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1.0 INTRODUCTION

On November 22, 1986, Environmental Source Samplers, Inc. (ESS)
conducted particulate emission testing and particle size .deter-
mination for Lockwood Greene Engineers, Inc. Testing was con-
ducted on the chromic acid (chrome line 1} exhaust stack located
at the Naval Air Rework Facility (NARF) located at the Naval
Air Station (NAS) in Norfolk, Virginia. .

Three (3) particulate emission test runs were simultaneously
performed at the inlet and outlet of the demister serving chrome
line 1 (LS1l). Particulate emission testing was performed as
outlined in U.S. Environmental Protection Agency (EPA) Method
5. EPA Methods 1 through 4 were used in support of EPA Method 5.
The particulate collected was also analyzed for total chrome
emissions,

Additionally, three ({(3) particle size determinations were made
simultaneocusly at the inlet and outlet of the demister. These
determinations were made utilizing two (2) inertial cascade
impactors.

The purpose of this test series was to determine .emissions
from the demister stack, to determine removal efficiency of
the demister, and to characterize the emissions from the chrome
line.

| =~—personnel present included:

Ms. Susan Suzuki, Naval Energy & Environmental Support Act.
Mr. John Mintz, Regional Qfficer - Construction

Mr., Martin Beam, Lockwood Greene Engineers

Mr. Tim Osborn, NARF Production Engineer

Mr. Mike Shaw, NARF Planning

Mr. Steve Erickson, Atlantic Div., Engineering Command
Mr. Randy Martin, Giffels (A&E)

Mr. Bruce Gerber, ESS

Mr. Robert Hamlin, Jr., ESS

Mr. Dayne Loy, ESS

.Mr. John Salkill, ESS
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2.0 SUMMARY AND DISCUSSION OF RESULTS

The test results are summarized on the following pages. Field
data sheets are included in Appendix A; calculations in Appendix
B; laboratory data in Appendix C; and calibration data in Ap-
pendix D.

The average total particulate loading to the demister was meas-
ured at 0.0270 grains/dscf, or 4.72 1lbs./hr. Total chrome
loading was 0.0055 gr/dscf, or 0.97 lbs./hr. The average parti-
cle size at the inlet was measured at 4.05 microns.

The average total particulate emissions from the demister was
measured at 0.0047 gr/dscf, or 0.79 1lbs./hr. Total chrome
emissions were 0.0013 gr/dscf, or 0.23 1ibs./hr. The average
particle size was measured at 1.60 microns.

The average total removal efficiency of the demister was cal-

culated at 82.5 percent. The average total chrome removal
efficiency of the demister was calculated to be 75.6 percent.
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DATE
TIME
TIME
FLUE
FLUE
FLUE
FLUE

RUN #

START (EST)

STOP (EST)

GAS TEMP (°F)

GAS VELOCITY (FPS)

GAS FLOWRATE (M ACFM)
GAS FLOWRATE (M DSCFM)

VOL OF GAS SAMPLED (DSCF)
MOISTURE (%)

ISOKINETIC SAMPLE RATE ($%)

MOL WEIGHT OF FLUE GAS (MOLES)
TOTAL EMISSIONS (GR/DSCF)
TOTAL EMISSIONS (LBS/HR)
CHROME EMISSIONS (GR/DSCF) -
CHROME EMISSIONS {LBS/HR)

NARF PLATING FACILITY

PARTICULATE EMISSIONS SUMMARY

1
11/22/86
13:20
14:26
71.5
48.89
20,741
20.085
58.36
1.9
98.8
28.79
0.0231
3.98
0-=0050
0.86

2
11/22/86
l16: 5
17: 8
69.0
48.85
20.723
20.155
58.96
1.9
99.5
28.79
0.0318
5.50

~0.0062- -

1.07

3
11/22/86
20:00
21:03
67.2
50.97
21.621
21.029
60.72
2.2
98.2
28.75
0.0260
4.69
0.0054
0.97

CHROME LINE 1 DEMISTER INLET

AVG

69.2
49.57
21.028
20.423
59.35
2.0
98.8
28.78
0.0270
4.72
0.0055
0.97
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i © |RUN #

' |DATE
- | TIME
U (rIME
_ |FLUE
[; FLUE
FLUE
| |FLUE

START (EST)

STOP (EST)

GAS TEMP (°F)

GAS VELOCITY (FPS)

GAS FLOWRATE (M ACFM)
GAS FLOWRATE (M DSCFM)

VOL OF GAS SAMPLED (DSCF)
! |MOISTURE (%)

ISOKINETIC SAMPLE RATE (%)
MOL WEIGHT OF FLUE GAS (MOLES)
TOTAL EMISSIONS (GR/DSCF)
TOTAL EMISSIONS (LBS/HR)

| . |CHROME EMISSIONS (GR/DSCF)
CHROME EMISSIONS (LBS/HR)

.{: |DEMISTER EFFICIENCY (%)

NARF PLATING FACILITY
PARTICULATE EMISSION SUMMARY

~

CHROME LINE 1 DEMISTER OUTLET

1

'11/22/86

13:27
14:30
73.7
47.98
20.353
19.605
62.25
2.7
103.0
28.70
0.0041
0.69

0.0013

0.22

B2.3

‘DEMISTER EFFICIENCY (CHROME) (%) 74.0 .

2
11/22/86
16:54
17:58
69.2
47.63
20.205
19.648
63.79
2.6
105.4
28.71

0.0030

0.84
0.0012

84.3

0.20

.80.6 .

3
11/22/86
20:06
21:09
67.8
47.96
20.345
19.857
64.78
2.5
105.9
28.72
0.0050
0.85
0.0015
0.26
. 80.8
(72.2

AVG

70.2
47.86
20.301
19.703
63.61

2.6

104.8

28.71"
0.0047
0.79
0.0013

0.23

82.5

75.6
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3.0 PROCESS DESCRIPTION AND OPERATION

Two {2) similar chrome lines exist at the plating facility
at the NARF. This test series was conducted on chrome line 1,
which is served by liquid separator 1 (LS1).

Tanks 32, 33, and 34 contain chromium trioxide and sulfuric
acid, which is heated to 125 - 135 °F. Plates to be chromed
are- placed in the tanks, and voltage is applied. Fumes are
ducted to a Ceilcoat demister. A fan exhausts the emissions
to the atmosphere through a stack. : -

The tanks were fully loaded for the test series with test plates.
Per recommendation of the manufacturer, the line is washed
down for four (4) minutes every two (2) hours. These washings
occurred at approximately 1300, 1500, 1700, . and 1900 hours.

It is suspected that a portion of the emissions are contained
in solution which travels along the bottom of the duct to the
demister and exhaust fan. These emissions are not measured
by the procedure used during this test series.

It was .discovered that the exhaust fan was_running backwards
after an initial velocity traverse indicated much lower than
expected duct velocities. The motor phasing was. changed to
- run the ‘fans correctly. - Approximately 20% of the first particle
sizing measurement was made with the fan direction reversed.
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4.0 SAMPLING POINT LOCATION

The demister inlet sampling ports were located in the duct

..leading from the three (3) tanks to the demister. Two (2)
test ports were located at 90° angles in the 3.0 foot inside
diameter duct 1.5 feet or 0.5 duct diameters upstream of the
demister, and 36.0 feet, or 12.0 duct diametersdownstream of
a 45° bend in the duct leading from the tanks.

According to the procedures of EPA Methods 1 and 2, a total
of 12 points were selected for sampling across the duct diameter
at each test port. Each point was sampled for 2.5 minutes,
resulting in 60 minute particulate test runs. |

The demister outlet sampling points were located in the exhaust
stack leading from the fan serving LS1. The two (2) test ports
were Jlocated at 90° angles in the 3.0 foot inside diameter
duct 8.0 feet or 2.7 duct diameters upstream of the stack exit,
and 33.5 feet or 11.2 duct diameters downstream of a 90° bend
in the duct leading from the fan.

According to the procedures of EPA Methods 1 and 2, a total

of 6 points were selected for sampling across the duct diameter

at each test port. Each point was sampled for 5 minutes, result-
- ing-in 60 minute test runs.

Schematic diagrams of the two (2) sampling locations appear

on the following two (2) pages.
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5.0 FIELD AND ANALYTICAL PROCEDURES

EPA -Methods 1 - 5, as outlined in the Code of Federal Regu-
lations, Chapter I, Title 40, Part 60, Appendix A, were utilized
in performing the particulate emissions test series. The

Method 5 sampling train was modified per NEESA regquest to ex-
clude the filter and cyclone.

Nu-Tech sampling equipment was used in conducting the tests.
A glass lined probe was used with attached S-type pitot tubes
and stack gas temperature sensor at each test location. The
probes were heated and attached with flexible tubing to the
impinger train. The first two (2) impingers each contained
approximately 150 ml of deionized water, the third impinger
was dry, and the fourth impinger contained silica gel.  After
each run, the probe, flexible tubing, and impinger glassware
were washed and brushed out with deionized water, These wash-
ings were added to the impinger water for analysis.

EPA Methods 160.1 and 160.2 were used to determine dissolved
solids and suspended solids in the washings. These results
were added for total particulate loading. The washings were
analyzed by EPA Method 218.1 with atomic adsorption to determine

total chrome content.

All other EPA Method 5 procedures were followed during the
sampling, analysis, and calculation phases of each particulate
test run. These procedures are detailed on the following pages.

A Sierra cascade impactor was used in measuring particle sizes
at the demister outlet, and an Anderson cascade impactor was

used at the demister inlet. The inertial particle sizers are

similar in operation, and each contain eight (8) stages follow-

ed by a back-up filter. Samples were collected at a single
point isckinetically and simultaneously at the inlet and outlet
of the demister. Each test run was 60 minutes in duration,

After the filters were weighed, the sampling flowrate through
the impactor is calculated. A 50% 'cut' size for each collect-
ion stage is calculated based on the sampling characteristics.
A plot of the cumulative weight percent versus the particle
size was made on log-probability paper. An average particle
size (mass median diameter} is considered to be the point where
the best fit line crosses the 50% point. From the graph, the

-10-




ENVIRONMENTAL

SOURCE SAMPLERS

e

particle size distribution 1is presented as a bar graph over
the various ranges.

Because of the lighter than expected grain loadings, analysis
of the nine (9) individual filters in each of the six (6) test
runs could not be made specifically for chrome. The particle
size determinations are for those particles existing as particu-
lates in the gas stream at flue gas temperatures. A visual
inspection of the filters indicated the vyellow/orange deposit
associated with chrome on the filters from the smaller cut-
size stages. A small amount of non-chrome type particulate
matter was collected on the larger cut-size stages.

A description of the particle size test procedure appears fol-
lowing the EPA Method 5 test procedure.

-11-
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METHOD 5—DETZRMINATION OF PARTICULATE
EMmIssions FRoMm STATIONARY SOURCES

1. Principle and Applicabilily

1.1 Principle. Particulate matter is with-
drawn isokinetically from the source and
collected on a glass {lber filter malntalned
at a temperature in the range of 120+14* C
(248 +25° F) or such other temperature as
specified by an applicable subpart of the
standards or approved by Administrator,

U.8. Environmental Protection Agency, for
a particular application. The particulate
mass, which includes any material that con-
denses at or above the filiration tempera-
ture. is determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of particulate
~missions {rom stationary sources.

