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DISCLAIMER

Although the research described in this report has been funded wholly or
in part by the United States Envirommental Protection Agency through
Contract 68-02-3852 to Entropy, it has not been subject to the Agency's peer

and administrative review and therefore does not necessarily reflect the

views of the Agency, and no official endorsement should be inferred.
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1. INTRODUCTION

1.1 Background. The Emission Measurement Branch of the U.S. EPA
(EPA EMB) is directing a project designed to generate support data for New
Source Performance Standards (NSPS) for calciners and dryers in the mineral
industries. Emission standards for the various industries will be developed
based upon process-related emission factors determined from the testing qf

controlled sources.

1.2 Scope of the Project. The U.S. EPA EMB is responsible for
coordinating the efforts of Entropy and Midwest Research Institute (MRI) to
achieve the goals of the testing program. Entropy has been retained under
EMB Contract No. 68-02-3852, Work Assignment No. 2 to conduct testing
programs at designated industrial facilities. Entropy is to perform emission.
measurements at the recommended sampling locations, obtain process feed and
product samples, and, in conjunction with Research Triangle Institute (RTI),
conduct sample analyses. MRI will monitor process and operating conditions
iﬁ order to designate suitable testing conditions for the respective

processes and to provide a record of process and operational data during the

testing.

1.3 W. R. Grace Source Testing Program. The present report covers
stationary source sampling performed at the W.R. Grace & Company
manufacturing plant in Irondale, Alabama on February 1, 1984 to characterize
emissions from the perlite expansion pollution control equipment. Clarence
Duckworth of W. R. Grace and Company and Frank Clay of EPA EMB were present
to coordinate the testing. Amy J. Kowalski and Butch Smith of MRI monitored

the plant process and recorded operational data during the testing.

1.3.1 Source Applicability. W. R. Grace and Company operates a high
temperature perlite expansion furnace. This furnace has the capability of
processing NA-79 crushed perlite which has a densify of about sixty pounds
per cubic foot (60 1lbs/ft3). Emissions from the perlite expansion system
are controlled by a baghouse, which represents the best available control

technology (BACT).
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1.3.2 Outline of Testing Program. Three sets of EPA Method 5 runs were
performed concurrently at the baghouse east and west stacks to determine the .
particulate emissions from the perlite expansion process. The impinger
reagents from one Method 5 run at each location were amalyzed for trace
metals. Concurrent with two sets of the Method 5 runs, Method 9 opacity
readings were taken at the baghouse east and west stacks, and Method 22
readings for fugitive emissions were taken at the ore feed belt. One
particle sizing run was done at the baghouse west stack, while a simultaneous
reactivity run* was performed as a control measure at the baghouse east
stack. Feed and product samples were taken for moisture content and sieve
analysis. Table 1-1 presents a test log which summarizes the test dates,

sampling locations, run or sample numbers, and the types of testing

performed.
TABLE 1-1
TESTING LOG OF 2/1/84
Sampling Location Sampling Objective Method Run Numbers
Baghouse West Stack particulate 5 1,2,3
| ' trace metals 5 2
particle size impactor sl
opacity 9 1 &2
Ore Feed Belt fugitive emissions 22 1&2
Furnace Inlet Feed sieving & moisture grab sample ' 1,2,3
Cyclones Prdduct Qutlet sieving & moisture grab sample 1,2,3
Baghouse East Stack particulate 5 4,5,6
- trace metals 5 5
reactivity impactor R1
opacity 9 4 &5

* A reactivity run is a simultaneous duplicate run using a filter prior to
the impactor stages to collect all the particulate in the gas stream. The
purpose of the run is to determine if gases in the stack effluent are
Teacting with the impactor stages and creating a high bias on the weights of
the normal particle size run. No weight gain on the impactor stages of the
reactivity run indicates no reactivity bias on the normal particle size run.
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1.4 Report Organization. Immediately following is the "Summary of
Results” section. Appendix 7.1 presents'the complete results of each run;
field data can be found in Appendix 7.2. The source and the process are
described in the "Process Description and bperation“ section. The next
section, "Sampling Locations™ provides a comprehensive description and
illustration for each location; "Sampling and Analytical Procedures” follows,
describing the sampling strategy used. Descriptions of the equipment and
procedures can be found in Appendix 7.3, while Appendix 7.4 presents
analytical documentation. The final section, "Quality Assurance,” mnotes the

procedures used to ensure the integrity of the sampling program; Appendix 7.6

provides pertinent calibration data. Appendix 7.5 contains a listing of the

Entropy test participants and their roles in the testing program.
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2. SUMMARY AND DISCUSSION OF RESULTS

2.1 Summary. Table 2-1 presents the total baghouse emission rates and
concentrations and visible emissions summa}y for the particulate testing
performed at the baghouse west and east stacks. A runby-run summary of the
particulate results for the west and east baghouse stacks is presented in
Tables 2-2 and 2-3, respectively. Detailed results for the testing program
appear in Appendix 7.1.

2.2 Discussion of Results. Particle sizing Run 51 data indicate a mass
median diameter of approximately 4 microns; however, due to the low
concentrations, the catches on some stages are extremely low so, caution
should be used in interpreting the particle sizing data. The results appear
in Appendix 7.1.3. Due to process upsets, the particlg sizing testing
scheduled for February 2 was not completed; limited data from the aborted
runs show the mass median diameter to be consistant with Run Sl.

Only the first set of two~hour visible and fugitive emissions runs was
completed. The second set of readings was interrupted after one hour due to
the onset of darkness; the scheduled third set was not performed.

Visible emissions plume opacity was negligible except during the
cleaning cycles. Fugitive emissions were observed only when the couveyer

belt was operating.
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TABLE 2-1

BAGHOUSE TOTAL EMISSION RATES & CONCENTRATIONS

———————— Run Numbers -————=--

. 1 & 4 2 &5 3 &6
Emission Rates, lb/hr:
Baghouse West Stack 0.256 0.298 0.239
Baghouse East Stack 0.321 0.338 0.338
Sum Total 0.577 0.636 0.577
Emission Rates, kg/hr:
Baghouse West Stack 0.116 0.135 0.108
Baghouse East Stack 0.146 0.153 0.153
Sum Total 0.262 0.288 0.261
Air Flow Rates, SCFM:
Baghouse West Stack 2,702 2,601 2,607
Baghouse East Stack 1,986 1,986 1,997
Sum Total 4,688 4,587 4,604
Concentration, Gn/DSCF:
Baghouse West Stack 0.0110 0.0134 0.0105
Baghouse East Stack 0.0189 0.0198 0.0198
Weighted Average* 0.0144% 0.0162 0.0146
Concentration, mg/DSCM:
Baghouse West Stack 25.280 30.598 23.944
Baghouse East Stack 43.142 45.409 45.225
Weighted Average** 32.948 37.067 33.406
Averqge Opacity, Percent:
Baghouse West Stack 0.16 0.04 -
Baghouse East Stack 0.14 0.35 -
Fugitive Emissions:
Observation Time, min. 95.00 45 .00 -
Duration of Emissions, min. 10.60 35.63 -

* Weighted Guo/DSCF

*#* Weighted mg/DSCM

1b/hr (7000)

SCFM (60)

453,592

* Weighted Gu/DSCF
7000 (0.02832)

2-2

0.0116
0.0195

26.607
44.592
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TABLE 2-2

PARTICULATE TESTS SUMMARY OF RESULTS

Expansion Furnace Baghouse West Stack

1 2
Run Date 02/01/84 02/01/84
Test Train Parameters:
Volume of Dry Gas 90.792 89.090
Sampled, SCF*
Percent Isokinetic 99.1 . 101.0
Stack Parameters:
Temperature, Deg. F 370 383
Air Flow Rates
SCFM*, Dry 2,702 2,601
ACFM, Wet . 4,525 4,463
Method 5 Test Results:
Catch, Milligrams 65.0 77 .2
Concentration,
Grains Per DSCF* 0.0110 0.0134
Milligrams Per DSCM 25.280 30.598
Emission Rate,
Pounds Per Hour 0.256 0.298
Kilograms Per Hour 0.116 0.135

* 68 Deg. F- - 29-92 ino Hg.

2~3

02/01/84

90.990

100.5

378

2,670

4,568

61.7

0.0105

23.944

0.239

0.108
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TABLE 2-3

PARTICULATE TESTS SUMMARY OF RESULTS

Expansion Furmnace Baghouse East Stack

Run Date

Test Train Parameters:

Volume of Dry Gas
~Sampled, SCF*

Percent Isokinetic

Stack Parameters:

Temperature, Deg. F

Air Flow Rates
SCFM*, Dry

ACFM, Vet -

Method 5 Test Results:

Catch, Milligrams

Concentration,
Grains Per DSCF*

Milligrams Per DSCM

Emission Rate,
Pounds Per Hour

Kilograms Per Hour

* 68 Deg. F. - 29.92 in. Hg.

4 5
02/01/84 02/01/84
106.647 108.400
104 .6 106.3
371 376
1,986 1,986
3,346 3,380
130.3 139.4
0.0189 0.0198
43.142 45.409
0.321 0.338
0.146 0.153

2-4

02/01/84
107 .826
105.2

372

1,997

3,389
138.1

0.0198

45.225

0.338

0.153
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3. PROCESS DESCRIPTION AND OPERATION

3.1 Introduction. Source emission tests were conducted on the perlite
expansion furnace at the W. R. Grace & Co. (Grace) plant in Irondale, Alabama
from January 30 through February 2, 1984. Mr. Frank Clay of EPA/EMB was
present during the testing to observe emission testing procedures. The tests
were conducted by an eight-person test crew headed by Mr. Frank Phoenix of
Entropy. The process was monitored by Stacy Smith and Amy Kowalski
from MRI. Mr. Clarence Duckworth of Grace coordinated the testing with plant

personnel and preovided process information,

3.2 Pollutants/Sampling Points. The primary objectives of the emission
test were to obtain the following data for the outlet of the perlite

expansion furnace baghouse: (1) particulate matter (PM) concentrations, (2)

PM mass emission rates, and-(3) particle size distributions (ES) for the PM.

 _Visible emission (VE) observations were made at the two outlet stacks

simultaneously with the emission testing. VE measurements were also made of
the process fugitive emissions at the expansion furnace feed inlet. The feed
inlet consists of a covered belt conveyer which dumps into a bucket _
elevator. No VE measurements were taken on the product outlet because the.
system was totally enclosed with no visible leaks. Grab samples of the feed
and product material and of the baghouse fines were taken for particle size
sieve and moisture content analyses. Table 1 presents the tests conducted at:
this facility. '



TABLE 3-1. EMISSION TESTS CONDUCTED AT W. R. GRACE & €0.°

Test No. of

Sampling point Test type method(s) samples/run
Furnace feed inlet Visible emissions EPA-9,22 1
Moisture content ASTM D2216 1
Particle size sieve ASTM D422 1
Furnace product Moisture content ASTM D2216 1
outlet Particle size sijeve ASTM D422 1
Baghouse outlet Particle concentration EPA-5 1
stacks (2) Particle size ' EPA draft method 1
. _ ' 1

Visible emissions 1EPA-9

3EPA Method 5 tests consisted of three runs, all on February 1, 1984.
- Particle size testing consisted of one run also on February 1, 1984. .
- Additional particle size runs were not possible because of fan malfunc-
tions. Simultaneous particle size and particulate testing was not
_feasible because of the small stack diameter. '
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3.3 Process Description

3.3.1 General. Grace expands one size of perlite ore, for horticultural
uses, in its Perlite Corporation Model V$8-450 vertical expansion furnace.
During emission testing, Grefco NA 79 ore was processed. The pre-sized
perlite concentrate is fed into the 0.7-m (28-in.) -diameter stainless steel
furnace through a surge preheater at a rate of about 0.91 mg/h (1 ton/h).
Four variable speed screw feeders on the side of the furnace inject the
perlite 1.5 to 1.8 m (5 to 6ft) above the natural gas—fired combustion
burner. The fuel usage rate for this furnace is 198 to 227 m3/h (7,000 to
8,000 £t3/h).

The perlite is expanded 4 to 20 times its original volume in the hot
zone of the furnace at temperatures of 982 degrees to 1093 degrees Celsius
(1800 to 2000 degrees Fahrenheit). The four baghouse exhaust féns convey the

expanded perlite particles through 30.5-cm (1-ft) —-diameter circular ductwork

to a 1.75-m (69-in.) ~diameter product collection éyclone. The collectéd

perlite falls through a cooler/classifier unit prior to bagging. The air

“stream from the product cyclone and cooler/classifier cyclone passes through

a four-compartment Perlite Corporation baghouse prior to being emitted to the

- atmosphere, Figure 1 shows an expansion furnace with the Perlite Corporation

cyclone and baghouse that is similiar to the éystem used at Grace. 'Thé
controlled expansion temperature of the furnace, as indicated by the control
panel monitor, ranges from 799 to 832 degrees Celsius (1470 to 1530 degrees
Fahrenheit). The furnace has a retention time.of two to three seconds.
TaBle 2 presents the design and operating parameters for the furnace.

Table 3 presents the specifications for the feed and product material

provided by Mr. Frederick Eaton of Grace.
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TABLE 3-2.DATA FOR PERLITE EXPANSION
FURNACE AT W. R. GRACE & CO., IRONDALE, ALABAMA

Manufacturer
Model
Date of installation
Design production rate, Mg/h (ton/h)
Actual production rate, Mg/h (ton/h)
Hours of operation
" hours/day
days/week

Réteﬁtiohi@ime,_s

'v_:Maximum gas'téhperature, °C (°F)
- Fuel used |

. Fuel dsage.rate;'m3/h_(ft3/h)

Feed moisture content, %

" Feed particle size

Feed density, kg/m3 (1b/ft3)
Product moisture content, %

Product density, kg/m3 (1b/ft?)

. 8-16

Perlite Corporatian
VS-450

1977

1.09 (1.20)

See Confidential
Addendum Item No. 2 4

5

" 982-1093 (1800-2000)

. Natﬁra1 gas

See Confidential

' Addendum Item No. 3

2-5

90 percent 220 mesh
881+ (55+)

0

64-112 (4-7)
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TABLE 3-3. FEED AND PRODUCT SPECIFICATIONS FOR GREFCO NA79 PERLITE®

Cumulative percent retained

Expande
Mesh size Raw ore product
+4 | 0 --
+8 _ 20 | 50% minimum
s12 60 | -
+16 - 85 o -
420 :' 90 9% mininum
"€f450 o - e
,:}+100 "> mfnfmﬁm_

37elecons. A. J. Kowalski, MRI, with Mr. Frederick
Eaton, W. R. Grace & Co. on February 1 and April 4,
1984, L
W. R. Grace & Co. quality control purchase
specifications. :

b

3-6



- TABLE 3-4. DATA FOR PERLITE CORPORATION BAGHOUSE
W. R. GRACE & COMPANY, IRONDALE, ALABAMA®

Manufacturer _ Perlite Corporation

Bag material Glass graphite

Air-to-cloth ratio - 2.6:1

Inlet temp., °C (°F) 232-243 (450-470)

Actual gas flow rate, m3/s (acfm)- 170 @ 177°C (6,000 @ 350°F)b
| Pressure drop, kPa (in. w.c.) 1.5 (6)

Number of stacks : ' 2 - 

Stack height (from roof), m (ff) - | | 11.3 (27) |

Sté&k.diameﬁef'.m (ft) - : ._0;4_(1.25) |
 ?Number of compartments . _H._ 4 j )

':”-Des1gn outlet grain load1ng, g/dsm® - | .1;8 x10-3 t0.01)
(gr/dscf) : o
_Des1gn eff1c1ency o T ' >99%.

Te1econ 6/7/83 with Mohammed Huda, Jefferson County Dept. of Health,
bB1r‘m1ngham Ala., and Section 114 response
Stack temperature.

3-7
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- 3.3.2 Control Equipment. Particulate emissions from the perlite
expansion furnace are controlled by a baghouse. Data for the baghouse are
shown in Table 4. The baghouse was manufactured by the Perlite Corporation.
It has four compartments and is equipped with 100 glass graphite bags. The
design air-to~cloth ratio is 2.6:1. The temperature of the inlet gas is 232
to 243 degrees Celsius (450 to 470 degrees Fahrenheit). The collected
material from the baghouse is bagged separately and landfilled. The baghouse
is equipped with four fans, one on each compartment. The baghouse is cleaned
by compartment when the respective fan is shut off for a few seconds. The

cleaning cycle is set on seven minutes per compartment.

3.4 Process Conditions During Testing. All processes were operating
normelly during the emission testing. The furnace operation is monitored
from a control panel that contains gauges for the furnace outlet temperature,
the baghouse internal temperature, and the ore feeder speed. To achieve the
required amount of exfoliation for fimal product quality,:the hot section of
the furnace must be 982 to 1093 degrees Celsius (1800 to 2000 degrees
Fahrenheit). This corre3ponds to a furnace control temperature of
approximately 816 degrees Celsius (1500 degrees Fahrenheit) according to Mr.
Duckworth. Throughout the testing the furnace control temperature was 799 to
832 degrees Celsius (1470 to 1530 degrees Fahrenhelt) indicating normal
furnace operation. _

The design capacity of the vertical expansion furnace is 1.09 mg/h (1.2
ton/h). The normal actual production rate is 0.9 mg/h (1 ton/h). Natural
gas with a heating value of 1,000 Btu/ft3 was used to fire the furnace
during the testing. The gas firing system was 0perat1ng normally during the
test. '

Additional information about the process operation during testing is

provided in a Confidential Addendum to this report.



3.5 Discussion., Due to the small diameter of the baghouse outlet
stacks [0.4 m (1.25 £t)], simultaneous particle size and Method 5 testing was
not possible. 1In addition, two of the four baghouse fans malfunctioned on
three separate occasions. None of the malfunctions affected any of the
tegting runs. As a result of these breakdowns, however, Method 5 Run No. 3
was performed at night, and VE readings could not be taken. Also, only one
2~-hour particle size run was completed due to the fan breakdowns.

Additional particle size testing was scheduled on Thursday.

February 2, 1984, to complete the testing requirements. OQOriginally, the

. three particle size runs were to be performed in only one stack. Due to time
constraints, EMB personnel approved simultaneous particle size testing using
both stacks. After approximately one hour of testing, the third fan
malfunction occurred, and testing was suspended. Because acceptable Method 5
runs had already been obtained and because the outlet particle size data
could not be obtained concurrently and were not critical to the calciners and
dryers project, it was decided that the testing would be terminated without

the final two particle size runs.

Confidential Attachment
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4. SAMPLING LOCATIONS

4.1 Suitability of Sampling Sites. The primary goal of the testing
program was to characterize emissions from the perlite expansion pollution
control equipment. Additionaliy, physical properties of the process feed
stock and the product were imvestigated. Sampling sites appropriate to these
objectives were approved prior to testing. Each sampling location is
discussed individually, and the position of each site within the system is

illustrated in Figure 4-1.

4.2 Perlite Expansion Furnace Inlet (Sampling Location A). Grab
samples of the feed to the expansion furnace were collected for sieve
analysis and moisture content determination. Samples were taken during each

set of simultaneous Method 5 runms.

4.3 Ore Feed Belt (Observation Location E). Fugitive emissions were

determined at the ore feed belt according to EPA Reference Method 22.

4.4 Cyclones Product Qutlet (Sampling Location B). Grab samples of
product from the cyclones product outlet were collected for sieve analysis
and moisture content determination. Samples were taken during each set of

simul taneous Method 5 runs.

4.5 Baghouse Exhaust Stacks (Sampling Locations C and C'). Measures of
particulate emissions were made at the identical baghouse east and west
stacks. A detemination of particle size distribution was made only at the
baghouse west stack, while a reactivity particle size rum was conducted for
reference at the baghouse east stack. Figure 4-2 illustrates the dimensions
and sampling points which are typical for both stacks.

Both stacks are vertical with inside diameters of 15 inches. Each stack
has two sampling ports spaced 90° apart and located 12 inches (0.8 stack
diameters) upstream from the stack outlet and 60 inches (4 stack diameters)
downstream from the nearest flow disturbance. In accordance with EPA

Method 1 (promulgated on September 30, 1983), 24 sampling points were used,
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SECTION M-M

—=] 15" | e
12"
] A B
BRI
M M
60" . b
2 SAMPLING PORTS
[ : NOTE: EAST AND WEST
BAGHOUSE STACKS
/// \\\ ARE IDENTICAL
FROM FROM
FAN FAN

15" DIA.
AXES: 2
POINTS/AXIS: 12
TOTAL POINTS: 24
}K\

FIGURE 4-2. EAST OR WEST BAGHOUSE OUTLET STACK DIMENSIONS WITH

‘SAMPLING PORT AND POINT” LOCATIONS
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i.e., 12 sampling points on each of two traverse axes (labeled A and B).
Each point was sampled for five minutes resulting in a net test time of 120
minutes.

