output shall display im-
sLack opacity based upon s pathlength equal
to the stack exit diameter. on a full 0 to 100
percent chart recordef scale. The smoks
meter optical design and performance ahal]
meet the specifications shown Lo Table f-1.
The smoke meter chall be calibraled as pre-
scribed \a paragraph 13.1 prior to the con-
duct of eskh amdka reading test. At the
completion af each test, the zero and span
drift aball be checked and if the arift ox-
ceeds =) parcent opaclty, the condltion shall
be corrected prior to conducting any subse-
quent test runs. The amoke meter shall be
demonrratad, at ths time of Installstlon, to
meet the specifications listed in Table 9-1.
Thiy demonsiration shell De repeated fol-
lowing any subsequent repair or replacemant
of tha photocell or pusoclated electronic cir-
cuitry Including the chart recorder or output
meter, or every 8 months, whichever occura
first.

TAKIE $~1—3MOKE METEL DESICN AND
FEAFORMANCE SPECIFICATIONS

Specification
Incandescent lamp
operated at’ nominal
rated woltage.
FPholople (daylight
spectral response of
the human eye—
reference 43).
¢. Angls of view___. 15° maximum total
angla.
. Angis af projes- }5* msximum total
tian, angle.

Parametler:
a Lighs sowree.....

b. Spectral reyponse
of photocall

s. Calibration error. =1% opacity, maxi-
mum.
f.Zero and span =1% cpacity, 30
drift, minutes,
§. Responss time__ =<3 sxconda

331 Calibratlon The amoke meter 18
calihrated after allowing & minimum of 30
minutes warmup by alternsately producing
simulated opacity of @ percent and 100 per-
cent When stabls response st § percent or
100 perwent is noted, the smoke meter 1a ad-
Justed to produce an cutput of { percent or

100 percent, as appropriate. This callbration

shall be repeated unt{l stable 0 percent and
100 percont resdings are produced without
adjustment, Simulated 0 percant and 100
percent opacity values may be producsd by
alternately switching the power to the light
source an and off while the amoks generatar
i{s not producing smoke

333 Smoke meter evaluation. The amoke
meter design and performance are to be
evaluated as follows:

.3321 Light source. Verify tru:n [OART.
tacturer's daia and from vollage measure-
ments mada at the larop. as Installed, that
the lamp i3 operated within =S5 percent of
tha nominat rated voltase, .

3123 Bpectral responss of photocell
Verlly from manufacturerd data thac the
photocell has a photopic response: Le. the
gpectral sensitivity of the cell shall closely

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

spproximale the s:apZard speciral-luninos.
ity curve for pboloplie visien which Us refer.
enced 1o {b} of Table 8=1.

33323 Angle of view. Check construction
geOmTelry L3 ensure Lhat the towsl mngle of

‘view of the emoke plume, as sccn bY thy

photocell, does not exceed 13°. The total
sngle of view may be calculsied from: =2
tan-' d4/2L, whers J=tytal angle of view;
d=the sum of the photocell dinmeter+the
diametar of the Umiting aperture; and
L=the distance from the photocell Lo the
Ilmiting aperture, The llmiting aperture Ia
the point In the path berween the photocell
and ths smoke plume where the angle af
viaw s most restrictad, In zmoke geuerator
gmoke meters thia 3 pormally sn orifics
Plata.

3324 Angle of prolection. Check con-
struction geomstry o ensurs that the total
angle of projection of tha lamp onm the
smoke plume does not exceed 15+, The total
angle of projection may be calculated from!
#=1 tan-' ds2L, whers #= total nogle of pro-
jection; d= the sum of the length of the
lamp fAlament 4+ the diameter of the limiting
aperture: and L= the distance from the lamp
to the llmiting sperturn

3335 Callbrution error. Using neutral-
density Alters of toown opacity, check Lhe
error between the actual response and the
thearetical llnear response of ths smoks
meter. Thia check s accompllshed by Orsé

_calibrating the smoke meter according to

53.1 and then lnserting m series of thres

neutral-density filters of nominsl opacity of
20, 60, and 78 percent in the smoka meter
pathlength. Plters calibartad within =7 per-
cent ahall be used Care should be teken
when Inserting the fAlters to prevent stray

- Ught from affecting the mater. Make & total

of five Bonconsecutive readings fof each
fltsr ‘The Marimum erfor o0 A0y ons read-
ing shall be 3 percent opacity.

33268 Zero and span drift. Determine
the zero and span drift by callbrating and
operating the smoke generator in & normsl
manner over & l-hour period. The drift 1a
messured by checking the zero and span st
the end of this period.

3347 Responss tims. Detarmins the re-
sponse time by producng the series of fivae
simulated O percent and 100 percent opacity
values and ohserving tha time required tn

reach stable response. Opacity values of 0
percent and 100 percent may be simulsted ;
-by alternataly switching the power Lo the
lght source of and on whils the smoks

generstor is not gparating.

4 References,

41 Alr Pollution Control Dlstrict Rules

- ey e
SO N

|
!

and Regulations, Las Angeles County Atr -

Pollution Control Districr, Regulation IV,
Prohibitions, Ruls 50.

43 Welsburd, Melvin I, Field Operltlun.ll.

and Enforcement Manua] for Alr. U8. Envi-
ronmental Protection Agency, Research Tri-
.angle Puark, N._c_ APTD-1100, August 19TL

op. 41438

43 Condon, E.U, and Odlshaw, H, Hand-
book of Phyeics, McOraw-HII Ca, K.Y, N.X,

1858, Table 1.1, p. 882
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Appendix A - Reference HMethods

* * * * &

METHOD 22--VISUAL DETERMINATION OF FUGITIVE
EMISSIONS FROM MATERIAL PROCESSING SOURCES

Preamble
This method involves the visual determination of fugitive emissions;
i.e., emissions not emitted directly from a process stack or duct. Fugitive

emissions include such emissions as those: (1) escaping capture by process

_eqﬁipment exhaust hoods; {2) émitteq during material transfer;

(3) ém{tted from bu?]dings housing materia]jprocessing or handling équipment.
(4) ém{ited diréctly from process gquipmeﬁtf-.

This method does hot require.théf thé opacity of emissions be
determined. Instead, tﬁ}; method determines the amount of ‘time: that
any visible emissions occur during the observations period; i.e., the
accumulated emission time. Since this procedure Eequires only fhe

determination of whether or not visible emissions exist and does not

require the determination of opacity levels, no special inspector training

is required.

1. Princigle; Fugitive emissions produced during material processing, -
handling, and transfer operations are visibly determined by an observer

without the aid of_instruménts.
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2. Applicability. This method is applicable for the determination of the
frequency of fugitive emissions from stationary sources only when Specified

as the test method for determining compliance with new source performance

standards.. This method is applicable to emission sources located indoors-_'

or outdoors.
3. Definitions

3.1 Emission Frequency. The percent of time emissions are visible

during the observation period.

3.2 Emission Time. The accumulated amount of time that emissions
are visible during the observation per%od.

3.3 Fugitive Emission. The pollutant generated by an affected

facility which is not collected by a capture system and is released to the
atmosphere.

3.4 Observation Period. The accumulated time period during which

observations are conducted, not to be less than b minutes.

4, Eguigment
4.1 Stogwatch Accumu]atlve type stopwatch with a sweep second hand

and un1t d1v1s1ons of at 1east one- ha]f second two requlred

4. 2 Light Meter. L1ght meter capable of measurlng llluminance in the

50 to 200 Tux (1x.) range; required for indoor observations only.’
5. Procedure

5.1 General. The inspector surveys the affected facility or building
or structure hous1ng the process unit to be observed and determ1nes the -

locations of potent1a1 em1ss1ons The observer then chooses a suitable

observation position. 1If the affected fac111ty is located inside a building-

" the observer chooses an observation Tocation which permits observation of
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the cmissions in.a manner consistent hith tho reauirements of the applicable
requlation (i.e., outside observation of emissions escaping ihe building/
structure or inside observation of emiesionsldirectly emitted from the
affected faci]ity proeess unit).

5.2 Position. The‘ohéerver stands in a position which enables e,-
clear view of the potential emission point(s) of the affected faciiity or
of the building er structure ho;sing the affected faci]ity; as appropriate
for the applicable subpart. A position of at least 15 feet but no more
than one-quarter mile from the emission source is recommended. For -
outdoor locations the observer should be positioned so that the sun is
not directly in the observer's eyes. -

5.3 Field Records

5.3:1 Outdoor Location. The observer shall record the following

information on the field data sheet (Figure 1): 'company-name, industry,
process unit, observer's name, observer's affiliation, and date. Weather
conditions, 1nc1ud1ng estimated wind speed, wind d1rect1on. and sky cond1t1on
will be recorded. The observer sha]] sketch the process un1t being observed -
and shall nere his 1ocat1on re1at1ye Fo the source anq the sun.__The poten-

tial and actual fugitive emiesioh points should be indicated on the sketch.

5.3.2 Indoor Location. fhe_obsérver shall record the following infor--
mation on the field data sheet (Figure 2): compeny name, industry, process
unit, observer'; name, observer's effiliation, and date. The type, location,
and intensity of 1ighting will be recorded as appropriate on the data ~
sheet.m The observer shall sketch the precess unit being observed and shall

note his location re1ative.to the source. The potential and actual fugitive

. =—pmission points'should be indicated on the sketch.

‘42




/

‘/
FUGITIVE EMISSION INSPECTION
OUTDOOR LOCATION
Conpany Inspectér
Location Affiliation i
Company Rep. Date

Sky Conditions

Precipitation

Wind Direction
Hind Speed

Industry

Process Unit

Sketch process unit, indicate observer position relative to source and sun; indicace

emission points and/or actual emission points.
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Period . ‘

Duration . °
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Accumulated
Emission -
Time
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DAILY SUMMARY LOG FOR TES5TS AT THE KETTLE CALCINER NO. 5
BAGHOUSE INLET AND OUTLET ON CCTOBER 28, 1980

AT 0.5. GYPSUM COMPANY,

FORT DODGE,

IOWA

Time Particulate Tests (Batch) Stack Visible Emissions
Inlet Outlet
1359 Observations began on
batch kettle No. 5
1400 Began test #1 Began test g1
1422 Stopped testing to
change ports
1520 Stopped testing to
change ports
1524 Resumed testing at )
port 2
1530 Resumed testing at
port 2
1548 Finished test 21
except for last point
due to plugging
1649 Began test §2 .
1642 Observations finished
1644 Finished test #1
1657 Stopped testing to
change ports
1730 Began test §2
1820 Resumed test at port
2
1821 Test stoppedldue to
plugging
1850 Testing stopped to
change ports
1856 Resumed testing at
port 2
2011 Finished test §2




DAILY SUMMARY LOG FOR TESTS AT THE KETTLE CALCINER NO. 5
BAGHOUSE INLET AND QUTLET ON OCTOBER 29, 1980

AT U.5. GYPSUM COMPANY, FORT DODGE,

IOWA

Time

Particulate Tests {Batch)

Inlet

Qutlet

Stack Visible Emissions

0858

0940
0943

0945
1057
1105
1113
1128

1145
1153

1200
1202

1210
1233
1245

1344
1400

1459

Began test #3
Stopped testing be-
cause of steam

Test began again
Testing stopped to
change ports

Testing resumed at
2nd port .
Finished test #3

Began test §3

Stopped testing to
change ports
Resumed testing at
second port

Finished test &3

Observations began on
batch kettle No. 5

Observations finished

Observations began on
Baqger #3

Observations stopped

Observations continued
on Bagger #3
Observations finished
Observations began or
Stucco Conveyor Bag-
house

Observations finished

’l

X 1

Il

]
—
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DAILY SUMMARY LOG FOR TESTS AT THE KETTLE CALCINER NO. 5
BAGHQUSE INLET AND OUTLET ON QCTOBER 30, 1980
AT U.5. GYPSUM COMPANY, FORT DODGE, IOWA

Time "Particulate Tests (Continuous) - Stack Visible Emissions
Inlet Qutlet
0903 Observations began on
Stucco Conveyor Bag-
house
0930 Began test #4
0935 Began test #4
0940 Stopped testing to
change ports
1008 Resumed testing at
2nd port
1015 Test stopped to
change ports
lo018 Finished test $#4
1035 ’ Resumed test at
2nd port .
1102 Observations finished .
1115 Finished test #4
1130 Observations began on
Bagger #2
1155 Observations finished
1230 Began test 5 ‘
1250 Chservations began on
Kettle §5
1310 Test stopped to
change ports
1312 Began test #5
1322 Stopped test to
change ports
1350 Finished test §5 Observations stopped
1354 Resumed test at 2nd
port
1404 Finished test #5
1440 Observations continued
1452 Began test §6
1523 Began test #6
1524 Test stopped to
change ports
1527 Resumed testing at
2nd port
1533 Stopped test to .
change ports
1553 Resumed testing at
2nd port
1559 Pinished test $6
1603 Finished test #6
1639 Observations finished
1704 Began test 4R
1737 Stopped test to
change ports
1740 Resumed test at 2nd
port
1810

Finished test $4R




DAILY SUMMARY LOG FOR BOARD END SAW AND KETTLE

CALCINER NO.

FORT DODGE,

5 BAGHOUSE OQUTLETS ON OCTOBER 31, 1980
AT U.5. GYPSUM COMPANY,

IOWA

Time Particulate Tests Stack Visible
Board End Batch Kettle Emissions Fugitive
Saw No. 5 Outlet Emissions
0830 Observations
began at Bagger #2
0852 Observations
finished
0909 Observations
began at Batch
Kettle 45
0945 Began test 3R
1105 Stopped testing
to change ports
1108 Observations
finished
1113 Resumed testing
at 2nd port
1115 Began test #7
1125 Observations
began at board
end saw
1135 Stopped testing to
change ports
1140 Resumed testing at
2nd port
1200 Finished test #7
1215 Observations
stopped '
1233 Finished test 3R
1310 Began test 8 Observation
Continued
1330 Stopped test to
change ports
1335 Observations
stopped
1415 Resumed testing at Observations
.2nd port began
1435 Finished test #8 )
1517 Observations
continued
1607 Began test #9
1627 Stopped test to
change ports
1635 Resumed test at
“2nd port -
1647 Observations
finished
1655 Finished test §9
1710 Began Particle
Size test
1830 Observations
finished
1840 Finished Particle

" Size test

_ _ .