2. Apparalus

2.1 Sampling Train. A schematic of the
sampling train used [n this method is shown
in Figure 5-1. Complete construction details
are given in APTD-05381 (Citation 2 in Bibli-
ography). commercial models of this train
are also available. For changes from APTD-
0581 and for allowable modifications of the
train shown in Figure 5-1, see the following
subsections. .

The operating and maintenance proce-
dures for the sampling train are described in
APTD-05%76 (Citation 3 in Bibliography).
Since correct usage is important in obtain-
ing vaitd results, all users should read
APTD-0576 and adopt the operating and
maintenance procedures outlined in t,
unless otherwise specified herein. The sam-
pling train consists of the following compo-
nents:

TEMPERATURE SENSOR

et

= "
. TEMPERATURE

HEATED AREA  THERMOMETER
e — SENSOR FILTER MOLOER
PROBE STACK e ————
WALL
\
’ ) [ ]

REVERSE-TYPE

PITQT TUBE

THEAMOMETEHS

2.1.1 Probe Nozzle. Stainless stecl (316}
or glass with sharp, tapercd leading cdge.
The angle of taper shall be 30° and the
taper shall be on the outside to preserve a
constant internal diameter. The prcbe
nozzle shaltl be of the button-hook or elbow
design, unless otherwise specified by the Ad-
ministrator. If made of stainless steel, the
nozzle shall be constructed from seamless
tubing; other materials of construction may
be used, subject to the approval of the Ad-
ministrator.

A range of nozzle sizes suitable for isokin-
etic sampling should be available, e.g.. .32
to 1.27 c¢m (% to % in.)—or larger if higher
volume sampling trains are used—inside di-
ameter (ID) nozzles in increments of ¢.16 cm
(%4 in.). Each nozzle shall be callbrated ac-
cording to the procedures outlined In Sec-
tion 5.

2.1.2 Probe Liner. Borosilicate or quartz
glass tubing with a heating system capable
of maintaining a gas temperature st the exit
end during sampling of 12014~ C (24825
F), or such other temperature as specified
by an applicable subpart of the standards or
approved by the Administrator for a par-
ticular application. (The tester may opt to
operate the equipment at a temperature
lower than that specified.) Since the actual
temperature at the outlét of the probe is
not usually monitored during sampling,

probes constructed according to AFPTD-0581

and utllizing the calibration curves of
APTD-0576 (or calibrated according to the
procedure outlined lh APTD-0576) will be
considered acceptable.

METHOD 5

Efther borosilicate or quartz glass probe
liners may be used for stack temperatures
up to about 480° C (900 F) quartz liners
shall be used for temperatures between 480
and 800* C (900 and 1,650' F). Both types of
liners may be used al higher temperatures
than specifled for short periods of Lime, sub-
ject to the approval of the Administrator.
The softening temperature for borosilicate
is 820° C (1,508° '}, and for quartz it {s 1,500°
C{2.732' P).

Whenever practical, every effoert should
be made to use borosilicate or quartz glass
probe liners. Alternatively, metal liners
(e.g., 316 stainless steel. Incoloy 825.' or
other corrosion resistant metals) made of
searnless tubing may be used. subject to the
approval of the Administrator,

2.1.3 Pitot Tube. Type S, as described In
Sectlon 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube
shall be attached to the probe (&s shown !n
Figure 5-1) to allow constant monitoring of
the stack gas velocity. The impact (high

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

IMPINGER TRAIN OPTIONAL, MAY BE AEPLACED

BY AN EQUIVALENT CONDENSER

THERMOMETER
CHECK

| / " VALVE

VACUUM
- LINE

PITOT MANOMETER IMPINGERS

ORIFICE

7~ /=
URY GASMETER AIH-TIGHT
PUMP

Fiaure 3-1. Partculate-snmghing traln

BY.PASS VALVE

ICE BATH

VACUUM
GAUGE

MAIN VALVE

—12-
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EPA METHOD 5,

pressure’) opening pilane of the pitot Lube
shall be ¢even with or above the nozzle entry
plane (sce Method 2, Figure 2-6b}) during
sampling. The Type S pitot tube assembly
shall have a known coefficient, determined
as outtined in Section 4 of Method 2.

2.1.4 Differentia Pressure Cauge. In-
clined manometer or equivaient device
{two?, as described in Section 2.2 of Method
2, One manometer shall be used or velocity
head (ap) readings. and the other, for orifice
differentia pressure readings.

2.1.5 Filter Holder. Borosilicate glass,
with a glass frit filter support and a silicone
rubber gasket. Other materials of construc-
tion (e.g.. stainless steel, Teflon, Viton) may
be used, subject to approval of the Adminis-
traior. The holder desigh shall provide a
positive seal against leakage from the out-
side or around the [ilter. The holder shal}
be attached immediately at the outlet of the
probe (or cyclane, it used).

2.1.6 Filter Heating System. Any heating
system capable of maintaining a tempera-
ture around the [ilter holder during sam-
pling of 120+i4" C (248+25" F), or such
other temperature as specified by an appli-
cable subpart of the standards or approved
by the Administrator for a particular appli-
cation. Alternatively, the lester may opl to
operate ‘the equipment al a temperature
lower than that specified. A temperature
gauge capable of measuring temperature to
within 3° C (5.4° F') shall be installed so that
the temperature around the {liter holder
can be regulated and monitored during sam-
pling. Heating systems other than the one
shown jn APTD-0581 may be used.

2.1.7 Condenser. The following system
shall be used to determine the stack gas
moisture content: Four Impingers connected
in series with leak-free ground glass [ittings
or any similar leak-free non-contaminating

fittings. - The first, -third, and fourth im- -
pingers shall be of the Greenburg-Smith

design, modified by replacing the tip with
13 cm (% In) D glass tube extending to
about 1.3 ecm (% in.) frem the bottom of the
flask. The second !mpinger shall be of the
Greenburg-Smith design with the standard
tip. Modilications (e.g.. using flexible con-
nections between the Impingers, using mate-
rlals other than glaas, or using flexible
vacuum lines to connect the filter holder to
the condenser) may be used, subject to the
approval of the Administrator. The tirst and

" second Impingers shall contain known quan-

tities of water (Section 4.1.3), the third shall
be empty, and the fourth shall contain a
known weight of silica gel, or equivalent
desiceant. A thermometer, capable of meas-
uring temperture to within 1° C (2° F) shall
be placed at the outlet of the fourth imping-
er for monitoring purposes.

Alternatively. any system that cools the
sample gas stream and allows measurement

ot the water condensed and moisture leav-
ing the condenser, each to within l mlorl g
may be used, subject to the approval of the
Administrator. Acceptabie means are Lo
measure the condensed water either gravi-
metrically or volumetrically and to measure
the moisture leaving the condenser by: {1}
monitoring the temperature and pressure at
the exit of the condenser and using Dalton’s
law of partial pressures; or (2) passing the
sample has stream through a tared sillca gel
(or equivalent desiccant) trap with exit
gases kept betow 20° C (68° F and determin-
ing the weight gain.

If means other than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that siljca
gel (or equivalent) stlll be used between the
condenser system and pump to prevent
moisture condensation {n the pump and me-
tering devices and to avold the need to make
correctlons for moisture In the metered
volume,

Nortr: If a determination of the particu-
late matter collected in the impingers is de-
sired in addition to moisture content, the
impinger system described above shall be
used, without medification. Individual
States or control agencles requiring this in-
formation shall be contacted as to the
sample recovery and analysls of the imping-
er contents,

2.1.8 Metering System. Vacuum gauge,
leak-free pump, thermometers capable of
measuring ltemperature to within 3* C (5.4°
F), dry gas meter capable of measuring
volume to within 2 percent, and related
equipment, as gshown in .Flgure 5-1. Other
metering systems capable of maintalning
sampling rates within 10 percent of isokine-
tic and of determining sample volumes to
within 2 percent may be used, subject to the

approval of the Administrutor. When the.

metering system is used in confunction with
1 pitot tube, the system shall enable checks
of isokinetic rates.

Sampling trains utliizing metering sys-
lems designed for higher flow rates than
that decribed in APTD-0581 or APDT-0576
may be used provided that the specifica-
tions of this method are met.

2.1.9 Barometer. Mercury aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
t0.1 in. Hg). In many cases the barometric
reading may be obtained from a nearby na-
tional weather service station, In which case
the station value (which Is the absolute bar-
ometric pressure) shall be requested and an
adjustment for elevation dlfferences be-
ween the weather station and sampling
doint shall be applied at a rate of minus 2.5
mm Hg (0.1 in. Hg) per 30 m (100 [t) eleva-
tion Increase or vice versa for elevation de-
Trense,

- longer than a month.
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2.1.10 Gas Densily Determination Equip-
ment, Temperature sensor and pressure
gauge, as described in Sections 2.3 and 2.4 of
Method 2, and gas analyzer, if necessary, as
descerlbed in Melhod 3. The temperature
sensor shall, preferably, be permanently at-
tached to the pitot tube or sampling probe
in a flxed configuration, such that the tip of
the sensor extends beyond the leading edge
of the probe sheath and does not touch any
metal. Alternatively, the sensor may be at-
tached just prior to use in the field, Note,
however, that if the temperature sensor is
attached in the field, the sensor must be
placed in an interference-free arrangement
with respect to the Type S pitot tube open-
Ings (see Method 2, Figure 2-7). As a second
alternative, il a difference of not more than
1 percent in the average velocity measure-
ment s to be introduced, the temperature
gauge need not be attached to the probe or
pitot tube. (This alternative is subject to the
approval of the Adminlstrator,)

2.2 Sample Recovery. The [following
Items are needed.
2.2.1 Probe-Liner and Probe-Nozzle

Brushes, Nylon bristle brushes with stain.
less steel wire handles. The probe brush
shall have extensions (at least as long as the
probe) of stalnless steel, Nylon, Teflon, or
similarly Inert material. The brushes shall
be properly sized and shaped to brush out
the probe llner and nozzle.

2.2.2 Wash Bottles—Two. Glass wash
bottles are recommended, polyethylene
wash bottles may be used at the option of
the tester, It Is recommended that acetone
not be stored in polyethylene bottles for

2.23 Glass Sample Storage Containers,
Chemically resistant, borosilicate glass bot-
tles, for acetone washes, 500 ml or 1000 ml.
Screw cap linérs shall either be rubber-
backed Teflon or shall be constructed 50 as-
to be lesk-free and resistant to chemical
attack by acetone, (Narrow mouth glass bot-
tles have been found to be less prone to
leakage.} Alternatively, polyethylene bottles
may be used.

2,24 Petri Dishes. For filter samples,
glass or polyethylene, unless otherwise spec-
iffed by thie Administrator.

225 Graduated Cylinder and/or Bal-
ance. To measure condensed water to within
1 ml or 1 g. Graduated cylinders shall have
subdivisions no greater than 2 ml, Most lab-
oratory balances are capable of welghing to
the nearest 0.5 g or less, Any of these bal-
ances is sultable or use here and In Section
23.4.