Particle size determination at the baghouse west stack was performed
using the four-point scheme recommended by the Industrial Envirommental
Research Laboratory (IERL). For the particle size testing the stack cross
section was divided into four equal areas, i.e., two traverse axes with two
sample points per axis. The centroid of each equal area was sampled for 30

mimites resulting in a net sample time of 120 minutes.

4.6 Baghouse Exhaust Stacks (Observation Locations D and D'). Plume
opacity observations for both .baghouse exhaust stacks were performed

according to procedures outlined in EPA Reference Method 9.
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3. SAMPLING AND ANALYTICAL METHODS

5.1 Sampling Objectives. This section describes the sampling and
analytical procedures which were employed at the W. R. Grace plant in order
to gathe; data coucerning emissions from the perlite expansion pollution
control equipment and to imvestigate physical properties of the process feed
stock and the product. The sampling program included outlet tests for

particulate emissions, plume opacity, and, at the baghouse west stack only,

particle size distribution.

5.2 Particulate Emissions Testing. Particulate emissions sampling
conformed to the standards and procedures set forth by EPA Reference

Methods 1-5 and described in 40 CFR Part 60, Appendix 7.3.

5.3 Trace Metals Analysis. For one rum at each location, the Method 5
particulate catch and the distilled water reagent from the impingers were
analyzed for trace metals by using atomic absorption or inductively coupled
Plasma Spectrometry. These metals are zinec, nickel, irom, manganese,
vanadium, calcium, silicon, aluminum, magnesium, fluorine, beryllium,

uranium, lead, and mercury.

5.4 Sieve Analysis and Moisture Content. Sieve analysis and moisture
content determinations were performed on all feed and product samples. ASTM

Method D 2216 was used to analyze the samples for moisture content, while

ASTM Method D 422 was used for sieve analysis.

5.5 Plume Opacity. Visible emissions ohbservations were performed in

accordance with EPA Reference Method 9 as described in 40 CFR Part 60.

5.6 Fugitive Emissions. Fugitive emissions were determined in

accordance with EPA Reference Method 22 as described in 40 CFR Part 60.

5.7 Particle Size Tests. Particle size determinations were made using
a right angle inlet preseparator, followed by an Andersen Mark III cascade
impactor. The test procedures were based upon the publication, “Procedures
for Cascade Impactor Calibration and Operation in Process Streams — Revised

1979, developed by the Industrial Envirommental Research Laboratory (1ERL)

and Southern Research lnstitute.



6. QUALITY ASSURANCE

6.1 Introduction. The goal of quality assurance for the project was to
ensure the accuracy of all data collected. The procedures used are contained
in Entropy's "Quality Assurance Program Plan,"” which was approved by the U.S.
EPA EMB in the contract agreement governing the project.

In order to ensure continuity among field testing personnel, daily
meetings were held before each day of the field testing. At the meetings,
results from the testing conducted on the previous day were reviewed.

Responsibilities were clearly delineated for each member of the testing team,

and questions were addressed and resolved immediately. In situations where

more than one person was performing similar activities, consistency was
ensured through communication at the meetings.

In addition to the general quality assurance measures, specific quality
assurance activities were conducted for several of the individual test

methods performed.

6.2 Sampling Train Components. Entropy's éampling equipment, including
nozzles, pitot tubes, dry gas meters, orifices, and themmocouples, was
uniquely identified and calibrated in accordance with documented procedures
and acceptance criteria prior to and at the completion of the field testing
program. All sampling equipment was manufactured by Nutech Corporation,
Andersen 2000 or by Entropy. Calibration data for the sampling equipment are

contained in Appendix 7.6.

6.3 Preseparator and Cascade Impactors. All internal components and
surfaces of the impactors were cleaned in an ultrasonic bath to ensure that
all surface impurities were removed, and visual inspections for cleanliness
were made prior to shipment to the field, After each sample recovery, the
preseparator, the impactor body, and the plates were rinsed with acetone to

ensure that all organic residuals and/or particulate matter were removed.
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6.4 Sample Collection Substrates. Schleicker & Schuell #30 glass fiber
sample collection substrates were used for particle size testing. To prevent
contamination of the substrate surface, all filters were handled with
laboratory tweezers. This procedure was used during impactor assembly,

sample recovery, and weighing of the substrates.

6.5 Substrate Weighing. An analytical balance capable of weighing to
the nearest 0.01 milligram (mg) was used. To ensure that no weight bias was
produced from the preparation, transportation, recovery, or weighing
procedures, two control samples were obtaiﬁed during the test program. A
reactivity rumn was performed to ensure that the flue gases did not interact
with the substrate to produce extraneous results. For the reactivity run, a
solid filter was placed in the front section of the impactor, and the
impactor was introduced‘into the stack, and a sample was pulled through the
head using the parameters outlined for a nommal particle sizimg rum. The
average difference between the pre- and post-test weights, as shown in
Appendix 7.6., was 0.08 milligrams, based upon weight differences ranging
from 0.01 to 0.19 milligrams. A blank run was also performed to demonstrate
that the impactor could be assembled and disassembled without affecting the
weight of the substrate. The average difference between the pre- and
post-assembly weights was 0.03 milligrams, based upon a difference ranging

from 0.0 to 0.03 milligrams.

6.6 Sample Analysis. In-order to reduce the probability of errors or
inconsistent results, one member of the field crew had sole responsibility
for the sample analysis procedure. Sample analysis was performed in a room

dedicated exclusively to filter weighing.

6.7 EPA Method 3. All Method 3 analyses were performed in triplicate.
Each analyzer was checked for leaks prior to any analysis as specified in the

method. Samples were analyzed within four hours of collection,

6.8 EPA Method 9. The visible emissions observers held current
certifications issued within the last 6 months. Documentation verifying the

observer's certifications are provided in Appendix 7.2.4.
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TEST RESULTS AND EXAMPLE CALCULATIONS
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APPENDIX 7.1.1

PARTICULATE TEST RESULTS, BAGHOUSE WEST STACK

AND EXAMPLE CALCULATIONS FOR RUN 1




FARTICULATE FTELD DATA & KESULTE TABULATION

( FILANT? W. R. Grace & Companw, Irendales Alabama
RN SOMPLING LOCATION TEST TEMAM LERDER
——_I& Expansion Furnace a;gt gae-hc:usv-:‘ S-taclx -(;;r-::.r'd M. Car‘tv*
' 2 Ewpansiaen Furnace West Bawshouse Stack Gerard M. Cartwy
3 Ewrancion Furnace Wect Ranhouse Stac!: Hillis 5. Meczhit
i 1 : .
l RUN DATE 02/01/84 02/01/84% SE;BI;-S;
RUN START TIME 1150 1438 1932
RUN FINISH TIME 1354 1843 2143
l . NET SAMPLING POINTS 24 24 21
l Thota NET RUN TIME, MINUTES 120.00 120.00 120,00
Diz NOZZLE DIAMETER, INCHES 0,252 0.252 0. 232
l Cp PITOT TUBE COEFFICIENT 0,840 0.840 .80
Y DRY GAS METER CAL. FACTOR 0,393 0.993 0,992
b Fbar BARCIMETRiC PRESSURE., IN. HG. 29.30 29.50 Z9.50
l Delta H AVG., PRESZ. DIFFERENTINL OF 2.017 1.%906 1,953
ORIFICE METER, IN. M2Q
Vm VOLUME OF METERED GAS SAMPLE ¥3.181 2i.1146 F2.348
' ORY ACTUAL CURIC FEET
tm DRY GAS METER TEMP.. DEG. F 73 71 &7
' _ VYmi{std) VOLUME OF METERED GAS =SAMPLE 20,792 89.090 90,970
: @ DRY STD. CORND., DSCF#*
l Vie VOLUME OF WATER CATCH IN ?5.3 111.0 112.0
IMPINGERS % SIL. GEL..ML
I Vw(std) ‘VClLL!ME OF WATER VAPOR. SCF# 4,493 5.225 S.401
“H2O MOISTURE. PERCENT BY VOLUME A.7 5.5 3.5
' ™MEd DRY MOLE FRACTION 0.933 0,245 Q.942
I (continued next rFraoe)
El\n'napv
' NVIRONMENTALISTS, INC,
-



1 2 =
AR FERCENT 2 RY VOLUME, DRY FH_—ET; "_——QT; ““FWET;
AN FERCENT 02 BY VOLLME. DRY 14.3 15,9 1&4.0
ACK+HNZ PERCENT C0O + NI BY VOLUME, DRY Sl. 2 &21.3 1.1
M DRY MOLECULAR WT. LEB/LE-MOLE AR 22,03 2%.10
Ms WET MOLECAR WT. LR/LB-MOLE 25,51 25, 44 2. 44
Fa STACK STATIC PREZE.. IN HZO 0.2 -0, 2 -0.4
Fs ARSOLUTE STACE PRESS.. IN HG 2%.49 29,43 22,47

ts STACK TEMPERATURE. DEG. F F70 283 7=
Telta P AVGE VELOCITY HEAD. IN. H20 0.741%3 0, 7029 00,7472
Ve STACK GAZ VELOCITY. FT/SEC &1.5 &0, & &2, 0
A STACK AREA, SAULARE INCHES 17&6.7 176.7 174607
Llsd STACK FLOW RATE. LRY SCFM#* 22702 2,601 2, 4£70
Llaw STACK FLOW RATE. WET ACFM 4.523 4,463 4, 56T
FERCENT IZSOKINETIC Y.l 101.0 100, 5
METHOD S RESULTS:

ma CATCH, MILLIGRAMT LE.0 77.2 &1.7

CONMCENTRATION
Sn/D5SCF GRAINT FER DECF# 0.0110 0.0124 00,0105

ms / DE0M MILLIGRAME PER DSCHM 25,220 30,3932 23,744

EMIZZION RATE

LE/Hr FOUND: PER HOUR 0, 254 0,298 G 2=

Fa/Hre KILOGRAMZ PER HOLR 0.114 0,125 0.108

®* I:-.'E: DE'*_:' - F " .:':I.?, - E’E 1 fla Hg -
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EXAMFLE PARTICULATE TEST CALCULATIONS NO. 1

Expansion Furnace West Raghouse Stack

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

Vmistd)

(4£0 + tm)

[}
—
~J
o
s
£
<
»
<
3
3

(27.50 + 2.017/132.6)

It

Vm{std)

VOLUME OF WATER VAFOR AT STANDARD CONMDIITIONZ

Vwi{std)

]

Q.04707 # Vil

Vw({std)

0.04707 * 90,5 = 4,495 SOF

FERCENT MOISTURE. BY VOLUME. AS MEASURED IN STACK GAS

YHZO = 100 # Ywlstd) / (Vwlstd) + Um(std))
4,495
THZO = —mmemmm et * 100 = 4,7 %
4.495 + 90,792

DRY MOLE FRACTIONM OF STACE GAS

Mfd

H
Frey
t

AHEQ/ 100

Mfd = 1 - 4.7/7100 = 0,953

ORY MOLECULAR WEIGHMT OF STACE GAS

=
(=%
]

HCOZ2 % 0,44+ X2 o# 0,32+ ACO+NZ2 # 0,28

Md = 2.3#0.44 + 146,520,322 + 21,280,358 = 29.03 LBE/LB-MOLE

WET MOLECULAR WEIGHT OF STACKE GAS

=
I
It
=
(=N
i*
=
5
o
+
o
—
T
x
My
T
I
(]

Ma = 29,02 # Q.92233 + (0,18 % 4.7) = 22.51 LB/LERE-MILE

17,64 % Q.993 % 93181 # ———— e =

0.7

LsCF



ABSOLUTE STACK GAS PRESSURE

Fz = Phar + Fa / 13.4

]

Fs = 29,50 + ( —0.1 / 13.4) Z%.4%  IN. HC.

AVERAGE STACK GAS VELOCITY [Mate: (Delta plave is sauare af ave s9. oot

V.7418 % (440 +  Z70)
B504% ¥ 0,240 % SERTL——m—— e 1= 61.% FT/SEC

<
"
1l

DRY VOLUMETRIC STACK GAS FLOW RATE @ STANDARD CONDITIONS

&0 Tstd Fs
Bsd = ——=— % Mfd % v % A % ~——e—mwr # m—————
144 ts + 440 Fstd
&0 s 27,49
Bed = —== % 0,953 % &1.5 #% 174,7 # e #F —m——
144 270 + AL0 2.9z
Hed = 2,702 SFM

Haw = &0 / 144 # vs & A4

Haw = &0 / 144 % Al.S # 174.7 = 4.3523  ACFEM
FERCENT ISOKINETIC OF SAMPLING RATE

Fatd 100 (ts + 440) # VYmistd)

T U
Tstd &0 Fs # vs # Mfd # Theta = Arga~-nozrzle. sq.ft.
20,9 100 ( 370 + 4460) # 90,792

LI = ————nm BT e
SR &0 272.4% % HL.S % D.252 #* 120,00 % Q. 00024448

I = 92,1 %




GRAINS PER DRY STANDARLD CURIC FOOT

_~___|

75000 mas
Gr/DSCF = —mmmee e $ mmmm e
452,092 Vmistd)
7,000 65.0
Gn/OSCF = ——————- O = 0.0110 GN/DSCF

MILLIGRAMS PER DRY STANDARD CURIC METER

3
I’
S
L
0y
}
=
|3

me / (Vm{std) % 0,02322)

3
g
~
o
i}
)
=
]

65.0 / (90.792 % 0,02832) = 25.280 ms/DSCM

FQOUNDS PER HOUR

Lb/Hr = (&£0/7000) # Gn/DSCF # Qsd

Lb/Hr = (&0/7000) # 0.0110 * 2,702

0.26 LB/HR

KILOGRAMS PER HOUR

kKe/Hr = 453592 % LLb/Hr

Ka/Hr

i

LAS3372 ¥ 0.254 = 0.1146 ka/Hr

:
'
1
I
'
b
!
'
'
.
|
'
1
o
;
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PARTICULATE TEST RESULTS, BAGHOUSE EAST STACK
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FLANT®

Theta
Liia
Cr

Y
Fbar

Delta H

Vi

tm

Vmistd)

Yic

Vuwl(std)

AHZD

“Mfd

PARTICULATE FIELD DATA & RESULTS TARULATION

NOZZLE DIAMETER. INCHES
FITAT TUBE COEFFICIENT

ORY GAZ METER CAL. FACTOR
EAHDMETHiC FREZSURE. IN. HG.

AVGE., FRESTS. DIFFERENTIAL OF

ORIFICE METER. IN. HzO

VOLUME OF METERED GAS SAMFLE
DRY ACTUAL CURIC FEET

W. R. Grace &% Companv,. Irondale. Alabama
SAMPLING LOCZATION
Expansion ;;:;;;;ME;;;_;;;;muse Stack
Expansion Furnace East Bashouse Stack
Expansion Furnace East Bashouse Stack
4
RUN DATE 02/01/84
RUN START TIME 1145
RLN FINISH TIME 1234
NET SAMFPLING POINTS 24
NET RUN TIME, MINUTES 120.0@

a.3210

0.840

1.003

29,50

2.437

110,423

LRY GA%T METER TEMF.., DEG. F =24

VOLUME OF METERED GAS SAMFLE 104, £47
@ DRY ST, COND,, DESCFs

VOLUME OF WATER CATCH IN 123.0
IMFINGERS & SIL. GEL..ML

VOLUME OF WATER VAFPOR. SCF# 5,790

MOIZTURE, PERCENT BY VOLUME D.1

DRY MOLE FRACTION 0.%4%

TEST TEAM LEALDER

Patrick L. Qwen
Fatrick L. Cwen
Fatrick L. Cuwen
5 | b
0z/01/88  02/01/84
14432 1934
sS4z 2139
24 24
120,00 120,00
0.310 Q.310
0,840 0,540

1,003

29,50

2.471

111,051

7=

105, 400

1:25.0

i
A

(continved next page)




—

I-‘--

i —

Lo
AN
LOO+NZ

Md

flaw

%I

Gn/DECF

ma/0SCH

Lb/Hr

koa /M-

# L2 Leg.

FERCENT COZ BY VOLUME. DRY 2.7
PERCENT 02 RBY VOLUME. DRY 16.3

PERCENT CO + N2 BY VOLUME. DORY 21.0

DRY MOLECULAR WT, LB/LE-MOLE 29,08

WET MOLECULAR WT. LEB/LB-MOLE 28,51
STACK STATIC PRESS.. IN H2O 0.2

ARSOLUTE STACK PRESS. . IN HG 29.4%9

STACK TEMPERATURE., DEG. F 371
AVG VELOCITY HEAD. IN. HZ2 Q. 4052
STACK GAS VELOCITY. FT/SEC A4
STACK AREA, SGUARE INCHES ' 1746.7
STACK FLOW RATE., DORY SCGFM#* 1,934
STACK FLOW RATE. WET ACFM 3. 344
PERCENT ISOKINETIC io4.&

METHOD 3 RESULTS:

CATCH, MILLIGRAMS ' 120.32
CONCENTRATION,
GRAINS PER DSCF# 0.01979
MILLIGRAME PER DSCHM 12,142

EMIS2SION RATE,

FOUNDS PER HOLR 0.321
KILOGRAMS FER HOUR Q.144

F — 29.92 in. Ho.

0. 4098

15.9

17&6.7

0.0192

45. 409

0,232

0.153

0.4143
46,0
1746.7

1,997
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APPENDIX 7.1.3

PARTICLE SIZING TEST RESULTS, BAGHOUSE WEST STACK




PARTICLE SIZING TEST SUMMATION

Baghouse West Stack

AERODYNAMIC CUMULATIVE %
DIA.-MICRONS LESS THAN DIA.

13.3 96.7
8.4 89.8
5.6 67.0
.3.9 40.5
2.4 12.0
1.2 2.2
0.8 1.7
0.5 1.3
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PARTICLE =IZING FIELD DATA & RESULTS

RUN 5-1

FLANT: W, R. Grace & Comranvs Irondales

SAMPLING LOQCATIONM: Ewepansion Furnzce

START-FINISH TIME: QSS3-110%
SR)Y  SAMPLING RATE. ACFM 0.712
£T) SAMPLING TIME, MINUTES: 120.00
'PB) BARD. PRESS. . INGHG,. : 27,50

P3I) STATIC PRESS.. IN. H20: —0.1C

T5) STACK GAS TEMF.. DEG F: . 3465
FMVY) MOISTURE % BY VOLUME:I 5.2
OCFY DENSITY CORR. FACTOR: 1,000
%I) PERCENT ISOKINETIC 105.7
- PﬁRTiCLE OIAMETER -
BTAGE {(micrans)
N, FROM GRAPH AERODYNAMIC
0 11.33 13,32
1 7.1% 8,37
2 1.7& 5.5%
a2 3.2¢% .86
A 2.08 2.44
5 106 1,24
& Q.55 Q.74
7 0.14 Q.52
FILTER < 0.44 < 0,592

TOTAL CATCH

Weet Rachouse

Alakama.

TABULATION

Stack

VOLUME METERED,

NOZZLE DIA.-»

Y) METER CAL.

™) METER TEMF..

ODH) DELTA H AVG. .

DEN) PARTICLE DENTITY.

VCF) VISCOSITY CORR.

M)y MOL WT»

CATCH
WEIGHT
{mams)

0. 3%
0.7%
2.53
2.01

3.23

IN.