-
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APPENDIX F

" SAMPLING PROCEDURE AND ANALYTICAL DATA

Includes:

F.1 EPA Method 5
F.2 Laboratory Data Summaries
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433 Commect Lhe probe, jusuy It [9to Lbe sriack, and
smple &t & CONSTART rala of 3 ]pm (0.071 cfm). Conunos
mmpling ol the dr{d“. meter reginers sbhoat 30
Lllm 1.1 N or gprd] ble liqmid dropiews ar carried
oves from the Armt impinger w the >mnd Record
ressure. and dry Twe mater reading as
mquired hy F Core =3

123 Aller wleciing the sampls, comblae the, ome
Lenw of the L wo lmpingers nod measure 1ba volums to Lhe
nearest 0.5 mL

23 Calculatious, The calcularion presented s
designed to esiimals the moistore the sack gaa;
Wereiore. other data, which are only oeeessary for ao-
etoale moistnre decerminavens, are not colected. The
following eqiations adequaiely esilmais the moisinre
content. lor the porpose of determining sokkpause am-
plng rata sectings

134 Apprurimals molnore molem.,

P =17, VS, 11V

T Uskeen ) el i) s{scd)

Equation £7
4. Cajlbrasion

4.1 For the referencs method. calibrate equipment as
specified L0 Lha [ollowing teclions of Matbod A7 Section 83
{mciering synem); Geclon 3.5 (lemperaiures EOOKeR);
and Eeclion 3.7 (burgmeler). The recommendad leak
check of the metering synem (Secuion 3.6 of Meihod 3)

a3zl Nomenclatura
Ben=Approazimals proporijon, by volumae. af
waler vepor In the g suream leaving the
sacond-{mpinger. 0003,
B..-:rn wapor in Ltho gus stteum, propardon by

Moo= Molocnisr weight of waler, L0 gX-maole
(140 Ib/Ib-mols)

Pa= Abmiute fresmre (for tia method, samse as

Baromerio presstrs) a4 the dry gas metar.
P..f-(;nurdnll;nlmom 700 mm EHg

1).

R-lde-l. mn.u.nm o.m unm Hg) (mf}
mlu) ("D far unjly sod 11.A8
Hyp ml)nb-mdn) \"R) lor Ernglish

T = Ao btTte tam parsiare sk meter, *K (YR
T.‘-Bnt;;di:)d abmlme wmpusmare, 55 K

wlso applies Lo Lhe 1eferencs maihod. For the approxunss
uUon meathod, wse the procedares outlined Jn Secton 3.1.1
of Mathod 4 ta callbimte the matering rysnam, snd Lthe
mummﬁ:‘,wuuwhnum

8. Bihligvaphy

1. Alr Pnﬂuﬂm'!ndnurhn Mangal (Seoond Edition).
Dunlelsn, J. A {sd). O.B. Envl.mnme.uul Pronecuon
Agenoy, Oﬂln o: Alr l;‘kuu.lté Planning snd Standarda
Rasearch Trian Pnhblicauon No. AP-40,

2 Devorkin, Hn'ud.. st al. Alr Pollttion Bourep Tante
log Munual Alr Pollauan Cantrol Dlaurict, Las Angelas,
Calll November, 1088

L Methods for Determimailon of Velodiry, Vohmme, .
Dust and Myt Conlant of Onset. Western Precipluation
Division of Joy Mamufacturing Co., Los Angeles, Calll
Bolletin WP-30" 1964, -

.0 I R N e e
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g
i
B
b
B
2
g
i
B

- Mrmaop 3—~DrrInuma OF FAATICULATE Esiaatons —
. by dry gma m’] ? Faou Sngiurr ‘sou:u.:
- aloms , Prind licab
Vaiady D'rrl'-vtlo nﬂnrad‘::d a8 hatar, L ple end A ity
: {dacl). L1 Pricciple. Purticnlaty u witbdrawn ipor
¥ sotaany=Vohone of waler vapar corrected r mull- the sourcs :‘;‘:u:ud" on :"].-
to standard conditons. sem (scf). fber flter maintained at & am In the range of
lv-Dm-l‘!d'll.q 09982 g/ml (0.002201 1b/ml). 1204142 C (48178 F) ar Other lLempernoirs &8
¥ =D17 s meter on r wdbh' .?hwm U“sz.nlﬂmm.n :
153 Valume of wetar yepor collsetad ] . U.8. n
v . o m ila.nry. for » pardecalar applcadon. The
A partenlus mass, an
V"_M muummﬂlmﬂm’mmﬂmu .
't M ?‘um Pavimetrical]l y aitar removal of Goeom bined !
=K, (V; —E{.) o3 Applicabilley. This methed Is spplicable for the
Equation £5| oo oL = sadonary
A- 'hn"..“'—o.oom 3mil for metric nuits L4
- 11 Sam Truin. A schematic of tha
- =0.04707 fiffml for English mnha rain oed I?Inf:.ll mathod [ sbewn l.neﬂm s-s:,n&.;n-
: plata consoucdon demils are gpivén in APTD-G3N
(Cloadon 2 in Bectiom T); commercial models of this
orain are alsy avallable. For chnge trom D-au)
“r, T 7! , :  and lor silowsbls modifcadons of Lhe traln shown lo
Tutsea) ] ' Flgtre 8-L, sss tha following subssctioms.
Ths oparating and malntenance procedures [ar the
. sumpling oain are described in APTD-MT! (Cltatlon 3
n Bection 7). Blnes oorreay asage is Important in obtain-
| Equation 4-8 Loy !:hl'g.rmlu. an asers ghould AP".I‘D-::;B :&
K, = 0.3358 *X/mm Hy fo1 meuic il . Hrred in It, anles otherwis speciiled herefn, Tho same
-l'.l'.u'nfm.ﬂ.l Hoglish Tus i pling uain consirg of the lollowing cow ponenlk
4
(\' -
e
[ -
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[Appandix A, Method 5]
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121:1570 N FEDERAL REGULATIONS,
TE :
JFMPERATURE SENSOR IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
: BY AN EQUIVALENT CONDENSER
.~ PROBE _ :
, : THERMOMETER '
< TEMPERATURE HCATED AREA THERMOMETER
~ SENSOR ¢
PITOT TUBE FILTER HOLDER CMECK
- . .~ VALVE
‘PROBE ACK v
\ WALL =
= = '
: VACUUM
! LINE
AEVERSE-TYPE
PTOT TUBE
b /
PITOT MANOMETER
ORIFICE
VACUUM
GAUGE
THERAMOMETERS MAIN VALVE
. .DRY-BASMETER AIR-TIGHT .
o PUNMP '
) Figure S 1. Particulate-sampling train.
e aperod Lesaing stia. Toe xauin of toner’ somd - &ﬁ‘&"’ﬁ:&l"ﬂ“& L b e O e e O e s Lo o monortng
be <30" and tha Wper shall be oo ths cutsda to pressrve  smpling. Tyre 3 pitot lobe aoambly shall bave s
= coortant Lo diametar. The (robe nottle shall be mnmﬂmﬁmdnumrns:hutd ﬂlmﬂ'ﬂ‘r. any yystern Lhat coold the sample res
e o e e, o O, Lot e o8 B e 8 S, S 7008
il the noatle bl b oo o sl 0 | ar of aquimnans dov ) w0l Ay el n Secden L 8 G Ko toiabla. mieana wre 6 e iha

=
E
(-9
£
;
4
(]
B
{
]

mada Lo uae

haad (Ap) rendings, abd LWhe oular, ar orifice diferentis.
readings.

precyan, .
. 215 Fiier Holder. Bomillenis glaxy, with a ginm

frit Altar mpport and & slirone rabber gasiket Otlver
matanialy of conotrtcton (e, <ainlms steel, Teflon,
Vilon) may be ussi subjret W spprowval of the Ad-
minisraiar. The balder deugn provide a posiuve
arn) agninst |eskage com Lhe ooisde or wround the filler.
‘The holder shall be astached Uramediately at the oullst
al tha proba (or sycions, I oyd).

218 Fluw Heaung Syviem. Any beating systom
eapabls of malntaining & temperatore avuad e Alter
bolder during ssmpling o 114" C (24842"" F), or

LeSoT mAy opt Lo operate Lthe g Ui pmeTit ot 2 tHmperalue
lower thap that i A temperaiore gaage capable
of mezsunng leroperature W within 3* C (3.4° F) shall
be installod so that Lbhe temperaiuro around the Alier
holder ean be requisuad and monitarod during mmpling.
Heatlng yyyems other than the oos showa o

O8] may be cred.

mpist
Lnpingers comorcted Lo series with leak-ires ground
glass (litings or any "milar [eak-iros aon-conlAminaLing
ttungs. The Qrm. third, and lownh impingers shall be
reenbury-3mith deugn. medied by replacing

and Lo measurs the moisture legwing the condenser by
{1} monioring the Lam wre and presure L e
xl af the condenscr s

usad betwesn Lhe condenser system sad pump Lo prevent
moisture condensalion (o the pump and metening devices
and to avoid Lhe neod [o maks correotiony (or mousture g
the metered yolome

Note—il & dermimadon of the parteoiswe maner
collectal in the Impangers L3 desired io sddiuon W mol-
ulre content, the impinger system describod above shall
be used, wnthomn medifAeation. Individus. Itolcs o
conirol sgencies requinng Lhis informadon sball be
concacted a3 Lo the mpla cecovery aod anaiysds of the
impioger conlen.

218 Mcteting Oystem. Vmtom genge. look-Trmb
mp. Wermomeiers copabls of menyuring Lemperniure
10 riLhin 3° C (3.¢° ), dry gus meLercapsble of monsuring
volume o with!n 2 percrut, and reisied squlpmemt. s
shown In Flgare 5-1. Other metering Tystems capabls of
moinlalmng samplog s within 10 pércent of iso-
kinete and of determiniod fampls ralome to within 3
perceay may be used, sublect to the approval of lbe
Admininiratar, When: Lhe mewring sysiem (s osed In
eoajuncuon with. o-pitor tabe, the symam rhall sosbie
checks o Lsokineule rates

Sam pling tralosoulizing metering systems dealpned for
higher Aow rates than that described lo AP T D-058) or
APTD-0570 may be osed provided thal ihe pecifics-
tors o- this meihod are met,

219 Baromecter, Mercury, ansrold. ar other bgutpeter
enpnble of stmesphens presurs W within
25 mm Hx (0.1 lo. ). In many casey, Lhs barometrio
reading may be obwained from a oerby nationsl weathar
servieo stallon, o which case Lha station valoa (which is

[Appendix A, Method 5)
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the abmalule buomeuric pressure) skall he requesied and
ul adjuatment for clevatlon difcrencyy berwren the
wegLher staUon and ssmiplug paint shall be applied i s
o of min 2.3 mm Ug (0.1 oo Oyg) per 30 o {100 ft)
vhevallon increass or vice verm for elevatiog docrsass.

21,10 Gas Dondty Determination Equipment.
Teampersturs Sensar and grmn gaoee, a8 deacribed
In Secuans 2.3 and 2.4 of Method 2, wid gas analyyer,
If necesary, as deseribed in Method 1. Ths Lomperaturs
simnr shall, preferably, be mly sitached to
Lhe pllot tube or =minpling pmbe in & fixed oonfigumron,
#uch that 1batip of the senaor extendn heyond the leading
rdite of Lhe prohe sheath and docs not tonich any metal
Allemadvely, the sensor may e ntinched just prior
ta use I tha ficid. Note, however, that il tlie teinpersture
sciisar |9 stlachicd In the liold, Lhe srisar mna be placed
16 sn iptsrferance-lres armangement wilh eapect (g Lo
Tyue 8 pltut tube openingd 1sce Mathod 2, Fignre 2-1).
A2 & sevond alternsdre, U s dTerence of Lot mare than
1 prrrant i Lbhe grerare Yelowily mesmmrment L3 10 be
introduced. the lLemperaiure guiige neod 1100 by &ilshed
o tha probe or pitwt tube. (This siternsuye 13 subject
Lo tha approval of the Administratar.)

12 Samplo Removery. (olrwing Illsma are

needed:
221 Probe-Liner sid Probe-Nogale Brushes. Nylon
brlsile brosbes with statnicss steel wiro handles. The
s St Supds gyl B 8
Hra ¥y n, ar . g
Inars maderial. The broshes
shaped 1o brizsh cut.Lthe probe Lioer aod nexls.
Wazh Bottle— CGlaw wash boiiles aro

82 Lha opuion of the Lesier. [t I8 recommendod that sestana
not ?L:l.nr:d lu palyethylons bottles Lot longer than &

mon
123 Glaxs Sample Storage Containirs. Chemlrally
resistant, borowilicnis glass hottlce, or scvtone waesheas,
00 ml ar 1000 mL Bcrew o3 Liners shall gither be rmbbers
hacked Taflon or shall be =0 as Lo bo leak-Gres
and resistant to chamicsl wmﬂ acetooe. (Nurow
moolh glass bottles have hoen f
enlge.) Almnatively, polyethylaoe botlss may o

224 Petri Dishan. For filter lex, glass or poly-
ethylenw, unless otherwise by Lhe H=

225 Qradusied Criinder ancdor Balancs
ure condensed water 1o within I i or 1 8. Orsdoited

lnders sball have sabdlvisions no grearer than 1 mlL

Iabortory balinced are capable of weighing to the
m&:}snl&&nrdtﬁah@mhmt&bhh
uss hern In Saction 2.0.4,

2268 FPlasue Staregn Contalners, Alr-ight comtalnery
o store milics pel.

37 T}.I:?hd’ 'l.:jdmnuhr:- Pollceman. To l:lll In
urensier o coniainer: nat Decesary i siltcs
gul iy vd;had in the finld,

228 Funnel Glan of palyvihlang, to wid In sumple
rEOvery.

23 Atalyria Far snalysis, the plowing eqiipmen i
111 Olaw Weighlug Dishes,

133 Do

233 Analytical Balsnes. To wneasroe Lo within 0.1

mE

234 BHelancs To measmre to within 05 g.

233 Beakera 250 ml,

138 Hygromater. To mensre Lha relative humidity
of 1he labarnlory euvironment

247 Temperswire Jooge. To measare tho Irmpers-
tare of tha Iaboratgry soviroument,

% Rengents
A1 Sampliug. Tho reegenls wwd o sampling are as

All FNiere Olasys Hber filtars, whhor* arpnnie
Binder, exhiblting st Lo 9905 poreent wil wrmes CSLGS
purcent patetration) om (A3-microu dieryl phthalats
mmoke partcles, Tha Alter eficiency tow 3 I oo
cted in accordance with ASTM mandard wnedoed D
258671 Test data from Lhe smppler’s qoalty rmithd

ars snuficieny for this
Todiead 3?& 6t 18 m u
provinsly osed, dey sk 1T5° C ¢ F) for 2 hoars. New

g

hail be properly stzed and

to 1w lmea prom to |

H‘IJ Analyals, Two reogepls are reqolred for the ansty-

211 Acetone. Snme as 1.2
3.3.9 Detlesant. Anhydrous clcium sulfste, fudical-
fog type. Alternatlvely, ther 1y s of d=xecanis nay be

el Ly Lhe gpproval of Lhe Admdnisirstar,
. Proudure
m. The conplenity of this methodd 1g such
11 0 obtain relluble resulls, Lesiar should be
uniued and ripericecad wilh the (en procedures.