2.2.6 Plastic Storage Containers., Afr-
Light containers to store silica gel.

2,27 Funnel and Rubber Policeman. To
ald in transfer of sillca gel to contalner; not
necessary {f sillca gel Is weighed In the [leld.

(eSS
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2.2.8 Funnel, Glass or polyethylene, to

| aid in sampln recovery.

2.2 Analysis. For analysis, the [ollowing
equipment is needed,

2.3.1 Glass Welghing Dishes,

2.3.2 Desiccator,

2,3.3 Anaiytical Balance. To measure Lo
within 9.1 mg.

2.3.4 Balance. To measure to within 0.5 g.

2.3.5 Beakers. 250 ml.

2.3.6 Hygrometer. To measure the rela-
tive humidity of the laboratory environ-
ment.

2,3.7 Temperature Gauge. To measure
the temperature of the labormtory environ-
ment.

3. Reagents

3.1 Sampling. The reagents used in sam-
piing are as followx:

3.1.1 Fiiters. Glass fiber filters, without
organie binder, exhibiting at least 99.95 per-
‘cent efflciency ( <0.05 percent penetration)
on 0.3-micron dioctyl phthalate smoke parti-
cles. The [ilter efficiency test shall be con-
ducted in accordance with ASTM standard
method D2986-T1 (Reapproved 1978} (incor-
porated by reference—see § 60.17). Test data
from the supplier's quality control program
are sufficient for this purpose. In sources
contalning SO, or SO, the lilter material
must be of a type that iz unreactive to SO,

phy, may be used to select the appropriate
filter.

31.1.2 Sillea Gel. Indicating type, 6 to 18
mesh If previously used, dry at 1752.C.(350*
) for 2 hours. New zilica gel may be used as
received. Alteroatively, other types of desic-
cants (equivalent or better) may be used,
:::blecr. to the approval of the Administra.

I. .

to fleld use to eliminate a high blank on test
samples,

3.1.4 Crushed Ice,

3.1.5 Stopcock Grease. Acetone-insoluble,
heat-stable silicone grease. This I3 not neces-
sary U screw-on comnectors with Teflon

- sleeves, or similar, are used. Alternatively,
ather types of stopcock grease may be used,
subject to the approval of the Administrs-
tor.

3.2 Sample Recovery. Acetone-reagent
grade, <0.001 percent residue, In glass bot-
des—is required Acetone from metal con-
ainers generally has a high residue blank
wnd should not be used, Sometimes, suppl!-
ers transfer acetone to glass bottles from
metal containers; thus, acetone blanks shall
be run prior o fleld use and only acetone
with low blank values (<0.001 percent) shall
be used. In no case shall a blank value of
greater than 0.001 percent of the weight of

or SO, Citation 10 in Section 7 Bibliogra- -

acetone used be subtracted (rom the sample
weight.

3.3 Analysis, Two reagents are required
for the analysis:

3.3.1 Acetone. Same as 3.2.

3.3.2 Deslecant. Anhydrous calcium sul-
fate, indicating type. Alternatively, other
types of desiccants may be used, subject Lo
the approval of the Administrator.

4. Procedure

4.1 Sampling. The complexity of this
method {3 such that, in order to obtain rell-
able results, testers should be trained and
experienced with the test procedures.

4.1.1 Pretest Preparation. All the compo-
nents shall be maintained and calibrated ac-
cording - to the procedure described in
APTD-0576, unless otherwise specified
herein.

Weligh several 200 to 300 g portlons of
silica gel in alr-tight containers to the near-
est 0.5 g. Record the total weight of the
silica gel plus container, on each container.
As an alternative, the silica gel need not be
preweighed, but may be welghed directly in
the impinger or sampling holder fust prior
to train assembly.

Check fliters visually agalnst light for ir-
regularities and flaws or pinhole leaks.
Label [ilters of the proper diameter on the
back side near the edge using numbering
machine ink. As an altermative. label the
shipping containers (glass or plastic petri
dishes) and keep the filters {n these contaln-
ers st all times except during sampling and
weighing. _ " -

Desiccate the filters at 20+5.6" C (6810
F) and ambient pressure for st least 24
hours and weigh at intervals of at least §
hours to ®» constant weight, Le, 0.5 mg
change from previcus weighing; record re-
sults to the nearest 0.1 mg. During each
weighing the filter must not be exposed to
the laborstory atmosphere for s period
greater ‘than 2 minutes and a relative hu.
midity above 50 percent. Altermatively
{unless otherwise specified by the Adminis.
trator), the fliters may be oven dried at 105°
C (220" F) for 2 to 3 hours, desfceated for 2
hours, and weighed. Procedures other than
those described, which account for relative
humidity effects, may be used, subject to
the approval of the Administrator.

4.1.2 Preliminary Determinations, Select
the sampling site and the minimum number
of sampling points socording to Method 1 or
as specified by the Admintsirator. Deter-
mine the stack pressure, tempersture, and
the range of velocity hesds using Method 2:
it (s recommended that a leak-check of the
pitot lines (see Method 2, Section 1.1) be
performed. Determlne the moisture content
using Approximation Method € or Its alter.
natives for the purpose of making isokinetic
sampling rate settings. Determine the stack

~14-

\

a5 dry molecular weight, as described in
Method 2, Sectlon 3.6: if integrated Method
3 sampling is used for molecular weight de.
termination, the inlegrated bag sample
shall be taken simultaneously with, and for
the same total length of time’as, the partic-
ulate sample run.

Select a nozzle size based on the range of
velocity heads, such that it is not necessary
to change the nozzle size in order to main-
tain isokinetic sampling rates. During the
run, do not change the nozzle size. Ensure
that the proper differental pressure gauge
is chosen for the range of velocity heads en-
countered (see Section 2.2 of Method 2).

Select a suitable probe liner and probe
length such that all traverse points can be
sampled. For large stacks, consider sampllng
from opposite sides of the stack to reduce
the length of probes.

Select a total sampling time greater than
or equal to the minimum total sampling
time specified tn the test procedures {or the
specific Industry such that (1) the sampling
time per point ls not less than 2 min (or
some greater time Interval! as specified by
the Administrator), and (2) the sample
volume taken {corrected to standard condi-
tions} will exceed the required minimum
total gas sample volume. The latter is based
on an approximate average sampling rate.

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

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

4.1.3 Preparation of Collection Train.
‘During preparation and sssembly of the
sampling train, keep all openings where con-
tamination ean occur covered until just
prior to assembly or untli sampling {s about
to begin.

Place 100 m! of water In each of the first
two Impingers, leave the third impinger
empty, and transfer approximately 200 to
300 g of preweighed silica gel from Its con-
talner to the fourth impinger. More silles
£el may be used, but care should be taken to
ensure that It {a not entrained and carried
out from the impinger during sampling.
Place the container in a clean place for later
use (n the sample recovery. Alternatively,
the welght of the silica gel plus Impinger
may be determined ta the nearest 0.5 g and
recorded.

Using & tweezer or clean disposable surgi-
cal gloves, place & labeled (identified) and
welghed {liter In the filter holder. Be sure
‘hat the fllter Is property.centered and the
gasket properly placed so as to prevent the
sample gas stream from circumventing the
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filter. Chieck the fliter for tears after assem:
hly is completed,

When glass liners are used, install the se-
lected nozzle using a Viton A O-ring when
stack temperatures are less than 260" C
(500" F) and an asbestos string gasket when
temperatures are higher, See APTD-0576
for detalls, Other connecting systems using
efther 316 stainless steel or Tefion ferrules
may be used. When metal liners are used,
install the nozzle as above or by a leak-free
direct mechanical connection. Mark the
probe with heal resilstant tape or by some
other method to denote the proper distance
into the stack or duct for each sampling
point.

Set up the train as in Pigure 5-1, using «f
necessary) a very light coat of silicone
grease on all ground glass joints, greasing
only the outer portion (see APTD-0576) to
avold possibility of contamination by the sll-
fcone grease. Subject to the approval of the
Administrator, a glass cyclone may be used
between .the probe and [ilter holder when
the total particulate catch Is expected to
exceed 100 mg or when water droplets are
present in the stack gas.

Place crushed Ice around the Impingers.

4.1.4 Leak-Check Procedures.

4.1.4.] Prelest Leak-Check. A pretest
leak-check is recommended, but not re-
quired. If the tester opts to conduct the pre-
test leak-check, the [ollowing procedure
shall be used. .

After the sampling train has been assem-
bled, tum on and set the (liter and probe
heating systems gt the desired operating
temperntures, Allow time for the tempers-
tures to stabilize. If a Viton A O-ring or
other leak-free connection is used In assem-
bling the probe nozzle to the probe liner,
leak-check the train at the sampling site by
plugging the nozzle and pulllng a 380 mm
Hg (15 In. Hg) vacuum. .

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

1f an asbestos string is used, do not con-
nect the probe to the train during the leak-
check, Instead, Jeak-check the train by flrst
plugging the Inlet to the fliter holder
(cycone, If applicable) and pulling & 380 mm
Hg (15 In. Hg) vacuum (see Note immediate-
ly above). ‘Then connect the probe to the
train and leak-check at about 25 mm Hg (1
in. Hg) vecuum: alternatively, the probe
may be lexk-checked with the rest of the
sampling train, in one step, at 380 mm Hg
(15 in. Hg) vacuum. Leakage rates in excess
of 4 percent of the average sampling rate or
0.00057 m#¥/min (0.02 efm), whichever s less,
are unacceptable.
- The following leak-check Instructions for
the sampling train described in APTD-0576
and APTD-0381 tmay be helpful. Start the
pump with bypass valve fully open and

coarse adjust valve, completely closed. Par
tially openn the coarse adjust valve and
slowly close Lthie bypass valve until the de-
sired vacuum is reached. Do not reverse di-
rection of bypass value: this will cause water
to back up into the filter holder. If the de-
sired vacuum s excceded, either leak-check
at this higher vacuum or end the leak-check
as shown below and start qgver,

When the leak-check s completed, first
slowly remove the plug {rom the inlet to the
probe, [liter holder, or cyclone (if applica-
ble) and immediately turm off the vacuum
pump. This prevents the water in the Im-
pingers from being forced backward Iinto the
filter holder and silica get from being en-
trained backward into the third impinger.

4.1.4,2 Leak-Checks During Sample Run.
If, during the sampling run, a component
(e.g., [ilter assembly or impinger) change be-
comes unecessary, a leakcheck shall be con-
ducted Immediately before the change is
made. The leak-check shall be done accord-
ing to the procedure outlined in Section
4.1.4.1 above, except that it shal) be done at
a vacuum equal to or greater than the maxi-
mum value recorded up to that point in the
test. If the leakage rate is found to be no
grenter than 0.00057 m*/min (0.02 efm) or 4
percent of the average sampling rate
(whichever ts less), the results are accepta-
ble, and no correction wiil need to be ap-
piled to the total volume of dry gas metered;
1{, however, a higher leakage rate is ob-
tained, the Lester shall either record the
leskage rate and pian to correct the sample
volume as shown In Section 6.3 of this
method, or shall vold the sampling run.