DATE: Qzal1gAh

ACF 92,409

INCHES: 0.123
FACTOR: Q.993
DEG Ft &9

H20: 0.41

GM/CC: 1.Q0

FACTOR: 1.174

DrRY LE/LB-MOLE: Z2%.06

PERCENT CUM. %
OF TOTAL LESZ THAN
(%) GIVEN DIA
3.8 96,7
6.7 oy, e
22.8 87.0
24,5 40,5
28.5 12.0
9.8 2.2
0.5 1.7
0.4 1.3
1.3
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FIELD DATA




APPENDIX 7.2.1

. \-

PARTICULATE FIELD DATA, BAGHOUSE WEST STACK




. Preliminary Field Data
( PLANT NAME __ - £. Gegers bragress pomus
TION /eoﬁjp 44}4 upstream  downstream 48
LOCA L 22 A . _
_ ” ZAST § WEZT™ ° 120 “
SAMPLING L.OCATION _BAcsouss s74cK e
: - 7 4 1.7
| DUCT DEPTH y
FROM INSIDE FAR WALL TO OUTSIDE OF PORT 78 o 1 1so 1
P
I NIPPLE LENGTH 3" ‘?‘% over 24" 28
’” s 4 1.25 ¥
DEPTH OF DUCT ___/% % N 24
WIDTH (ReCTANGULAR DUCT) ____ M R . 20
I EQUIVALENT DIAMETER: 3 4+ 0.75 e
) D.= 2*DEPTHx WDTH _ 2( X ) X 12
E™ DEPTH+WDTH — | v )= ]
I o : _ 2 4o 8
: DISTANCE FROM PORTS (pSTREAM DOWNSTREAM
TO NEAREST FLOW . ’ ' DISTAN
CE DISTANCE
I DISTURBANCE: FEET 5 / % oF | FmoM INSIDE | FmOM OUTSIDE
Point | DIAMETER WALL OF FORT
STACK DIAMETERS __ 4 0.9% I .
(2T z.1 Pk 3%
l STACK AREA=.(E) "1 = szezsnd| 5T 2
: 3
S| 19 | % ¢%
LOCATION OF TRAVERSE\P_O!NTS IN CIRCULAR STAGKS 41,77 .2 sZ
Z 2
b P S 6 8 T /12 YW _Te 1820z 2d ] ) 4
T 6.7 4.4 .2 2.6 2.1\ 1.8 .6 1.4 1,3 1.17 1.1 25-2 '3.?,' é;
: 20 25.0 14.6 10.5 8.2[6.7|5.7 4.9 4.4 319 35 3.2 =
;; 75.0 29.6 19.4 14.6[11.0 | 9.9 8.5 7.5 &.7 6.0 5.5 6 35¢ ‘5:5; gi{
4933 .4 323 22.6[17.7 [1406 12,5 lo.9 9.7 8.7 7.9
l 5 85.4 67,7 34,2 25.0 [20.1 16.9 14.6 12.9 11.6 10.5 7| 44 qi_____L‘;"'_
- 95.6 B0.6 65.8] 35.6 [26.9 22.0 18.8 16.5 14.6 13.2 L
7! 89.5 77.4] 6.4 |36.6 26.3 23.6 20.4 18.0 16.1 8 | 750 115 k&
g 96.8 85.4| 75.0 [63.4 37.5 296 25.0 21.8 1lo.4
9 i 91.8[ e2.3 |73.1 62.5 38.2 30.6 26.2 23.0 9 g2.3 /Z% b /5‘2' !
10 - 97.4{ 88.2 [719.9 71.7 61.8 38.8 31.5 27.2 2 yi
! .3 [85.4 7.0 70.4 61.2 39.3 32.3 10| g3.2 /3 1& %
1z -9/90.1 83.1 76.4 69.4 60.7 39.8 l
3 94.3 67.5 81.2 75.0 68.5 80.2
I i 9812 91,3 05.4 7o.6 738 €99 I 933 /‘/.L /7/
15 95.1 B89.1 B83.5 78.2 2.8 !/ —
1e 96.4 92.5 87.1 82.0 77.0 12 97.9 ‘/7’ /72
17 95.6 90.3 B5.4 80.8 13
is 98.6 93.3 88.4 83.9
15 96.1 91.3 6.8
70 98.7 94.0 £9.5 14
21 96.5 92.1
22 98.9 94.5 15
23 96.8
l 2 98.9 16
17
LOCATION OF TRAV_ERSE POINTS N RECTANGULAR STACKS |8
I e T O T T ) L9 1o 11 12 | 19
VYIS0 TIE T TS 0000 U8 Y AT 6 5.6 50 TR T TS
2§ 75.0 50.0 37.5 30.0 25.0 21.4 18.8 16.7 15.0 13.6 12.5 20
3 8.3 62,5 50.0 41.7 35.7 31.3 27.8 25.0 22.7 20.8
. 87.5 70.0 58.3 S50.0 43.8 38.9 35.0 31.8 29.2
' 5 90.0 75.0 64.3 56.3 50.0 45.0 40.9 37.5 ped|
6 91.7 78.6 68.8 61.1 55.0 50.0 45.8
7 92.9 81.3 72.2 65.0 9.1 54.2 22
; 8 93.8 83.3 75.0 68.2 62.5
f 9 9.4 85.0 77.3 70.8 23
10 95.0 86.4 79,2
1 95.5 87.5
12 95.8 24
I NTROPY
NVIRONMENTALISTS, INC.
-




ORSAT FIELD DATA

Plant Name w R (Df‘ace '
Sampling Location !Ba,?_stg 9‘1\9_@ et Fuel Type Mot Gas

/ PLO
Run and/or Sample No. _ Leak Test? . « Date Z-1-¥¥Operator alide
Time of | Time €0, 0, co %09 %C0 %Ny

Sample of Reading |[Reading Reading -
Collection | Analysis A B C B-A C-B 100-C
[1SO | 1402 2.3 |/{8 | = /S
b Vo222 189 | = |7
—
Nyzse | 1920 122 |18 | — S
AVg. 2’3 | Avg_ /é-s/ g/"l
- FSP
Run and/or Sample No. _ {~ Leak Test? v Dateﬂ:ﬁg_Operator;l#g‘é
Time of Time 0, 0, co %09 %Co Ny
Sample of Reading |Reading Reading _
Collection | Analysis A B C B-A C-B . 100-C
/L, 38 12030 | 26 |[8S | = |15

Lol U s g | - |59
[§¥3 |00 | 2.6 ]85 | - /5.4 |
26 ave. 1159 8L

e

Run and/or Sample No. 3 Leak Test? Datel-{-?% Operator iy Ll

Avg.

Time of Time €0y 0, co %05 %Co %Ny
Sample of Reading |Reading Reading
Collection | Analysis A B C B-A C-B 100-C

1932 23157129 189 | — /60
| L |23%0 | 2.9 [/%8 | — |/59
U Y3 |23ys | 2.9 118.9 | — /6!

. |2 wg. |60 <l

- S)\PECIALISTS IN
NTROBY AN
DURCE
NVIRONMENTALISTS, ING. . . /BAAMPLING




PARTICULATE FIELD DATA

Run # |
Company Name Time Start //50
Address IRoNOAHE M A Time Finish /356
Sampling Lgcation 4
Date 2—7’ ?51‘0 Team Leader . Technicians
Barometrit Pressure, in. Hg 2—7-5‘ Static Pressure, in. HZO -0./8
Sampling Train Leak Test Vacuum, in. Hg 15 2
Sampling Train Leak Rate, cu. ft./min. Q.,0/Y d.000
EQUIPMENT CHECKS IDENTIFICATION NUMBERS

«” Pitots, pre-test Reagent Box 0 Nozzle S©&&  Diameter .25 32—
__l},itots, post-test™ Meter Box ~ T/C Readout HEA
_¢"Orsat Sampling System Umbilical 7 T/C Probe H -
_%ilar Bag Sample Box B Orsat Pump i
_¢ Thermocouple @ 210°F | Probe Y-/ Tedlar Bag - /5

Filter # Tare NOMOGRAPH SET-UP Nomograph # _gqme.

1517 .SoB% AH [ 8o C Factor == .96

' Me@er Temp y l-) Stack Temp . 27o

% Moisture s Ref. AP 6K
- K= S 7. 70
' Dry Gas Pitot Orifice Gas | Pump |[Filter| Imp.

Clock Meter Reading|Setting (AH), | Meter |Vacuum| Box Exit ] Stack
Sample |Time,|{ Reading, (Ap), In. Hy0 Temp. |In. Hg| Temp. | Temp. | Temp.
Point | Min. Cu. Ft. |In. Hy0| Ideal |Actual] °F | Gauge | °F °F °F

BBl lo |2AJRADAEI L5157 638 | 71 25060 |35
* | £ 1292¢% [0-6] |/ 681165170 | /-5 280160 | 347
3 o | 3% .90 045 1751175 | L |2 L5060 | 346
L4 11850370 [[87 [/87 [ Id |2 |250 |60 |35
T | % | 252 82 0-771 .08 [4-6% |72 |2 |2560lb0 | 26¥ &
¢ 1IC | 348713 [2.77 Pog leog |12 R 1250160 374 |
2 3¢ | 360677 1030 |2./6 1216 |72 |2 |25 160 | 374
) 3¢ 5,65.67 0-F0 |2.76 |2.16_| 7ol od 250 |60 -
9 Yo | D6 4B 10.82 [2.2512.45 |72 | &2 250 |60 | 379
w | W1 373.8510.861233 0733272 |2 250 lea |377
i @ | 577.97 0.8 |27 (227113 |2 250 140 5719
' i | ¢, | 381/ 0. 227 227 72 P 250 |60 379
AR | whl 38.3%0 (099 |//3 (/717 |7 |7 250 {60 | 357
v [ ¢ [ 387.29 [0.65 /15 /1512 |d  |260 |60 | 355k
3 | | 292.85 (066 |[-TT 777 1 12 | |50 166 - | 556]
y i< 396.96_10.73 [/.98 [/ 98 |73 |2 2 50 |60 367
6 | o | J04.{7 |O. 0319037 0
1 w | Y& (5 lo.70 14.29 |/- 89 | 7Y |2 2254 | HD \%‘g*‘ '
g i | YR.00 |0.8Y |2RXRT |2QAT | 15 | R 250 |60 o A
9 Y 17606 10.87 527122715 |2 260140 | 387
° | 4T | 420.2b [0.30 |2.23|2.33| 15 |R |260]| éo | 386
) P WY Y0 0.3 |2.25[.2a5] 75 |2.5 (2580 140 %8’5
V4 W 428 57 [0.83 0. A5R251 78 |2 -3 |[25c |60 27
T W (432663 ' ' : E
93218 037418 2017 73 - 270
Vin (72p)2 M T, Tg- .

Jp—ereoey




l PARTICULATE FIELD DATA
l COMPANY NAME wW.R . SRACE RUN NUMBER
o | Avoress L Row0AlE", RLp 28/ TiME START L&
SAMPLING LOCATION_[DAghadae ODTACK WesT TivE FINISH /8
 pate_&- ) B9 ! TEAM LEADER__Fo) F TECHNICIANS _&M &
BAROMETRIC PRESSURE, IN. HG _Lﬁ___ STATIC PRESSURE, lN.m
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG
' SAMFL ING TRAIN LEAK RATE, cU. FT./MIN. .0}/ 0. 002
. EQUIPMENT CHECKS ' 1DENT IF1CATION NUMBERS L
_&pP1TOTS, PRE-TEST REAGENT BOX NOZZLE_62L DIAMETER _. 2
I _&TOTS,' POST-TEST METER BOX _& T/C READOUT ‘305
—* ORSAT SAMPLING SYSTEM UMBILICAL T/C PROBE -
| YFEDLAR BAS | samPLE oxt oézsm‘ o %
I — ¥ TuermocourLe @ 270 % | prome- o el 4  teptar BAG . 15 . .
- _ FEILTER ¥  TARE _ NOMOGRAPH SET-UP NoMOGRAPH #_GMC | -
& | Ewme8 S133— | tng .80 € FACTOR ~9_é ' 3
l N METER TEMP Q STACK TEMP v
% MOISTURE REF. AP .68 b
l : . DRY GAS | PITOT |  ORIFICE @As | PUMP [FILTER| IMP. T
: . |cLocK METER READING|SETTING (AH), | METER [VACUUM | BOX EXIT | STACK
| sampLE|TIME, | - READING, | (AP), IN. Hz0 TEMP. |IN. HG|[TEMP. | TEMP. | TEMP.
_ I poINT |MIN. CU. FT. [IN. H20 lDEALIACTUAL O |cavee | % . O O .
N 7 (26 1433.926 [0 67 |1.8] [/-8] [ 64 | 2 |250[65 [358 | .
2 | £ 193707 6.0 [1.89 1.3 |66 | B |280163 —
W =l [¥B.77 (086 [T LTI (67 [ & 250160 [268] .
it ¥ (¢85 | 494. 42 |0-69 |/.713 [1.73 |42 5 |28 |60 |3T2]
s |2 [ q492.02 (0.1 [1.8( [/.8] 167 | B (25060 |31B |1+ =
B e les 45115 [0.76 [7.06 [906 76 T4 [R50 [0 [58|
7 |2 | 485.71 |0.74 |R.00 |2.00]| 70 4 (2% b60 1370 |
L% 135 | 459.6]1_[0:18 [X.03]|2.032] To 4 280 1éo | Ho Chamed
B 0% (%3 1076 766 12.06 | 70 | 4 6o A9 et
L |y5 1467 50 [6:15(|2.00 [2.00] 70 | 4 |2 60 | 33 -~
! v 1 so | 47193 10.76 §?~0-5Jg?-03 To |4 2% 6@ 15 %
N 5 Ta7e 28 1681 (=./¢ 1206 70 T4 1250160 [ 398
4 T gt |Fe [HT. BB [0.50 |1-32(/.33 | 6% | 8.5|250 60 | 36l
- 2[5 _[49.60 [0.56 /.93 [F92 | 70 | 5.0 |25 6o | 79|
- e 158592 10.581/55 /.65 | & | 326|250 60 27
& 4 |15 | 4%9. 35 |0.66 | [ e |t.76 | 17 | 3.0 250 |60 | 316|¥
m 8 |20 [475.00 9-2{; [ F217-92 | 77 1 5.5 |2%0 |60 | D87 |*
B a5 (49700 (6750 00]0.001 75 [ %0 250 62 |37]
7 |20 | 560. 76 |0.71 12.08|05] 15 | 40 |25 60915
€ 135 | Ro4.69 [0.135 1/ 93[(.93] 75 | Y0 |250 |60 /
| 1% 3@ 571075 0002.00 (5 |40 1250 40 3571,
w |45 | Bl 96 |D. 15 |d-0c0lp.00 [ T8 | 4o |260 [60 | 38L&
# 1% | 516.2910.80 17./3 |43 15 | 9.0 |15 |60 5%
b e 1e5 [ R0 9 loe> (221 2.21 [ 16 |40 250 |60 |38
AN YA 3
| ‘
| FLlle 07039 ]90L_ 7] 242
l Vi (/ar)? . MM T T,
-
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PARTICULATE FIELD DATA

DATE

COMPANY NAME wW.R. §RAcE

RUN NUMBER

appress __2I= Rondale ' At amA

TIME START

SAMPL!Ef LOCATi?N

We st

DR
TEAM LEADER

TECHNICIANS =

BAROMETRIC

PRESSURE,

IN. HG
SAMPL ING TRAIN LEAK TEST VACUUM,
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN.

TIvE FINISH 2045

B2 -

STATIC PRESSURE,
in. He_L ‘

IN. HZO 02

g.ovy o0.Pp2z ©.UCV

ENTROPY

EQUIPMENT CHECKS IDENTIFICATION NUMBERS .
__ 7 PITOTS, PRE-TEST REAGENT BOX NOZZLE & DlAMETEa—'Q SA
P1TOTS, POST-TEST METER BOX - T/C READOUT 8290 v
__(_{oﬁsprr SAMPL ING SYSTEM UME I L ICAL T/C PROBE _ ‘4‘5
DLAR BAG SAMPLE BOX ORSAT PUMP :
_.XI-EIERMOCOUPLE @ﬁgor PROBE “H-t “TEDLAR BAG (Q - : o
_ FILTER # TARE _ NOMOGRAFH_SET-UP . NOMOGRAPH #‘74__
)6 v BI82— | m [ RO C.FACTOR . 2.4 '
é,égg ME'(EER TEMP (O = STACK TEMP_ 20 .
% MOISTURE : : REF. AP ‘bt 0772
- DRY GAS PITOT | = ORIFICE @As | PuMP FILTER | IMP SR
| erock METER READING|SETTING (AH), | METER [VACUUM| Box | EXIT | STACK
sAMPLE| TIME, | - READING, | (AP), IN. Hpo - | Temp. [IN. HG |[TEMP. " | TEMP. | TEMP.
POINT |MIN. cu. FT. |In. Hzo| 1pEAL|AcTuaL| ©F “leause | ¢ .| ©F O¢ _
1| % 1524178 C- 3] 1.¢5]1e5 ]| 68 | 2 |270 | S7 |B6C
R| & |28 2 |0.%0 | ).82-|1.82 | &% 2 267 S'7 |72
A o |S32.02 |O. 47|17 |76 | 65 | 2 |26S| S7 |224 | .
4115 |1938. €0 |©. 70|(.82-1.52-| &7 2 268 S7 136%
S0 529.2%7 (0.772. | (.69 [.£Y¢ 7| Zz1z6é| S5 [277
el a8 B2 -\l 070 | 1.9¢ 145 gl 2 ¢l <% 1386 |
1| Y. 92 |0.76 | 1.9 |15 | 45| 2 | 26¢ | SE | 382
2| 28 |5c0. B4 |©0.7¢ | (9% | 1-98| €6 Z |2es| S |35 |
al Yo |S8¢. 69 |lo. 75 |2.05 | 22| 67| 2 | 2ec| S&|3%2| .
~ ol 48 [S5R.6% |lag2z 2143 [2.13] 5% Z |2¢68 | S& |35l | &5
u| bo |5€2.56 |9-52 (203|213 | & 2| z70| S 13749 | £
12| 58 15¢6. S o %o [2.1o [2.10 3 Z | 273 S¢% 381 870, 54
(A ¢ % [5%0.570 o eS| 1772|170 | 7] 2 [270 | 54 366 0
2| 8 [S94 40 |0-08 [ 1.19 [179 | (7| 2 [27% | 549 370 |S/As70
alro |77 87 |©.72] (-84 | [-8% & 2 1272 | 60 |37
€115 |8l ¢S 072 | gt | 184 | & Z [275 ]| S5 | 350
Slao |5€R 42 |0 73| 190 |10 ¢8| 2 |272| S8 |377
6|28 5%, =S (O 74] 195 | 145 | L8| 2-|272] SF [3F2
720 (93,15 lo. ¢ 145 | (95 8| 2 |272 | 5% | 353
7| 35 [597.09 |0 76]19% | [9%] 03| =2 | 272 S8 ggzl_
1| 490 o0 €& 0. 18 | 208 (206 | ©3| 2- |212| S5 |3S :
0| 15 %g%.% 0.5 (225 [225 | 05| 2 |27¢| S€ |35S
/160 | 608, 0. 5% |2.25 |2.25 | &% 9 265 | S% |33
18] 55 16l 3. (Y O B2 243 |2.15 73S 2 | 266 | €% |82
é‘/auf o7, 4% NI
9234507472 1953 b7 37%¢
Vm (/A_F')2 Ts



PARTICULATE SAMPLING LABORATORY RESULTS

Plant Name Vq.R. C;RRCET o EEI Ref. # 3002
Sampling Location FxpanisioN Furnace West Baeuovse Stk

Date Received 2‘ i‘&: Date Analyzed 2_!8 !% Reagent Box(es)_ 223

Run Number

Z

1 el
Run Date 2![ Z.‘Z _Z-Z_Z,__

SUMMARY OF PARTICULATE ANALYSES

Sum of Particulate, mg. 52&3 S91.1 S805
508.8

Total Filter Tare mg. HI3.2 SI8.2.
Blank Residue, mg. (_{S5Qml) _ 0.5 (zooml) __ 07 ( [75m1) 0.6

TOTAL PARTICULATE CATCH, mg. 5.0 77. 2 Gl.7

ANALYSIS OF MOISTURE CATCH

'Rea‘gent 1 ( |-‘7_,O ):

Final Weight, g. 268.0 2820.0 298.0

Tared Weight, g. 200.0 2000 2000

Water Catch, g. 8.0 80.0 98.0
Reagent 2 ( : ):-

Final Weight, g. = - —
Tared Weight, g. — ' — ' -

Water Catch, g. - - -
CONDENSED WATER, g. 680 800 8.0
Silica Gel:
Final Weight, g. 227-5 231.0 221.0
Tared Weight, g. 2000 200.0 _200.0_
ABSORBED WATER, g. ZjZ.S 31.0 2.0
TOTAL WATER COLLECTED, g. 95.5 1.0 119.0
Blank Beaker # 063 --- Legend —-—- Notes and Comments

Final wt. mg. (42183 v = Final Weight

Tare wt. mg. A2 76 -
Regidue, mg. o7

Volume, ml. 200

Loose Particulate
Filter D = Dish
Rinse P = Pan

rxt
[]

Concen., mg/ml. | 0035




LABORATORY SAMPLE WEIGHT CALCULATIONS

Plant Name V\IR G}RHCE

REL Ref. # _ 3002

Run Number s ,_ | Z I
Run Date | . 2.’ | le- _LZ 2
Sample ID/Container # FIiR -~ 134 Fie -044 FiR - 645
185.7896 18¢. 2538 | 85.9207
/rss.is% 82 7337 85 9705
185. 7897 18b. 253 185. 9211
1965 .7944 186.258 185.9260
Tare Wt., g. 185. 2150 185 6620 185.3400
SAMPLE WT., g. - .5743 5911 S805

Sample ID/Container #

Tare Wt., g.

SAMPLE WT., g.

Sample ID/Container #

Tare Wt., g.

SAMPLE WT., g.

Sample ID/Container #

Tare Wt., g.

SAMPLE WI., g.

E NTROPY
AVIRONNMENTALISTS, INC.