4.1.1 Pretest Preparmtion. Al the compenculy shall
ha mainwrined wnd callbraed seeneding Lo Lhe procedurs
;.lur;lbed ln AI'TD-0%0, unleas othorwise spevitied
ICroin.

Weinh e wernl 200 to 300 g porl o af alllca gel In nir-tight
ronlginerd Lo Ltha nearesr 03 f. Iecord the 1otul weight of
Ihe ailies gel plus cunisiner, oo each conlainer. As an
Alteringiwes, Lho sillce grl newd not be preweighed, bur
fusy be weighed dirvedy In lg Impinger or sampling
hwlder jumt prior to traln exsenbly.

Cheek Nt viveally aralnn Ught for irealartiles and
Naws or pinholn leaia. Label Aliers of Lhe proper dlunatar
on the hack slds near Ltha odge usig oumbering mackins
Ink, As sn alterpsuwe, label the shipping -rontainers
(ylaxs or plastic peun Qshes) aid keop Uhe titeea in Lhass
qu;l&u:l al all lmrey oacept during sampling and
weig ,

Dasicealo the Nllers st M4+A0° C (A1 ) and
amblent preysure lor st least 24 hoars aud weigh at in-
trrvaln st lenst 8 bhours to & conswant weight, la,
«€0.5 rof chaoge (ren prowiony welghivg: record results

.10 the nearrm Q.1 my. During cach weighing the e
AN not be oxposed 0 the laboraiory summphere for &
period grenver chan 2 miuoies and 8 relative humladil
ohnve A0 petcermt Alternatively (Uniess otherwise -
lded hy Lhe Admiolstraior), the fillers mey be oven
fArled at 105° C (23 F) for 1 1o 3 hoars, desiccatod for 2
hoare, and weighed. Provedores other than thoss de-
ol wirich aceonnt for relaure humidity effects, may

subjors (0 Lthe approval af the Adrinisuatat,

13/ T'rruminary  Dewrminarions. Select the saun-

yite svd the minbgnm onamber of sampling poimas
mawrdlug to ,Hcl? 1 or us spocified by the Administe-

. IDetennine LBe mack pressure, (rmperstare, and thoe

ruigr of velocity heads nsing Mahod
that & Imk-check of the pitol TToes

itis reenoumended
(see Method 2, Baee

ta 1]) be performed, Deicrmine |he moinore coment .

ita alt . ope
o e x « valve unul thé desired youmyp Ly reached, Do Rot raveris

:LI:L“ ADPI’O;.I'PIIII;TII‘I :ﬂﬂ ilng u

mekhing lanslnels smmy) rste serLimes
Da:ﬂ,::.lhem:kmdnmolmmn-d b1, se des-
erited {o Method 2, Bocilug LA; il Intcgratol Method 3
sanupling |y ased for molesylar weight detenninadon, the
inte hay sample shall ba taken smollaneously
with, aad for the same total length of Ums as, the par-
thulate sampls ran.

Belect 8 nozzis gizs basedd on the mnge nf yelocily heada,
sach thai [t Is not pocessary 1o changn tha pozzle sizn In
erder to maiptain spkinetlo sarmpling mtes. Doring the
ran, 40 not changw the oozzle fize. Erguors tDar tha
proper diferential pressure gaugd Iy chosen for the range
of veloeity heads enccuniered {sco Sactlon 2.2 of Method

Balact a ezitabls probo Loer arnd probs lengll such Lhat
all traversa points can bs mnipied. For lanm stachks,
cposider mmpling from oppotiie sidey of ilr sumk te
reduca tha lenqih of probes .

Belect 2 total ampling time qreatey than or »jual n
the mintoum total mmpling Ume specifled (o tlia 1t
proceiores [or the specifio lndwn that (1} the
mampling 1ima per point 13 Aot et L 2 mjn tar symn
grealer Wnoe [oterval as spesified b(y tha Adminisumtar),
and {7) tha mample volomoe waken {correcied to sisndard
enpditions} will cxscred the roquired miniinom otal gas
ampls ywlume. The latter ls brsed oo su approzimme
averogn sunpllng ela ' .

It it reorrTmendes rhat Uve mamber of minm = xam-
phivl &L Aatli pRiNG b wn mLEer oF B u-eey plod o
half minyuie, in andet 0 avoid tmeckesping eror Tue
s:mpling Ume at ench point shail ba the ama

In =i GifcoMAawas, AL, haicl eyetes, it 1day In
Iwrvwiary o nmphke o shvarier 1imes at tha travierse
poina sml- 10 (Asain eowtler ga4 sample voimmen o
thews cosen, the Admisnirsicr's apprmowal most Orm
e obmadned.

4.13 Prepanuon af Collm-tian Traln. Dmring prep-
aration aud amwmbly of the smpling tain, keep all
open. where contaminstion can oo covered il
just mlo axsmbly or undl nm&.qnl 14 sbout to bapn.

Plas 100 m] of water in esch of firx two Impingers,
Trave the thind lmpinger empy, and transler spproxi-
m&drﬂmﬂ.dm'ud:dﬂuldhmlu
aanimuner o the oarth impinger. Mare sitics gel may

trmperacore s ypacifisd by an applicable snbpery
. insrtracar,

dolalls Other connectlng systerns using cither 3G ctain
jest stesl or Teflan fermurd may be tad, When metal
linerw are osed, Insieil the nocile as sbovo or by & leak-
Irea direcl mechanlval conerton, Mark the probe with
beat reustant taps or by mme olwer method Lo dernla -
the proper distasios Lils Lhe statk of durct for ¢ach si0-
pling paint.

8et up tha train an in Figore 3-1, nalng (If necessary)
& very 1ight coot of sillrone greasa an oll ground sluss
Jalnte, greesing only tha onler portion (sce A 1T D-UATG)
to avold possihility of vontumination by the ailicons
greuse. Subject to the approval of the Adininistratgr, &
rloss cyclons may ba nred hotweeu tlio prohe and liller
halder whan the total partlenlole voteh Is sxpeeted to
exceed 100 ing or when wuter droplots are presens in the
siorlk goa

Place crushed ice around the lmplngers,

4.1.4 Leak-Chevk Provedures

4.1.4.] Pretesn Leak-Check, A preicst louk-check s
recommanded, but not required. If the wener opts to
rondnct the prewest leuk-cbeck, the fallgwig procedurs
ahull be nssd.

Alter the smmpling train hos been acsembled, turn on
and sat Lhe Qlterand probe hesting systemy ot the desired
apernting tem perarnres. Allow time (or Lbe Lemparst LITe
to stobiliza, 1In Viton A O-ring or other leak-(res conpecs
tign i nsed [n asatrobling tha probe nosily to Lha probe
liner, leak=<chack the train ad the rampling sits by plug-
glig Lhe nexzis and pulling & 380 mm ﬂ.u:.m.uo
Tas . -

NofL.—A lowst Yaeumm may be ussd, provided that
1t |y not exceeded dnring the tewt.

Il an ashestos string 13 nsed, €0 not comnect Lhae probs
Lo the troin dirlig the leak-cherk. Instesd, leak-cheeX
the truin by Lret plosging tha (nlot to the Llier holder
(cyclane, U npplicable) and pnlling s 380 ;ym Hg (13 In,
Hg) vecimm {sea Nata lmmadu.uﬂr sbave). Then can=
nect the rmhn o the rain wnd leak-chack st about 28
mm Hg (1in. H) vaenum; allernatlvely, ths probe may
be lesk-checked with the rat of the mmpliog trein, 1o
orm step, st 330 mm Hyg (13 In. Hg) vactram.
reies in zacess of 4 percent ol the average sampling rae
or 0.m1bm ¥min (0.02 eim), whichgver s lasi, are

repiable.

‘Tha Ellnvln; leak-elieck Inrtructions for the mmplhg
train drseribad n A PTD-0078 and APTD-00HL may ba
belpful Start thu:?u:up with hypuss vaive [ully open
and coarss d valva camphtaly closed. Purcally
7 tha roarse ad|nst valve and slowly class the bypass

dlrection of bypnss valve; this will coosn waier to back
op Lot 1bhe Olter bolder. If tha desired vacumm s 4=-
ceededl eithar leak-check at this higher Yacomn or 4nd
tha Jenk check os ahown belgw and sturt over,

When tha leak-check 13 completed. firet slowly remore
e plug rom the Inlet to probo, Aller halder, or
cycluone (if applicabls) snd lminedintaly togm off Lbe
mmh&ump.'rhhm'mumo wuter lu Lha impingers
from g forved Backward into the llter holder and
&c_nmm being entralned borkwand lnto the third

pinger.

L4323 Lagk-Checks During Sawmpla Run, 1f, during
the mampling run, a romponent (eg., flter pawmbl
or impingar) change becumes nacesury, & leakch
shail be conducted immerdiataly bafore the changs s
made, Tha leak-chack ‘shal) be dons scrurding to the
procednre outlined in Bection 4.1.4.1 above. except that
1t shall )« done ot 8 YRCULM eqDA Lo OF fTealar than the
maxinum vaines recerded N o that point In the ten
If the ieaknage rato is found to he no greater than 000037
mifmin (0.U2 clra) or 4 pervent of the avernge sampling
rate (whichaver 14 lem), the revnits are acceptable. and
po correction will ueer to be applied ta the tora) roleome
of dry ges metered: I, howevcr ' & higher leakage raza
Is obralned, the tester shall either record 1he leakage
ratsond plan 1o curect the sample "olume as shown in
SeUon 63 of this method, ar shall void the sampling
on.

I y ofter comp changes, Tak-cheekn
wre optimmal; 1f awh leakr-checks are done, the procedory
gutlined In Section 41.4.1 abova shall ba oeed.

. Post-lest Leak

check shol] e doos in sccordanes with the procedures
gutlined in Seeton 4 1AL otcepn thot It shall be aon-

a1 8 ynoarm eqoal 1 of greater than the maxf
mom valun reashed duning the mmplog o, IT the
leskogo rato is found 10 be no greacey than 0.00087 mi/min
(@02 cfm) or 4 percent of tha avomge sampllng raw
(whichever {8 lr=ty), the resalun are scceptable, and ng
cotrretion fead be applied Lo the wial yolums of dry pas
metered. If, however, a higher lovam rute ls obtained,
Lhae rever eliher resord the rskage mio and omrmet
the mmpls yolume as shown jo SecLion 6.3 of Lhis metd,
ar thall void the sappling ron.

413 FPurtdenlaia Train Opersilon. During the
mmpling ran, mainwain en okinsic =ampling s
(within 10 percent of Ums Mokinetio unlsw sLherwim
specifled bzl ths Administrator) and & lemparstore
atrund the Alier of 120-=14* C (248--23* !’).ormeh:'ua

the

Far eash ron, s data required oo & dats sheat
sach as tha ans ashown in Figure 5~1 Bs som to recard the
nicial dry gas meer . Ary yas maar

wme

Loerem when mada,
and an:';uh leak chack, l::::cl when sampliog 13 hattedy
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' her readings red by Figure -7 ol least oot
z‘:&‘ ::rmpln wmﬁuujrj.n; each Ums locremont and

sddltional readings when sigrifienm chnnges (20 pereent
wariadon In velocity besd rud.lnﬂ oegessitate nddi-
donoal adinsumeniy LB flow Tale val and tero the
manomster. Bacanse tha anometer lovel aod tere may
drift dus o wibmticns and |Amperature changrs, make
periodie checky during the s verse,

Cloan ths portholes prior 15 the tast ron to minimise
the chanmw of sampling depositsd material Te begin
nmpunﬁ,‘ remove Lbe notals cap, verily that Lhe fllter
and probe headng sysicems ars up 1o lempersrure, and
that e Szm: mbe and probe aro properiy positonsad
Position tha nortls ag (ke drst traverss polot onth thetip
poinring dlrectly i0to the gaa stream. Immedialaly siart
the pump and sdjust the flow o Lsokinauio conditions.
Nomographs ars avollable, which ald in the ropid adjes-

PLANT
Locanion
OPERATOR,
DATE
RUN NO.
SAMPLE BOX NGO
METER ROX NG,
METER Alg

CFACTOR

AMBIENT TEMPERATURE
RARCMETRIC PAESSURE
ASSUMED MOISTURE, %
- PROBE LENGTH, m (It}
NOZILE IDEXTIFICATION NO
AVERAGE CALIDRATED NOZZLE DIAMETER, e ()
PROBE HEATER SETTING
LEAK RATE, m)/mi{clm)
PRUBE LINER MATERIAL

tmant of Lthe lwkipstls pampling rate wilhout szanlve
eompnistions Thess bomographs are desigaad for e
whan the T'ype 8 piwot mabe cosfcleat s +0.02, sod
the ruack gat squivalent denslly ( mobecgler weight)
bs squal W 244 APTD-0570 de the procedure for
unng the nomography U O and Ay are outsids the
sbore sTaced ranges do not usa (De nomographs nnlass
approprists steps (e Cllation 7 [o Sectlloa T) are wkea
1o compensals or Lthe deviationn.

PITOT TUSE COEFFICIENT, Cy SCHEMATIC OF STACK CROSS section STATIC PRESSUAE, s Hg [la. HyJ,
FILTER NO.
PRESSLIRE
DIFFERENTIAL rume
VELOCTTY ;mlcz GAS JANPLE TEWPERATURE UF GAS °
. STACK AT DRY GAS LETER LEAVING
SAMPLING | -YACUUN " | TEMPERATURE HEAD METER GAS saMPLE —l FILTER HOLDER] CONDENSER OR
maverszroiNt | mme | omig (] targ. mmi0 VOLUKE INET OUNLET | espeRaTURL | LAST.wpinGER, |-
usn | ctaamie | OnHd | ec(m)  [melait®) gabzol | mdad) | *c*n | *e'n | ccin - ()
L]
e
TOTAL Avi Avge
AVIRRGE ) Avg. .

When tha stock 1s noded sigindGeasil nepaLiea pvesare
thaight of impinger stem), taka caro Lo close the cuarw
ad| vulvn balofe (nsertin;

W0 praveat Wnrepre-
udon of Lhe gas stream.