Immediately after component changes,
leak-checks are optlonal; If such ieak-checks
are done, the procedure outlined (n Section
4.1.4.1 abave shall be used.

4,143 Post-test Leak-Check. A leak-
check Is mandatory at the conclusion of
each sampling run. The leakcheck shall be
done in nccordance with the procedures out-

lined in Section 4.1.4.1, except that it shall

be conducted at a vacuum equal to or great-
er than the maximum value reached during
the sampling run. If the leakage rate Is

found to be no greater than 0.00057 m*/min

{0.02 cfm) or 4 percent of the aversge sam-
pling rate (whichever is leas), the results are
seceplable, and no correction need be ap-
plied to the total volume of dry gus metered.
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Ii. however, a higher lcakage rale is ob-
tained, the tester shall cither record the
teakage rate and correct the sample volume
as shown in Section 6.1 of this methed, or
shall void the sampling run.

4.1.5 Particulate Traln Operation.
Durilng the sampling run, maintain an so-
kinetic sampling rate (within 10 percent of
true isokinetic unless otherwise speclfied by
the Administrator) and a temperature
around the filter of 12014 C (24825 F),
or such other temperatute ax specifled by
an applicable subpart of the standards or
approved by the Administrator.

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

Clean the portholes prior to the test run
to minimize the chance of sampling deposit-
ed material. To begin sampling, remove the
nozzle cap, verify that the filter and probe

- heating systems are up to temperature, and

that the pitot tube and probe are properly
positioned. Position the nozzle at the first
traverse point with the tip pointing directly
into the gas stream Immediately start the
pump and adjust the flow to isokinetic con-
ditions. Nomographs are avallable, which
ald In the rapid adfustment of the Isokinetic
sampling rate without excessive computa-
tions. These nomographs are designed for
use when the Type S pitot tube coefficient
is 0.85+0.02, and the stack gas equivalent
density (dry molecular weight) is equal to
29+4. APTD0576 details the procedure for
using the nomographs. If G, and A are out-
side the above stated ranges do not use the
nomographs unless appropriate steps (sec
Citation 7 in Bibliography) are taken to
compensate for the deviations.
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bristle brush and/or a sharp-edged blade
Seal the container.

Container No. 2 Taking carc to sce thal
dust on the outside of the probe or other ex-
terior surfaces does not get inte the sample,
gquantitatively recover particulate matter or
any condensate [rom the probe nozzle,
probe fitting, probe liner, and front hall of
the filter holder by washing these compo-
nents with acetone and placing the wash in
a glass container. Distilled water may be
used Instead of acetone when approved by
the Adminlstrator and shall be used when
speclfied by the Administrator; in these
cases, save a water biank and follow the Ad-
ministrator's directions on analysls. Perform
the acetone rinses as follows:

Carefully remove the probe nozzle and
clean the Inside surface by rinsing with ace-
tone from a wash bottle and brushing with
a Nylon bristle brush. Brush until the ace-
tone rinse shows no visible particles, after
which make a final rinse of the Inside sur-
{ace with acetone.

Brush and rinse the inside parts of the
Swagelok fitting with acetone in a similar
way until no visible particles remain.

Rinse the probe liner with acetone by tilt-
ing and rotating the probe while squirting
acetone into its upper end so that all inside
surfaces will be wetted with acetone. Let the
acetone drain from the lower end into the
sample container. A funnel (glass or poly-
ethylene) may be used to ald on transfer-
ring liquid washes to the contalner. Follow
the acetone rinse with a probe brush. Hold
the probe in an inclined position, squirt ace-
tone into the upper end as the probe brush
Is being pushed with a twisting actlon
through the probe; hold a sample contalner
underneath the lower end of the probe, sand
catch any acetone and particulate matter
which {s brushed from the probe. Run the
probe three times or

or other metal
probes, run the brush threugh in the above
prescribed manner at least six times since
metal probes have small crevices In which
particulate matter can be entrapped. Rinse
the brush with acetone, and quantitatively
soltect these washings In the sample con-
lainer. After the brushing, make s final ace-
tone rinse of the probe as described above.
It Is recommended that two people be
used to clean the probe to minimize sample
losses, Between sampling runs, keep brushes
clean and protected from contaminations.
After ensuring that all joints have been
wiped clean of silicone grease, clean the
inside of the front half of the fllter holder
by rubbing the surfaces with s Nylon bristle
brush and rinsing with acetone. Rinse each
surface three times or more If needed to
remove visible particulate. Make e final

\

rinse of the brush and lilter holder. Careful
ly rinse out the glass eyclone, also (il appli-
cable). After all acetone washings and par-
ticulate matter have been collected in the
sample conlainer, tighten the lid on Lthe
sample container so that acetone will not
leak out when il is shipped to the laborato-
ry. Mark the height of the Nuid levcel to de-
termine whether or not leakage occured
during transport. Label the conlainer to
clearly identify its contents,

Container No. 3. Note the color of the in-
dicating silica gel to determine if it has been
completely spent and make a notation of its
condition. Transfer the silica gel [rom the
fourth impinger to its original container
and seal. A funnel may make it easier to
pour the silica gel without spilling. A rubber
policeman may be used as an aid in remov-
ing the silica gel [rom the {mpinger. it is not
necessary to remove the small amount of
dust particles that may adhere to the Im-
pinger wall and are difflcult to remove.
Since the gain in weight is to be used for
moisture calculations, do not use any water
or other liquids to transfer the silica gel. If
a balance is available in the {ieid, follow the
procedure for contalner No. 3 in Sectlon 4.3.

Impinger Water. Treal the impingers as -

follows; Make a notation of any celor or
film in the liquid catch. Measure the liquid
which (s in the first three impingers to
within =1 ml by using a graduated cylinder
or by welghing it to within +0.5 gby using a
balance (if one is available). Record the
volume or weight of liquid present This in-
formation is required to calcuiate the mots-
ture content of the'effluent gas.

Discard the liquid after measuring and re-

.cording the volume or weight, unless analy-

sls of the impinger catch Is required (see
Note, Section 2.1.7). .

If & different type oreondemrhued.
measure the amount of moisture condensed
either volumetrieally or gravimetrically.

Whenever possible, containers should be
shipped In such & way that they remain up-
right at all times,

4.3 Analysis. Record the data required on
a sheet such as the one shown in Flgure 5-3.
Handle each sample container as follows:

FPIGURE 5-2—ANALYTICAL DATA

Plant
Date
Run No.
Fllter No.
Amount liquid lost during transport
Acetone blank volume, ml
Acetone wash volurme, ml —
Acetone blank concentrsation, mg/mg {equa-
tion 5-4)
Acetone wash blank, mg (equation 55)———

N
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Contamner Weight of parvcadale collected, mg
rmber

Final weight | Tare weightl | Wesght gan

TOUBY v e cnsreaes s ee aaeeeies eatmsesns ssasranseamens

Lass scelona DLANK .......cconemeriner i

Weight of DABCULATe MAT ..vvieiirien

Volume of liquict water colected
hvpinger Siica gol
volume, mi waight, ¢
9 m

*Corveert vt
ncredse by density of water (1 g/mi).

weaight of witer ¥ volume by dividing total wesght

ncroasd, g

= Volume waler, mi
(1 g/mi)

Conlainer No. 1. Leave the contents in the
shipping container or transfer the filter and
any loose particulate from the sample con-
tainer {0 a tared glass welghing dish. Desic-
:ate for 24 hours In s desiocator containing
anhydrous calcium sulfate Welgh to o con-
stant weight and report the results to the
nearest 0.1 mg. For purposes of this Section,
4.3, the term “constant welght™ means a dif-
ference of no more than 0.5 mg or 1 percent
of total weight less tare weight, whichever is
" greater, between two conisecvtive weighings,
with no less than 6 hours of desiccation
time between weighings.

Alternatively, the sample may be oven
dried at 105° C (220° P) for 2 to 3 hours,
00led In the desiecator, and weighed to a
constant weight, unless otherwise specified
by the Administrator. The tester may also
opt to oven dry the sample st 105* C (220*
F) for 2 to 3 houra, weigh the sample, and
use this weight as a final weight,

Container No. 2 Note the level of liquid in
the contalner and confirm on the analysis
sheet whether or not ooCUITed
during transport, If a noticeable amount of
leakage has occurred, either void the sample
or use methods, subject to the spproval of
the Administrator, to correct the final re.
sults, Measure the liquid in this container
either volumetrically to +! mi or gravimet.
rically to =0.5 g. Transfer the contenta to a
tared 250-ml beaker and evaporste to dry-
ness al ambient temperature-and pressyre,
Deslecate for 24 hours and welgh W » con-

/
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stant weight. Report the results Lo the near-
est 0.1 mg. ]

Confainer NO, J. Weigh the spent silica
gel (or sillca gel plus impinger) to the near-
est 0.5 g using a balance. This stcp may be
conducted tn the (ield.

“Acelone Blank" Container, Measure ace-
tone In this container either volumentrical-
ly or gravimetrically. Transfer the acetone
Lo a tared 250-ml beaker and evaporate to
dryness at ambient temperature and pres-
sure. Deslccate for 24 hours and weigh to s
constant weight. Report the results to the
nearest 0.1 mg.

NoTte At the option of the tester, the con-
tents of Container No. 2 as well as the ace-
tone blank contalner may be evaporated at
temperatures higher than ambient. If evap-
oration is done at an elevated temperature,
the temperature must be below the bolling

polnt of the solvent; also, to prevent “bump- -

ing.” the evaporation process must be close-
ly supervised, and the contents of the
beaker must be swirled occasionally to main-
tain an even temperature. Use extreme care,
as acetone Is highly flammable and has a
low flash point. .

4.4 Quality Control Procedures. The [ol-
lowing quality control procedures are sug-
gested to check the volume metering system
callbration values at the field test site prior
to sample collection. These procedures are
optional for the tester.

4.4.1 Meter Orifice Check. Using the cali-
bration data obtained during the calibration
procedure described in Section 5.3, deter-
mine the AHy for the metering system orl-
fice. The 4He is the orifice pressure differ-
entlal In units of In. H;O that correlates to
0.75 efm of air at 528°R and 29.92 in. Hg.
The AH, is calculated as follows:

Ta e
AHqe=0031% AH e
Eq. 5-9
Where:
AHwAverage pressure differentiai across
the orifice meter, in. H;O.
Ta=Absolute average dry gas meter temper-
ature, 'R, .

Pu.=Barometric pressure, In. Hg,

©O=Totai sampling time, min.

Y=Dry gas meter callbration (actor, dimen-
sionless.

V.=Volume of gzs sample as measured by
dry gas meter, def,

0.0319=(0.0587 In. !_-ls/'Rl X (0.15 ¢fm}?

6, Calculations
6.1 Nomenclature

A. = Cross-sectional area of nozzle, m*({t%).
B~ =Water vapor in the gas stream, propor-
Ltion by volume, .

.= Acetone bhlank residue concentralion,
mg/g. )

s»=Concentration ol particulate matter in
stack gas, dry basis, corrected to stand-
ard conditions, g/dscm (g/dscl).

I =Percent of isokinetic sampling.