CUSTODY SHEET FOR REAGENT BOX # _O=X23
Date of Makeup l}AS/&# Initials /g/O Locked? o
Individual Tare of Reagent: 200 nls. of QLSW H~0
Individual Tare of Reagent: mls. of |
Individual Silica Gel Tare WeJ.ght 200 ' -gm_s, B
gLAﬁ_T NAME A/ f M W W
SAMPLING LOCATIO_N &4&,& AX / J &i\)
~Run | Date Initials | Locked? Date'. | % 5. Gel | -Initiéls Locked?
- Number Used Cleanup| Spent ; :
[ |#(s¢ | wsw | A&t | 40 | ey |
2 |=f2/84 | yoL v~ | 3| 9SS | HOL | &~
_ Lt —
2 [¥/3sy | 481 L | Yy | 18 L

#oL

"/ /

: Date Im_ Lc\>7(ed'>
Received in Lab 2[337844 '
_ ‘ ‘ h b

Zero & Span Bal

Initials

N

R
Tare G
Weight .

Sampling Method: Vn S M/W E"ili#:e.r Uiid
. (mgms) . Test ;
Remarks: E 15|7 . S085% |
E 1508 5132 2.
Elb®» . Si182. 3

A NTROPY

MR N VIRONMENTALISTS, INC.




Element
Aluminum (A1)
Beryllium (Be)
Calcium (Ca)

Chromium (Cr)

B 'Fluprine (F)

Iron (Fe)

“Lead (Pb)
.  M§ghesium (Mg)
" Manganese (Mn)

| Mercury (Hg)

Nichel (Ni)
Titanium (Ti)
Uranium (U)
Vanadium (Va)

Zinc (Zn)

TRACE METALS ANALYSIS

Baghouse West Stack - Run 2

Molecular
Weight

26.
9.
.08

40
52

19.

55

207.

24
54

200.
58.

47

238.
50.

65

98
01

.00

00

.85

19

.31
.94

59
71

.90

03
94

.38

Total . Concen.,
Micrograms* ppm, dry
4,210 1.488
ND -
17,780 4.230
26.7 0.00490
1,000 0.502
985 0.168
16.1 1 0.000741
443.9 | 0.174
PV 0.00510
1.27 ~ 0.00006
45.2 | 0.00736
57.0 0.0114
ND -

ND -
187.8 0.0274

* Sum of catch from filter/probe rinse and impinger reagent.



APPENDIX 7.2.2

PARTICULATE FIELD DATA, BAGHOUSE EAST STACK



I ORSAT FIELD DATA

l Plant Name 4/ t@ G RACE _
(f Sampling Location_ Basyods@ S@cx ~ Easy

Fuel Type Marugar Gas

Run and/or Sample No. j‘ Leak Test? v Date_z// Operator 20

|-%--—-h-

Run and/or Sample No. S5

Time of Time C0, 0 co %0, %C0 #No
Sample of Reading |[Reading Reading
Collection | Analysis A B C B-A C-B 100-C
4% l9.© -
l/, (4o 2.7 - /9.0 /6.3 O
W idzo | 2.7 | 140 | 150 23| o
1356 14 30 2.7 /9.9 | 150 | 163 o
Zz. ) : .0
Avg. 7 Avg. 63 o g/

Leak Test? ¢~ Date 2/ Operator ATF

Run and/or Sample No.

L Leak Test?

_Time of Time 0, 0, co %0, %C0 %Ny
Sample of ~ Reading |[Reading Reading
Collection | Analysis A B C B-A C-B 100-C
[h¥3 | Q1o | 2-¢ /9.5 | 185 | /5.9 o
$o lao /9.5 | 136 | 15¥ o
/Sﬁ/i{ 19'¢0 | = /%S |188. | 15.9 P
Avg. z- ¢ Avg. 15.9 © 8[ S

21:
Operator MEKe

vV Date
co

NTRORPY

NVIRONMENTALISTE, INC.

Ecmusrs (]
DURCE
.. {(SAameng

Time of Time €0z 0, %0, %C0 A
Sample of Reading [Reading Reading
Collection | Analysis A B C B-A C-B 100-C
/‘1-“3‘% z2:3 | Q.7 | (%7 — /é )
¥ .
_ 2.4<” Q’% lffé — /S.’q
21:329 2300 2/% 1%7 —_ ’S"‘.C? ' |
Avg. 7"? Avg. /5'? %l-}




-3

'
.

PARTICULATE FIELD DATA

Run # Y

Company Name ). &, Flac = Time Start //¥4F
Address __/LonDALE , ALA. Time Finish /3 §¢
Sampling Location BAgupysz s7ACKk =~ EASr s1DE
Date _2 /1 /3¢ Team Leader _Jepo . Technicians —
Barometric Pressure, in. Hg 24,59 Static Pressure, in. H20 -, 20
Sampling Train Leak Test Vacuum, in. Hg 15 .o
Sampling Train Leak Rate, cu. ft./min. JDone 2.022
‘ EQUIPMENT CHECKS : IDENTIFICATION NUMBERS
_/Pitots, pre-test : Reagent Box _02/9__ Nozzle £08 Diameter ,3/0
_;Pitots, post-test Meter Box =~,D T/C Readout': £
_+~  Orsat Sampling System Umbilical - f T/C Probe 2-9
" Tedlar Bag _ Sample Box >/ (2 Orsat Pump s
_¢“ Thermocouple @ 375 °F | Probe -/ Tedlar Bag /Z
Filter # Tare NOMOGRAPH,SET-UP Nomograph # 72 o
W7 14Xt AH A ¢ Factor - .9
. Meger Temp g Stack Temp 278 .
% Moisture et Ref. AP Hel
K= 549354534
Dry Gas Pitot Orifice - Gas Pump |Filter| Imp.

Clock Meter Reading|Setting (AH), | Meter |Vacuum| Box Exit | Stack
Sample |Time,| Reading, (Ap), In. H50 Temp. (In., Hg| Temp. | Temp. | Temp.
Point | Min. Cu. Ft. (In. Hy0| Ideal |Actual| °F | CGauge| °F °F °F
Alr 1°/0 |0ts.792 |0.27 | 1é0| /6o | 76 | 2.0 | 240 | 40 |3%¢

2 | & |or?. 634 0.28 | /.66 | /66 | 78 | Z.o | zs5o | 60 |35(
32 (10 1 g23. B78 |0.29 | /72 | /.72 | §° zZeo | w2 | 8 |33
o | 15 |p2?.28500.2% |6 | Lé& | %o 2.0 |2%s | 58 350
S |2zo |03/ 039 |p. 31 1784|184 | g0 | 22 | 245 | 9 |34
A 28 |p35.032p2.37 |2.22 |Z2.20| B2 | 22 |2¥5 | 62 | 37
-7 30 |037. 384 |0 .+ | 243 24 | g2 | 8a | 250 | &2 | 3%
g 25 |04, 019 10. 8¢ | 332|13.32| 33 |30 | 250 | 60 |38Y¥
g 40 |0%49.352 | 9.87 | 3.94 | 394 | 8¥ | 3.0 | 250 | 6/ |38¢
/0 45 |08 398 |0. 56 | 2.32|13.32| 95 | B0 | 250 | &/ |.3%2
i 8¢ |gep. 326 |9, . S0 | 297 |2.97 | 2¢ 3.0 Zseo | 62 377
1z 55 | pes. ¥65. 0. 5 | 2.97 1297 | 74 2o | 255| €2 |375
BN 8% |p70.56F |J-3¢ |2.1% | 2./ | $2 | 2.0 | 7245 | &5 | 561
Z $ Q7% . 54¢ |0-33 | /.9¢ | 156 34 | 2.v | 245 | ¢3 | Jcz
3 1o |p7® . 093 | 9.3 | 2.02 |2.02| 84 | 2.0 | 2#45 | 63 | z2¥
o (5 1983, Boo|p. 26 | 2.1\ 2104 | 5% | 2.2 |2¥5 | ¢2- | 36F
& 20 (ng7. 70|l p 37 | 2.20)|2.20| BS 2.2 |2¥4s | 6z |33
¢ 28 | 092 0%é| p.o/3 | 2.65| 2.55 | 8¢ Fo |25 | &2 |380
7 Bo | pP6.758 | & #F | 2.95 | 2-.85 $& ) 2580 sl | 372
g 3¢ | /0/. 685 |p.%C | 2.73 | 2.783 | B | 3o |260 | 63 | 230
g 4o | t0@. 723 | &. 43 |2.56512.65| 38 | 3.2 | 255 | 63 | 377
(o 45 |\ It/ 451 | 0- 42 |2.55 | 2.5 | 89 | 3.0 |2858 | ¢3 | 277
/! S | (/4. 260\ 0.46.12.7212-73 | Fb S0 |2850]| 63 |324
Lt | 58 |yt 12l \O0.4F | 2.9 12.9/ | 96 | 3¢ |20 | 3 | 377
' Yoecl 126 . 275

oqos2 23741 37

— 2 —
(V2p) MH T Tg

= NTROPY

110, 443
Y



PARTICULATE FIE

Run # 5

LD DATA

Company Name JJ. K. GCRAcE Time Start HF/¢¥43
Address ZERON DAL . AcA. Time Finish i@fﬁ?
Sampling Location _ Baswouge S7HAKK _-~EAST <IDE
Date 2/¢ /9 Team Leader e . Technicians
Barometric Pressure, in. Hg 224 50 Static Pressure, in. H20 -,25
Sampling Train Leak Test Vacuum, in. Hg 15 £.D
Sampling Train Leak Rate, cu. ft./min. _p.g/¢ @g.0o2
EQUIPMENT CHECKS IDENTIFICATION NUMBERS
_'{Pitots, pre-test Reagent Box _HZ/4 Nozzle _§2% Diameter w370
L~ Pitots, post-test Meter Box Al-20 T/C Readout 5
Orsat Sampling System Umbilical -4 T/C Probe -5
Z Tedlar Bag Sample Box 2/(-8 Orsat Pump 4
_f/Therr_uocouple @ 275 °F | Probe ef—} Tedlar Bag 2
Filter # Tare NOMOGRAPH_SET-UP Nomograph # F2a
5 S5/56 AH, - (-4% C Factor Q.95
: Me@er Temp .14 Stack Temp 275
Z Moisture & - - Ref. AP D. .3
_ K= 5.935¢%37
Dry Gas Pitot Orifice Gas Pump |(Filter{ Imp.

Clock Meter Reading|Setting (AH), | Meter |Vacuum| Box Exit | Stack
Sample |Time,| Reading, (Ap), In. Hy0 Temp. |{In. Hg| Temp. | Temp. | Temp.
Point | Min. Cu. Ft. |In. Hp0| Ideal |Actual| °F | Gauge °F °F °F
Alf |90 | 122. 8% | 0.2¢ | 164 | /54| 78 |20 | 2%0| 5¢ | 239 |

2 £ | ¢3t. 278 0.26 | 1.5¢| 154 | 78 | z.0 | 20| 56 | 344
3 0 | 13% 948! ©.27 | (.60 | /60 | Bo Zo | 250 | &5 | 35¥
L 1 | 138. 684 0. 29| 72| (.72 | %0 2-0 | 265 | S8 | 357
< 20 | /42 .86700.36 2/¥ |2/4 | B2 | 3.0 |z24¢ | 8 | 37/
¢ 28 | [¥%6. 888 | 0. 40 2-37|2.37 | 82 | Bo | 2855 | 55 |okié2%0
72 130 | /5l.432 | p 47277 | 2.29 | %2 | 32 |25p | 57 | 339
4 2¢ | 165¢. 295 | 0. 49|29/ |29/ | 32 | 3.2 |280 | 69 | 390
9 | &2 | J4l. 624)| 0. 59| 3.2 | 3.2]1 | g2 | 4o | 250 | b | 39)
z) 48 | /66 . 851 | 0. 56 | 3.32| 3.32| ¥2 | o | 250 | g0 | 39/
t/ So | 172, B22]| .57 2.3, 3.35| v2 | 4.0 | 250 | 60 | .B43
/12 | 85 | 197. 7287 | 0.52 | 2.09| 3049 82 | %o | 250 | g0 | 3972
B/i 16%/v | 183,09 | 2. 30| 1. 78| 179 | 7¢ | 20 250 | 8¢ | 347
2z s | 187.267|».331/7¢ |56 | 74 | 2.0 | 245 | 6% |352
3 o | 19!, t5) 0. 3% | 2021202 74 | 3.2 |250| 67 |.269
o 1S | 168 . 434\ p.3F | 2.2¢12.26| 75 | 3.0 | 250 | S |39 |
S |lze | 129. 94O\ p.37 (7. 20 2.20| 74 | 2.0 | 250 | ¢ | 352
e |25 | Zod 284\ 0. 372 |2.20| z.20| 2% | 3.0 | 256 | £o | 38T |
7 |78 |208. 69| o0.ff 2.6/ | 2.6/ 74 |30 |260)| 40 |3F%
¥ |35 | 243 . 42119.80 | 72.97|2-97| 74 |40 |28 | 0 |323
4 vo |2¢%. 354 |0.5% | 344|394 | 7¢/ | Lo 260 | £ |39/
(0 |4s | 223. 47| 0. 5% | 3.2/ |3.2/ | 723 | 4g 250 | 59 |390
1150 | 2292.1%¢|p. ¥4 |z2.6/ | 2.60 | 22 | 42 1280 | £9 | 3552, |
(v 6% | 233 4251 2.4 |24 1243 ) 72 | 3.0 | 252 | &5 |3%2
2%rr| 239 . 635 ' B {
Los)  0Yos§ 2Y2/ 7% 370
Vi (7Zp)2 . N Tm Ts

= NTROPY



PARTICULATE FIELD DATA

Run # é
Company Name _ 4J. R. GeAcE : Time Start _/7234
Address 1PN Dot . ALA. Time Finish _2/39
Sampling Location PBacwsuss SrACK - EAST SIDE -
Date '2,/{/_-5'4/ Team Leader #eo . Technicians
Barometric Pressure, in. Hg =g.52 Static Pressure, in. H20 -, 20
Sampling Train Leak Test Vacuum, in. Hg 15 5.0
Sampling Train Leak Rate, cu. ft./min. _A.02 A2o0%
EQUIPMENT CHECKS IDENTIFICATION NUMBERS
_‘/ itots, pre—test Reagent Box {H2(9 Nozzle _S0% _ Diameter ,3/0
L Pitots, post—test Meter Box A-10 T/C Readout 5
2~ Orsat Sampling System Umbilical U~ T/C Probe -9
_¢~" Tedlar Bag Sample Box z/-B Orsat Pump 3
¢/ Thermocouple @ 375 °F | Probe o -/ Tedlar Bag
Filter # Tare NOMOGRAPH SET-UP Nomograph # o
E /b 3‘-/ 529¢ AH ~ /.6%¥ _ C Factor X -4
Me(ger Temp ) Stack Temp 279
Z Moisture g Ref. AP .32/
Dry Gas Pitot Orifice Gas Pump Filter Imp.
Clock Meter Reading|Setting (AH), | Meter |Vacuum| Box Exit | Stack
Sample |Time,| Reading, (Ap), In. Hy0 Temp. |In. Hg| Temp. | Temp. | Temp.
i Min. | Cu. Ft. |In. Hy0[ Ideal [Actual| °F |[Gauge| °F °F °F

2/o | 235.5¢/7 oz | 142|142 | 68 |2-0 |2%0 | ¢0 | 339
S | zde. 430 0.27 | 160 | LGo | 69 | 2.0 |Z%0 | §F | 344 |
3 |10 | 2e06. (7 | p.2% | t6C | 166 | 72 | 2.0 | 245 | 55 | 343
f o5 | 248 -394 0.38 | 18| 34| 74 | 2.0 1245 | §5 | 367
S |20 lzs3, g90|0.33| 196 /96| 25 |Z.0 245 | S5 |3c7
&
7
v A
g

28 | 2467 g5 |p. 39| 221123/ | 7¢ 2.0 |zS0 | s¢& | 353
30: | 262 . 311N 45 | 2.6712.67 | 76 2.0_|2580 | 84 | 385 |

28 | 267. 2¢8\0.6¥ | 32/ |32/ | 7?7 | 30 |255 |57 |58S
, yp | 272. 4741 0.57 | 3.381335 | 729 |40 |255 | 657 | 389
0 |45 | 277.875|p.59 | 3.94 |3t/ | 80 | 4o 255 | 57 |372
- | 80 | 283.390 | 0.47 | 2.29 12.79 | 50 | 3.0 |26 | S57 1376
1 g5 | zog. 284 | .50 | 2.97|2.972 | Bo | 3.0 |25 | 59 |372
B/t eo/n | 293. 421 0. 35 |z 205 | 73 | 20 250 | &l |.355
g | 297.75010.3¢ 2.0 | 244 | 29 | 2 |250 | g0 | 359
/o0 | 201,775 0.3 | z31 | 2.31 | 50 | 3.0 1250 | 6o | 374
¢ | Bog. 20| ©.39 | 2.31 | 2.31 | o | 3.0 |2¥5 | go |37D
2o | 3/0. 8721037 |2z.20| 2.20| §2 |30 |2¥9 | ¢0 |372.
28 | 35 248 | 0.40 | 2.3712.37| 82 |30 |Zs0 | 60 375 |
206 | 3/9.700 | 0-%¢7 |z.729 278 g2 13.2 |z50 | &/ |.3%%
35 | 324 408|057 |3.38 | 3.35| 54 |42 |288| &/
#o |330.0000.55 |3.2¢13.26 |\ 84 Yo 2565 | 61 1337
s |238. 3eg| 0.6 | 2.73|2-73 | g4 | 3.0 |285 | ¢/ 37¢
$o | 3¢40. 221 |0.43.12.665 2.5 24 | 3.0 |zso0 | g1 |373
s¢ | 294 .99 | 0. 4] | 243|243 | g2 |30 iz6e |62 (369 |
129 344, 580 -

11063 %{#} , ’ll‘gc?\ ?ﬁ ~ | 319\
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PARTICULATE SAMPLING LABORATORY RESULTS

Plant Name \k[ R GRACE EEI Ref. # 3002
Sampling Location EXPF\NS(ON }-URMACE:‘ East BHGHC)USE' Stack
Date Received _2]|3 ’5& Date Analyzed Z 8!84— Reagent Box(es) 029 '

‘Run Number 4 N b

Run Date , le 2—’1 _ _IJ_Z

SUMMARY OF PARTICULATE ANALYSES

- 'Sﬁm bf'Particulate, mg. | 651.2. - __(55.8 : 6681

Total Filter Tare mg. . _S520.5 . 515.6 529 4—

' Blank Residue, mg. ( 100 ml) 0.4 (225wl 086 ( lj'zi ml) 0.6

' TOTAL PARTICULATE CATCH, mg. 130.3 I.39.4 138.1

“ANALYSIS OF MOISTURE CATCR

Reagent 1 ( Hi0 ): | B |
° Final Weight, g. 292.0 3 298.0 3060

Tared Weight, g. : 200.0 200.0 200.0
o - Water Catch, g. . 9.0 980 106.0
' Reagent 2 ( ): .

-Final Weight, g. T _
RN Tared ‘Weight, g. - - - _ -

' Water Catch, g. - S - =

_.-CONDENSED WATER g. S 920 - __ 980 106.0
‘ Sillca Gel o ’ | e T _ :

" Final Weight, g. . 231.0 o 2370 3 233.5
_._-_Tare_d_ Weight, g. 200.0 ) 200.0 : 200.0
ABSORBED WATER, g. _ 3.0 __.370 | 335
TOTAL WATER COLLECTED, g. 123.0 135.0 [139.5

‘Blank Beaker # 63 ——~ lLegend --—-— Notes and Comments

Final wt. mg. 64218.3 v~

Tare wt. mg. (&ZIZ.Q
Residue, mg. 0.7

‘Volume, ml. 200

Final Weight

Loose Particulate

Filter D = Dish

o B
]

Rinse P = Pan

Concen., mg/ml.- .0035
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LABORATORY SAMPLE WEIGHT CALCULATIONS

EEI Ref. # 3002

Plant Name \I\[R GRACE'

Run Number T &
Run Date 2.! |

Sample ID/Container #

FiR- 646

1 184.9998

484599 -

184 . 5999
_183.9484

.Tare Wt., g.

S b

2[1 2.1 |

FiR- 647 R- b
186 .0253
v 186 .0249

. SAMPLE WI., g. 6512

Sample ID/Container #

Tare Wt., g.

 SAMPLE WI., g.

'Sa.nnple ID/Container # .. -

. Tare Wt., g.

. SAMPLE WT., g.

Sample ID/Container #

Tare Wt., g.

SAMPLE WT., g.

E NTROPY
NVIRONMENTALISTS,INC.