Trlv“msuckmdm.um nlred by Mesthod
1 or aa-speciliad by the Adminbstrawe, being caraful not

o p the
senpling Dear the walls of when mmoring o ineersing
tha portboles; this minimizes Lle
depostted maLerinl
maks periodlo sdjustroents to
krop the tempersturs awround tha flter hoider al tha
proper lowek add memw lee and, U peosssary, salt to
rosinialn & terapersiore of lesy than 2° C (u8° ) at the
condenser/siien grl cutlet, Alw, periodically check
ll.l;lhm-l und zero of the mnnmn.
the pressure drop acrpn ter Beeomivg too hiwh,
making isokinete mumpling difficult to mainin, the
tlter nuay be mepliad In the midst of 5 smpls run:-1s
Iy recornmendsad that another cum ey assem
be nnd mather than artemplng to e the Alter itse!
mﬂaﬁ:‘k s neW (ter axmembiy 18 conduct a leak-

mmmmhguﬁnﬁd

11
locations witlkin the same duct, or, in chass whers equip-
mamt faihre Necesxitates s change of trains. In all otbher
sitmuons. the o af two ar mare waing will Le salject 1o
the aprproval of the A

Figure 5-2, Particulate {ield data,

Notw thal when Lwo or wors Lraing are used, se te
snalyses of the [oni-holf and (U spplicable) impioger
caiches {romn each train aball ba performed, unlesy tdenu-
cal noetls sizes wers used gu all traing, in which cam. the
front-hall cawches rom the Individpal tralns =sT be
combloed (a8 may tha impinges catchm ) and ons ansl yris
of fronc-half cotch and ona analyxs of Lmpinger ¢atch
may be performed. Consult with the Adminisuater ior
dstalls comeerning the calculstion of results when (wo ar
moTe treing are used.

At ths end of the mmpls nm, tumn off the coarss adjnst
valve, emove (he probe and oozzles from the stack Lam
off the pump, record the final dry gas meter reading. and
rondict & poss-lest leakcheck a3 cutlined in Section
4.1.4.3. Atma, leak-check ths piwt lines As described in
Mathod 2, Secilon 3.1: the Lines mu.:;m- this ivak-check,
1o order to valldate tha velocity b daia.

. L8 Calculstivn of Percent [sokinetle. Calcilare
percont [wkineric (se¢ Calcnlations. Section €1 to deter-
mina whether tha mao way valld or another test nm
shonld bo mads. U Lers was difficnity o majntaining
bokineuc rated dus 10 souren condilivng, conudt with
the Adminlsigtor [ar pesible vurisoce on the Sokinetn:
. Froper clanop
Begi s = tx reinoved from the swck ot
the eod of lie smopliog Erlod. Allvwr the prolw 1o cool.

Whun the probs can sufely handlod, wips of all
esrecnal particulate malter nesr the tp of | robe
norxtle and pla:rnra]gour It 10 prevent lowing or gaining
pnrticulsle matter. Do oot cap of the nrobes tip Lghtly
whills the sarppllue troin 1y coollug down as this wonld
create s vaciimn in the filter holder. Lhus drawing wuter
from the impingers 1010 the Aller holder.

Belare moving (' sompls ualn 1o the eleanup die,
remove the [wobe hiom the sample trudn. wipe of Uw

mies.
4.2 _Samp

Environment Reporter

sMicone grease. and cop the open oatlet of tha-prubs. Ds
careful not 1o lose any condeasars thar might be presenc
Wips o Lhe sillcone greass [rom the flter inlet Whets the
probe was [nsteped and cap [t. Remove tha tmbilical
cord from tha last impinger and cap the lmpinger, U'n
Bexibls lins 13 ased berween the Arst ngl.n{lu or epf
denser and the Alter holder, disconnect the Line at the
flter Liolder oud lt ony condensed water or lquid
drain [0t) the Lmpiogers or condenser, After wiping oft
the silicone creass, cap off tha fliier holder ontict and
Impinger inlet. Elther ground-glass soppers, plastic
caps, OF Yarnm caps may be used Lo close these openings,

ransfer the be and Aller-impinger axdembiy W the
cleannp aren, ‘This ares should be clean and pr-scted
fram the wind = that the chances of coltamion ing of
loying the sampls Wil be minimized.

Save a porilon of tha accrond nvd for elemmup 23 0
bank. Take 200 ml of Uds peelone dirr:lly from e swds
botqle being used and place 11 in o gla<s sadple conlaler
laheled “arvione Lisuk, '™

Tnspeet 1l Lrnin prior (0 and during disacemldy snd
gﬁu any olykrinal couditious. Treal 1be samphes s

ow: ]
(mcofnulur No. {. Carefully remove 1he 8lier fron the
ter liolder aued place it (o lis idendfled perri dish con-
tolner. Use » pair of \Werzers nod/of ¢lean disposable
smrgical glovea to handls the Alter. IF 1T 18 Neceidury o
fold the (lier. do so such that the panicnlate cake s
Imside the fold. Carefally wansler to the peirfl dish puy
particalare mmnisr andior Gilier fibers wherh adhers 18
the finer haolder pasker, b using a dr7 N,ion Leist's
brush and/or & shatp-eiged binde. Smad the wonwalnet,
~" Container Na. 2. Taklig cars 10 sea thar dust on the
{_outside of tha probe or oiler exierior surices does oot
gt Into _the. smnpls, quaninaiively recover particolsws
waner of auy cundensle from the probs narrls, probe

[Appandix A, Method 5] “
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fitdng, proba Locr, sod ot hedf of the Lilter hylder by

" hhing these coununens wilh wylone mid phu-ug the

— wusn in a gl oulainer, Dirull-l waler may e used
\ s uf dectoug » bed wppruved Ly Lhe Adiiuintraos
aur siall be used when specifird by the Administrinm,

In these cused, save 4 water blunk wid fullow the Admin-

wraln’y divectives on wwlyeir. Porfor Uie agetuns

rises we Lillow e

f‘1 Idly v

v lllr prul-: fowr b gind elvan the Inslde
. 1 wanh Imll- ang

hnulhm.. wih 13 ; 1 \the
Mo o 5 nible periches, :mrr which
moke n lingd [ {ne Dirstele suriziy with scetae,

Teieht and rin— the Toside pacs of e dwnpelak
Miue with peetoree i 2 dmliar wey uoll ne vislhile
17971 Ll rernnioL

Rivma L jambe et with gesiove By tline amld
i the e w b srtisig 2odtone 1o s upeer
eod wa That All InAde miriees will bee wezned with e

e Lam 1hie wreverse drain fram 1l lower end lure e -

mirple eptniner, A e (phass o oty ety e nmy

us==l 10 eld Ln wrauslerviog lagunid scucdies 10 1w oM.
telner. Follow (he seeioie rive- whill o jagie Drush,
[kl 1w probe b0 an inieliesd paeizion, snin oerroos
1I|rn the gprer il an the prove LA b being pedned

o ndecteath e lower end ol the peobe, cind
Ay eccluna Gl pakeoloe madier whirh |n
Imuhﬂl v e prete. Hun the Tewdls ihrourh s
1srobay thres tUrnes of eere nudl ne cidble paeticnoe
nmatfer o enrmied ot with e goefents o il npua
rrmalit in the prole: knee oy clear=t doqection. Wirth
Fbivhes mewl o Mlier wemal proves, min v lwusi
heongh {n. the above pye nluﬂ 1L b L i
rinu= shime eyl pesds -

11 TLE S AT R

. Ilinsr e wernghy
wiily metones, gid sOvely el U i hings
o the gunple costzioms, Atlet” the bgaidog vnake &
T :umctove rifar af 10le pmuie L3 ueert T od Atnen,

11 13 resgormetrded thal 196 peuplt e wed W flenn
1he probe o mlnhum- mnfie lpgees, Rerwest samuting
e, ke p Buibidhes «'oum gard prmdes- -led from eenLanine-

Aﬂﬂ ﬂls-lmnl II‘JI 87 Juiils hive bwwtt wiped e
of viroine gorave, cieon Ui usnle of U lp * el -l L
Llter hiolder By nuLiaw e mur—-with - N < hriie
hrush and riesing will wetune. 0
1hirre thines of mare 1) ek 10 grnauve & ok )

Mlkclhuﬂmwutu»hrummmvrheldrr
Carelilly tiire out tie glaea cyclone, b~ ‘I applonhle),
Aller sl aelous waabings aud partondaw: nsicer hava
been collected In the yample conlainer, tighteu the ild
an Lhe Sampls canlainer o Lo gcetuus will not ek
ot when |t s shipped u tha |ahoraiory. Miark the:
height ¢f the fuid Lcyel to deteminjus whother or not

~ Jen knge-orergTidvIurime 1ransport. Lahe] the costalier
Y “elearly Idoutily h wouwum.
- Courainar Na. 3. Note the volor of Ue lnd'lrlun ﬂh
J ™=l mdm:ulfllhum-wuphd;:

et s nolatiou-of |ts ¢ondlilon. Trower the =illca gel rrulu
Ute founh lupinger o its orighie! conteiner and mal
A Binnelinay :node [0 casier to pour Che #illea el withoug
spllliog. A rubber policeman Ay be used as un ud n

removing the dlln gel from the bupinger. 1t is not
Werenaary Lo rewruve Wie xuadl amonil of dust particles
that ray wihere o 1k impinger wall and ere dillicult

to rapove. HSliwo Le gain in welght 9 Lo be 1med tr -

molnure calculsiions, do Lot uesr Iy TRl of oliner
llnquids w tranzier-ue siliea erd. T s halan-+ in svallabiles
m-the feld, folliw Uw proccdioe for contpiner No. 3
in Secilon +.4
Tin privger Water_Treal the finpirers ke followr: Mzky
suotsdan of enlor ar liine In the linnid catcb, ¥Mroame
W Is In vhe Gre theee impionger Lo within
=1 mi by ming & gradusied :Llndnr ur by weighing it
1o wilhin =% & by g & b
Hheoard the volums of weith of Ikyud pressie This
lnjformariou ks regnired W eglegtade Uee JuGisture volkent
af Lre effinent g
Disrard the uquld aher meaarring md mencding Aha
volums or weigit, uules wialyus of the inpELEer el
i remqdred (500 Note, Beellon 2.1.7).
Lf & dUTereni typo of cundenper ia ioved, Tenams the
wnount of mobru e vandried eitler volunetrivally o

nee (f ane is Available).
rimeirls
" m“-a.l.lr te, contuiners should bs rhipped in
srh o way that Usty remaio uprinhe i &l] Tiares.

43 Anolynia. Rerord 1he dars rovyuired or a8 olewl
“mwh na Lbe aiie shown Lu Figromw 5~3. Handle viw-h sampria
ronlsiuer 11 ollowa:

Couighirr No. 1. Leawr the vontenls ln e shipping
rontdiner or uUnnser Ure ilier ana any lovss parivilate
from the sainple container Lo a tared giass weighing dish,
Deslovata fnr 24 howrs Lo 8 desicenior contBiniug saly-
drows asiciom nallacs. Weigh to a constaut weight and
report the resnits to the orarest U1 mg. For morpuss of
this S.el.l.n:l! 4.3, the LTI “vonnant weiglit” means &
diference of 1o mare wban 0.3 me or 1 percent of ofel
weight lea tarm wwight, wiichever s greater, becwern

twy conselive wu;hmp.ﬂmmluilhlndhn.u-ld
demﬂ.l.lnn time berwn weighingy

-

{

trlatng aetfon twonzh ie prote: ho!d a mimpn

Plant

Date

Run Nao.

Filter Ro.

Amount quuidllnst during transport
Acetone bfank volume, ml
Acetone wash volume, mi
Acetone blank concentration, mo/mg (equation 54}

Acetone wash hlank, mg (equation 5-5)

WEIGHT OF PARTICULATE COLLECTED,

CONTAINER mg
NUMBER -
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
1
2.
TOTAL

Less acatone blank )
Weight of particulate matter

* -

_ VOLUME OF LIQUID
,” WATER COLLECTED

IMPINGER SILICA GEL
YOLUNME, WEIGHT,
mi. g
e
. FINAL
INITIAL

LIQUID COLLECTED

TOTAL VOLUME COLLECTED 9’ ml

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

INCREASE, g
19/ml

= VOLUME WATER, mi

Flgure 5-3. Analytical data.

[Appendix A, Method S]
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FEDERAL REGULATIONS .

- ATternallyely. the sampls mey ‘booun dried &t 105* O
egnled In the dasiceatar. and
waighed 0 & conmant weight, uslew otherwism spacified
by the Adminlstraiar. The testar May alw opt ta oven
dry thy sampls at 103 * C (20 * Fi<for 2LoJhoars, weigh
tha sampla, and ow Lhis weight sa s flnsi weight,
Cniarnay No. J. Nola thelsvel ofliquid in Lhe conteiner
and sonfirm on the naal yais sheet whether or not leakage
oocmrred donng transport. If & oouceabls amount of
has oocurred, sithar void the 1ampls or ose
msthods. subject o the approval of the Adminlsonter,
0 corroct Lhe Onal remylia Messurs the Uguid ln this
oontaioar either volumamically to =1 ml ar gavi-
metrically to £05 . Tranver the contents to & tared
250-ml bemker and evaparsts Lo drymess ol ambiant
tamparatary and pressum. Deticeata [ar 24 Lours and
nl;hf.n-m.-.unl.'ulht. Bepart the resnlls o the
nearest
Gmuhc# & Walgh the spent sllles nl {or sllen gj‘:
ploa impinger) wo the nel.rul 0_5 aalng &
nﬂ: may be condnciad Ln
Blank" C‘onul‘ur "Measzre acetone In this

arats o drrnﬂl al amblent tamperutors and presnra.
De 24 hours and weigh o s contzant num.

lh.nm.ltlhlhnmmﬂ.l.m(._
oTR.—Al the optlon of the testar, the cnnunu of
Container No. J as well a3 the acetans blunk container

mar ba e ai tamperitored highar chan umhble
ant. If svaparaiion is doos st an slavaisd tam Lare,
e tamperatore most be balow the bolllng point of Lhe

wivent; slso, o :.E:“l “bamping,” ihs &
pwrocnm most be ly s and the cantencs &f
ths beakar must ba yoriried occasicanlly to malntaln sn

mun Um ummm.unm-hmwr
and has & low Sash polmi.

& Caltretion b
Maintain & Mﬂﬂdtbmum
51 Probe Nosla noxzins shall be calfbrated

‘Yelors thair tnitial use ln the Oold. Tsing a micromsiar,
m-ﬂlmm:‘.dnd.hmzmdlhonuuhl-nw-m

. .. .. i . RUBBER
Rusgea . STOPPER

BLOWINTO TUBING
UNTIL MANOMETER -
AEADS 5TO 7 INCHES

WATER CDLUE-!H ORIFICE

WANOMETER

A1 Namszclators

A = Cro-gactional ares of noryle, o (7).