‘w=Maximum acceptable leakage rate for
either a pretest leak check or for a leak
check lollowing a component change,;
equal to 0.0057 m/min {(0.02 cim} or 4
percent of the average sampling rate.
whichever is less.

L,=Individual leakage rate observed during
the leak check conducted prior to the
“{*" component change (i=1, 2, 3...n),
m¥min {cfm).

Ly=Leakage rate observed during the post-
test leak check, m?/min (cim).

7. =Tota! amount of particulate matter col-
lected, mg.

M_=Molecular weight of water,
mote (18.01b/1b-mole).

m,=Mass of residue of acteone after evapo-
ralion, mg.

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

P, = Absolute stack gas pressure, mm Hg (in.
He).

P, =Standard absolute pressure, 760 mm
Hg (29.92 Iin. Hg).

R=Ideal gas constant, 0.06236 mm Hg-m¥/
*‘K-g-mole (211.85 in. Hg-ft"/"R-1b-mole).

Ta=Absolute average dry gas meter temper-
ature (see Figure 5-2), 'K (“R).

T.=Absolute average stack gas temperature
(zee Pigure 5-2), ‘K (*R).

18.0 g/e-

‘TwemStandard sbsolute temperature, 293° K

_ (528" R).
Ve = Volume of acetone blank, ml.
Vee=Volume of acetone ised in wash, ml.
Vie=Total volume of liquid collected in im-
pingers and silica gel (see Figure 5-3),
ml

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

Vawn=Volume of gzs sample measured by
the dry gas meter, corrected to standard
conditions, dsem (dsef).

Vewn=Volume of water vapor In the gas
sample, corrected to standard condi-
tions, scm (sci).

ty=Stack gas velocity, calculated by Method
2, Equation 2-3, using data obtained
from Method 5, m/se¢ (ft/sec).

W= Welght of residue in acetone wash, mg.

¥Y=Dry gas meter calibration factor.

AH=Average pressure differential across
the orifice meter (see Figure 5-2), mm
H,O (n, HO),

1, = Density of acetone, mg/ml (see label on
bottle).

PAGE 6

p. =Density of water, 0.9982 g/ml (0.002201
\b/ml).

¢ =Total sampling time, min.

8, =Sampling time interval, {from the begin-
ning of & run until the first component
change, min.

8. =Sampling Lime interval, between two suc-
cessive component changes, beginning
with the interval between the first and
second changes, min.

8, =Sampling time interval, from the fina!
{n*} component change until the-end of
the sampling run, min.

13.6 =Specific gravity of mercury._

60 =Sec/min.

100=Conversion Lo percent.

6.2 Average dry gas meter temperature
and average oriflice pressure drop. See data
sheet (Figure 5-2).

6.3 Dry Gas Volume. Correct the sample
volume measured by the dry gas meter to
standard conditions (20* C, 760 mm Hg or
68" F. 29.92 in. Hg) by using Equation 5-1.

L AH
Iy o y( L.j) b"_mg
A P

. Pu. + (aH/13.6)
=K\V.Y — g

Equsation 5~

where;
K,=0.3858 "K/mm Hg for metric units
=17.64 ‘R/in. Hg for English units

Notz Equation 5-1 can be used as written

‘unless the leakage rate cbserved during any

of the mandatory leak checka (Le., the post-
test leak check or leak checks conducted
prior to component chasnges) exceeds L. It
Ly or : exceeds I,, Equation 5-1 must be
modified as follows:

(a) Case 1. No component changes made
during sampling run. In this case, replace
Va in Equation 5-1 with theé expression:

V=l Lp— L8]

{(b) Case II. One or more component
changes made during the sampling run. In
this case, replace V. in Equation 5-1 by the
expression:

‘—'2’ (Il-_l’«)’i_(";- ’-c,’r]

[V.— (L Lo

J
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and substitute only {or those leakage rates
{L+ or L,) which exceed L..
6.4 Volume of water vapor.

Fnuatian 5-7

- - 7, L.
Vo= (ﬁ.—) ( ---P----") =K,V

where:

K,=0.001333 m/ml [or metric units
=0.04707 It¥ml for English units.

5.5 Moisture Content.

Ve wen)

B =

Vo wear + Ve s

Equatlon 5-3

NotE: In saturated or water droplet-laden
gas streams, two calculations of the mois-
ture content of the stack gas shall be made,
one from the impinger analysis (Equation 5~
3), and a second from the assumption of
saturated conditions. The lower of the two
values of B, shall be considered carrect. The
procedure for determining the moisture con-
tent based upon assumption of saturated
conditions [s given in the Note of Section 1.2
of Method 4. For the purposes of this
method, the average stack gas temperature

from Figure 5-2 may be used to make-this --

determination, provided that the accuracy
of the In-stack temperature sensor is =1° C.
(2°F). :

6.6 Acetoné Blank Concentration.

my

Com—

Vepu ' -

.

8.7 Acetone Wash Blank. .

Wom G, Veups Equatlon 5-5

6.8 Total Particulate Weight. Determine
the total particulate catch from the sum of

the weights obtained from containers 1 and
2 less the acetone blank (see Figure 5-3).

Notc Refer to Section 4.1.5 to assist In
calculation of results Involving two or more
lilter assemblles or two or more sampling
trains,

6.8 Particulate Concentration.

g.=(0.001 o/m@) (me/Va )
3=

6.10 Conversion Factors:

Equation

" where:

EPA METHOD 5, PAGE 7

Multioly by
...j 0.02032.
W 15,43
Lf 2205 107
35.9%.

6.11 Isokinetic Varition.
6.11.1 Calculation From Raw Data.

[ =
100 TG Vie +(Pa/ Tu X P, + AH/13.6))
' 600, P, A.

Equation 5-7
where:
K,=0.003454 mm Hg-m¥ml-'K for
metric units.
=0.002669-in. Hg-It*/mi-‘R for Eng-
lish units.

6.11.2 Calculation PFrom
Values.

Intermed|ate

’ — Tc"’-ﬂ(u.li Plrd 100__
F Toav.8 AP 60(1-H. )

. K . T-Vu(uﬂ
SR PV, AN (1-B.)
Equstion -8

K,=4.320 for metric units
= 0.00450 for English units,

6.12 Acceptable Results. If 90 percent [
<110< percent, the results are acceptable.
If the results are low in comparizon to the
standard and J i{s beyond the acceptable
range, or, if I'ls less than 90 percent, the Ad-
ministrator may opt to accept the results,
Use Citation 4 Lo make judgments. Other-
wise, reject the results and repeat the test.




]
+

4 .
e B |E - .
VITE AT (AR TAL-R FINTIAIYY

R VU T S HE | )
* 1380 nre AR T T BIELCFRLE
(R R TI030Fi- 1 48 NIIARW/3A1}1 SROTSS NG
©raaj atenbs uy uoriedoy Fujidwes Ik eAIINP U ERIE v . :339un
< ' " 5
109y » Al o .
Y ' Sagfs ; 213y
(OPg ryrsdnvirSargDsassuread) Ance u/ - sal )
. s
(26621099 7). . -urepassa

Ot tezs enen Ivita

— oupe Jlbmhd - .
* YT oos - 7350 Trures a0 va1

[TIYf 1311 SHOTSSING

L}
01s A .
(w'g1 » rywesdy prizayies syvinatiaed Jo g¥iam 4350719

t42Sa/ 117D SKOTSSIND

SUOTIIPUBS DIVPURIY IR (338 3]) AT130[IA 4I9I - :Z.u_a\,
JusITPUes plepuras 3¢ (338/3)) 41130134 2(TI0U - ::.m_.__y

(vayauty 12)dwWRip H1TI0U

- Yo
Lrwidap s¢ (swnioa Aq) vel ang) jo QuLOD FiMaEION - o.:n
Uty 3w furjdwes « 3 r3ioynm
. tngn + 51
(- uSacar % Maony Sar r se .
§ N - . o . oot w e i RELUE
ro9n + TL1A1S AT g0t y e LYoy no tageVa
not = a1 i1Ma gssnce
109% > 51t s
My -1y (Sar ey sevpt tas)7a
1 x Lt

< qa1s1Ua  isiopmaagy

a1 ggc0°r

1,733 ,'UF) ot X %

A Vw00

("I -uy) .;:_u-; TR L ainesaad waels S
9510 &q "sodea awawa Butpniaut ‘sef ang) jo aylyas seindou '™
\ W Fpees Bqnd 201Ny 4,
! (dg) .-.::_:-ui-u *% anyg n_. )
Lk jod sjdwes Jo asguny
! —iv/ 3, w " 49

(98971]) sef any} Jo L3yd01ap - A CAJIus

[LF B —-E— < L AP <
TIe 621 Teh-az) M7 0 L .E\’ R . i

Nk kT

tamnjea 1q) INTINDD JdNLSTNH

t1w) usea) asdujduy uj PIFURPUDY UBITA JO MMIOA - A
t 371 1eTaTRE0? paspuwys 3e ardurs sv¥ u) 2049A 183wa Jo mmios - a3sTs  s2ays
-‘x “uy N.-.

- . ",.
¥, 10w ai % ﬁ. .Hnﬂ..:.f .

1R _

. (LI WNdYA WILVS 40 IHAI0 :
. Asnd13w Jo Aataea® syppaeds argt ]
{*3"H°UT) 2938w #31)130 Ps0ADE dozp sanssazd atvisay - W !

. (~Hji~ur)y smevszd 3j13sucaRg - ey,

d,) sanyvaedues aaiew v - ¥y,

_nu-_ SuUCEIFPUOD 1838w 30 patdues se¥ o senjop - Hy

! .n-u. JUOTIIPUES pITpuvyd 3¢ peldwns 9¥ jo swntop o a1s”a asaym
" " .
(09w » %1y W . . H 109y + 1) e ALY, u

a.n—Eo -=Lu (A) €8¢t A T L L8 -

- 1, Ld JHAT0A S¥2 ANt

e—— s

S

SHIIIWYS JOENOS
IVLINIWNOWIANS

SE

N I.Nl|-||l|ll iV}
e seto00 ot “.c.:x <y
x v o LE._-.IMr
ientasi®s T 1IR/AIas) A sot x taasaMa T 98I
S2TLININOS1
SNOILYTNOTVD 40 NOILVAI¥EA :

-19-




NGUIEISTRIA I PR Y| DARTICLE SIZE DETEF VINATHIN
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1.

[,

PRINCIPLE

A sample of flue gas, containing a mixture of particlie shapes and densities, is
fractionated according to the aerodynamic characteristics of the particles. The
aerodynamic characteristics are referenced to unit density spherical particles, and
the fractionation is accomplished by a calibrated-multi-stage timpactor. The particles
collected on each stage are aerodynamically equivalent in size to the unit density
spheres used to calibrate each specific stage.

The determination of particle size distribution plays an essential role in svaluating
particulate collection equipmenst, since the efficiency of such equipment is directly
related to the particle size. In addition, excessive amounts of very small particles
will ‘not significantly increase mass emissions, but will contribute to increased
opacity.

TEST APPARATUS

A. Sampling Train

The sampling train may be any standard ASME or EPA particulate collecting
train, such as that used for EPA Method 5 or Method 17.