CUSTODY SHEET FOR REAGENT BOX # (Ol

Date of Makeup l[‘7-5[ £4 Initials M | Locked? T
Individual Tare of Reagent: ’L.OO mls of D\S\L| Ileeﬁ hl"bo
Individual Tare of Reagent: mls. bf
Individual Silica Gel Tare Weight ) "‘Z»DO R gms . "_L:';-:- S
PLANT NAME WL GeACE.
SAMPLING LOCATION _BAGHINE S7dck = [LAST SIDE ,
Run -Date '.I:_riiti.ail"s " Locked? | Date e S 'Ge];: :initials Locked?
Number | Used ' : Cleanup| Spent ]
4 \2/ils4 Pc. o v 2/ /34| 190 o e
4 'L/:/ﬁ’ 20 e 2/1/s4 | 100 R{o —
G _|2h]s? o 25 | 2o | —

o z///8%

o Date Initigls Loy{ed? Zero & Span Balance
Received in Lab ZE[% ( _

Initials '
— U - I'. ) d
sampling Method: _ /A &~ | T weienY . on
“(mgms) - Té.sj: _
Remarks: Ele36 _ 5205 4
E 54 _. 5156 5"
Ele3L . 5294- (o

EENTROPY

o NVIRONMENTALISTS, INC.




TRACE METALS ANALYSIS

Baghouse East Stack - Run 6

* Sum of catch from filter/probe rinse and impinger reagent.

_ Molecular
Element Weight
Aluminum (A1) 26.98
Beryllium (Be) 9.01
Calcium (Ca) 40.08
Chromium (Cr) 52.00
Fluorine (F) 19.00
- Iron (Fe) ' 55.85
Lead (Pb) ' 207.19

Magnesium (Mg) 24.31
Manganese (Mn) 54.94
Mercury (Hg) 200.59
Nichel (Ni) 58.71
Titanium (Ti) - 47.90
Uranium (U) 238.03
Vanadium (Va) 50.94
Zinc (Zn) 65.38

Total

Micrograms*

5,340
ND
13,890
29.5
2,800

5,920

8.25

- 723.8
54.6
1.86
239
71.8
ND

ND
54.1

Concen.,

ppm, dry

1.576
2.760
0.00452
1.174
0.844
0.000317

0.237
0.00792
0.000074
0.0324
0.0119

0.00659



APPENDIX 7.2.3

PARTICLE SIZING FIELD DATA, BAGHOUSE WEST STACK
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ORSAT FIELD DATA
I Plant Name \Al K .Grace
f Sampling Location_DaAghosse STRCK WesT Fuel Type Mot GAS
| ' ~ Run and/or Sample No. 6_"[ Leak Test? 1/ Dated /- 84 Operator £/
Time of Time €0, 0, co %0, %0 Ny
_ Sample of Reading |Reading Reading '
I Collection| Analysis A B C B-A C-B 100-C
; 8:$8& |1zioo | 2.5 | 194 /6.
\ V0o 2.5 | 9.¢ /6.9
I |8 oW |es | g4 /6.9
I Avg. 25 Avg. /éo’ gaé
I Run and/or Sample No. Leak Test? Date : Operator
Time of Time (07 02 co %0, %C0 Ny
Sample of | Reading [Reading Reading
Collection | Analysis A B C B-A C-B 100-C
I Avg. Avg.
- Run and/or Sample No. Leak Test? Date Operator
l Time of Time 0, 0, co %0, %C0 %Ny
Sample of Reading |Reading Reading
I Collection | Analysis A B C B-A C-B 100-C
I Avg. ' Avg.
NTROBY :A GIAUB'I'B N
i %ENTA\LIBTE. NG, . :::::.ma




PARTICULATE FIELD DATA -

ENTRODY

o e S i
ADDRESS , TIME START O
SAMPLING LOCATION _[3 A9 hovsE.  STACK cat” TIME lesu_UE
DATE -/ 89 ' TEAM LEADER %J £ TECHNICIANS M
BAROMETRIC PRESSURE, IN. HG STATIC PRESSURE, IN. H,0 « .00
SAMPLING TRAIN LEAK TEST VACUUM, IN. He_10 2 -
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. _.023~ .09
. EQUIPMENT CHECKS . IDENTIFICATION NUMBERS o
_“%irors, pre-TEST reEacENT Box 0218 nozme_ SH=§ bugm'rzn /&3
| pr1oTS, POST-TEST | METER BOX e __T/c reapour DO - ;
, ____ﬁsm' SAMPL ING SYSTEM .| umMBILICAL T/C PROBE -‘%""-5_" S R
—_¥TEDLAR BAG SAMPLE BOX ORSAT PUMP A
____j TrErmocourLE - @ D70 % | prome: - . TEPLAR BAG 2 I8 -t - E
CFILTER §  TARE  NOMOGRAPH SET-UP - = NOMOGRAPH §_gMC | -
S BpY - AHg .20 € FACTOR - 0. 95 - - ' o
. ERE B METER TEMP .19 sTACK TEMP___ DB O *3@ '
_-As%g% | % morsTURe _H =€ 'REF.-'f\P‘-_-__gvgs SIS
% ; . L:-JJ-H' —> K =z.120 ) . : S
| | orreas | PiTor | * orIFICE .| GAs | PuMP m 17 T Bt R
7 |eLocK| . - METER '-|READING|SETTING (AH), | METER [vacuuM| mex | exiT | sTAck| "~
.+ '| sAMPLE | TIME, | - READING (AP), IN. Hp0 - | TEMP. |IN. HG |TEMP. | TEMP. | TEMP. | ™ -
| pornr IMIN, CU. FT. |IN. Hpo| 1pEAL|AcTUAL| 9F Jeauee | ¢ | 9%¢ | 9% |
0.89 10.660-65166 1 1T 2031 49 2¢2]
O.849 (0.6610.66 | 6& | ! AlT | 44 268 | _
0.86 lo.eoloeo| 7o | ( 1226 #4367 .-
.86 o6/ lo.6t |70 | | |230| 44 274
.80 (0.6l 1p.6( | 70 I IR3/1 49 3731
D-86 10.b] 1061 [£% |1 K331 Y4 1376 | - .
0.0 19-¢( [nel/le8 |t 123399 375 .
) . O0-68 |06/ 1060168 |1 . W46 44 1573] " .
. 0.70 lo.6l lo.6l 168 1/ 31 974 %7%
. 065 lo6f nél |70 |11 W 94 -
. 0.6110.6/ 0.4 |70 | ¢ 1234198 |S77|
. 0. 650.6( 0.6 170 |1/ 1AR®[HY 13901
. 0.1 18.6/ 10-6( |70 |1 /197 160 1378
K& 10. 7R 19461 0.6/ | 10 |/ 197 2@ 3'75
: 0. 12 10.61 |0-6( | 68 |1 KO |6 | 3]
. 0.72 10.6! 0.6/ |48 |/ AUS |62 362 '
: 0.72 0.6/ 6.6/ V6% |/ 1219 1621
gg%.éﬁ 0.7 0.6/ |06/ |14 |/ 2[5 |6 |365)
€~§-78' 0.7 lo.6l lo.é6/ 168 | ( 22{ |68 560
357,96 J0-76 1067 lo.67 (68 | 7 125[ (4 135
330.1510.76 0.6/ 0.6l (68 | / |09 16 L | 357 |-
232.53710.76 0.6/ 0.6/ | 6% /[ 2/ 62 1353
239.5710.76 0.6/ 10-67 16 |/ 0B 6l
336.7810.76 .61 o6/ 168 1 /199 |6 & 1395
23R .98 ool =11
52409 L] B o A 3.8 -
Vo (/2r)? AH T T,
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APPENDIX 7.2.4

P

REACTIVITY FIELD DATA, BAGHOUSE EAST STACK
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REACTIVITY RUN

PARTICULATE F}ELD DATA QUALITY ASSURANCE
Run #
Company Name W R GRACE | ' Time Start 08355
Address | RoHDALE A A, Time Finish JOSS
Sampling Location __ PRAGHO)SE sSouck (EAST)
Date _ 2.)-8Y Team Leader . Technicians
Barometric Pressure, in. Hg 223D Static Pressure, in. H20 - kS

Sampling Train Leak Test Vacuum, in. Hg 15
Sampling Train Leak Rate, cu. ft./min. 0.0d&

EQUIPMENT CHECKS IDENTIFICATION NUMBERS.

Pitots, pre-test Reagent Box Nozzle %l"‘biameter 252,
___ Pitots, post-test Meter Box [ DRV {e) T/C Readout oen &
___ Orsat Sampling System Umbilical T4 T/C Probe 2.9 83
___ Tedlar Bag Sample Box R-4 Orsat Pump
o Thermocouple @ AFD °F | Probe Al Tedlar Bag

“Filter # Tare NOMOGRAPH SET-UP Nomograph # @
- SE5S” | an ' /& _ C Factor X

- Meger Temp 0 Stack Temp 30
% Moisture i Ref. AP

Dry Gas Pitot Orifice tas | Pump [Filter| Imp.

Clock Meter Reading|Setting (AH), | Meter |Vacuum{ &e= Exit | Stack
Sample |Time,| Reading, (ap), In. HeO Temp. |In. Hg| Temp. | Temp., | Temp.
| Point | Min. Cu. Ft. |In. Hy0[ Ideal |Actual| °F |Gauge| °F | °F °F
A7 lofe | Fel033 |os2 | ok Pe2- | 90 | 2.6 |237 < | 368
: s | 9230 2 1.22 |72 |20 (323 | 4B 1378

6 | 7LT.57 w2} 62173 125 |39 [ 4B |78
< 19¢7.8¢ L2 | -t2] 55 1ae |35 |48 |377

20 | 970.10 62 | L2l728 |20 |26] |48 (276

25 1972 .3¢ (2] .62 70 [20]359 |47 3728 |

20 | 972433 A &2 71 '35 |3 |50 378

35 |197..88 62| 62123 |4o |3Y | S0 |377

“0 197915 ez | ce| 74 | 40 [370 | 52 1378

Js |oa]. 28 €2 62| 7¢ £s | 2757 s2 | 37

s | 2B3.6 62| 2|76 | 45|18 | ¥ | 27

< ORY 8¢ b2l g2l 7272 lys 127861 sY |27R
<o | 288 Jo oy |.b2 | 27 150 2741 55 377

LS [ 99%0.28 b2 | 2 | 727 | Sa 122¢ f_’% 27

20 _1992. cC 62| 62| 2 | 5.0 327 278

13 |99¢4.0F 62| ez | vB | SO 13?8 &0 | 379

o |994.32 e2| ¢2| 79 50128 | o 1377

RS | 9P 5Y 2] 2] 80 | S¢7 382 | 60 |37F

-9p-[100.7 | 62| 2] 86 | S5 | 3R | 62 | 37N

75 Yo 62| 2| w1 | 53 1278 ] ¢2 |28

100 £.30 o2 b2 By | S| 325 21378

08 8.0 w2l L2l &2 | &S | Bep| &z | 375

/16 | 10.82 2| 2] &1 | &5 | 863 | @2 |376

1Y | 13, [ 2] el o, | 5.5] 36| €2 |378

120 | 5 415

54532 04 . 6T To | 37¢
Vp - (VEp)? M T, T

= NTROPY
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APPENDIX 7.2.5

METHOD 9, VISIBLE EMISSIONS FIELD DATA
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SAMPLING AND ANALYTICAL PROCEDURES







METHOD 1

METHOD V—FAMME AxD VELOOTY TRAVEHR:EI MR
HTaTIONARY SOUBCES :

V. Principle and A pplicabilicy

1.1 Principle. To sid in the repregentative Mieasure-
et of pollutant ensissiuns wnd/or total volumetrie Sow
fate [Fom a statlonary soures, & measursnent site whore
tiin eMucnt atreem 13 fowing In = Xnown direction s
swlected, snd the cross-section of the stack 13 divided Into
A nuinber of equal aress, A traverse point 1a then lovated
within sach of thas equal sreas, B

1.2 Applicability, Thiy methad is applicahle Lo Sow-
ing gay airrams (n ducts, stacks, and OQues. The methad
¢annot he nsed when: (1) Aow fa cyclonle or swirling (ses
Seetion 2.4), (2) & srack {3 smaller thian about 0.30 meter
(12 in.) in diameter, of 0.071 m* {113 in.) in croAs-te-
tiooal ares, or (3) the mMeasurgment 3ite i trss than two
ateck or duct diametars downsiremin or less than & ball
diameter upareant from s fow disturhance.

The reuirementa of this method mus( be conaidered
hefora construction of s gew facility rom which emizmions
will e tneasured: Mnilire to do 30 DAy require sibzequent
alwsrations to Ue stack or daviation from the standard
procedure. Caszes involving yarianty are subject to ap-
Yrm‘u.l by the Administrater, U5, Eavicnnnental

rrofition Ageney.

o Procedure

21 Selection ol Meagtrement Site. Sswpling o
welocity measurement is performed at 6 sits located ot
1rast right stack or duct diaineters downastream snd two
diamrrers upatream fom suy Sow disturbaoce such e
a bend, s1pauzion, or contrastion in tha suack, or from a
visible flaine. 1f secessary, sn alternative location may
be selacted, 80 8 povition st least two stack or duct di-
anleters downisireamn and a half disigetst Upstream from
any flow disturbance. Por & rectsngulor eross ssetion,
an squivalent dinteter (L,) ahall be calendatad from the
lollowing enquaiion, to determine the upstreamm sod
downstrean distanre:

p.o2LW
T LW

where [, =length aad R'=width,

27 Daternuning the Number of Traverss Points,

2.3.1 Pactlculats Traverses, Whon the eight- sud
two-dlametaroriteclon ean be mal, the mininium oumbes
of traverss_points shall be: (1) twelvs, for circular or
rectangulse stacks with diametera (or stuivalent di-
smeters) greatar than 0.6t meter (24 in.); () eight, for
citcular atscks with dlaneters between 0.30 and 0.61
meter (12-24 In.): (3) nins, for teotanguise sincks with
enuivalent disructers betwean 0.30 wnd 0.61 meter 112-24

in.).

When the sight- snd two-diameter eriterinn eanuiot bhe
met, tho punimum number of traversa points is deters
mined from Figurs 1=1. Befaro referring to the fgurs,
however, determune the distances (rom the chozen meas
aremient site Lo the neareat upsireain snd downstream
Wisinrl-ances, ond divide eacl distance by tho stack
diamrter or equivslent diwmneter, to deteemins tha
distance in terms of the nuinber of duct dlanieters. Then,
determine fromn -Figure 1-1 the minimum sumber of
traverse points that correspands: (1) to the nunbor of
duct diatnetecs vpstraam: ond (2) to the number of
diamelers downstraam. Select the higher of the two
minimmum nwmbers of UAYersa pOints, oc 3 groator value,
50 that (or circular stacks the number i3 & multiple of 4,
and for fectangular sMucks, the punibmr is ong of Lhiose
shown in Vable 1-1. '

Tamy bl Creseew ctinnal loaued Lop rictmunlur daeky

M-
triz
ing-

Novinde pood trdveame printy. oul
fan]
LN
kA
axd
s
815

222 Veloity (Non-Particulate) Traversas, When
welocity or volwootric iow rata is 42 be dotarmined (but
ot particulate matter), the same procedura 83 that for
particulate traverses (Hoction 2.2.]5 Is followed, axcept
thot Figure 1 -2 Diay b uscd instead of Figure 1-1.
rﬂ,:l Crusa-Secdonal Layout and Locstion of Tmverte

nints,

231 Circular Stacky. Lovate the umverse paints oa

twa perpendlculnr dlameters adeording to Table 1-2aad
the exampls shown (n Flgure 1-3, Any equation (for
tramples, see Citationa 2 aad 3in the RBibliography) that
gives the sninc valies a3 those tn Tablo -2 may be us=d
I Yeu of Tablo 1-2.

RULES AND REGULATIONS/AUGUST 18,

For particulat L eeeses, one of tho diameters muat be
i s planc ennlaining tha grealest axpeted conesnimtion
varidtion, e.g., sfter bends, ona diwnrter shell be in the
plane of tha bewd. This requisement becomes less critieal
o thin diatance froms the distbrbance increass; therclore,
ot hvr diarneter luentlons muy be used, subject to appraval
of 1hie Administentor, A

1n addition, for stacks having dianietars greater thaa
0.1 mt (24 in.) Do traverse points shull be locatad within
2.5 centimoters (1,00 in.) of the stack walls; and for stack
diamietors eqqunl to or less then 0.6 m (24 in.), no traverse
points ahall be located withhi 1.3 ¢in (0.50n.) of the stack
walls, To mect thesy erlteris, observe the procedures
given belaw,

23,11 Siacks With Diameters Grrater Than 0.01 @
(1 in.). When any of the taverss panes sa lacated in
Seetion 2.3.1 8l within 2.5em (1.00in.) of tha stack walls,
milovate thens sway from the stack walls to: (1) a diatsncs
of 2.3 cin (1,00 In.j; or (2) o distance equal o tho nozzla

inside dismeter, whichever I3 lonmer, These relocated
traverse painta (on each ond of & diamater) shall be Lha
=2 ljusted” troversa poinws. N

Whenever Lwo suceeativa Uraverss palnts are combined
o furm & single sljusied troversa point, teat Lhe ad-
Jirsted point 83 Lwo sepurate traversa pointt, both in the
smpling (o velimity nieasiirenent) procedire, ond in
revordbli e i, .

23.1.2 Btacks With Diamoetars Equal £ or Laxs Than
481 m (24 tn.), Follow the procedure in Bection 2.3.1.1,
poting only thal any "ndL ** pointa ahould be
mulocated swey from the stack walls to: (1) & dlstance of
13 cm (050 Ln. ) or (2) & distance equal to the pocile
tnaids dismotor, whichevar 1a larger. .

232 Rectangular Btacks. Dotarmine the number
of traverse polnts us axplained in Bections 2.1 snd 2.2 of
this method, From Table 1=1, determine the grid con-
figurstion. Divida the stack coes-wctlon nto ss meny
sgual fectangular slomental arsss a3 traverss polots,
and then locats & traverza polnt st the centrold of each
squsl aten tc_\:ur_g_.lp_g ta the exqmpl_e In Figire 1.

1977

If the tester desircs (o Use mare than the
mlnlmuers  pumber of traverse  palnts.
‘expand the “minimum number of traverse
pemts” matrix (se¢ Table 1-1) by adaing the
extra traverae paints along vne or the other
or bath legs of the matrx: the final matAx
need pot be balanced. For example, If & 423

~minimum number of palnts™ matrlx w.:2
expanded to 38 pointa. the final matriz
could be 9x4 or 1222, xnd wauld not nezes.
aarily have ta Be 8x6. Alter constructing the
{inal matriz, divide the stask ergss-seciion
into as many egual rectangular, elemental
areaz as traverse polnts, snd locate & tra-
verse polnt at the centrald af each equal
ared.

-3 e situstion of traverse polnts belag tha claso to tha '
stack walls b9 nol expac to arise with rectangular
stacks, [ this problarn should ever wris, the Adminls
trator mun, be contactad lor rsolution of the matner.

24 Veification of Absenes of Cyclonle Flow [n most
stationary sourcas, the direcden of rack gua flow I
smentially parallel o the sack walls Howerar,
eyelonie flow may exist (1) after such detices as cyelones
and lnertial demisters following venturl scrubbers, o
@) 1o stacks having tangantial [clots or other duct con-
froratioms whieh tand o lnduce rviiiog: In these
mh.n‘:. prewocs o abiance o‘gﬂnu.i: flow st
the ;amp \emeatton st be detarmined. The followring
tachiniques afe sctaptable foc this detarmination.
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MeETHOD 1—FAMPLE AXD VELOCITY TRAVERSES POR
HTATIONARY EOURCES

1. Principle and Applicability

1,1 Prinelple. T'o aid in the representative nieasure-
ment, of pollutant emissions and/or total volumetric flow
rate from a stationary source, 8 measurement slte where
the effluent atream is flowing in & known direction Ia
selected, and the cross-section of the stack ia divi
a number of equal arens, A traverse point is then located
within rach of these eqnal areas.

1.2 Appllcabﬂitg. This method is applicable to flow-
ing gas sireams in ducts, stacks, and Aues, The method
cannot be used when: (!5 flow is evelonie or swirling (see
Bection 2.4), (2) a stack is smaller ithan about 0,30 meter
(12 in.) in diameter, or 0,071 m* (113 in.%) in croas-see-
tiopal area, or (3) the measurement site 19 leas than two

etack or duet diametors downstream or leds ihan a hall -

diameter upatream from a flow disturbance. i
The requirements of this methed must be considered
hefore construction of 8 new facility from which amissions
will be tneagured; failure to do so may require subsequent
aluerations to he siack or deviation from the etandard
procedure, Cases involving variants are subject to ap-
yrovel by the Administrator, U5, Envitonmental
i‘mtecliou Agency.

whero L=length and F=widih.