Ba -E’;wnwlnlhnmm. pomrloen

f. mAcmons blankreddns conomiruilen, melg.
w=Concaniration

of particziawe malier in sUask

s, dry basis, correcled w suodard condl
tioos, prdsam R

i -Ehumngl::pmb

oot lealk check ar for e leak check oilow.

ﬁm‘?&‘é’m““‘; a4 parimed of Lbe vooregy
m or puwnl. »
18, whichever [s

=m
In. =ln dn.nlhlhnrnuohlﬂ'nddmiulh.
.leak check aondocwsd prior o Lhe “fw"
:.mm?:u:nm (=L, 2, 3....8),
Is = Leakage rato cioarved during ths post-test
Lok chsck, méfmin (efm). -
LS = Toml paritrulaio matter enlectsd,
M mMowelar we L'g-mols
 Tso T bmpi o Twn 180
- -Ih. of rvsdne of acetons afler sYaporation,
-Bmau-h sampling cits,
Ph.., fﬂlﬂl . st e
), = Albrwlnts stack gas premore, mm Hy (o
P, wmStandard ¥ mm
] R H s [wresare, S0

- shall be reshaped,

*  DRIFICE

mmpllrg. .
Ls [enkage rals [or either s

0.025 mm (0.001 in. ). Maks thres saparats measarementsy
uslng diferent dismetars sach Ums, aod obtaln the sver-
age of Lhs messarements, The dlfernnce bevween the high
and low nombers shall not arceed 0.1 mm (0.004 ().
Phen nordlas becoms nicked, denled, or cormod Lthey
ged. aod recalibrated Defore
usa. Fach ooazle shall parmoneatly and nalqualy
{dentifiod.

5.3 Piist Tube The Typs 8 pitot tube axembly shall’

be callbmted sccording W the procedurs outlined o
Section 4 of Msthod 2.

83 Metering System. Berun Its initlal use In tha feld.
tha metaring system phall be callbrnted according to the

procedury ou ln APTD-0578. Lnatead of poysically
ldlu.ﬂln.. tho dry gay meter dial readings to correspond
1o Lhe wret Last mecer readings, callbration [(Aciomm may ba
nsad 1o mathemalically correct the yes meter md.rnp
s the proper valued. Bolore calibrating the meloring sys-
tam. it » wnggested thel & leak-check be condociod.
For metaring systams baving diaphmgm pumpa, the

narmal loak-ch ur_l: ocedurs will not dotact leaksges
wiihin tbe p. For thesa casas the lowing leak-
chack are i - maXe & I0-minuts callhrge
Hog run ot 0.00057 m ffmin (A & cim); st the end of the
run, lake the difference of u:o mesaured wet Lesi mater
and dry gus matar vl : divids the difarence by 1
W pet the leak rate. The rats should pot
Q00067 m ¥min (0.02 cfm).

After each Osld ume, the callbmtion of the metaring
sysiech shall b checked by performing thres calibration
mn.llll.dnl urm-&sunﬂnuutunt (based on

vioas flald tast), with ths vacoam st md the

um wvuins reached during the test saries To
ld.'lm the yacun, lnsert & Yalvs botwwen the wel Last
matar and Lhe inlat of the metering systam. Calcolats
ths averngs valus of the cn.ubrnuon sctor, Ll the callbras
ton Bas changed b mors thea 4 l. ru:n.llbrlu
the muater ovar tho range of
Lned ln APTD-U510

Alternailvy procedures, ag. naing the orifies moter
conffcients, may bc wed, mbject Lo the spproval of the
Adminisunaior,

_BY-PASS VALVE

WoTE—1fthe dry gas meter coe fficlent valuss obtalned
before nad arter s Lest series differ by mare than 3 parcant,
L0 Lot seriet ahall either be volded, or calcolations for
Lha trst serien shall be poriormed nung whichevar meter
corCcient valos (la, before of afler) gives the lower
valus of total sample Yolume,

5.4 Probs Besler Calibmailon. Tha be heotlng
system shatl be calibraled beiore Ity inl u.u in Lha
field nccordlug to 1he procedurs outlined In A PT D—0578
Probey consuructed according w AFPTD-0581 need nm
be callbratad U Lhs calibrauon curves ln APTD-0ITB
ar osed

5.5 Tempersiure Gauger. Uss ths procsdore In
Section 4.3 of Method 2 to callbrale in-Stack tamperaiure
grugen Dlal tharmometars, soch as are ased [or the dry
a3 mealer and condenser eutlet, shall be callbrasd
againil mercury-in-glasy Lhrrmometers,

8.8 Leak Check of Metering Systam Ehown in Plgure

S-1. That pordon of Lhe sam un| ruln rom Lhe pumnp
10 Lhe orifice meter shogld be leak checked prior to lnjtinl
use and after sach shipment. Leakage aiter the pump will

roult in less volume being recorded than Is actoally
sampled. The following precadure i mpyescad (see
Firurs 5-4): Clms Lbe main valve cu the msiar bot,
a onehols mbber soppar with rubber rul:u
attachad [oto Lhe oriflos exhanst plpa. Disoomn
wen( Lhe low side of ths orlfies manometar. Closs off Lha
low side ariflcs tap. ra the yystam (o 110 8 om
{8 t5 7 [n.) weter column by blowing {ato the rubber
tabiog. Pinch of the tubing snd obsarve the manomwer
for epo minuia A loty of prewsors on ihs manometar
indlcates & leak ln the metar box loaks, Uf presant, must
e correctad.

“:._1 Barometcr. Callrpte agpinst 3 maroury barom-

& Calcnlaligns

.dﬂ"“m"“"' retalning at lmast car extra
d fgare beyond thes of the acquired dsia. Bound
off Ogrres ailer the Gnal aleuladon, Cther forms of Lhe
eqnnr.lon.l may be nsed as long as they give equivalent

VACUUM
GAUGE

MAIN VALVE
CLOSED

AIR-TIGHT
PUMP

Figure 54. Leak check of meter box.

2 'H.-I. wmum mm £
-mb (ZLAS in. .Ele-n.ll“ m,ﬂrm'f *
Ta a Absmimwe s MmALAr Lm parstare
. [ Flm &), 'K ('Ea .
T. '#mm-u-nm-x (.si:nl:n, gnd Lempearsinre (s
Tua [ , W K

538 H).
Y. = Voloume of acetone blaok, ml
Tee  =Volnms of acatons nssd Ln wash, mL
iu-"l'onl'ohmnnlmi? afd enﬂacudlnlrnﬁngm
and silics gol (e
Vaw Vainmas of gas smmpla umd'brd:r!lﬂ
mscar, dem (el
V-t..n-Volmo of gue sample messtred by the dry
mmdt:hm to standard comdlitioma,

dsem {
¥ajuay=Voinms of water vapar In the
exeretiad to

TR S
V.=8tack gaa velocity, calculstad b

Eqmtion 29, us dats obl.ll.nld
Method 5 m/ws (fi/san)
W, =Waight of residus In &cetons wioh, mg.
Y-Drrplwullbn.unnw

#y=Sampling tims Interval, trom tha begloning
dlmmulmnmmmpmmm

lc-anmpll.nu tims interval, betwean two
cessive component changns, hupnnln; -11.!:
the. Ln between \he Orst and sscomd

changes, min.
#,=Hampling Gme Interval, from Lhy Anal (ath)
componsat changs untll the end of the
ampllng ran. mun .
u.ﬁg:apmnn guvity of marcory.

Sec/min.

[ %] T)mn- mmhmmmm AvErRgy
ariflcs drup"é:n dats shest (Figurs -2).

43 Dty Gas Vaiume. Cmt the =m valume
meamred by the dry gas metsr conditions
(@* C, 70 mm Hg or 8" F, ﬂmln.ﬂ'l)byu:ml

- AH
Phl+—
- T.l:d 13.6
Vawa=VaF(F4) | —p=
-»
=KV.Y

|
Put (48130

Eguation -1

[Appendix A, Mathod 5]
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here:
K, =0.34% * K. mm 11a lor mrirc units
=150 "R Uy for Engilah vniics
Lm.—!qu.nuon +1 can be tasd s writlen unleg
b4 leaknte rits observed donog any of the mandatory
Jonk clvewly (1., the post-test leak check aor lea checks
condusted pricr to coniponent changes) rxveeds Lo Uf
Lo ar Luexcoeds L., Equation 3] nuust be wodlfied as
lallown;
{s) Cass L No romponent changes mads during
sampling rrue. In this case, replace Ve in Bquation 1
with the ¢rpression;

Va—tL,—L,)e]

M) Cause I1, Ona of mom component changes mnh
aring e sampling nin. In this cnee, replace +w o
Bquaton -1 by the expression:

[V-— (LI—LI)'I
- ‘Z;-(Li_— f-.-)v.-—(f-;-f-.)ﬂ-]

and pubstitute, anly ke thov tea
) L:nly _lﬂ.h;a mates (L or L,)
L4 Valoms of waler vapar. -
‘ Equatlon 3-32

7_‘_0=‘.I'_ (ﬁ) (}_zr.'..)-.:._ K.,

1r.=-n.un:m mthml for metri: guoits
.- w0707 ropml e Euglish oalm
3 Coatent.

- V- (aud}
B..: Vaaw+V. (srd)

Eauauon 3-8

1Ty e (Y, W) (R,
R e s

where:
£y 0.0kt i By — 4] —=* K fay rastric anite
=L U . He~{1/ml="H for Eoglish anh
_4lL2 ﬁhﬂ-l—w aloes,

j 14 T V- than Pﬂll 100
Tour 0, j.0, G0 60 t--4.)

X ! Tulata
] ALY ot

Fquatiou 3-8
wlu-re:
K, =4.708 for Dewrie nuliy

Tt ey

Q17 Acowpoahly LlMprruut < I <110 per-
cenit, Lhe resale am socedtabls, I the s are low [0
mpansa to Uis andard aod £ s beyood the seoept-
able range, ar, If [ is Less than 20 t, the Adminis
TRlar Ay opt to aceept theo resolta Cse Cltatlon 4 Lo
E.lnlmlpmnu Ouherelse, refect tha resalis and mpeas

test,

7. Bitlographyp

L_Addendom to Bpecifiations lor Dicinerutor Testing
an Pederal Facilltieg PLIS. NCAPC, Dec. & 1907,

% Mprtin, Bobert M. Consuncton Details of Iwe
kinmis Sooree-Sompling Eguipment. Eovirmomerntal
Proectlon " o gia FPark,’ N.C

. A 1071,
Az .Bom, Jaroma J. Malotenuice., CAllhraton. and

‘ou.rn EnmEIInl Iqmpmuu.

4 Smith, W. 8., B.T Sh.l.:ehan.lndw F. Todd.
A Maethod of Inucrpyeting Stack Snmpll.nl Dala
Presanted at the 6l Annual e Aly P
Uan "Control Assciatou, SL Lnu.h.Mannll.H’

L 8 Smil.h W, 3.. et o). Stack Gas Samwpling Impruvecl
and fAimplifled Wil New Equipmeni APCA Paper

No. 67-119. 1987,
Specifications v Incloerator Testng af Federal
h:ilh.ln. PHBS, NCA.PC 167,
7. dhigebarn. B, T, Afjummenta In the EPA Nameo-
m Diflerens Pitot Tobe Coefiicients and Dry
Weighla, Stack Sampling News Pe-LL
October, WTL

NoTi.~ln miorsicd of water droplct-laden gas
Slreams, w0 caloubations of 1he moinure wonteol of the
muck gus sball be oiade, one Irom the impinger analyus
(Equltlon &1 and & second from tha assumprion of
mrumled conditions, The lower of the rvo valum of
5o, alrall be voraddered correct. The prooedurs for deters
an.Ln; e molsmure content based ipon amumpon of
saluraled conditions is given In the Note of Sevuon 13
of Mathod 4. For the prupsases of Lils niethod, 1ha s rarsge

sk gud rraperniure rom FioTuw 42 moy be ussd [0

make this detenpination. provided that mc arviracy of
tha (n-3slack Lemiperslure mrsor o = 1" C (™ Fh
u4 Acewme Blank Cuncentmnion.

me

C,= —
Vare
Foratlon 3 -4
V.l Asciune Wash Dlank,
=C- - Pa
Equation %3

48 Total Putimlals Weight Del-mmn. e Lol
qusts enich from the mm of the waigh obtalnsd
conlainery ! and 3 lesy the scevona blank (as Finoe

59). NoTE.— Ralar 1o Section 4.1.3 w assist Lo caleulatlon
-of remity lnwlrtnlwtnummﬂlurmbuawwo

or meare eampling
4.9 Partculsts Concsotrallon,
€= (0.001 g/mg) (Ma/Vaing)
Equazion -8
1.10 Converdon Pactory:

. From 'l‘ol ’ ' Hruﬂbnhy
=y mt a2zl
o [ 10 b 11 48
g/ -lbms 2 Xax10-e
LT v ua

Al Iskinetle Vadation,

G1L) Caolcnleton Fram Haw Date .

o a1 ’

[ ] qullﬂw.:'l-'l'

L Volarg, B P. A Survey of Cannrere Arnajlanle
Ingrurnen atation For the Meargrment ol w= B g
Gas Vealocitea, 7.8, anm.mmu Protection Agency
Emisyirm Branch, Ressarch nfic
l‘arl:.N C. November, 1978 (unpnbl.l:hnd .

Annoal Book of ASTM buanderd PIH.M. ]

Elr C?: $d Coke; A.mm-phd'le J.F.\l .uuri.:n
wra, op oz Ralty P

Meruos (—DETESMT-ATON OF SCLIUE Dioaine
Elwmiosa Faou STITWNART SUCRCES

* 1. Priaciple and A pplicaistlity

Ll Principle. £ gag smmple {3 oxtracted ram e

smpling pamt in Lne sl The slfuric scid mies
In-Jud.Lua sulfur mo:.idn) aud”the mulur dnxide e
scparated. The mliar dipizide [racuon L8 Mewyurel 1
Abe arivm-dionn Uaniso mathod,

12 Applicabilliy, This mecbod Lo spyllvalile fm 2w
dererminailoa of muifur dioxride enissions fman siatlneu
sources. The jpinimum datectabile Umit of Lo meoae!
Ty been rdetermined 10 be 3.4 ultigrans (b ol S0,
(Z12XC1077 1b/ft ). Altlough no upper lUnul bax b
rsiabilshed, tesTY have Shoom LLAL ColCenUTlbme i
Ligh am ).000 oar/m? of 504 can be collected etltrient iy
1 vwo mildet LUopugers. each conwimng 13 mihiler
af J prran hydragen odde. st & rda of LY |
N nonawes-Based on 1 ucal caloulsyjons, Lhe
mﬂl:l:llru.l.nn Umit h\ 8 Xiner suuph I3 abumyg =~

maEm

1'oesilsln Intrrb-nnla are (rco avmmonis, waler=eiu: -4
wlouy. #id tuorides. The emlons and’ Ouodil~ ar
remneved by glass = onl Uty and an isore nlh- e
and heee do nox wicet 1he 30 analyxis
ard being 145 fromn & #aa presan Wit hlqh £ RN
Lions of Yery tie mewlllo fonr (s0ch as In luletr
conmrol devices), a high-aillciency giazs Sber filler niar
lnundlnpln:u of 1un ginas woaol piug e, the one In
the prohe) W remors the cation interfcma,

Free ammois interteres by rracting with 301 to urm

als sulllts snd Ly rcl:d.n; with tha [ndcarar.

free pmmonis is present (thus can be devmrounesd by
owledge of Liw Trocess and white parirutne
maner In the peohs and lsopropenel bubbler), aliems.
dre nzllmd;tsublu!l fo l.h: I.ppl'u"l.l of the Adminiaus~
lar, n¥irgoaremial Proteclioa Azency, are

2 Apparaiag

s

[Appendlx A, Methad 6]

Published by THE BUREAU OF NATIONAL AFFAIRS, INC., WASHINGTON, D.C. 20a37.