B. Cascade Impactor

The cascade impactor is an in-stack, multi-stage unit which attaches to the -

above sampling train. It allows for isokinetic sampling, and for measurement
of particle size distribution and total mass concentration.

The impactor has six or eight collection stages, with independently calibrated
particle siZe cut-offs ranging from nominally < 0.155 to > 28 microns. It has
radial-slot design to create a circumferential flow between stages, resulting in
very low inter-stage losses. Slotted glass fiber filters are placed on top of
each impactor stage, and a solid glass fiber filter is used to collect all of the
fine particles not fractioned in the stages.

SAMPLING PROCEDURE

A. Selection of nozzle size is made to attain isokinetic sampling conditions
(+10%), and the proper sampling flow rate is determined.

B. Optimum sampling time is selected, to assure sufficient mass on each stage for
accurate weighing (0.5-1.0 mg/stage minimum), but not cause excessive
loading and re-entrainment ( > 5 mg maximum for dry particles). If no prior
particulate data is available, a trial and error method is uysed to determine
optimum time. Sampling times will typically be 5-10 minutes at collector
outlet, and less than five minutes at the inlet.
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thwwemal equilibrounn with the: gan stream, usually 13-25 minutes.  This will
prevent condensation from forming in the inpacior. ’

Turn the impactor into the gas stream, turn on the vacuum pump, and quickly
establish the isokinetic {low rate. Maintain isokinetic {lew for 2ntire sampling
period, or the cut-off sizes of each stage will change.

At the end of the sampling period, shut off vacuum pump, close the valve, and
quickly turn the impactor so it is pointing downstream.

Remove impactor and probe from the stack, disassemble the cascade impactor,
and store the collection papers in containers for weighing.

V. ANALYTICAL PROCEDURE

A.

Dry the collection papers in an oven and cool in a dessicator. Weigh filters in
laboratory. The particulate weight per stage, W., is the difference between
initial and final weights.

if nozzle or other parts (such as preseparator, used at high grain loadings) of
the impactor have particles on them, carefully remove with a fine-haired brush,
wash with acetone, dessicate, then weigh, and add to Wi for the preseparator.
lf particles adhere between stages, add weight to W, for the stage immediately

~downstream.
V. _CALCULATIONS AND DATA PRESENTATION

A.

B.

Calculate isokinetics using standard procedures.
Calculate weight percent of particles on each stage:
Wt. % = Wi/ WT '
where '\TIi = Weight collected on stage i.

WT = Total particulate weight collected.
Calculate sampling rate (CFM)
(Q: Vn,xP xT

bar coll

t Pcoll Tm

1
where V_ Meter sampling volume (ft”)

t

Sarmpling time (min)

Pbar

Baromerric pressure {in. Hg!
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Jr S Meter temperature (R
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. y Op
'. = Duar sampling temperature (TR)
ol ; o
calealating e tlow (Q), determine the (DP 50)r nsing Table | or Figuce
1 .

Establish o, using Figure 2.

Calculate Curningham slip Coeflicient for cach stage:

C

where

-

ki
!
83 T

l -

P .
Féoll ©p 50/ ]
7 = Flue gas viscosity {poise)
See Figure 3 for graph of viscositv vs. temperature
(DP,)G}r - D?,j(} ior refarence sgherss

Calculate the Median Diameter, DP 50 for each stage:
!

Dy, <. 635D, ..) [TCr
P,50 P,50%c bl o
. o fpQC

\Qhefe Cr -

If the preseparator was used, calculate the D

= Slip Coetficient of reference Sphéres_

Pp = Density of fly ash (g/cm3)

Typical values are 2.5 g/c 2 (coal)
1.8 g/cm” (lignite)

P,50 from Table II.

Graphical Presentation’

L.

Particle size distributions are ‘plotted cumulatively on log-probability
paper., In this. format, the cumulative
weight percents for each stage (ZW./W.), starting with the backup
filter, are plotted against the DP 50 for the preceding numbered stage.
See Figure & for an example. ! oo

Once the cumulative particle size distribution is-plotted, the two major
parameters of particle size distributions can be determined:

kW The "Mass Median Diamerter”, D whieh s an overall measure

of the size of the part:cles.

-22-
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. The MGeometr: Standagrs Deviation™, & " {the raiio
DP 34¢ /DE’ j()*‘{))' which s 2 measure of thespread i the
pacticle si3t distribution (i (5 L. the particles are
monodispersed). o

Alternatively, the particle size distributior nay 5o presented as a bar
graph, which shows weight percent of purticles i the size ranges
indicated on the plot. The size ranges o e used mav he:

a. The stagewise particle sizes, 1n the ranges of (D ) te
(D ). . P,jO | S
P,o0%i-1’
b, An arbitrary scale of ranges; such as O w 9.54, 0.5 10 1.0, 1.0

to 5.0u, 5 to 10, 10 to 20, 20 to 40u, 40 to 80u, and 80 to
80+u., The weight percent values would be-taken from the
cumulative log-probability plot described above. See Figure 5 for
an example, based on the plot in Figure 4.
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f PRELIMINARY: EPA METHODS 1 & 2

s

[

€

Plant Name MALE PLA Timle ..f/-‘or’ MAS  Stack Name_ AS /- 7r/eS 77
Date X Ifu,% Time // 35 Oper fobgg e dy ~  Stack I.D. (port) Je¢.0”
Probe {pitot)d 3-©/ PICF_2.8Y Stack Pres., "HopP —2.50

Bar. Pres., "Hg 294/  Port Ext. / Pitot Leak Ck. (Y/R)__ Tes
Stack Temp., °F 7 2

Point % Dia. _ Stack I.D
No. &Dia." 100 € Port AP =
Al 979 23223507 | &7° 2
2 433 .| 336" a80 o
I g 328" 240 2
Y §2.3 246" 095 ©
< 7se | 270" 0.90 o
C ey 232" ©. 35 -
e 2.8 " 2.7¢ o
£ 1 aso g0 " 0.6¢ 2
i 127 by 0o O _
12 3.8 y2 - oSf o
iy e/ 29" o 5o Z
2. | 2) 0.8=>f o0 o4 2
& g {ongl by Al 040 O
1 0-30 : I®)
B 28O o
Y 35 o
S 0.7% o
& 2.75 %
) 8.7 f)
¥ 0.7 O
5 Ay =
(O VR ©
¥ 0-@0 p
L 7,55 4
0.7/0 4
Avg. m Avg.

7
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Sample Neo (Mgt -f

Amount of * Imp. Tip -
Impinzar No. Solution Used Solution {ml) Configuration Weight (grams)
1 DT t,o (S GS- $itARUr  Final __$94,0
: -Initial <#¢.o
_ Wt. gain __ £.0
2 D1 Yy O 1 S &S - 51D Final SE4o
Initial g‘){ a
Wt. gain o
3- AN I= - 6S 'ST(NHIT‘ Final __ 454D
Initial 4540
, Wt. gain o-<2
4 Siya 65 L 2(o¢, (S~ STLadT  Final <A
v B Initial C¢t&
T T wt., gain L.
5 7 _ i T T Final |
Initial
e - - . . - - X Wt.. gain .
6 " Final
Initial
- Wt. gain
Flask Final
Initial
Wt. gain
| TOTAL WEIGHT GAIN OF IMPINGERS (grams) 24.S
Date 111[1_1 lgc

Signature M M\/
g 7
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ENVIRCNMENTAL
SOURCE SAMPLERS

Sample No. y/rmg7-%

Impinger No. Sciuticn Used Solution (ml)

1 DL H, 0

IMPINGER CATCH

Amount of Imp. Tip

Configuration Weight. (grams)

N

D1 H,D

150 6.5~ STARGET  Finay AOLS

/5D 6s-ITD

- Initial o/ .2
wt. gain _ 8.5
Final ST23.47

o

& mAiY

Initial EZZIZ )
Wt. gain 7.

= LSSk~  Final AN A

4 < fLtca G

Initial _¢,3<
Wt. gain 0.5

2104 Gi-SpA P Final 725
|7 R

Initial &927. o
wWe. gain _ 2§

" Final

Initial
Wt. gain

Final

Flask

Initial
Wt. gain

Final

TOTAL WEIGHT GAIN OF IMPINGERS (grams) 2 ﬂ.O

Date

Signature

Initial
Wt. gain

e e——

/22 /e

M/M{
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ESS

FNVIRONMENTAL
SUHIRGCE SAMPLERY

4

MPI

0
1

{GER CATCH

Sample No. ]" L334

Amount of Imp. Ti
o}

Impinger No. Scolution Used Sclution (mi1) Configuration Weight (grams)

bI

=

hel

Hyo o GS -Siasug Final g',?‘/s-a
. + - Initial 5. O

Wt. gain 7.0

D'L HJD R € __“GK-ITQ Final! (S$2.0

Initial £v¥,

Wt. gain £.5

3 IMPTY ‘9 G3- 1 qnicwi” Final Y55 0

Initiail < Ey‘:‘ _
. Wet. gain o,

4 Cilch b L 2500, ) 6.8 ~STRAsy  Final 7060

[¥#; ]

Tritial G958 .

We. gain {2

Finai'

Initial
Wt. gain

Final

——————

Flask

Initial
Wt. gain

‘Final

TOTAL WEIGHT GAIN OF

Initial
Wt. gain

IMPINGERS (grams) R o

Dat; e /GLIJ{S”L

Signature W /W
/\
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ENVIRONMENTAL
SOURCE SAMPLERS

/

Plant Name MRNAF PLaTinG (o P — P

PRELIMINARY :

Stack Name

Date [//Q,‘L (76

EPA METHODS 1 & 2

LS ) ~OUTLLT

\

Time /7O Oper. /du e > Steck I.D. (port)_34 e

Probe (pitot)# {-0t PICF__ Z, ¥ ¥  Stack Pres., )  to, 32
Bar. Pres., "Hg 24.9/  Port Ext._ 2%  Pitot Leek Ck. (Y/N)__er

Stack Temp., °F 72 &

Point % Dia. _ Stack I.D

No. fDia. 100 8 Port AP «
Ay 25.6 1.4 ! o.7Z J
T g5.4 i7" 074l ©
1 20.4 2. 3+ 9.2 o
\ 296 0. 7" 0. 70 o)

< | .6 £3° 073 | o
(v 4. Y b 0. 70 )

| a { SAre los ‘A 0. 72 <
1 2.7 O
L _ 0.75 &
y B 2758 o
< R i 2. 7T o
(1 0.8 | 2
1Ll 2

Avg. \/A? Avg. «
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ESS

ENVIRQMNMENT AL
SOURCE SAMPLEHS

L

Impinger No.