2.2 Determining the Number of Traverss Pojnta.

221 Particulats Traverses. When ihe elght- and
two-diametet oriterloncan be met, the minimum aymber
of traverse poluts shall be: (1) twelve, for circnler or
rectangular stacks with diamoeters (or equivalent di-
ameters) greater than 0.61 meter (24 in.); (2) eight, for
elreulnr stacks with dlameters between 0.30 and 0.61
meter (12-24 in.): (3) nine, for rectangular stacks with
equivalent dlameters between 0.30 and 0.61 meter (12-2¢

n.).

When the sight- and two-diameter eriterion canuot be
met, the minimum number of Lraverse polnts (s deter-
mined from Figure 1-1. Before referring to the figure,
however, determine the distances from the ¢hosen meas-
urement site to the nearest upstream and downstream
disturLances, and divide each dislence by thoe stack
diameter or emiivalent diameter, to determine the
distance in terms of the number of duet diameters. Then,
datermine from -Figure 1-1 the minimum number of
traverse points, that corresponds: (1) to the nwmnber of
duct diainsters upstream; ond (2) to the number of
dinmelers downstream. Helect the higher of the two
m|nimum numbers of traverse points, or o greater value,

MINIMUM NUMBER OF TRAVERSE POINTS

50 that for cireular stacks the number is & multiple of 4,
2, Procedure and for rectanguiar stacks, the number is one of those
shown in T'nble 1-1.

21 Belection of Measturement Site. Eatppling or

velocity measurement is {)erlonned at o site located at TAm ® L-1, € roag=aectioniad Lot for voihwgddue sncks
least eight stack or duet diameters downstream and two
diameters upstream from any flow disturbance such aa Ma-
s bend, xpansion, of contraction in the stack, or from s trir
vigible flaine. 11 necessary, an alternative location ma; iny-
be gelected, at A position at least two stack or duct di- SNl oo ttceree polals! out
amelers downsiream and a half diameter bpstream from P
any flow disturbance. For a rectangular croed section, i
an equivalent diameter (2,) shall be caleulated from the i
following squation, to determine the upefream and x4
downsiream distanses: S
2LW gx.g
X
Dy=+=5; 728
L+ IV Y

Figure 1-1. Minimum number of traverse points for particulate traverses.
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MINIMUM NUMBER OF TRAVERSE POINTS

0.5

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) .

1.0

1.5

50

i

8

N
o

-
o

l I

I |

- I -k

l I |

2.0 2.5 l
| |

—;DISTURBANCE

>+

[MEASUREMENT
- - SITE

0 ———

\DISTURBANCE

3 4

5 6 ’ 7
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE R)

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

222 Veloeity (Non-Particulate) Traverses. When
veloelty or volumetric flow mate is to be determined (but
not ticulate matterg the same edtire 43 that for
particulate traverses (Seotion 2.2.1) 13 followed, except
that Figure 1-2 may be used instead of Figure 1-1,
P2i.3m0ross-8eeﬂona.l Layout and Loeation of Traverse

oints,

2,8.1 Ciroular Stacks. Locate the traverse points on
iwo perpendicular diameters adcording to Table 1-2 and
the example shown in Fignre 1-38. Any equation (for
exmnples, see Citations 2 and 3 in the Bibliography) that
gives the same values as those in Table 1-2 may De used
in deu of Table 1-2.

For particulato traverses, one of the diameters must be
in a plane containing the greatest expocted conceniration
variation, e.g., after bends, one diatneter shall be in the
plane of the hend. This reqiiirement becomes less vritical
as the distance from the disturhance incresses; therofore,
other diametar locations may be used, subject to appmvai
of the Administrator.

In addition, for stacks having dianmeters greater than
0.61 m (24 in.) no traverse points shall be located within
2.5 eentimelers (1.00 in.) of the stack walls; and for stack
diameters etLual to or less than 0.61 m (24 in.), no traverse
points shall be located within 1,8 emn (0.50in.) of the stack

. walla, T'o meet (hesy criteria, observe the procedures

given below.
2.3.1,1 Biacka With Dlameters Greater Than 0.61 m
24 jn,), When any of the traverse points a3 located in
cetion 2.3.1 fall within 2.5 em (1.00in,) of the stack walls,
relocate them away from the stack walla to: (1) a distance
of 2,5 em (1.00 in.}; or (2) & distance equal to the nozzle

.nslde dismster, whichever i3 larger, These relocated

traverse pginta (on each end of a diameter) shall be the
“adjusted’’ traverse points. )

Whenover two successive traverse points are combined
to form a single adjusted traverse point, treat the ad-
jitsted point a8 two gopurate traverse points, both in the
sathpling (or velocily mweasurcment) procm!lllre, and in
recording the data.

TII-51
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1.2 Biacks With Diameters Equal to or Less Than
o (24 ln) Follow the ure in Bectlun 2.3.11, .
3 % that mga ustad" polm.a should be
Tolocal swnyh'omt stack walls to; (1) a distanes of
8 1.3 em d{g.ﬁo .); or (2) a distance equal to the nozzle
. meter, whichever (s larger.
4 . 232 ilar Gtacks. Determing the number
- olt.ravo ints a3 explained {n Bactions 2.1 and 2.2 of
me Table 1-1, detarmine the grid con-
the stack eross-section Into as many
eq elemenm AteAs As {mverse points,
and then locate a traverse point at the centrold of each
qu area according to the mmple In Figure 14,
he s.lt.uat.lon of u'nvem':golnu ng too cloge to the
'k walls to arlse with rectangular
stnch It t.hls problem should ever arlse, the Adminis-
y & trator must ba contacted for resolution of the matter.
4 2.4 Verification of Absence of Cyclonic Flow. [n most
stationary sources, the direction of stack gas flow is
v : mnusﬂg the stack walls. However,
- ——— eyclun.le ow msy exist Snllo r such devices as cyrloneu
and inertial wing venturl scrubbers, or

) in stacks havlng tanmﬂal inlets or other duct con-
Figure 1-3. Example showing circular stack cross section divided into e e e o riy:, in thew
12 equal arsas, with location of traverse points indicated, the eampling location must be &udr?m.ﬁ‘f.“ following

‘TnAVEllSE DISTANCE.
POINT % of diameter

AAEWN =
-

2838,

WA NS

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

]

1

]
S

]

1
I S

]

!
-]

|

|

|

Traverse . o
point .
n;a:b:r_ ' Number of traverse points on a diameter ‘ . i

diameter} 2 | 4 | & 8 1] 1211w 1w} 8] 2] 220124 i

]

:
!
S

T
l
IS

1 14.6| 6.7| 4.4] 3.2 2.6] 2.1 1.8] v.6] 14l 1Al 1] 10 Figuré 1-4, Example showing rectangular stack cross
85.4| 25.0] 14.6| 10.5| 8.2 6.7 5.7| 4.9] 4.4 3.9 3.5] 3.2 section divided into 12 vaual arexs, with a traverse

2 point at centroid of gach area.

3 75.0| 20,6/ 19.4 | 14.6| 1.8 9.9 8.5] 7.5] 6.7] 6.0] 5.5

4 93.3|70.4{ 32.3 | 22.6 [ 12.7 [14.6 | 12.8 | 10.9] . 0.7 | 8.7 | 7.9 Pl o o 10 manomote. Bomiion 1 Fyped piot
5 85.4) 67.7 | 34.2| 25.0 | 20.1 | 16.9 | 14.6 | 12.9 | 11.6 | 10.5 plmesommmpemo{mplmn'u? el
6
7
8

95.6| 80.6|65.8] 35.6 | 26.9 | 22.0) 18.8) 16.5 | 14.6 |13.2 pitot titbe Is In this positi ltlsat
: * | 89.5|77.4] 64.4 | 36.6 | 28.3] 23.6 | 20.4 | 18.0 |16.1 pogot 1o ol (Wpi(t.ﬁt)m?ﬁdngnglsm&mh ‘“‘X?'&'g
96.8 | 85.4 | 75.0 | 63.4 | 37.5] 29.6 | 25.0 | 21.8 [19.4 5@&3&“&“&?&%??“‘“"%% s ot
9 91.8 | 82.3 |73.1 | 62.5 | 38.2| 30.6 | 26.2 [ 23.0 mﬁﬁa‘m&mmm ot Erorcaine
10 97.4| 88.2 [79.9 [71.7] 61.8]| 38.8 | 31.5 |27.2 ﬁm“’é’ﬁ?mJi‘inu.nﬁ‘ﬁ;?;ﬁﬁﬁe“ﬁ'ﬂwﬂa'ﬁpﬁ
n 93.3 |85.4 | 78.0] 70.2 | 61.2 | 30.3 | 32.3 B ol T e e N B e Bernts”for
12 97.9 [90.1 {83.1 76.4 | 69.4 | 60.7 | 39.8 ke o mring, and oo (.0 s 1
94.3 | 87.5 | 81.2 75.0 | 6.5 | 60.2 g&ﬁ%’wwﬁ?&ﬁ%&‘%@f‘éﬁjﬂm'ie"““"’appm"v“u"i:
the Administra to perform ascirate

14 ) 93.2 |91.5] 85.4) 79.6 | 73.8 | 67.7 sample and veloeity traverses.

15 ! - 95.1|89.1| 83.5 | 78.2 | 72.8 - 3. Bibiiography
% : 98.492.5(87.1[82.0 |77.0  ASME. Tertorimance Teot Code No. 17, New Fork.

1957, ,
7 95.6] 90.3 | 85.4 | 80.6 TéuDevm Exgnrlg.uevi lnl. &;r t;?llgt_io& BouLn;:
J . oltu n
18 98.6 | 93.3 | 88.4 |a3.9 AngJ.‘s CA, Novem » istriot
: 3, Methods ination of Veloelty, Volume,

Determ
19 96.1]91.3 |86.8 g?v’tm and oﬂn C&m.ent o{ ugmscmsﬁg;n Al’recipltagoAn
. lon anuias 0 63,
20 98.7 | 94.0 | 89.5 Bullotin WP -0, 1065, "8 neel
X 4., Standard Method for Bam 8tacka tor Particulate
2 - I 7 X b A
| . - m m =
22 " 98.9 {94.5 - GHsnson H.A. culate Ba.mp n!%m
, . for Phnts Ineluding Nonond Flow
23 9.8 USEP onn ESEL, Research 'rmng stk, N.C.
: EPA-600/2-76-170. June 1976, :
24 ; ‘ 98.9 6, Entropy Environmen Determinstion of
- —— - the Optimum Number of Sampling Pol.nta An Annlysls
of Mathod 1 Criteria, Environmental Protection
'l}%mmh rltmglePuk N.C. EPA Contract No.
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Figure 2-2, Properly constructed Type S pitot tube, shown
in: (a) end view; face opening planes perpendicular to trans-
verse axis; (b) top view; face opening planes parallél to lon-
gitudinal axis; (c) side view; both legs of equal length and
centerlines coincident, when viewed from both sides. Base-

line coefficient values of 0.84 Jnay be assigned to pitot tubes
constructed this way. '
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Figure 2-3. Types of face-opening misalignment that can result from field use or im-
proper construction of Type S pitot tubes. These will not affect the baseline value

of .Cpls) so long a3 a1 and a2 < 10°, 1 and 2 < 6°. 2<0.32¢cm (1/8in.) and w <
0.08 cm (1/32 in.) (citation %1 in Se'cfi‘cl:: 6).62 : o " "

III-55

l-‘----'----.-—



A standard pitot tube may be used Instead of a Typs 8,
provided that it meeta the specifications of Beetions 2.7
énd 4,2) note, however, that the static and imgut.
presstire holes of standerd pitot tubes are susceptible to
plipging in partieulatle-laden pas streams. erefore,
whonever a standard pitot tube 13 used to perform a
truverse, aderquale proof must be furnished that the
openings of the pitot tube hava not %ugged up during the
traverse perind: this ean be done by taking & velocity
head (Ap; reading at the final traverse point, cleaning out
the impiaet and statie holes of the standard pitot tube by
“‘hack-purging’” with pressurized air, and then taki
another Ap readlng, 1 the Ap roadings made before an
alter the alr purpe aro the same ( =5 pereent), the traverse
is scceptable, Otherwizse, reject the run. Note that if Ap
at the final traverse point i3 unsuitably low, anather
{mint m.aiy be seleoted. 1f “Lack-purging” at regular
ntervals is qart of the procedure, n comparative Ap
readings shall be taken, az above, for the last two back
purges al which suitably high Ap readings are of ved,

2,2 Diflerential Pregsure Gauge. An inclined mahom-
eter or equivalent device i9 . Most sampling traing
are equipped with a 10-in, (waler colwumn) inclined-
vertical menometer, having 0.01-in. E.;0 divisions on the
0- to 1-in, inclined geale, and 0.1<in. HiO divisions on the
1- to 10-in. vertical scale, This type of manometer (ar
other gauge of equivalent sengitivity) is satisfactary for
%le dneﬁsurement ol&? vahélfl as lowas LAmm 0‘0.051&;

:0. However, a differential pressura gauge of grea
sensitivity shall be nsed (subject to the approval of the
Administrator), it any of the following i3 found to be
true: (1) the arithmetio average of all A¥ md.lng at the
traverse points in the stack {5 less than 1.3 mm (0.05 in.)
H:0; (2) lor traverses of 12 or more points, more than 10
percent of the individual Ap readinga are below 1.8 mm
0.05 1n.) Hs0; (@) for traversas of than 12 ts,
more than ohe Ap mdlng is below 1.3 mm (0.06 in.) H70.
Cltation 18 in Bection 8 describes commercially available
insltnil{pentation for the measurement of low-mnge gas
velocities.

As an alternative to criteria (1) throu% (3) above, the
following calculation may be performed to determine the

necessity of using a8 more sensitive differential prassura

gauge:
n
. g-\’_APH—K.
T=——
EDVAM
=1
where:

Api=Individual veloelty head reading at a traverss
int, mm Hz0 (in, H.O).
n.="Total number of traverss painta,
K=013 mm H:0 when metric units are uwd and
0.005 in HyO when Engllsh units are used,

If T is greater than 1.05, the velocity hend data are
unacceplable and a more sensitive differential pressire
gauge moust ba used,

Nore.—It differential pressure gaugea other than
inclined manometers are used (o.g., Magnehelio gauges),
their calibration must be checked alter each test sarles.
To check the calibration of a different! Eresam gauge,
eomnpare Ap readings of the gauge with those of a gauge-
0il manomeler ay 8 minimum of thres points, approxi-
mately represanting the range of Ap values in the stack,
If, at each point, the values of Ap aaread by the differen-
tial pressure gauge and gauge-ofl manometer Bm 0
within & percent, the differential pressure gaige s| be
eonsidersdd 1o Le in proper calibration. Otherwise, the
teat series shall either be voided, or procedures to adjuat
the measured Ap values and final resulis shall be used,
subject 1o the approval of the Administrator.

2.3 Temperature Gauge. A thermocouple, liquid-
filled Lulh thermometer, bimetallic thermometer, mer-
eury-inglass thermorneter, or other gauge capable of
measuring iemperature to within 1.5 percent of the mini-
mum absolute stack temperature shall be used. The
winperature gauge shall be attached to the pitot tube
such that the:sensor tip does not touch any netal; the
gonge shall ke in an Interferenco-free arrangement with
respest to the pitot tube face openings (see Figure 2-1
and also Figure 2-7 in Section 4). Alternate positions may
be used if Lhe pitot tube-temperature gauge system i
calibrated according to the procedure of Section 4, Pro-
vided that 8 diffarenca of not more than 1 percent in the
average volocity measurenient 1§ Introduced, the tem-

ture nuge nesd not be aitached to the pitot tabe:
alternative is sobjes L 4
Ag‘:‘ m"‘“’- ject to the approval ol.t.ho
. ure Probe and Gauge. A plezometer tube a:
mercury- or water-iilled U-tube manometar ca belen'g
measum}lg staek pressure to within 2.5 mm (0.1 n.) He
12 igod. The static tap of a standard type pitot tube or
one leg of o Type X pitot tube with the Ema opening
planes positioned paraliel to the gas flow may aleo be
esed as the pressure probe.
etgi-s efgg]l:mtc}r. A meﬁury, %nerold, or other barom-
of meas atmospherl
withlntﬁ.s gn.m H% ﬂ(o.l eg:;%:[g) Gsen. Tn mears
cases, the harometrie reading ma: obtained from a
nearg&mﬁonal weather service station, in which case
the ion value (which i{s the mbsclute barometrio
pressure) shall be requested and an adjustment for
elevation differences between the weather station and
the sampling point shall be applied at a rate of minus
2.5 mm (0.1 1n.) Hg per 20-meter (100 foot) elevation
inorease, or vice-versa for elevation decresse.
2.6 Gas Density Determination Equipment, Method
3 equipment, if needed (see Beotion 3.6), to determine.
the stack dry molecular weight, and Reference

e gas
‘lilethod h‘a &r Meci,:'l;lhod 5 u.lo%ment ]1; molsture content

on; other a8
g ———
A tot Tube, When callbration of the
.’l‘masgowttubelsmmary (ome 8, on!).u?'lt;mdud
pitot tube i5 used-as a reference, dard pitot
toboahall, bly, have a known ned

epofficlent, ol
either (1) ly from the National Burepu of Stand-
ards, Route 270, Quince Orchard Road, Gaithersburg,

ms{mbo used. In many -

Maryland, or (2) by calibration against another standard
_plwt tube with an NBS-traceable cosfficient. Alter.
netlvely, a standard pitot tube designed according to
he critaria glven in 2.7.1 through 2.7.3 below and illug-
irated fn Figiire 24 (see slso Cltatlons 7, 8, and 17 ln
'?:'i?f;’.fe 63 p?eﬁc:: “s"d‘;.,}ﬁ“{," tu%ﬁs designed acoording
ions i ici

abzogtlo.?id:o-lm.hm ave baseline coeflicients of

7. emig| eal (shown in Fi ipsoi
orzegrgca‘lttip- lp ¢ n in Flgure 2-4), ellipsoidal,

7. minimum of elx diameters straight run (based
upon D, the external dlameter of the tube) belweon &
ﬂ% %d ,‘g‘ e&tﬁ}c premou'ree}'lo}l‘es.d ) belweon the

7. mum ght diameters atraight
between the statle pressure holes and the centgr)un;uor}
the external tube, following: the 90 degreo bend.

2.7.4 Bratie preasure holes of dqual size (8bbroximately
0.1 D), equally spaced In & piezometer ring configuration,
Juggt]son inety degmgo bend, with curved or miiered

2.8 Differential Fressure Oauge for Type § Pit
Tube Calibration_ An inelined manometer (x-p:quivslegg
i5. used, If the single-velocity calibration techrique i3
employed (see Seotion 4.1.2.8), the eallbration differen-
tHal g[ressum uge shall be readable to the nearest 0.13
mm Ha0 (0.005 in, HsQ). For multivelocity calibratlons,
the gange shall be readable to the nearest 0.13 mm [1,0
(0.005 in H70) for Ap values between 1.3 snd 25 mm [1:0
(0.05 and 1.0 in, Hy0), and to the nearest 1,3 mm 11,0
5.0)""4 mheciat i soncitire parie will 3o resiisy

. ve ga) e
to read A ues below 1.3 mm'ﬁ?o f0.05 l?.anO]

—

{
(.. Se 0
1

NN
7 \\
CURVED DR \ —
'MITERED JUNCTION H £
8
STATIC

HOLES N
‘ {(~0.90) g1
| .
s
_HEMISPHERICAL ~ ]
TP \ u R}

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

8. Procedure

8.1 Bet up the apparatus as shown in Figure 2-1.
Capillary tubing or e tanks installed between the
manometer and pitot iul
fluctuations. It 1s recommended, but not required, that

.8 protest leak-check be conduoted, as follows: (1) "blow

through the pitot impact opening until at least 7.8 em

may be used to dampen Ap

nometer level and zero may drift due o vibratlous and
temmperature changes, make periodie ohecks during the

versa. Record all necessary data ss shown in the
example data sheet (Figure 2-5).

3.3 Measure the velogity head and temperaturo at the
traveree points speclfied by Method 1. Ensure that the
proper differentlal pressure gauge is being used for the
range of Ap values encountered (3¢ Section 2.2). I it ia

{8 in.) H1O velocily pressura registers on the H
then, close off the impact opening, The pressure shall
remain stable for at least 15 seconds; (2) do the same for
the statie prescure side, except using suetion to obtain
the minimum of 7.8 cm (8 in,) HsO. Other leak-check
procedures, sabject to the approval of the Administrator,
may be L - . -

3.2 Level and zero the manometer. Becauss the ma
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v ge to a more sensjtive gauge, do 50, and
remeasure the Ap and temperature ings at each tra-
verse point, Conduct a posi-test leak-check (mandatory),
x desoribed in Bection 3.1 above, to validate the traverse

. "
34 Moamure the static pressure In the stack, One

readi; y adequate. .
3.5 ni)atermlne the atmosphetic pressure,

T —



PLANT _
DATE RUN NO.
STACK DIAMETER OR DIMENSIONS, m(in.)
BAROMETRIC PRESSURE, mm Hg (in. Hu)
CROSS SECTIONAL AREA, m2(ft2)
OPERATORS : :
PITOT TUBE 1.D. NO.