A

APPENDIX F.2

LABORATORY DATA SUMMARIES
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TEST _ 1~

ANLET

PARTICULATE TEST DATA

TDE

1400 ~ o0

LOCATIN K=o %5 (CadunusE  DATE

FIRM DLG e 1722001 2 4,1

10 -28-80

Input A
P bar
AS

Dn

Time .

Cp
{ap) 1/2

Pstk
Tstk

Input B
M

Input C
$H
i C
55
$ N
50
GCV

Calculated

W (std)
% Hz0
Mws

Vs

Qs

Qs (std)
£ I

Cs

Er

F

E

PROJECT N0. {5 3 ~EB80D

Baromerric Prassure - in., Hg

Stack Area - Ft?

Nozzle Diameter - in.

Total Sampling Time - min.

Calibration Factor

Pitot Coefficient

Average Square Root of Velocity Head (in. H:0)
Average Orifice Pressure Drop - in. Hz0
Average Meter Temperature °F

Average Stack Pressure - in. Hz0
Average Stack Temperature °F

Meter Volure at Meter Conditions - Ft?
Total Wacer Vapor Collected - ml

§ CD» in Stack Gas (Dry)

% Oz in Scack Gas (Dry)

% (D in Scack Gas (Dry)

Toral Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

% Sulfur in Fuel

% Nitrogen in Fuel

% Oxygen in Fuel

Gross Califoric Volume of Fuel - BIU/1b

Meter Volume at Standard Conditions (Dry)-Ft?
% H70 Vapor in Stack Gas

Molecular Weight of Stack Gas (Wet)
Average Velocity of Stack Gas - FPM

Actual Stack Gas Flowrate - ACPM

Stack Gas Flowrate (0.0% H0; STP) - DECF
% Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel)
Particulate Concentration-ib/DSCF
Particulate Emission Rate-1b/hour

F Factor - DSCFAM BTU

Particulate Emissions - lbs/MM BTU

SO.3Y

P??

262

0

/OO

oA

1Y

(73

&3

-.3‘ 3

/6 6

Se.29

B0

o
20.9
a

5701292

ot B

32.12

25,29

29371

¢9e1

165

09,4

0., HOHTIF

NS6L.0O




PARTICULATE TEST DATA

TEST 1 O,1, 2 T TRE [§6o =iL00

LOCATION Ketueg %S -Racreope”  matE 0-2%-%¢

FIRM _ Q.S . Gypsum PROJECT NO. _ |32 e ()

Input A R

P bar Batometric Pressure - in. Hg 20.08
As Stack Area - Ft? 0.6
Dn Nozzle Diameter - in. w199 2
Time Total Sampling Time - min. il O
Y Calibration Factor ey
Cp Pitot Coefficient L S
(ap) 1/2 Average Square Root of Velocity Head (in. H:0) £./29
aH Average Orifice Pressure Drop - in. H20 (.25
Tn Average Meter Temperature °F 745
Pstk Average Stack Pressure - in. Hy0 ~5.2
Tstk Average Stack Temperature °F LS5Y
Vm Meter Volume at Meter Conditions - Ft? g y.29
vl Total Water Vapor Collected - ml & 79. 5%
C0s7 % C0, in Stack Gas (Dry) &)

07 § 07 in Stack Gas (Dry) 20.9
oo} $ @ in Stack Gas (Dry) o

Input B

M Total Particulate Catch - Mg 242,3%
Input C )

$ H % Hydrogen in Fuel

£ C $ Carbon in Fuel

%S % Sulfur in Fuel

g N % Nitrogen in Fuel

&0 % Oxygen in Fuel

Gov Gross Califoric Volume of Fuel - BTU/1b _
Calculated

Vm (std) Meter Volume at Standard Conditions (Dry)-Ft3 A543

% H20 % H70 Vapor in Stack Gas 24,42
Mws Molecular Weight of Stack Gas (Wet) 2l f/
Vs Average Velocity of Stack Gas - FPM Selff

Qs Actual Stack Gas Flowrate = ACPM 23/

Qs (std) Stack Gas Flowrate (0.0% H20; STP) - DSCF il

§ 1 % Isokinetic (Avg. Nozzle Vel/Avg, Stk Vel) 9748
Cs Particulate Concentration-1b/DSCT UL o000 S5te2d
Er Particulate Emission Rate-lb/hour . L2717
F F Factor - DSCF/MM BTU

E Particulate Emissions - 1bs/MM BTU

1




Bl

]

PARTICULATE TEST DATA

~

mT_ WI I35k TOE __ jLd4n 99D

waaTIoN Rpcvnpe 2 glm Lel DATE 0-28 -6

FIRM _ 0.5 Gypapm PROJECT NO, IS32-£E£5C

Input A

P bar Barometric Pressure - in, Hg 205, 5%

As Stack Area - Ft? .93

Dn Nozzle Diameter - in, L2l

Time Total Sampling Time - min. /8. 8~

Y Calibration Factor JloYe)
Pitot Coefficient e T

(zp) 1/2 Average Square Root of Velocity Head (in. H:0) . 77C

aH Average Orifice Pressure Drop - in. Hz0 YA

Tr Average Meter Temperature °F o ¥ s~

Pstk Average Stack Pressure - in. H;0 — 2.

Tstk Average Stack Temperature °F YA~ ¥4

Vm Meter Volume at Meter Conditicns - Ft? i

vl Total Water Vapor Collected - mt 122.5

0z $ (07 in Stack Gas (Dry) o

0z § 07 in Stack Gas (Dry) 20,9

#2] $ (M in Stack Gas (Dry) o

Input B

Mn Total Particulate Catch - Mg \S{ooo ‘12.

Input C

$ H % Hydrogen in Fuel

$C % Carbon in Fuel

%5 % Sulfur in Fuel

&N % Nitrogen in Fuel

$0 % Oxygen in Fuel

GCv Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vm (std) Meter Volume at Standard Conditions (Drv)-Ft? [t &g

% H20 % Hz0 Vapor in Stack Gas 302

Mws Molecular Weight of Stack Gas (Wet) A = A

Vs Average Velocity of Stack Gas - FPM 38

Qs Actual Stack Gas Flowrate - ACPM 202k

Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - DSCF 1716

$1 % Isokinetic {Avg. Nozzle Vel/Avg. Stk Vel) 9%

Cs Particulate Concentration-1b/DSCF 8.0029493

Er Particulate Emission Rate-1b/hour 303.]

F F Factor - DSCF/MM BTU

Particulate Emissions - 1lbs/™M BTU




PARTICULATE TEST DATA

st KT5-2 TRE 730 - 2008
LOGATION RarnoimE Qo xee] DATE j0-23 ~230

FIRM {),.4 G ypsona PROJECT MO. __ | S b2-EFO
Input A

P bar Barometric Pressure - in, Hg 10, R
As Stack Area - Fr2 0. 66
Dn Nozzle Diameter - in. 0. I??&
Time Total Sampling Time - min. 160

Y Calibration Factor [ O
cp Pitot Coefficient 0, 84¢
(ap) 1/2 Average Square Root of Velocity Head (in. H30) 1,032
aH Average Orifice Pressure Drop - in. H;0 Ly ‘{2
Ta Average Meter Temperature °F o9
Pstk Average Stack Pressure - in. Hz0 -, 37
Tstk Average Stack Temperature °F /.54
Vm Meter Volume ar Meter Conditions - Ftl 03 &
V1 Toral Water Vapor Collected - ml Lol FeS
€0, $ C0; in Stack Gas (Dry) (@)
0, % 07 in Stack Gas (Dry) 20.9
0 % M in Stack Gas (Dry) O
Input B

M Total Particulate Catch - Mg 2649
Input C

% H % Hydrogen in Fuel

$C % Carbon in Fuel

$5S £ Sulfur in Fuel

YN % Nitrogen in Fuel

%0 % Oxygen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vm (std) Meter Volume at Standard Conditions (Dry)-Ft3 foLS

% Hz0 $ H20 Vapor in Stack Gas 23.6

Mwg Molecular Weight of Stack Gas (Wet) 2027
Vs Average Velocity of Stack Gas - FPM 432/

Qs Actual Stack Gas Flowrate - ACPM 2852

Qs (std) Stack Gas Flowrate (0.0% H;0; STP) - DSCF 1581

$1 % Isokineric (Avg. Nozzle Vel/Avg, Stk Vel) 102.9 -
Cs Particulate Concentration-1b/DSCF Q bocoong T
Er Particulate Emission Rate-lb/hour o R AL
F F Factor - DSCF/MM BTU

E Particulate Emissions - 1bs/MM BTU
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N
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PARTICULATE TEST DATA

T 4759 TRE 090 = 4210
LOCATION 824 M08 i i 7 DATE /0-29-50

FIRM (). S. G vesom PROJECT N0. __ /532 -680U
Input A

P bar Barometric Pressure - in. Hg J30.40
As Stack Area - Ft? 99

Dn Nozzle Diamerer - in. Y
Time Total Sampling Time - min. Jj 9

Y Calibration Factor [ OO
Cp Pitot Coefficient 1A
(:py 1/2 Average Square Root of Velociry Head {in. H20) M /_21
aH Average Orifice Pressure Drop - in. Hz0 L e?
Tnm Average Meter Temperature °F 28 .y
Pstk Average Stack Pressure - in. Hj0 =2. 2
Tstk Average Stack Temperature °F [Tl
Vm Meter Volume at Meter Canditions - Ft3 /O 89
Vi Total Nater Vapor Collected - ml 2/3.2
€0z % Q0; in Stack Gas (Dry) @)

0z % 07 in Stack Gas (Dry) 20.9
ool t O in Stack Gas (Dry) &

Inpur B

M Total Particulate Catch - Mg WO 84
Ioput C

$H % Hydrogen in Fuel

$C % Carbon in Fuel

£ 5 % Sulfur in Fuel

% N % Nitrogen in Fuel

%50 % Oxygen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

vm (std) Meter Volume at Standard Conditions (Dry)-Ft? [t.37

% Hz0 $ H70 Vapor in Stack Gas 4y, 91

Mws Molecular Weight of Stack Gas (Wet) &1y

Vs Average Velocity of Stack Gas - FPM 2580

Qs Actual Stack Gas Flowrate - ACRM 256 0

Qs (std) Stack Gas Flowrate (0.0% Hy0; STP) - DSCF 114 O

I $ Isokinetic (Avg. Nozzle Vel/Avp. Stk Vel) 15 8.%.

Cs Particulate Concentration-1b/DSCF 002223

Er Particulate Emission Rate-1lb/hour 152.1

F F Factor - DSCF/MM BTU

E Particulate Emissions - lbs/MM BTU




L

‘,’,:""-'-/
PARTICULATE TEST DATA id
mT_ KT 5 -3 ™mE__ 9854 - (223
LOCATION dovss O -7 DATE O -292-CEC
Fid ) S G ypsomn PROJECT N0. _ A5 3E£3O
Input A
P bar Baromettic Pressure - in, Hg 2. 37
s Stack Area - Fr2 oG
n Nozzle Diameter - in. S ad A
A,
Time Total Sampling Time - min. N e
Y Calibration Factor f.a/f
Cp -Pitor Coefficient 3. a5y
(ap) 1/2 Average Square Root of Velocity Head (in. H;0) R S92
aH Average Orifice Pressure Drop - in. Hz0 , 933
Tn Average Meter Temperature °F 72
Pstk +  Average Stack Pressure - in, Hy0 —.32
Tstk Average Stack Temperature °F L\_‘)-'(-
Vi Meter Volume at Meter Conditions - Ft? FO.8@
V1 Total Water Vapor Collected - ml S }9, <f
0, % 0, in Stack Gas (Dry) O
) $ 07 in Stack Gas (Dry) 20 9
® % QO in Stack Gas (Dry) o
Input B
h Total Particulate Catch - Mg 18.\y
Input C
% H % Hydrogen in Fuel
3 C $ Carbon in Fuel
£S5 % Sulfur in Fuel
%N % Nitrogen in Fuel
%0 % Oxygen in Fuel
GV Gross Califoric Volume of Fuel - BTU/1b
Calculated
Vm (std) Meter Volume at Standard Conditions (Dry)-Ft3 $2.95
% Hy0 % H;0 Vapor in Stack Cas 21.9
Mws Molecular Weight of Stack Gas (Wet) 2457, 38
Vs Average Velocity of Stack Gas - FPM %494
Qs Actual Stack Gas Flowrate = ACFM 2 d04
Qs (std) Stack Gas Flowrate (0.0% Hz0; STP) - DSCE 1360
$ 1 %t IsoKineti¢ (Avg. Nozzle Vel/Avg. Stk Vel) Il &, Y/\L
Cs Particulate Concentration-1b/DSCE D reomaesiS
Er Particulate Emission Rate-1b/hour 0. TV

F Factor - DSCE/MM BTU
Particulate Emissions - 1bs/*M BTU

[ s ms sm e




PARTICULATE TEST DATA

F Factor - DSCF/MM BTU
Particulate Emissions - 1bs/M4 BTU

F
' 1 E

l st _BTS~3K -f-)u—:\\',é\/ TDE  O9¢$~123 3
‘ LOCATION /v 1 i 7 ' e CRocl 3/ 1950
. rl
. e/ S G vosim PROJECT 0. /5 32-28 ¢,
Input A
I P bar Barometric Pressure - in. Hg 20. 05
| As Stack Area - Fr? v G
Dn Noz:zle Diameter - in. ¢ ] 572
' Time Total Sampling Time - min. (GO
| Y Calibration Factor [LOI
Cp Pitot Coefficient ) L5506
1 (apy 1/2 Average Square Root of Velocity Head (in. H:0) YN
‘ aH Average Orifice Pressure Drop - in. Hz0 f
™ Average Meter Temperature °F 8/
! Pstk Average Stack Pressure - in. H;0 -5 2
Tstk Average Stack Temperature °F ;76
' Vn Meter Volume at Meter Conditions - Frl 100 7
vl Total Water Vapor Collected - ml K707
I 07 % CO; in Stack Gas (Dry) O
) - Q2 5 07 in Srack Gas (Dry) 50-7,
| 0 % 0 in Stack Gas (Dry) C
M Total Particulate Catch - Mg \QSOﬁJ
. Input C
.' 5 H % Hydrogen in Fuel
$C % Carbon in Fuel
. $S % Sulfur in Fuel
‘ 5N % Nitrogen in Fuel
: $ 0 % Oxygen in Fuel
l GV Gross Califoric Volume of Fuel - BTU/1b
‘ Calculated
I Vi (std) Meter Volume at Standard Conditiens (Dry)-Ft? 30,3
| % H20 % H20 vapor in Stack Gas e 1Y
Mws Molecular Weight of Stack Gas (Wet) oS .7
' Vs Average Velocity of Stack Gas - FPM Sygpo R
[ Qs Actual Stack Gas Flowrate - ACPM <282
Qs (std) Stack Gas Flowrate (0.0% Hy0; STP) - DSCF N2y
| %1 % Isokinetic {Avg. Nozzle Vel/Avg. Stk Vel) b
\ Cs Particulate Concentration-1b/DSCF C.¢ oyl
Er Particulate Emission Rate-lb/hour QYL




PARTICULATE TEST DATA

mst_K RS- Y TDE

TN == =— =" = S N

v _ (LS, G WOSL N,

wrE _ Ock 30 \9&QO

Input A
P bar
As

Dn

Time

Cp
{ap) 1/2

Pstk
Tstk

% N
$0
GV

Calculated

Vm (std)
t H20
Mws

Vs

Qs

Qs (std)
I _
Cs

Er

F

E

PROJECT NO. __ ]S 32 ~&®6

Baromerric Pressure - in, Hg

Stack Area - Ft?