1

Flask

N

Sample No. |- DuTIAT

Soluticn Used

PI. Wo

IMPINGER CATCH

Arount of
Soluticn {ml)

Y%

Imp. Tip
Configuration

DL B.D

152

63 - 51D

GS - STCAtGUT

CMOTY

17 GS -SNAK 4T

Sua L~

pA¢ Df.\

-S= STRAUUT”

TOTAL WEIGHT GAIN OF IMPINGERS (grams) J36.5

Date

Weight {qrams)

589 ¢

Final

- Initial {220

Wt. gain /9,2
Final 3. y
Initial 4020
Wt. gain J‘E

Final L6725

Initial vd-2 Lo

We. gain 2.5

Final {4
Initial 7¢¢.o
Wt. gain /3, &
Final

Initial

Wt. gain

Final

Initial

Wt. gain

Final

Initial

. Wt. gain

nztlép )

Signature M/Dé’“’é‘-z\
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ESS

ENVIRONMENTAL
SOURCE SAMPLER®

e

Impinger No.

1

Flask

e ——— . m——

Sfample. No. 2‘0‘4#7:}-57— ‘

Solution Used

_ b2 0

IMPINGER CATCH

Amount of
Solution (ml)

/s

Imp. Tip
Confiquration

S “Ntupuur

DI Ha 2

1o

&~ 70

_EMPTY

GCS-Yenuw

A2V IZ TS

259,
—r—:

_ﬁéf'gf“’“fzf—

TOTAL WEIGHT GAIN OF IMPINGERS (grams} Zh.s

Date

Weight ([grams)

Final Se& o
Initial _sS35ne
Wt. gain _ 1 &2
Final vol. s~

Initial s£ay
Wt. gain _ 40O

Firal %940
Initial ‘l‘ ’

P
We. gain 2.

Final ;f?ﬂg
Ini_tial ,
wWt. gain_—_?i??__
Final

Initial

Wt. gain

Final

Initial

Wt. gain

Final

Initial

Wt. gain

1]z /€0

Signature WMM
—
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(ESS) -

ENVIRONMENTAL
SCHIRCE SAMPLEAS

IMPINGER CATCH

Sample Ho. Ogéu—_z

Amount of Imp. Tip
Impinger No. Solution Used Solution (ml)} - Configuration
1 DL H, = IS o §3- STnsanr
2 DT 2o ¢S 0S-51n
~ . ‘ Em T 0 GS - STaony
4 (e 4§ 250, _ GJ-—J‘]MN#f
Sidea g — 3 -

Can

Flask

TCTAL WEIGHT GAIN CF IMTINGERS (grawms) _ 35,0

Dat;e // 22’

" Initial

Weight (grams)

Final €770 :
Initial {70,¢
Wt. gain Q-f}
Final &ﬁ!s

initial o7, ©
Wt. gain o5

Final ‘;df'c’

Initial 486,00
We. gain _ 3.0

Fina: '72‘7, S
Initial 2Ly ¢
Wt. gain <. o _

Final

Wt. gain
Final
Initizl
Wt. gain
Firal
Initial
Wt. gain

e —
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- PARTICLE-SIZING—FIELD-DATA INCLUDED IN APPENDIX B
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INLET PARTICULATE DATA
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ESS

ENVIRONMENTAL

~

SCOURCE SAMPLERS TEST CALCULATIONS

- _

ACCOUNT: e lwos d ~ Greeme, DATE: u_/zz/&’(a

STATION: NAKE PLATVG S Hor  uniT vo.: LS /-IN  TEST Mo.: /

20,741 ACFm

ACFM = 0741l « (o5 § v « Y8.87 ‘.cf’s
20, OFs DSC(F an

DICFan =

LA [}

r

@ sample Volume (ftJJ éﬂ;“d ‘0.79{ ‘,525"9 @ M, 28.79

@ Barr. Pressure (in. Hg.) .29.?/ @ Nozzle Dia. (in.) g 20%L

@ Avg. OH(In.W.C.) 3.0y 43 stack Pressure (in.Hg.) 2973

@ avy. T_ (°F) £2.9 (2 sampling Time (min.) X

® Condensed K,0 (ml) 24,8 €D Totsl Weight (g) AOF?2 ; _chrome f’--o’r?'?a,
® Avg.AP (in.W.C.) o7Y? 1@ scack Area (£c) 7,07

@ pPicot Factor lcp) o.5§9 3 o, RO, 2

® Avg. T, °r) yIAd .

URY GAS VULUME

Q .O‘r.s ]
v, st - _17:63 {057 549 [‘Q-ﬂ?-?l . ) - 58,358 o
(@ ST .+ 460

VOLUME OF WATER VAPOR

v, STD «  0.0671 ( ® 24y ) « B /A5 Y e

nmsruns..cumzm-r? e — _ ‘_n'_(S'].U’-U

({8 A/ ) : : ] :

5 "a — - _80/9 - = e - - -

Puo (B} LISY } + LLAISS3SE)
J¥ewcimy o

' -~ 28.95 29.92 '

Vitps) = (2.9) @087 ﬁ@a?’l‘?u ® 745 +460) zrv-a)(TUfﬁ? D) 48,87  fps
% ISUKINETIC

o . 17313 (a)SE.358 j (@IS . as0) . 989 1

- (@217 (@273 ) (1) 0.0719 ) D) 49.F? H (D b )

EMISSIDNS

o/scry - LADLOFPTT) US4l | (f) 0,023/ cr/scEp Chrame = 09,0950 6</SFD

({A) §35F :
LES/HE 9.08 ((F1. 2231 @707 )11iD) 48,801 @D29-73 ) (1-116)0-219 )= 1) 3,98 tbs/hr.
(® 705 +460) Chigme > 0.36 b /hw.

LBS/MMBTU « fgbi‘g_:"@ ); . NA LES /MMETU
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ESS =

ENVIRONMENTAL
SOURCE SAMPLERS TEST CALCULATIONS

/

Dseem >

ACCOUNT:  Lone Kewrsy df = O retne. DATE: /22 [P
STATION: MAA/S PLATwE JHI P  UNIT NO.: AS/ -~ /7 TEST NO.:__ 2

@ Sample Volume (fc°) __agj?.ua.??a;%‘a,zcv, @ M, 2979

@ Barr. Pressure (in. Hg.) _ 29.9/ @9 wNozzle Dia. (in.) 0. 252

@ avg. AH(in.W.C.) 3053 @D Steck Pressure {in.Hg.) 2% 72

B avy. T, (°F) 239 @z sampling Time (atn,) L

& Condensed H,0 (ml) 24 2 33 Tocal Weighe (g) O, 2/Y | Chrome : dfdlffg,
@ Avg.AP lin.W.C.) &.75/ @ stack Area (fc”) .07 '

@ Picot Factor (<} o8y @ 20, 23,9

® avg. T, °F) @?.o

URY GAS VULUME

. 3,08
v, st0 - _17-63 ¢ Qee.292 [‘ Q@29.9/ *( u"‘ig )] - 58955 g3
t® §3.9 + u60)

VOLUME OF WATER VAPOR

Vv, STD = 0,071 ( @ 247 ) - &) (142 £r3

MOISTURE CUNTENT
((8) 4732 ) : -
B, - 4 - () 0019
((B} /2301 + ((MISETD
VELOCITY -

Vigps) = 12.9 (D 0€Y )  (@ast 1( @ 6%.P.460) GE%_?;;Q(T&%LT o) 458 55,

% ISUKINETIC

17.313 (A SF.Y5F9 (B 622 . 460) 9?(
Bl = = (E) f T
(Dazr? (@ 22720 (1-((C) 0.9/9 ) (D) 4485 ) (D é=
EMISSIONS

GR/SCF® = i_@soél:;l};f } {15.43) (F) £.03(8  cr/scrd chromesr 90,0062 gr/fcf-b
{ta} S8,

tes/ur - 2:98 (5)0,03€) @D 207 101 F £ (AP 2972 1(1-((€) % P (G) Sso lbsfhy.
(® Gf© +460) Chvame 2 ) 877 iof hr.

. _29.32 ((F )
LBS/MMBTU - 2332 5 o . A LBS /MMBTU

ACEm = 707”7" Ladlm a “ijf/; 2o, 7E3 ACFa

= 2, 155 DSCrm

\
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‘ESS

ENVIRONMENTAL
SOURCE SAMPLERS

ACFm =
DSCFM =

TEST CALCULATIONS

- - (C)
Pwo ((8) A366) + ((a160.724) -

VELUCITY

OO0z

ACCOWNT: Lo Kewnsd Co evn, DATE: wl22 18,
STATION: MALE  FLATING $H2F UNIT NO.: l§/~ s  TEST NO.:_J
3 4 )
@ sample Volume (ft’] 6255580 20/ W7 @ M, 28.728
@ Barr. Pressure {in. Hg.) R29%/ @9 Mozzle Dia. (in.) O 257,
@ Avg. AH(Ln.W.C.) 3,328 4D stack Pressure {in.Hg.) AD.7/
@ Avg. T, %) 4?3:3 @ Sam_puﬁg Time (min.) G
® Condensed H,0 (mi) 29.0 @ Total Weight (g) 0,/0,2‘/$-c4rame=&o.u/3.
® Avg. AP lin.W.C.) &, 877 @ Stack Area (Et3) o7 -
@ ricoc Factor (c, .8y @ %o, 23,9
& avg. T, (°r) &2 '
URY GAS VULUME ‘
3318 ]
v, STD - 17.65 ( @5/977) [( QDALF 1+ (% ) - (A Go,72Y  -£dd
(@ £33« 460) '
VOLUME OF WATER VAPOR
V,§TD = 0.0671 ( ® 2f.0 ) « (8 1366 g’
MO1STURE CUNTENT
(8 £366 ) - .

. 632 28.95 29.92 ,

Vitps) 2.9 (@ aa"/: J:@a-ﬂ? He +460) GUT?’?'!) 2?7/ (D) 97 fps

% ISUKINETIC

ap o 17313 ((A) 60.72% 1B 0732~ . 460) . ) 952

: (Dazsz)’ (D277 ) (-1C) g0z ) (DISDGT7 1 (@ 69 )

EMISSLUNS

oriscry - LGD /024 ) as.43) £r D026D _arisced ¢ hrome z 2895 GR/SCFD

(n po.72Y ) :

LBS/HR = 2= 08_((F10,0260  GD 707 lt(nlfa47)(®,2?7/ 1(1-((CI1OOLT )} (G} Y&F (Js//:-,
(® 672 .460) chiome = 0:27 tolhy,

LBS/MMBTY = -23:32 ULF ] NA LBS /MMBTY

(20.9-1 a9 1)

%07 Frw o i/ x F0.97FP5 > 2/, 62/ ACFm
s 2, C02F DFCFm
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ESS | - ™

ENVIRONMENTAL

SOURCE SAMPLERS TEST CALCULATIONS
ACCOUNT: [ ae Mivnad Otoow € DATE: 1/22 /€L
STATION: VAR E PATING. SAOF UNIT NO.:_J§/)-Oui™ TEST MO.: j couTl S
3 x
D Sample Volume (fc”) 6,233 2/0/0: 1,815 @D M, 2X.70
@ Barr. Pressure {(in. Hg.} 22.9¢ G0 Nozzle Dia. (in.) 2 2588
3 Avg. OH(Ln.W.C.) 3.558 §D sStack Pressure {in.Hg.) 29.9¢
@ avy. T (°F) T @ Sampling Time (min.} (7=
@ Ccondensed Hy0 (mi) 26.5 @3 Tocal Weight (g) 2.0065 4" Chromesd, 9os3y)
@ Avg. AP (Ln.W.C.) a7 Q@ Stack Area (£e3) o7 )
@ Picoc Factor (C ) o.2Y @ zo, 20,9
@ avg. T, (°r) 237