AVG, COEFFICIENT, Cp =

1 SCHEMATIC OF STACK
LAST DATE CALIBRATED CROSS SECTION
- Stack Tam'pemuu ‘
Traverse . ~Vel.Hd. Ap P
Pt No. om(ndH® | GOCOF | ToOK(R) |mmHglesg| V2p

Average

Figure _2-5. Velocity traverse data.
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3.6 Deotermine the stack gas dry molecnisr weight. dismeter (mension D, Figare
P Bwa-u proossses that emit essen- azb): d g)M D&ﬂm
Hally OOy, 0y, CO, and N, uss Msthod 3. For prooesses wndm s and Pa, 3-Ib D¢ In batwesn
dusted; uso & dry molscalar g T L o ot anrs L 08 Barl 050 H ths hre e poeaibis

N ‘e othe equaland betwean 1.03 and 1.50 R, thare sre two possible

e od sabjeot to the approval of the Wu)mmmmm%yhuummm

37 Obfain'the molsture content fram Refarence mmﬂ“%’.’“{,’).m amlabdml:'ol:oefBMt

:
i

Method 4 (or equivalsut) ar from Method 5. valus of 0,84 sy bo asigned to the
28 Determine the croas-sactional wres of the stack MW.MTWmmbou of an

or duct st ths sam location. Whenever calf]
measure the siack dimensions re muﬂmmmmmmmw

:
i
|
|

ﬁ’augbmgpﬂn:u, Dy, Pa, ad P monhmamspedﬂedumn:tho
L a h
tot tube muost b
4. Cab Ti-ﬁl : o colibrated as outlined in 4.1.2 through
41 Type B Pitot Tubs. Befors fta initial upe, core-  andi w ns‘mmm s il Tom mmmm
S0 vt vty That 1o fhoo opeingn'e( the'tUDS  mosd T mum it i S s tsep g o
mﬂﬁﬂtﬂnﬂaﬁﬂmﬂm I}lhi‘ﬁm enia (thermocoupls, sampling probe, umpnﬂmm
2-3or The pitot shnll not bo wod if it 0 an “ssembly.” wmomthn mpzl‘ﬁho:umm-
maet thess allgnment specifications. nents can sometimes affoct the baseline value
Afte w opaing measie 8 pitot tube coefficlent (Cltation 9in Section 6);
and record the dimensions of the pitot tubes: sn assigned (or otherwise kmown) beseline coefficient

Fo.  veesemorvuee

Not=.—Do not tiso ény B pitot tube asssmbly
i b onsmrd st o s’
m”gl:?;. " ¢ entry plane of the

. 8 pitot tu
be calibrated, one leg of tube bowpm?ogtlt;
marked A, and the other, 3, Calibration shall be done in

flow by thi
:ﬂm.aystam ving the following essential design

I X219 cm (/4 in) FOR Dy =1.3 cm (112 in)

SAMPLING NOZZLE:

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

SAMPLING
NOZZLE

STATIC PRESSURE
OPENING PLANE

IMPACT PRESSURE

PA

TVPE S
MTOT TURE

NOZZLE ENTRY
PLANE !

8. SIDE VIEW: TO PREVENT PITOT TUBE
FROM INTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE
NOZZLE, THE IMPACT PRESSURE
OPENING PLANE OF THE MTOT TUBE
SHALL BE EVEN WITH OR ABOVE THE
NOZZLE ENTRY PLANE.

l'-:igur_e 2-6. Proper pitot tube - sampling nozzle configuration to prevent

aerodynamic interference; buttonhook - 2\3;0
and pitot opening aligned; D¢ between Q.
m iﬂ-,.
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nozzle; centers of nozzle
and 0.95 em-(3/16 and

Il
O

. |
i g



I-‘----'---

W=1.62 o

THERMOCOQUPLE " THERMOCOUPLE
22180 cm (34 in) o
kL b ¢ ¢ ol L9 s
A : N
& Dt TYPE S MTOT TUBE ) 6; TYPESPMTOT TUBE
. oR _ L

Flg!.ll'e 2'7.
D¢ between

Proper thermocouple placement to rrevem interference;

0.48 and 0.95 cm (3/16 and 3/8 in.).

It

TYPE SPITOT TUBE -

] | l
SAMPLE I"ROBE
{l

~~—— Y2162 cm (3in)

—

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

4.1.2.1 The flowing gas stream must be confined to s
duct of definite eross-sectional ther circular or
rex tm:]gu.lar For clreular thp m.inlmnm
duet diameter shall be 30.5 cm (12 in.); for
rross-sections, the width (shorter side) shall be at
25.4 em (10 in. W

4.1.2.2 The eross-sectional area of the ealibration duet
mustbemnamntoveradlsumeoimwmnm

For gular croes-section, ose an equiva-

lent diameter ea.lmlated from the following equation,
10 determine the number of duet diameters:

_2LW
L+ W)

Fquation 2-1

D

wlhicre: .

Ay:=quivalent dismeter

L=Length
W=Width

T ensure the presenes of stalle, fully developed flow
patterns 4t the calibration site, or “tést section,” the
site must be located at laast aighi diametars
and two digmneters upstream lrom the nearest disturb-
HNCes.

Norr.—The eight- and two-dlameter ¢riteria are not
abrolute; other test section lovations may be vsed (sub-
juet to approval of the Administrator), provided that the
flow at the test aite is stable and demons onstrably paralisl
to the duct axis.

41.2.3 The flow system shall have the capacity to
generate a Lest-section velocily around 915 m/min (a,ooo

Rymin). This velocity mnst
)tee ateady no% duri
8 pitot tube coaﬂinlen'tgm

be constant with tims to
calibration. Note that

t measarement of
in (1,000 ft/min) and to within
=5 to § percerit for emeaammtdvahuhmbe-
tween 180 and 205 m/min (600 and 1,000 ft/min). If »
more precise correlation between Cy and velocity u
d , the flow system shall bave the capacity to
at Jeast four distivet, time-Invariant tast-section
veloclifes eovem%he veloexty

#t/min), and
he takten at regular velocity Intervals over this range
(sea Citationa9and M4 1in Beeuon 6 for detalls).

4.1.24 Twg entry ports, ons each for the standard
and Type B pitot tol %)es,ahﬂ!boeutmmmaatmtion,
uumda.r ol‘)!wtenky%onshaﬂbehmtﬁalighﬂ

TyDe so that the
and'l‘TSim openit mmmmm
tional plane during eall mm To facilitate all
ment of the pitot 1nbes during calibration, it is advisal ln
that the test seetlon be constructed of planglaaor EOI00

othar traj sﬂaren terinl,

4.1.3 Calibraiion Procedure. Note that this dure
is & general one and must not be used without first
referring to the special considerations pre&nted in Bec-
tion 4.1.5. Note alro that thiz procedure a) gﬂes only to
smglo-vnlochy calibration. To obtain ealp tion data
for é"ﬁ and B sides of the Type 8 pitot \ube, proceed
s WS

4.1.3.1 -Make sure that the manometer is m(Perly
fillad mnd that the oil s free romn contamination an

the proper density. Inspect and leak-check all pitot ines;
repair or replace if necessary.

velocities above 305
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tained bymagla-nlmlt!.
Tt/min) will generally he !

4132 Lavel and tero the manomeler. Turn on the
fan and allow the flow {0 stabilire. Seal the Type 8 entry

4.1.A3 Ensure that lovel and teroed.
Podﬁnnthom:tdard be at the cali
ln Bcﬂmll.&l

bration
gube that its tip 1s tad directly ini iy o
50 i
ticnlar eare sbonlg ﬁ: o

b the dow. For
'] 0 avoi
yaw a.nd piteh Make m the entry port

the tube is M
4 13.4 Raad Arid BD ita value In & data table
similar {0 the one shown in Ramove the
standard pitot tabe from the duct and disconneet It from
the manometer. Beal the standard entry port.

4.1.3.56 Connest the Type 8 pitot tgge to the manom-

etar. Open the Ty, Cheek the manom-
eter level and zero. ﬂ:sut and the Type 8 pitot tuhe
so that jts A sido impaet in ot the same point as

pitot tube and i2 pointed directly inio
the llow. Make 5u.re that the entry port surrounding the

il o
AD, and enter its value in the data table
Removethe'l‘y 8 pitot tobe from the duct and dis-
conuect it froms the manometer.
4.1.3.7 Bapoat ste 4.1'&8 through gtlm 3.6above until

throe palrs of boeon
4,138 Repaat.stepsus.smmugh“&'iabovem
the B slde of the Type 8 pitot tul
.1.3.9 Perform e¢alculations, as dsacrihed in Seetion
.14 Calcu.laﬂ
.1.4.1 Formho“.haaix ra of Ap §.0u
from side A and three side 13 in
Bestion 4.1.5 above, calotilate the value of the Type 8
pitot tube coemciem as follows:



l
y

_ 4143 Calculate the devhﬂm of each of the thres A-
PITOT TUBE IDENYIFICATION NUMBER: DATE: s value of Gpc) from C, (xldo A), snd the deviation of l
- each ue of C, .)Eromc (side B). Use the fol-
CALIBRATED BY: . _ lowing equation; "
Deviation=C\y—Cp(A or B

“A" SIDE CALIBRATION - . o e )

A 2 Equation 2-3
Pstd P(s) ' 4144 Calulate 5, th d
emH0 | emHz0 DEVIAVION | s for both he o ey oase deviation from the
RUN NO, {in. H20) lin. H20) | Cp(s) | Cpits)-CplA) | the following equation:

3 —
1 >3 Cow—Co( A or B)| l
2 o (side A or B)_— ! 3 :

P — _ : Equation 2-4 l

41.4.5 Use the Type B pifot tube only if the values of
6 (SWE A, # (side A) and & (side B) are less than or equal to 0. .01
p : and if the absolute value of the difference between Cs
(A) and C', (B) is 0.01 or less,
. 4.1.6 Bpeoial congiderations. l

4161 Belection of eslibration point.

41.5.1.1 When ap isolated Type 8 pitot tube is calj
brated, select a ealibration point at or near the center of
the duct, and follow the prosedures outlined in Sections

A ope iRt 4.1.3 and 4.1.4 sbove, The Type 8 pitot coefMelents so

. B" SIDE CALIBRATION obtatnod, Le., T, (sde &) and G, (sido B), will bo valid,

g0 long either: + (1) the isolated pitot tube is ussed; or

Apad Aplg) . g) the pmt 1:‘:ju.lbe is I.}sed wibgl)a other °°“""°“°““J‘éﬂ’i‘?;
ErInocou]) , Bample 1N B0 AITangen 8/

em H20 cm H20 DEVIATION froe from aperodynagnwpfgterterenee effeots (522 Figures

1 RUN il&. {in. H20) (in, H20) Cols) | Cpls) -El,(_m 2-6 through 2-8),

415612 Por Type 8 pitot tube-thermocouple eom-
binations (without sample probe), select 6 bmtlo:‘

1 . point at or nea.r “he center of the duct, and follow th
procedures outlined in Becl:ions 4.1.3 and 4,1.4 above
‘The coefficients so obtained will be valid s0 long as the
2 pitot tube-thermooouple combination is used by itself
or with other components in an interference-free arranges
ment (Figures 2-6 and 2-8),
3 41518 For assemblies with sample probes, the
calibration point shonld be lonated at or near the center
g = of the duet; however, insertion of a probe sheath into a
Cp (SIDE B) small duct may cause signlficant cross-sectional area
blogkage and yield {ncorreot coefBeient values (Cltation 9
in Section 6). Therefore, to minimize the blookage efect,
the calibration point may be a fow inches off-conter ii
t.g The actual blockage effect will be n (:fligible
when e theoretical blockage, aa determin Yy &
Jected-area model of the probe sheath, is 2 percont or
| L
ex Y end 3 percent or or
lcl'm cF(A OR B) l : assamblies with externsl sheatha (Figure 2-10b).

. 4152 For thoss probe amtemblies in which pitot
AVERAGE DEVIATION > 0(ADRB) = 3 —— ~4— MUST BE <0.01 (e ozl It e 1 taetor t, inarnich pitot
. the whwx‘xgzsel separation distance fails to meet the
s?eegm

illustrated in Figure 2-6a), the value of
'w(v) depends upon thde t%mount of fre between

r e the tube and nozele, erefore is a funotion of nozzl
| 5 (S1DE A)- T (SIDE B) |-4—~MUST BE <0.01 L5 Fobe 8ad sesse snd oetslos ;nb;;%‘m ot oele
with each of the ecommonly used nozzle sizes

n place. Note that the single-velonity eallbra.tion tech-

Figure 2-9, Pitot tube calibration data, lrker noseiues (5065 e r £ ] e ot ndinacly
) used for isokinetic ng at velocltles around 5156
3 mtnghh the criteris of Bections 2.7. l to /min (2,000 Wmln), which I8 the calibration velocity;
Cotn=Cyparn) ‘\/ Ap I;u

S0l vy th sandard ot AP g oo s ey T e
: - EAMND) ng TRLION (36e on in Section

Apna &mw head feagurad by the stan . pitot e Ask53, Tor o probo sssembly coustrustod suoh tlat

. - ']‘m tot k4§ 12ed in the same orien on, only

Equation 2-2 A mﬂw ll‘l“.g (in. Hs0) by the o oxﬁsﬁde iﬁt ﬁ!;he c% tu)beTxtx!eed aet fﬁ%b“'.fﬁ (:lllile s!d:

wi W li:] 0w, {- N1 e Ial [:} meg!

G ="Type 8 pilot tub coofictent pl1es cumnmc%m) e e o tes.  (hoalignmentapecifications of Figure2-20r 2-3, however,

C (na) =Btandard pitot tube coefciont; te 0.99 If the ealelﬂat.e the mﬁfmm ' between these two & vm and must have an average deviation (¢) value of 0.01 or

¢oofficient |y unknown and the tubw is dulsnod wvalues, ) i © 7 less (seo Beotion 4.1.4.4),
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(a)

416 TField Usge nnd Recalibration,
4161 Fiald Use

41611 Whena'
assembly) is used in gro priate coefficient
vslue (whether assigned m‘obtainnd callbraticn ) shall
be used to perform velocity calmﬂatluns For calibrated
'I‘ Te B pitot tubes, the A side coeflicient shall be used

en the A sideo!ti:etubehmtheﬁow.mdthaﬂs”e
eoerﬁdent shall be used when the B aide faces the flow;
slternatively, the aritbmetic average of the A and B side
coellicient values may he used, irrespective of which side
faces the flow.

41.61.2 When a probe assembly s used to sample &
graall duct (12 to 36 In, In dismeter), the probe sheath
somelimes blocks & significant part of the duct cross-
section, causing A reduction in the effective value of

T . Consult Citation 9 in Bection 6 for detalls. Con-
vontional  pitot-sampling  probe amsemblies are not
recommended for use in ducts baving inside dlameters
smaller than 12 inches (Cltation 16 in Section 4).

4.1.6.2 Recalibration,

41621 Taolated Pltot Tubes, After rach fleld use, the
pitot tube shall be carclully resxamined in to;‘) gide, and
end viaws, If the pitot face i i
within the specifications {llustrated in Figure 2-2 or
it van be assumed that the baseline cosflicient of the pi
tube has not changed. If, however, the tube hag
damnaged Lo the extent inat it ne longer meeta the specifi-
eations of Figure 2-2 or 2-3, the damage shall elther be
repaired 1o restore proper aligninent of the face openinga
or the tube shall he disearded.

4.1.6.2.2 Pitot Tube Assemblies. After each flald use,
check tho face opening aligtment of the plmt tube, as
in Hection 4.1,6.2.1; also, 1 ire the inter t

ings of the bly, Il’ the Inter t spaot

have net changed and the face opening alignment je
accepiiahle, it can ho asgnmed phat the cooflicient of the
asselnbly has not changed, If the faes opening allgnment
is no louger within the specificatione of Figures 2-2 or
2 3, either repair the damage or roplace the
(ealibrating the now assenbly, if necessary). H the inter-
component spacings bave changed, restore the orlginn)
spacingd or recalibrata the assombly,

4.2 Standard pitot tube (it apglicabla) 11 & stnndard
wut tuhe iz used for the velocity traverse, the tube shall

constructed according to the eritaria of Beotion 2.7 and
shall be assigned a baseline coefficlent value of 099, It
the standerd pitot tube is used as part of an assembly,

PIM tube (isolated tube or -

Pitot tube -

W
[ ]
ESTIMATED [~ 1w
SHEATH . = |—
BLOCKAGE  |DUCTAREA |
%) '

tube shall bs In an interfarence-fres arrangement
(sub]eot to the nppmval of the Admijnistrator).

43 Temperature Gauges. After each fisld use, cali-
bmte dlal thermometers, llquld-ﬂl!ed bulb thdmm
and other
Ga & at a temperature within 10 pement of the ev

ute etack temperature. For tem, %n
405° C (761° F), use an ABTM meroury-in-glass reference
thermometes, or equivalent, 834 ml'menca. alternatively,
cither & reference ple and poten!
(calibrated by NBH) or t.hermometrle ﬂmd points, e.g.,
ieebathan bolling water (eorrected for barometris
{) ) may be used. For r.emperamm above 405° G

761° ¥), use an NB&-callbrated reference
potentiometer system or an alternate relerenc.e sub;
to the approval of the Adm.mist.ramr

If, during calibration, the absolute temperatures meas-
ured with the gauge being calibrated and the reference
agreo within it data

the Brollutant emission test g
invalid or adjustments. (it appmprinto) o( the test results
ggrall be niade, subject to the approval of the Administre-

4.4 Barometer. Calibrate the barometer used against
2 mercury barometar.

8, Caleulations

Catry out caleulations, relaining ot least one exira
decimal figure beyond that of the acquired data. Round
ofl Ggures after Anal caleulation,

5.1 Nomenclature.

A= Cross-sectional area of stack, m? (ft3),

Re.=Waler vapor in the gas stream (from Method 5 or

" Reference Method 4 4), proportion by volume.
Cp=Ditot tube cocfficient, dimensionless.
Kp=Pitot tube constant,

(g/g-mole) (mm Hg)

CPK) (mm 11;0)
fur the metrie aystem and

ft_ [ (lb/lb-mole) (in. Hg) P#
see¢ (°R) (in, H40)

34. 97 —

85.49 —
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EXTERNAL
SHEATH

(b}

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

for the E oleuﬂem bt of stac wﬁ:s. dry basls (26
Beudon 3.0) £g-taole Gbibx
vy ivin gas, wet basts, e
=My (1—Buw)+18.0 Bus Equation 2-5
l’b..—Ba::mﬁngm pressuive b measnremant aite, mm
b sdle o mu me 00y
=Poart P, Equation 2-4

P....:Smndard absolute pressure, 760 mm Hg (20.9

Qw=- olum stack gan flow rate corrected to
conditions, @m%(hl (dset/hr).
!.=Bt.wk temparature, *C (°F).
T',=Ahsalute stack t.empemt,me K (*R).
=273, for metrie Equation 27
=460+, for English Equation 2-8
Twa=Btandard absohate temperature, 203 °K (528° R)
=AW gtack gaa valooity,
A =Velocity head of stack as, 'mm H0 (. H:O)
= Converglon fagtor,

So-g/lht;)lemlar weight of wnt.er g/g-mole (ib-lb-
5.2 Averago stack gas veloeity.

v.=K,C, (\/Ap)“.

Tl(!'t) ‘ .
P,

Equation 2-9
5.3 Averuge stack gas dry volumeiric flow rate,

Qua=+3,600(1— By,)v. A (TT::.») (P.m)

Equation 2-10
imers' Handbook. Now
e Hoodbook, New

1900,
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METHOD 3—0a8 ANALYAm ror CARBON DIOXIDE, *(Ny) are not present In concentrations sufficlent to  “capable of ylelding accepfable results. Usa of su.