Nozzle Diameter - in.

Total Sampling Time - min.

Calibration Factor

Pitot Coefficient

Average Square Root of Velocity Head (in. HyO)
Average Orifice Pressure Drop - in. H0
Average Meter Temperarure °F

Average Stack Pressure - in. H»0
Average Stack Temperature °F

Meter Volume at Meter Conditions - Ftl
Total Water Vapor Collected - ml

% 07 in Stack Gas (Dry)

% 07 in Stack Gas (Dry)

t @ in Stack Gas (Dry)

Totral Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

% Sulfur in Fuel

% Nitrogen in Fuel

% Oxygen in Fuel

Gross Califoric Yolume of Fuel - BTU/1b

Meter Volume at Standard Conditions (Dry)-Ftd
% H70 Vaper in Stack Gas

Molecular Weight of Stack Gas (lfet)
Average Velocity of Stack Gas - FPM

Actual Stack Gas Flowrate - ACPM

Stack Gas Flowrate (0.0% Hz0; STP) - DSCF
% -Isokinetic (Avg. Noz:=le Vel/Avg. 5tk Vel)
Particulate Concentration-1b/DSCF
Particulate Emission Rate-lb/hour

F Factor - DSCF/MM BTU

Particulate Emissions - 1bs/AM BIU

0. 007071

ROS W (o




an e e

PARTTCULATE TEST DATA

=T KBTS —- N TDE

oty _ e T ATE Qb 2y 1980
r

FIRM _ .S, GYPSOM PRAJECT MO. 153280

Input A

P bar Barometric Pressure - in, Hg 3(_1._[?,

As Stack Area - Ft2 oLl

Pn Nozzle Diameter - in, e 5E7

Time Total Sampling Time - min. S

Y Calibration Factor i}

Cp Pitot Coefficient L85

(aP) 1/2 Average 5quare Root of Velocity Head (in. HzQ) 4 75

aH Average Orifice Pressure Drop - in. HzQ .54

™ Average Meter Temperature °F 7 3

Pstk Average Stack Pressure - in. H0 579

Tstk Average Stack Temperature °F 229

Vn Meter Volume at Meter Conditions - Ft3 5.0

vl Totral Water Vapor Collected - ml |2 7l ]

0; % C0s in Stack Gas (Dry) @)

02 $ 02 in Stack Gas (Dry) 20,4

[v4] $ (0 in Stack Gas (Drv) (‘\

Input B

M Total Particulate Catch - Mg 328,79

Input C

$H % Hydrogen in Fuel

3 C % Carbon in Fuel

%S % Sulfur in Fuel

i N § Nitrogen in Fuel

$ 0 % Oxygen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

vm (std) Meter Volume at Standard Conditions (Dry)-Ft3 e (,J

% H,0 % H0 Vapor in Stack Gas S ).

Mas Molecular Weight of Stack Gas (Wer) 3.3

Vs Average Velocity of Stack Gas - FPM N33

Qs Actual Stack Gas Flowrate - ACFM < 799

Qs (std) Stack Gas Flowrate (0,0% H;0; STP) - DSCF 1C52

1 % Isokineric (Avg. Nozzle Vel/Avg. Stk Vel) L35

Cs Particulate Concentration-1b/DSCE UL 0DoD VWG

Er Particulate Emission Rate-1lb/hour (.93

F F Factor - DSCF/MM BTU ~

E Particulate Emissions - 1bs/MM BTU




PARTICULATE TEST DATA

TEST HR~WTg TRE Vo4 -\v8 (0
oty Qutlek DATE \O-30-8¢
i UL (;;J!Pgum PROJECT NO. 1S 32-5K0
Input A

P bar Barometric Pressure - in. Hg 30.09
As Stack Area - Et2 o o

Dn Nozzle Diameter - in. P22
Time Total Sampling Time - min. _fo &

Y Calibration Factor Lo
Cp Pitor Coefficient B 56
(ap) 1/2 Average Square Root of Velocity Head (in. HQ) TGl

eH Average Orifice Pressure Drop - in. H20 ;.325
Tm Average Meter Temperature °F S 2
Pstk Average Stack Pressure - in. Hy0 LY B s
Tstk Average Stack Temperature °F 2 5
Vi ” Meter Volume at Meter Conditions - Ft? AT.45
vl Total Water Vapor Collected - ml 2/ 5
07 % C0; in Stack Gas (Dry) O

) % 07 in Stack Gas (Dry) C 0.9
0 A 0 in Stack Gas (Dry) &)

Input B

Mn Total Particulate Catch - Mg 257 J"\L\
Input C

% H % Hydrogen in Fuel

£ C % Carbon in Fuel

%S $ Sulfur in Fuel

% N % Nitrogen in Fuel

£ 0 % Oxvgen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vm (std) Meter Volume at Standard Conditions (Dry)-fFe? 3 &

$ Hy0 % Hz0 Vapor in Stack Gas T O

Mus Molecular Weight of Stack Gas (Wet) 23.09

Vs Average Velocity of Stack Gas - FPM & 24 N

Qs Actual Stack Gas Flowrate - ACREM Zeo!

Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - DSCF ooy

$ 1 % Isokinetic {Avg. Nozzle Vel/Avg. Stk Vel) } OY .Y

Cs Particulate Concentration-1b/DSCF (. COOoAVATY
Er Particulate Emission Rate-1b/hour 00,4276

F F Factor - DSCF/MM BTU -

Particulate Emissions - 1bs/AMM BTY

! - L . .
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PARTICULATE TEST DATA

TEST __H TS5 -5 TDE 1312 -/ 404

LOCATION _Topyy £ T DATE 10-30-50

FIM v G vASCm PROJECT 0. /S 32 LR8O

Input A

P bar Barometric Pressure - in. Hg 3 O:S‘

As Stack Area - Fr2 97

Dn Nozzle Diameter - in, e 327

Time Total Sampling Time - min. 2

Y Calibration Factor FAsle)

Cp Pitot Coefficient D86

(ap) 172 Average Square Root of Velocity Head (in. H;0) o JOG

aH Average Orifice Pressure Drop - in. H20 e

™ Average Meter Temperature °F iR

Pstk Average Stack Pressure - in, Hz0 =/ O

Tstk Average Stack Temperature °F 265

Vm Meter Volume at Meter Conditions - Ft2 g.92

Vi Tota] Water Vapor Collected - ml el A (8] C
(007 ¥ (07 in Stack Gas (Dry) (@]

02 t 07 in Stack Gas (Dry) 20.9

o % (D in Stack Gas (Dry) (&

Input B

M Total Particulate Catch - Mg 2315/) 2
[nput C

$ H % Hydrogen in Fuel

$ C % Carbon in Fuel

£t 5 % Sulfur in Fuel

¥ N % MNitrogen in Fuel

{0 % Cxygen in Fuel

Gov Gross Califoric Volume of Fuel - BTU/1b

Calculated
Vn (std) Meter Volume at Standard Conditions (Dry)-Ft! 2.9¢,

% H0 % Hp0 Vapor in Stack Gas 8.3

Mg Molecular Weight of Stack Gas (Wer) 2.4

¥s Average Velocity of Stack Gas - TR R T
Qs Actual Stack Gas Flowrate - ACFM A 282
Qs (std) Stack Gas Flowrate (0.0% HpO; STP) - DSCF Q3 967
§ 1 % Isokinetic (Avg. Nozzle Vel/Avg, Stk Vel) g 950
Cs Particulate Concentration-1b/DSCF OLONE00
Er Particulate Emission Rate-1b/hour Na1.9

F F Factor - DSCF/MM BTU

E Particulate Emissions - lbs/AM BTU




st RK1-5 117’1‘_5“’; TDE

PARTICULATE TEST DATA

230 = 350

LOCATION

CUTLET

WMIE ___ /O =3O ~H ()

FIRM |}

L G ypsem

Input A
P bar
As

Dn

Time

Cp
(apy 172

Tm
Pstk
Tstk
Vo
vl
0,
G2
o4)

Input B
Mn

Input C
% H
% C
$S
$ N
$0
Gov

Calculated

¥m (std)
% Hp0
Mws

Vs

Qs

Qs (std)
$I -
Cs

Er

PROJECT NO. _ /S 32-£K50)

Barometrric Pressure - in. Hg

Stack Area - Ft?

Nozzle Diameter - in.

Total Sampling Time - min.

Calibration Factor

Pirotr Coefficient

Average Square Root of Velocity Head (in. HzQ)
Average Orifice Pressure Drop - in. H0
Average Meter Temperature °F

Average Stack Pressure - in. Hz0
Average Stack Temperature °F

Meter VYolume at Meter Conditions - Fr?
Total Water Vapor Collected - ml

% (D7 in Stack Gas (Dry)

% 07 in Stack Gas (Dry)

t M in Scack Gas (Dry)

Total Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

% Sulfur in Fuel

% Nitrogen in Fuel

% Oxyvgen in Fuel

Gross Califoric Volume of Fuel - BTU/1b

Meter Volume at Standard Conditions (Dry)-Fe3
% H20 Vapor in Stack Gas

Molecular Weight af Stack Gas (Wet)
Average Velocity of Stack Gas - FPM
Actual Stack Gas Flowrate - ACPM
Stack Gas Flowrate (0.0% H;0; 5TP) - DSCF
% Isokinetic (Avg, Nozzle Vel/Avp, Stk Vel)
Particulate Concentration-1b/DSCF
Particulate Emission Rate-lb/hour

F Factor - DSCF/AM BTU

Particulate Emissions - lbs/MM BTU
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PARTICULATE TEST DATA

msT KI5 - (. TDE (533 =Mz
LOoGATION _ vy B T DATE 1O -3¢ =
FIRt_D S G vypsum, PROVECT M0. ___ (& 32 48
[nput A

P bar Barometric Pressure - in. Hg 50.27
As Stack Area - Ft2 99

Dn Nozzle Diameter - in. L1127
Time Total Sampling Time - min. 20

Y Calibration Factor 1.0 O
Cp Pitotr Coefficient N
(aP) 1/2 Average Square Root of Velocity Head (in. Hz0) , &35
aH Average Orifice Pressure Drop - in. H:20 L7
n Average Meter Temperacture °F 7=
Pstk Average Stack Pressure - in, H0 ~JeJS
Tstk Average Stack Temperarure °F XA
Vm Meter Volume at Meter Conditiens - Fr? F.22
v Total Water Vapor Collected - ml B+~ 309 7
Co; i (05 in Stack Gas (Dry) O

0z % 0, in Stack Gas (Dry) coO. v
0 ¥ M in Stack Gas (DY) ™
Input B -

M Total Particulate Catch - Mg 331%7.03%
Input C

£ H % Hydrogen in Fuel

{C % Carbon in Fuel

$5S % Sulfur in Fuel

i N % Nitrogen in Fuel

%0 % Oxygen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vm (std) Meter Volume at Standard Conditions (Dry)-Ft? 9.! ?

% Hz0 % H20 Vapor in Stack Gas bof . Y

Mws Molecular Weight of Stack Gas (Wet) 22.19

Vs Average Velocity of Stack Gas - FP 29y

Qs Actual Stack Gas Flowrate - ACFM 28lby

Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - OSCE 82485

y1 § Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) A03. 4
Cs Particulate Concentration-1b/DECF O L.0099¢
Er Particulate Emission Rate-1lb/hour 304K .2 N

F Factor - DSCFAM BTU
Particulate Emissions - 1bs/MM BTU




FARTICULATE TEST DATA

TEST KIS -l TDE Ll 2 559
LOCATION O.xl\et DATE (O -20 =-S0

Fee )5 G yosum PROVECT N0. __ 15 52 -9 1
Input A

P bar Baromerric Pressure - in. Hg SO QQ

As Stack Area - Ft? el (-

Dn Nozzle Diameter - in, 2L a2
Time Total Sampling Time - min. & Y

Y Calibration Factor ey a

Cp Pitot Coefficient £, S

(sp) V2 Average Square Root of Velocity Head (in. H;0) 99

aH Average Orifice Pressure Drop - in. H;0 Y=

= Average Meter Temperature °F S5 s
Pstk Average Stack Pressure - in. Hp0 - 5
Tstk Average Stack Temperature °F 232
vm Meter Volume atr Meter Conditions - Ft? T g
vl Total Water Vapor Collected - ml .Y, 7
(547 ¥ (07 in Stack Gas (Dry) (@)

0 % 0 in Stack Gas (Dry) 0.7

o $ OO in Stack Gas (Dry) O

Input B

Mn Total Particulate Catch - Mg 2,2.(. -LO
Input C

% H % Hydrogen in Fuel

t C . % Carbon in Fuel

$8 % Sulfur in Fuel

%N % Nitrogen in Fuel

%0 % Oxygen in Fuel

GCv Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vm (std) Meter Volume at Standard Conditiens (Drv)-Ft? 39.05 -
% Hz0 % H20 Vapor in Stack Gas S/ 05

bl Molecular Weight of Stack Gas (Wet) 3.3

Vs Average Velocity of Stack Gas - FPM sl Y IL0
Qs Actual Stack Gas Flowrate - ACPM 285t
Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - DSCF in>p0
81 % Tsakinetic (Avg. Nozzle Vel/Avg. Stk Vel) 00 .y
Cs Particulate Concentration~-1b/DSCF (SN OIYAT (@]
Er Particulate Emission Rate-lb/hour ° S ALY

F F Facvor - DSCF/MM BTU

Particulate Emissions - 1lbs/AM EBTU

\.-.
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PARTICULATE TEST DATA

TEST @5‘7 TME

1S —=1200

wcation _ (1o d

e _ et 31’ 993

FIRE (). O oy pltinen PRAJECT M0. _ /5 32 -(TX (> -
.