URY GAS VULUME

Q 3.558
17.65 ( Q Hr.805) [r @292/ ( . )] S gaasy g’
(@ 678 - 460)

VH STD =

VOLUME OF WATER VAPOR

v, STD - 0.0471 ( @J6 ) - (8 /P09 e
MOISTURE CUNTENT
- A2 I
B = = (€} Q.0
YO ((B) 779 ) 4 (IAYEZAST) 2,2
VELOCITY
- (2. 0.3 721 28.95 29.92 - 4729
Vifpe) 2.9 (@ Y f«@a WO 737 4#60)6“-;:.—70,) (‘_@W) (0) 4298 tps
% 1SUKINETIC
. 17.313 (A o221/ 1 ® 7237 » 460)
| = (E)s03. & 1
* (D25 (@297 (1-(C) 0.027 ) uD) 4298 ) (@D 6O
EMISSIUNS

. GR/SCED = :(@:’f‘;‘f‘:"f ;“5"‘3’ - . (P} D024/ GRISCED chrome > "'w"—"’?‘&fp”
A -
9.08 ((E)1A.004/ 1 @2.07 11D Y290 AD 29.5¢ ) (1-(ic) 0027 ) - (¢) LT /5//‘5

LBS/HR
(@ 73,7 +460) Chiomez .22 164

LBS/MMBTU = f:é?:-:w@_ ): - A LBS /MMBTU

ACEm = 4298 firs « 620fmn « 207 T8z 20,353 AcFm

> 5c fot : M bos DSCFM R

ToTA L CHtomE OniT
Z.0231 gr/Scko = agoyl ar{sces, 150 = £23% D:00500r S0 = 2,00i29:1/5C20 455 - 940
2.0231 gr licen _— : T Qwasogr fseko

\-\__ _ . L _temMATEL ELFICIGNT
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ESS

ENVIRONMENTAL

SOURCE SAMPLERS TEST CALCULATIONS
ACCOUNT: _ Loc Kuusd Creere DATE: /// 22.(7¢
STATION: MARF PLATIMG- SHOP UNIT RO.: A§/-Ovi™ TEST NO.:__ 2-9w7Ls/

r
@ Sesple Volume (fc°) 60,6381 017 6L AT @ M, 2321
@ Barr. Pressure (in. Hg.) _ X9.9/ G0 HNozzle Dia. (in.} 2-25%
@ Avg. aHlin.W.C.) 3.53€ 6D Stack Pressure {(in.Hg.) J—?q"f
@ Avs. T, (°F) SiY 12y Sampling Time (min.) Lo
® Condensed Hy0 (ml) 36.s" 43D Tocal Weight (g) A 02956 " thvmes &cbl(?j
® avg.AP (in.w.C.) o.7/7 @@ stack Area (fc) 207
@ Pitor Factor () ©.8Y © 20, 20.9
@ avg. T, (°F) &Y. 1

DRY GAS VULUME

3.53%
17.65 { @260 [(_.G.") 299/ ) (QTT'V—)] - Ay 63,291 3

v, STD =
(@ SiLY  + 660

VOLUME QF WATER VAPOR

v, STD = 0.0471 ( @3&.57 ) - ) (- 71F £e2

MOISTURE CUNTENT

v/ - —— _
B, " (/g « (0)_O.2R6

T TR A 14 BIRTISY S ¥ 1 -

VELUCITY

Vifps) = (2.9} (@ 0.8Y) J @o.?ﬂu@b?bmeow Gwz—*’r_’_j’—,) r&."%? - (D)X7.63%  fps

% 1SUKINETIC

17,313 (A} @2793 y(@ 692~ . 460} . (B} FOS Y %
(ot (@ 2099) (1-10) 0020 ) DI 426eT ) (@D bo )

EMISSIONS
f L $CA
GR/SCFD = L@ 0208 ) 1s.u3) - (F) 2DOSO  CRISCFH chvome? 290025 s

(a) &3.793 )
Bs/un - 2:08 ((FIZ000 ) D 2.07 1Up¥243 1 dD 2957 ) (1-1c) 0-026 ) - (6) 239 /6/4»

LBS/MMBTU = %303;((?@2&) 4. NA LBS/MMBTU

ACEM = 4703 fos 1 60ifmc 22 AT

-

20,208 AcEm
(?‘6‘(f DSCEAn

L 1)

DIcFm = e - — S —- I T TS TR S
To7AC - TEHR ML
@, O3fg_3_1151ﬁo - 0. 005¢ ?r(suro VAL A 0'00‘,1 /_;Cpo Owoil Kes fﬂ- 9
0-03!€arficﬂo e 006 2—91./-“‘0
- _LDEmartt EFficiea
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ENVIRONMENTAL
SOURCE SAMPLERS TEST CALCULATIONS

-

AcCOUNT: Lo Kivasd Gieer/e DATE: 1y jre (PG
STATION: NAKE PLATH & SAD UNIT No.: K {-0uiT TEST NO.:__3-oJret

¥
Sample Volume (fc7) €925 x Lote 261, 53Y

@ @ M, AT

@ Barr. Pressure (in. Hg.) 229/ 0 Nozzle Dia. (in.) 2.2 %

@ Avg. AH(in.W.C.) OO @D Stack Pressure {(in.Hg.) 299y

@ avs. T_ (°F) 45,9 @ sempling Time (min.) oo

@ Condensed Ky0 (ml) 335.0 13 Total Weight (g) QA | chrimes 46’0@3}
® Avg.AP (in.W.C.) o0.21% @ stack Area (£ 27 ’

@ Picor Factor (cpl ofY & 0, 2.9

® avg. T, (°F) 7.4

LRY GAS VOULUME

3600
17.65 (0‘,-52") [( @"?-4’ H ’(%Ta—_)] = (A} 6‘(,?8’0 ft3

v, STD «
(@ Y59 -« 460

VOLUME OF WATER VAPOR

3

v, STD - 0.0471 ( @ 352 ) - (B) L9 £t

MOISTURE CUNTENT

() L6Y¥F r
Buo * b 167 o= {C) _p-028 .
UB) £ 6%G) + LAY WO .
VELUCITY ' _ . . .
<. - - 28.95 - 29.92 N i)ty D P g
Vifps) (2.9) ‘@ M‘{ ) ﬁ@al 29 )¢ ®67;g +460) GE:‘.'&’.—T&',) W) {D) ‘7'2?\' fps
% _1SUKINETIC
a . ALA3 U 6#760 1O 628 |, wo) - E) j05F %
(Do2571° (D294 ) (-1 gozg ) UD 4296 1 (D @
EMISSLUNS '

criscEp - LED QO ) 1.l | ) DOOSEO crIsCED chvome = &Oo’fgﬂﬁ“b
((A) Y280 )

LBS/HR o 2:08 ((F10.00%)( @D 2,07 )ip) (290 (dp 229y 1(1-U(C) ©.02F B - iG) 9'5,{/5/4"'
(® 6L +460) Chiome=0.2o (b/hy,

. _29.32 ((F ]
LBS/MMBTU Foo e e T - 1.BS/MMBTU

Acegm = ¥756 /7;: 63 §/m X 207472 20,3Y5 ACEm
z 1N EST? DSCEMm_

D5 rm -

(AT U ' CHRoME

Qo260 s litep - a00SO galiced g
# ? = 87 2.008Y g1 ficko - O.00:S
20260 pm liep —_— 910-0‘”_‘( 7'_/;“0

72229 )
\- o N - L PEmoTen CFFcieae T :
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@

ESS .

PARTICLE SIZING DATA

t NVHACIMAE S8 A :
AW AR J
—— m—— - //"

Mezount Lo HKewogd  Creg e — Date: /1 /'Z?'/S’G

Station: #LALE Pl A Tirme SHOF2 Unit Na: LS /. Tesi= [ = 2 KT

Sampie Location: __£-5 / Yt ]' Por; = pr

Engineer: .L.:J?‘ = (4 Ik, [—r/
Merer S1an 6,458 Time Swart: / 02;// //f-r-?
Meier Stop. \/F:?4&? ‘/AK (/ ) 65[ 3 éO Time Stop: /_ﬂj__g '/ /237
Meter Volume, V {H ¥ 29.86 f&?‘?/' 29.59/ Sampie Time, timun): &
Barometric Press, P, linHal: 252/ Nozrle Diam. [in 1 2.249¢& 'j - /),[‘/:,()
Static Presz. {in.H,0): -a.5¢% /-' 2.40 Meter Temp, ("F): _JA~ T~ R~ FL-52= 4.8
X 0.0735 = P, {in.Hg): -~ 0l +460 = T ("A): $38.8
Stack Press. = P+ P Stack Temp. (°F): 27/
* Peolt finHe): 2945, +460 = Toy ("R $3s.0
Velocity Press, AP linH0): _A4, /ér ! _ 7 ?0 Gas Viscosity @ T .. 17 (pouse): (75 €D -
Orifice Press, AH {inH,01 __ 75~ [ @75 Particle Density. p tgrems). ___ /2
Stage TFa”:elg) F:nuac; t'::.hicqlf :::;3:‘: :ﬁ{::,:, ‘Op 500 C € Op50 ¥}
Presep. L tco@| - - -

O 044 aledlodeiql s | a4 sz L eor L L2 | o
2 TQ,V,_S_'?_{___QL'@:LV 0. u‘)z_ﬂ 2.0 3L g4 LOL .07~ 0.0
:_latet? | 0(209 [00092 | 28. | S| 57 ko3 123 05

| ¢ lolvys \ diser L0077 | 235 [ A5 29 lod oY Y07
s oo | aree) (2005 | 156 | 30.57| 2.8 —127 o« |- 30|
6 | bayut | o¥6d (09027 | 83 | wT A o+ % b tY 113 .44
7 o.detf 21629 P YR 4 s.S Y% 0.77 L2} L2\ .91
8 lp.q3) | oY) o000 | 3] | % | o522 | 1.3) 2| Cel-
Backup |0 2(4f | 0.20¢ lavold | 3.) - - - - -
Totals _037-7 Add%l.}p
CALCULATIONS:
A. Sampling Flow Rate, Q {¢tm):
O_Vm 2%¢a Teoh 33$ X Poar 24,91 . 0492
t  Co Tm S35 Pett 24775
B. Cunningham Slip Coelficient for each stage, C: ‘
11830/ T o
Cw1+—
{Dp 50! Peoil
C. Median Pasucle Size ter vach stsge. Dy g0 (u)j_
i nCr
. Op50 = 6330 (D 5ol (/=55 7" ) : L
B?; &9 Ll"f’ oﬂ%
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ESS

./ PARTICLE SIZING DATA \
i A

S AVORIRAE N AL .
Wt AR (b ,’{
g PG S A .,...____.,.//
Accum_ . /—Jv/(wdi(/ - Grtem . Doate: i /ZL/?L'
Station: _MALE PLATinG ST Unit Mo: __ = ! Testo: _ 2T /retf
Sample Location: __ &S/