Input A

P bar Barometric Pressure - in. Hg 30-57

As Stack Area - Ft? T2

Dn Nozzle Diameter - in. 49 n

Time Total Sampling Time - min. YO

Y Calibration Factor YR éle)

Cp Pitot Coefficient -5 Cg

(sp) /2 Average Square Root of Velocity Head (in. H;0) /62 -

aH Average Orifice Pressure Drop - in. H20 = . N

Tn Average Meter Temperature °F K

Psck Average Stack Pressure - in. H»0 —. Y5

Tstk Average Stack Temperature °F '7 /

Vim Meter Volume at 'leter Conditions - Ft? & 3. 7 Q

i Total Water Vapor Collected - ml /7 ?

oz t CO; in Stack Gas (Dry) O

02 % 07 in Stack Gas (Dry) oo Y

@ § O in Stack Gas (Dry) (&)

Input B - e —- J

M - Total Particulate Catch - Mg 21.05

Input C

$H % Hydrogen in Fuel

$ C 4 Carbon in Fuel

% S % Sulfur in Fuel

%N % Nitrogen in Fuel

50 % Oxygen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vi {std) Meter Volume at Standard Conditions (Dry)-Ft? g5 N

$ Ha0 % Hz0 Vapor in Stack Gas 17

Mws Molecular Weight of Stack Gas (Wet) P b]

Vs Average Velocity of Stack Gas - FPI 59592

Qs Actual Stack Gas Flowrate - ACPM 902

Qs (std) Stack Gas Flowrate (0.0% H»0; STP) - DSCF qez?

31 % Isokineric (Avg. Nozzle Vel/avg. Stk Vel) Gb. o

Cs Particulate Concentration-1b/DSCF O Lo I 8S

Er Particulate Emission Rate-1b/hour O .9

F F Factor - DSCF/MM BTU

£ Particulate Emissions - 1bs/MM BTU




TN

PARTICULATE TEST DATA

B g8 GP 0P o
O 2 nn o I

3

Calculared

vm (std)
% Hp0
Mws

Vs

Qs

Qs (std)
31

Cs

Exr

F

% Hydrogen in Fuel

% Carbon in Fuel

§ Sulfur in Fuel

% Nitrogen in Fuel

% Oxygen in Fuel

Gross Califoric Volume of Fuel - BTU/1b

Meter Volume at Standard Conditions (Dry)-Ft3
% Hz0 Vaper in Seack Gas

Molecular Weight of Srack Gas (Wet)

Average Velocity of Stack Gas - FPM

Actual Stack Gas Flowrate - ACRM

Stack Gas Flowrate (0.0% Hp0; STP) - DSCF

% Isokineric (Avg. Nozzle Vel/Avg. Stk Vel)
Particulate Concentration-1b/DSCF
Particulate Emission Rate-1b/hour

F Factor - DSCF/MM BTU

Particulate Emissions - 1lbs/MM BTU

- j a—

ST _A% - 5 e __ | 310 - 1435
ocation _ Ot et DATE ) L 7S
FIRM {0 00 C S on PROVECT MO, S 22 — &ogd
Input A
P bar Barumetric Pressure - in. Hg 2 LS
As Stack Area - Ft? - 1
in Nozzle Diameter - in. S 7
Time Total Sampling Time - min. LA®)
Y Calibration Factor /[, CC
Cp Pitot Coefficient S
(ap) 1/2 Average Square Root of Velocity Head (in. H30) 3
aH Average Orifice Pressure Drop - in. Hz0 A 23
Ta Average Meter Temperature °F (o G
Pstk Average Stack Pressure - in, H20 ~-. 2
Tstk Average Stack Temperarure °F -l 5
vm Meter Volume at Meter Conditions - Fr? ¥7.3 &
vl Total Warer Vapor Collected - ml 15,99
07 % 0 in Stack Gas (Dry) s
02 % 07 in Stack Gas (Dry) 2N
co % M in Stack Gas (Dry) ™

- - - - Input B
M Total Particulate Catch - Mg a%.. %
Input C

o

[

h

g
&

Vie|>K

L9,
X

2

N

L4S)
3597

23.C

0 Ooood\Wgg

O -2\

W WE BF b W
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PARTICULATE TEST DATA

TEST BS“? E__[(OT-705 57

1, 1/3C

Rt (0SS Ryoraon

Y H
i C
%S
%N
50
GCv

Calculated

vm (std}
§ H20
Mws

Vs

Qs

Qs (std)
$ 1

Cs

Er

F

PROJECT M0. S5~ 32 ~£8

Barometric Pressure - in, Hg
Stack Area - Fr?

, Nozzle Diameter - in.

Total Sampling Time - min.

Calibration Factor

Pitot Coefficient

Average Square Root of Velocity Head (in. H:0)
Average Orifice Pressure Drop - in. Hp0
Average Meter Temperature °F

Average Stack Pressure - in. H;0
Average Stack Temperature °F

Meter Volume at Meter Conditions - Ftl
Total Warer Vapor Collected - ml

% 07 in Stack Gas (Dry)

% 0z in Stack Gas (Dry)

t O in Stack Gas (Dry)

Total Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

% Sulfur in Fuel

% Nitrogen in Fuel

% Oxygen 1n ‘Fuel

Gross Califoric Volume of Fuel - BTU/1b

Meter Volume at Standard Conditions (Drv)-Ft?
% H20 Vapor in Stack Gas

Molecular Weight of Stack Gas (Wer)
Average Velocity of Stack Gas - F™M

Actual Stack Gas Flowrate - ACRM

Stack Gas Flowrate (0.0% Hy0; STP) - DSCF
t Isokinetic (Avg. Nozzle Vel/Avg. 5tk Vel)
Particulate Concentration-1b/DSCF
Particulate Emission Rate-1b/hour

F Factoer - DSCF/MWM BTU

Particulate Emissions - lbs/MM BTU

30, L7

i 722

. 19 ¢,

o

LSO

Bl

Lef

4,33

55

. O

7O

v 3.59

& .9

=) 3

39987

L AYY

O» 7760

2%.5

34849

2957/

392

97.2

O HlaD

S
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RADIAN

U.5. GYPSUM

PROJECT PARTICIPANTS

U.S5. GYPSUM COMPANY,

FORT DODGE,

IOWA

OCTOBER 27-31, 1980

Willard A. Wade III
Leigh A. Gammie
Edward A. Astle
Mark A. Algier
James E. Canora
David D. Ethier
Randall Rauffman
Susan M. Reynolds
Eric A. Pearson
Ellen Scanlon

Michael Palazzolo

COMPANY

EPA

Daniel Nootens

Dennis P. Holzschuh
King Wu

Work Assignment Manager

Project Engineer and Crew Chief
Emission Tester

Emission Tester

Emission Tester

Emission Tester

Visible Emissions Observer

Data Reduction Technician
Project Scientist

Cleanup Technician

Project Engineer

Plant Manager

Task Manager
Field Engineer
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APPENDIX H

SCOPE OF WORK

®@ Work Assignment
e Technical Directives
e Associated Correspondence




V/OOR ASSIGNMENT

EHVIRONMAINTAL PROTECTION AGENCY

Research Triansle Park. N.C. 27711

(8-02-3543

CONTUACTCR
TRC Environmnental Consulta]

ASSIGLMENT NO

Y

ASSi{IMMWENT CHaAMGE NO

TiITLE

Industry ( -.c_,,/,,_)

Method Development and Test1ng for the Gypsum

DATE

iU ULT 1980

DESCRIPTION

Method Field Eva1uat10n

Standard Development Field Tests

‘.

Testing Documentation

ESED 780/16:

~

The Task Mamager is Dennis Holzschuh
Triangle Park, North Carolina 27/11.

e —— —

1 .

The Contractor shall perform the f0110w1ng work areas-for the gypsum
industry in accordance with the basic contract scope of work.

, Mail Drop 13, EMB,

A1l reports shall be submitted directly to the Task Manager;

za«w/ /02 /éﬂ

PRIy /532L50

ESED, OAQPS, Research

ESTIMATEOF ! - GOVERKMENT FSTIMATE CONTRACTOR ESTIMATE
I;AaOﬂHOUHS ) 1500 hours
l l QURATION OF WORK ) 6 months
 cOMPLETION DATE March 10, 1981
l fnsouEsrsn's SIGNATURE & [_\,_1\-,,\'.-—'“ " [ 9Ac cooE TELEPHONE (9]9 DATE
Dennis Holzschuh - ESED/EMB | 541- 5243 10/10/80
APPRQOVALY (a3 apnhrahir} SIGNAIUHE- - 2 9 = DATE
Il TS / G .
NAANI Gl g - T .--f;-:_, e ’ ",/.'- I
' bl e L0 S T,
' LeISTON 1Ry . \ VN, A (i ii LA A T S SO
N IARIFUTY 1] =TT “..I_\%ﬁ_:-u-‘._r__ A-\‘f yaE KLY ’ 3.\ ‘---' Y _/,.'/f;;':_.
d /1;f i
lC‘.,anl(‘Hrr O NGIR “ /r /f/é/dpc !
COMNTRACIOR'S R%EEF NTATIVE ACKNOWLEDGMENT
l CIGFATHIAS TITLE [sES 1

KPR s
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Contractor /7 A C
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Verbal Directions Given to 77 /= // -F’/ //9 d/‘/-;

N G lhd ibd Fefioid ) PRE doct g 4

Tie ...f.‘}' ¢l v;.) /om.rZLc/ Zé /-/--—*1:. / /( TALf pn /-’ia Z:— /_/"7/ :
[ T o -.-. ¢ T :_] 3 £i ff,/ / / _/ / e 12439 ZA?’/ '
/ //‘[’:{/?-7"-; el / // /["-’*;7 i Jca/}/ﬁ‘ﬂ 71 Zé

Al ooy Fogl ey @ Ao i y.
) Fheas JZ-/)/) } o Zé]

[J

l

)7(/]( cnd 7 f’7
J)A(/j/;i“/(.{i/" /// Lo // l
i

N
.'/ L/[ /:ﬂ =/ ﬁl /?rma /‘(57/ f /f‘“" "‘"'Jl ;‘Lé/
) s ey
f;) ( /,/ /) / / J “/,,7 / J---..r._/.z ,»/,
\H,LJ C:.'t'c_._'i e A il M AO L. 3 0.5 c:._J.},‘.,_\h_ !
i e S ANAPERE u*\\\j Sty o2k }Mx <l ""L{""Jl
A

¥ J ' :
e A g b

'\ 7
LY ¢ ‘) Y LK_ {-\ f_ . Lxu e Lot (‘L\_ /4 e C:’Z‘- //

. 7 l
ne: Crom ector Frﬁject [’ nager u'i.- <A '

’ e e e |
/, .‘-_:— / / I'-.‘_!\ 1"-\ I'!'.J;'\ [ 18 - '

Contracter Task Lead / 7 .
racter E’ils_‘ eader //.//4}//”5"/. 4 I
7o (2 T
e - [AER N - . Tef i i \




cc: K,Z“ /)//4_, ’(:"\:1..4

\

CISS1ON MEASURLMERT SRENCH

o

TECHRICAL DIRECTIVE HO. _2

" Date /d/ggm

Task Title ﬂfcz/,,,,? ‘ﬁﬂ(,J¢M7uJ {/JfLAﬂ;r.MESED Project No. G’%Z/é
Contractor 7 A (. 7’

Contract Number b FD2-— 753 Work Assignment No. - S

Task Manager [)(,,,,,H_{,-,, /Mj

VYerbal Directions Gi\.fen to \,Z(/ @MM‘,

Directive: /ec 7 m / “= o/ ererce Zof o
U ;. QZ/ZAJ A

. b,u_,}% 05,/ 22— 3/, Jﬁaj —f‘—-',,,,.,_jL o ‘ yo’ /

Coniractor Project Manager

7y

LOnLr;cLor Task Lhuder
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:_Ti Wethersheid CT 05109
1
|

__Y:’“/(Ea Favirenmental (203) 583-1431
}&Q§£3'Con5unanlanc_ - fk,/ﬂﬂfi,/

November 26, 19380

Mr. Dennis WHolzshuh -
U.S. Environmental Protection Agency
Room 730

North Carolina Mutual Building

411 W. Chapel Hill Sctreet

Durham, NC 27701

Re: TRC Projeet #1532-E80-00
EPA Contract #68-02-3543
Work Assignment #5

Dear Dennis:

I have enclosed three (3) copies of our preliminary results for the
#5 Kettle Baghouse Inlet — Eatch which completes our preliminary data set
for the tests done at U.S. Gypsum, Fort Dodge, lowa.

As vou will note, the isokinetic rate for Test #3 is outside the
acceptable limits, This occurred as a result of the moisture content being

, much higher than we had measured in the first two tests, Mike Palazollo
( : uwas informed by Leigh Gammie, cur field team leader, of our desire to re-
peat this test since the outlet had to be redone as well for the same’
reason. He stated that he did not want us to redo the inlet despite the
bad isokinetic value. In the draft report we will present the results
from this test using the traditional calcularion methed, as denme on the en-—
closed table, and by the ratio-of-areas technique to offset the anisokinatic
bias. You may then choose which way you want us to present the results for
this test jin the fineal report. : .

Az we agreed on 24 Ndvewber our draft report will be sent fo ycu on
i2 December 1980,

If you have any questions, plesse call.
Sincerely,
TRC-Environmental Consultants, Inc.

7il1lsrd A. Wade ITI, P.E.

Wourk Asedznucat Mooger

WA

WA/ jjs
. Enclosures

. Fripciec) Gifices: Waths1refio!ld, CT o Englevccd, CO

125 Sitas Coune Mighaay