L » WreaT affect, the resulis, _ i3 subject Lo tha the Administraio.
OxrauN, ExCRss A2, AND DEY MOLXCULA Other methods, as well as modifications to the prose 21 Gmb Mm (Faplng"ﬁ )
1. Principle and Applicability . dure deseribed hereln, are slao applicable for some or Al 2.1.1 Probe. be made of stainism
- : , of the above determinations, Examples of specific meth~ stoal ar boroallicate gl tnbing and ghould be equipﬂed
1.1 Principle. A gas sample is extracted from a stack,  -ods apnd modifications inelude: (1) 8 multl-point sam with an in-stack or out-stack gfut to remove particulats

P
by one of the following methods: (1) slngle t, grab ling methed using an Orsat analyzer to analyre - matier (s plug of glass wool is satisfactory for thia pur-
saymplin : (2) single-polnt, integrated sampling; of (8)  vidual grab samples obtained at each t; (2) & method pose). Anypn':ger 4 0O CO{. CO, and N3
multi-point, integrated sa.m'ﬁung The gas sample 18 using COy or O: and stolehlometiie calculationa to deter- piins conditions may
analyzed for percent carbon dloxide gcosk per;entoxx; mine dry molecular welght and excess alr; (3) assgning o be used for the probe; examples of such material are

gen (0,2, and, [ necessary, percent carbon vaiue of 30,0 for dry molecular welght, in llen of actual aluminum, copper, qhariz glass and Teflon.

(C0O). If a dry molesular welght determination is to be measurements, [or processes burning natural gas, coal, or 21,2 Pump. A ons-wiy squeers bulb, or equivalent,

made, elther an Orsat or a Fyrite ! anslyzer may be used  oll, Thess methods and modifieations may be used, but 13 nsed to tr:ggpoﬂ the gas sample to the snalyzer.

for the analysls; for oxcess alr or emisslon rate correction are subject to the approval of the Adminisirator, 2.2 Integra Bampussgh(i‘igm 3-2).

factor determination, sn Orsat analyger must be used. 2. Apmaratus 2.2.1 Frobe, A probe as that described in Bection
1.2 Applicability. This method Is applicable for de- & Apps 2.1.1is sultable,

tormining CO2 and O; concentrations, excess alr, a0 As on alternative to the sampling apparatus and sys- e ——

dry moleoulzr welght of a mmple from & gas stream of & tamgy desor eraln, other sampling systems (e.g., 1 Mentlon of trade names or specifle products does not

=t | 10y t by the Environmental Proteo-

fossil-fuel combustion process. The method may also be  )iquld displacement) may be used provided su 6 er
n{‘)pucable to other nrocesses whetelt hasbeen determined - gre Do of obt.amlng a repregggtative s::xlx and  ton Agency.
‘that compounds other than COy. Oz, CO, and ntroged  maintainlag a constant sampling rate, and are otherwise :

PROBE "
0 FLEXIBLE TUBING

A

" — .
“\ -T0 ANALYZER
FILTER (GLASS WOOL) -

SQUEEZE BULB

Figure 3-1. Grab-sampling train.

* RATEMETER
VALVE
SURGE TANK
- AIR-COOLED -
CONDENSER

PROBE (3 DLI :

% : . PUMP

FILTER
(GLASS WOOL)
QUICK DISCONNECT
VALVE b
BAG
RIGID CONTAINER

Figure 3-2. Integrated gaé-sampling train,
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at_waler-cooled exm-
. or other that wm not romove Oy
CO;, do and Ny, msy be nsed to remove excess malsture
which would interfere with the operation of ths pump
snd flow meter.

225 Valve. Aneedlevulvelansedtoed)ustsample

‘?gﬁwm"‘“ A lenk-fros, diaphragm-t;
p. p! a gum
emuvalent iz used to trensport sample gas ﬂexible
Tastall g small anrge tank between e pump and

ret.e meter to eliminate the pulsation effect of t|
phragm p on the rotame

228 te Metar, The rotameter, or uivalent rats
meter, should he eega.ble of mi ng flow rate
o within &3 percent of the seleoted ﬂow rate. A flow
rate rsn%e of 500 to 1000 cra¥/min is sug,

2,2.6 Flexible Bag. Any leak-ﬁ-ee plaetie (e ¢., Tedlar,

Myler ’l‘eﬂon) or plestlwoated aluminum (e.g. alumi-
nized Mylar) bag, or equlvalent having a c'a iglyl

eonsmtent with the selected flow rate an
of the test run, may be ueed A capacity in the range of

he diav

from 100
mcﬁmmmmwu
3.25

anslyses er from their mean b
E/g-mols (oslbllb-mtgl:) AWmtxe:: tﬁ:‘ m
(oei%b/lﬁ-mole)pm resul & nearest 0.1 g/g-mols *

Pn .3 dMl.m;! Point, Integrated Sampling and Analytieal

8.3.1 Unlesn otherwise specified by the Adminis-
trator, eminlmu.m of elght traverss ts shall be used
for elfcalar stacks ha diameters less then 0.61 m
Rtn)n m.lnlmum of nine shall be used for rec
etacks having equivalent diameters less than 0.61 m
(24 in.). and e minimum of twelve traverse points shall

be used for all other ¢agses. The traverse polnts shall be
located secording to Method 1. The use of fewer pointa
13 subject to approval of the Administrator.

8.3.2 Follow the procedures outlined in Sections 3.2.2
through 3.2.5, except for the following: traverse all sam-
pling ppints and sample at each point for an equal length
of time. Record gampling data as shown in Figure 3-3.

'

LMMM
ection Faclor or Ezcess Air Deter-

No’rl.—A Fyrite-t
A Fritel 'yrl gze sombustion

analyzer s not
noCep! or emigsion rate correction factor
deterrminat.lon. nnless n;drproved by the Administrator.
I buth percent COy and percent Oa are measnred, the
soalytical results of an; o! the th ree

belnztmay also be used fo;

Each of the three procedures below shall be used onl
when specified in an a pllcable subpart of the stand:rd 4
‘The use of these res for other purposes must have
epeciﬂo Prior ePppmvn.l ot the Adminigtrator,
ngle- oint, Grab Sampling and Analytical

411 The semlpllng point In the duet shall either be
:g H;e malnlterﬂ!d [ 11; 0: cn()gsﬂ%cﬁo:l or at g point no cloger
@ W an m

b};tlhze Aédgtmmﬂrg o ), unless otherwise specified
up the equipment as shown in I, 31,

making sure all eonegee ons shead of the a “r; are

tlght lmd laak-tree.prwedlneak-gheck bt‘!;de igmﬂa:etl analyzer ao.

the ure descri

leak-check 18 mandstory., o2 5. Thia

rocedures given
r caleuinating t e d.ry molecular

TRAVERSE

TIME
PT.

Q

1pm % DEV.2

65 to 00 liters i3 sugy

Toleak-check th gbag connect 1t to 8 water manometer
and pressurize hebagtoﬁtolOcmHsO (2to 4 in, H0),
Allow to stand for 10 minutes, Any d.lsplaoement in the

water manometer indicates s leak. An alternative leak-

check method is to pressurize the bag to 5 to 10 em Hy0

(2to 4 in. Hy0) and sllow to stand overnight, A deflated
lndimtes leak

22.7 e. A water-filled U4nbe manom-
atgerﬂor ulvalernt nhoutZSm(ﬂin)iausedhr

.

2.28 unum Ge
eqmvnlent.olsﬂeastWOmmmmm-{n.Hg)!suseaior
the sampling train leak-ch
teﬁfn dyels I:“ %&ﬁa‘"md I.loﬁe the instru

ce and o ion w
reeommendedpeb? the maenufacturer, unless otherwise
epecified herein.

2.3.1 Dry Molecular Welght Determination, An Orsat
snalyzer of Fytite type combustion gas analyzer may be

232 Emision Rate Correction Factor or Excess Afr

tion, An Orsat analyzer must be used. For
low COy (lesethan40pement)orhlgh O: (grester than
1.50 t) concentrations, the messuring of
r=at must have at least 0.1 percent subdlvls!nne
3. D’v lar Weight Determinatii

Any of the three sampling and analytical procedures
dm‘ibedbelnwmnybeusedfor determining the dry
molecnlar we
Pa 1 Bingle-lgoint, Grab Bampling and Analytical

3.1.1 Thesem ling point in the duct shall either be
at the centroid of the cross section oretepointnoeloeer
{‘%t.:lgwnlletlmnlooﬂ:(&am.un]mo erwise spacifind

3.1.2 Bet up th t a3 shown in

B connpetuons siead of the
used, it Ia

31,
y2er Afe
m::mkm If an Orsat analyzer ls
recommended that the analyzer be leaked-checked by
eheek in t.he proeedure in Bection 5; however, the leak-

313 P?aeege thtmll'l;:)litllehr.g:a.tskpcm:‘wlt.h theutl;lpofthle
be positioned at the t; purge the sampl-
gg line. Draw & eamp%ulxnto the analyzer and {tpme-
diately analyze it for percont CQ3and t 01 Deter-
mine the percentage of the gas that Is Na and CO by
subtracting the eum of the percont COs a.nrl percent O:
from 100 parcent. Cal the dry welght sy

indicated in Section 6.5.

8.1.4 Repeat the sa.mplin? , analysis, end calculation
procedures, until the dr, ecular weights of any three
grab samples differ lrom their mesn by no mare than
0.3 g/g-mole (0.3 1b/lb-mole), Average thess three moleo-
ular welghv.a,b I?tl)ld re?ort the results to the nearest
0.1 g/g-mole -mnole

zlg Bingle-Point, Integrated Sampling and Analytieal
Procedure

3.2.1 The sampling ;lxoint in the duet sball be located
aaspecified in Section 3.

3.2.2 Leak-check (optionsal) the flexible bag as in
Bection 2,2,6. Set up the equipment as shown In Figurs
$-2, Just prior to sampling, -check (optional) the
train by ing & vacuum gauge at the condenser inlet,
pulling a vacuum of at least 250 mm Hg (10 in. Hg),

lugging the outlet at the quick disconnect, and then
urning off the pump, The vacuum should Temain stable
for at least 0.5 minute, Evacuate the flexible bag. Conneot
the probe and plsce l:t in thtlaisfa.ck v'l;nth the ttﬁxp of t.hle
be positioned at the sampling point; purge the sampl-
Pm linﬁext, connect thephag :m make sure that all
conneclions are tight and leak free,

3.2.3 Bample at 8 constant rata. The sampling run
should be simultanecus with, and for the same total
length of tinie as, the pollutan(. omission rate determina.
tion. Collection of at least 30 liters (1.00 ft?) of ssanple gas
is recominended: however, smaller volumee may ba
collectad, I desired,

324 Obtsin one integrated flue gas sample during
each pollutant emission rate determinailon. Within 8
hours after the sample is yro it for percent
COsand mntbozét‘immg mthe;l an Ori?t. m%lynetr ora
Fyrite-type combustion gas an reat ana-

ym iz T t is recommend hat the Orsat leak-
heck deec.rlbed in Bection 5 be
1eter€xg°nethn hw:ﬁ% the t?ll:a . Iig optéoaub bDete;
mine tage ] gna 2B ¥y sul
w t CO. and t Oy

AVERAGE

By DEV = (ﬂ llavg) 100

(MUST BE < 10%)

Figure 3-3. Sampling rate data,

4.1.3 Place the erobe ia the stack, with the tip of the
probe positiohed af poi t; purge the sain-
pling line. Draw a sample lnto the zer. For emission
rate correction Inctor etemlnem!on‘. ediatel RIG~
lyze the in 4.1.4 and 4.1.5,
for percont COs or percent Os. If excess alr i3 desired
procead as !ollows (l) lmmedletely e.nalyze t.he samplﬁ
es in Seetions 4, .1.5, for percent CQs1, Oy, an
co: @ Aotarmmine the percontage of the gas tim s N
by subtmtln%the sum o( the percent COy, percent Os,
and percent ?ereent end (3) caleulate

percent excess alr as outl
nbmrptlan ol the CO3, Oy,
through each

4.14 To ensure completa
or If appleable, CO, make repee.ted passes
absorbing solution until two consecutive readings are
the same. Several passes (three or four) shonld be made
between remdings. (If constant readings cannot be
obtained after thres consecutive.readings, replace the
nbsorbini solut.!on )

4.1.56 After the analysis {s completed, leak-check
(mandatory) the Orsat analyzer onee n.gnin, as deseribed
in Section 5. For the resuits of the analysis to he valid,
the Orsat analyzer must pass this leak test before an
sfter the anslysis, NoTE.—Bince this single-point, grab
gampling and analytical procedure is normally conducted
in co unetion with a single- ﬁolnt, grab sampling a.nd

ure for & pollutant, only one analysia
ia ord.lna.rily conducted. Therefore, gresl: cars must be
mken to obtain e valid semgle and anelys;s Although
in most casea o) CO3 or : ia req t 18 recom-
mended that both CO: and O easu.red and that
Citation 5 m the Bibl!ography be used to validate the
analytical data.

43 Bingle-Point, Integrated Sempling and Analytical
Progedure,

4.2,1 The sampling polnt {n the duet shall be Jocated
es 5 Lﬂed in Bection 4.1

Leak-cheok (mmdatory) the flexible bagFas in
Bection 2,2.6. 8et up the equipment a3 shown in
8-2, Just prior to sampling, leak-check (mandat.ol‘y) the
train by placing & vacuum gau%oat the eondenser inlet,
pulling & vecoum-of at m«n Bg).
plugging the outlet at the qulck , and then
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it posme T

0.3 minote. Ev Con-

acuste the flexible hag .
memhemdplmluumemi with the peﬂhe '

probe tioned at the ampUn. point; purge ths mm

pll ne.Nutmnnecne and mak
ng ect th bum emuum

0 2.3 Be.mple At @ congLant rate, or a8 by Lhe
alstrator. The mm pung run most be stmultaneots
with, snd for the mme total lan hel'ﬂmele.thepelm-
atit amission rate determina Collect
Yters (1.00 m) of sample gas Smaller voh.mm my be
collected, su Jm. to approval of the Administrator.

4.24 Obtaln one fntegrated fue gas saniple doring
each pollutant emissior: rate determinstion. For emisaion
rate correction fgotor determination, analyze the sample
within 4 hours after it 13 taken for gercent CO:or pereent
0: (a3 outlined in Bections 4.2.6 through 4.2.7), The

Orsat analyzer must be leak-checked f
before the analysis. If excess air is desired, procced sa
follows: (1) within 4 hours after the mmple ia taken,
analyze it (ag In Bections 4.2.5 through 4.2.7) for percent
COy, 04, and CO; (2) determine the Percentege of the
gas thatls Nj b htrae\‘,ing the sum of the percent CO,,
percent Os, and percent CO from 100 percent; ;3) cals
culate percent eXcess air, an out,llned in Beetion 8.

4,25 To ensure com lete ubsnt:é)ﬂon of the CO3, Oy,
or if applieable, CO, passes through each
absorbing solutdon untl} two coneeeutlve rendings are the
same, Several passes (three or four) shounld be made be-
tween readinga, (If t readings t be obtained
e!{.erﬂthr)ee consecutive readings, replace ithe sbsorbing
solution

42,6 Repeat the analysis until the following criteria

see Heolion 5)

are met:
4,2.6.1 For percent CO;, repest the analytical pro-
cedure uniil the results of any three analyses difler by no

more then (a) 0.3 percent by volume when COy is greater
than 4.0 parcent or (b) 0.2 percent by voltme when COj
ie less than or equal to.4.0 percent. Average the three ae-
ceptable values of percent COs and report the results to

thf.e.e.z %‘21'! ttO: peat th procedure
, TP °
until the results of any thres analyses differ by no mare

scuwsm shall remaln stable :

-.-

I-J----.---
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than (a) 0.3 pereent by volume when Oy Is less than 15,0

percont or (b) 0.2 percent by volume when O, 18

than 15,0 percont, Average the thres acceptable of

peroon: O3 and report the results to the nearest 0.1

reent.

m4.z.e.a For percent CO, repeat the analytical

dure untll the results of any three analyges difler by no

more then 0.3 percont. Average the three acceptable

8sllues of ;iercent CO and report the results to the nearest
.1 percent,

4.27 After the analysls iz completed, leak-chook

{mandatory) the Orsat analyzer once again, as desaribed

in Beation 5. For Lhe results of the analysis to be valid, the

Orast anal must pass this leak test before and after

the mwﬁ.uﬁm: Although in most instances only CO,

or Oy is required, it is recomnended that hoth ng and

O3 be measured, and that Cliation 5 in the Bibliography

be used to validate the analytical data. -
4.3 Multi-Point, Integrated Bampling and Analytienl

ure,

4.21 Both the minbnum number of sanpling poinis
and the eampling point location shall be as specified in
Beotion 3.8.1 of this method. The use of fewer points than
specified je sabject to the approval of the Administrator.

4.3.2 Follow the procedures ontlined in Sections 4,2,2
through 4.2.7, except for the following: Traverge all
enmpling points and sample al each point for an equal
lalalglh time. Record sampling date as shown jn Figure
3-3. . :

5. Leak-Cheek Procedure for Orsal Analyzers

Moving an Oreat, analyzer Irequently eauses it to leak,
h , &0 Orsat yzer should be thoroughly leak-
ehecked on site before the flue gas sample is introduced
into it. The pracedure for leak-checking an Orsat analyzer

I8

5.1.1 Bring tha liquid level in each plgette up to the
relerence mark on the capillary tubing and then close the
pigette stopeock. :

.1.2 Raise the leveling bulb suiliciently to bring the
eonfining liquid meniscus onto the graduated portion of
the burette and then close the manifold stopeock.

5.1.2 Record the menlscus position,

5.1.4 Observe the meniseus in the buretle and the
)] mwvel in the pipette for movement over the next 4
minu! e

5.1.5 For the Orgat analyzer 10 pass the leak-check,
two conditions must be met.

5.1.5,1 The Hquid level in each pipette must not fall
below the boitom of the capillaiy tubing during this
4-mninuteinterval.

5.1.5.2 The menizeus in the burette must not echange
by more than 0.2 mi duﬂnﬁ this 4-minnteintarval,

5.1.4 1If the analyeer fails the leak-check procedure, all
rubber conneotions and stopeocks should be cheoked
until the causs of the leak s identified. Leaking stopooeim
must be dlsasserabled, cleaned, an: . ng
rubber connections must be replaced. After the analyser
18 reassembled, the leak-check procedure must be

_repeated. |
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M= Dry molecular welght, g/g-mole (Ib/lb-mole),
i eXcess alr.
%% COymParcent COy by volume (|

basis),
Oy= P t O3 by volame ( drgnsia).
'77 ¢ drgry basig)

O = Parcant CO {y volume
%Nsm= Pargant Nj by volume (

.204= Ratio of O3 to N1in alr, v/v.
0.280=M lar weight of Ny or CO, divided by 100,
0.320=2 M lar weight of Oy divided by 100,
0.440=M Iar welght of CO; divided by 100.

6.2 Porcent Excess Air, Calculate the percent excess
afr (I applicable), gy substituting the appropriata
values of percent O3, CO,and N (obtained from Bection
4,1.9 or 4.2.4) into Equation 3-1.

. 7,05 0.5%C0 ]
%I‘A“[o.m TN, (6,0,— 0.5 500) | 190

Equation 3-1

NoTte.—The equation ahove assmnes that ambient
air is used as the source of Oz and that the fuel does ot
contain appreciable amounts of Ny (83 do coke oven or
blast farnace Ngnses). For those cases when appreeiable
amounts of Ni are present (eoal, oil, and natural gas
do not contain appreciable amounts of Ni) or when
oxygen enrichment s used, alternate methods, subject
to Approval of the Adminisitator, are required.

64 Dry Molecular Weight. Use Equation 3-2 to

leulate the dry lecular weight of the stack gas
Mi=0440(T5CO02) +0.820(9202)-+0.280(% N 1+ 9:CO)
. Equation 3-2

" Note.—The above equation does not ¢onsider argon
in air (about 0.9 percent, molecular weight of 37.7).
A negative error of about 0.4 percent is introduced.
The tester may opt to include argon in the analyals using

mres subject to appro of the Administrator.
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ihan (a) 0.3 percent by volume when O; s less than 15,0
percent or (b) 0.2 percent by volume when Qs s

than 15.0 percent. Average the thres aceeptable of
pemn: + and report the resnlts to the nearest 0.1
percent. .

4.2.6.3 For percent CO, ropeat the analyileal gmea-
dure until the remulta of any three analyses differ by no
more than 0.3 percont. Average the three meceptable
'\Jn}lw of %omam CO and repurt the results to the nearest

.1 percent,

4,27 After the analysis is completed, leak-cheok
(mandatory) the Orsat analyzer once again, as described
in Bectloii b. For the rezuits of the analysis to be valid, the
Orsat analyzer must this leak test before and after
the analysis. Note: Although in most instances only C0O,
or 01 is required, it 1s recornmended that both CO; and
O3 be meazured, and that Cliation 5 in the Bibliography
be nsed to validate the analytical data. )

4.3 Multi-Point, Integrated Bampling and Analyileal

ure.

4.2.1 Both the miniimum number of sampling pointa
and the sarpling point location shall be as epecified in
Bection 3.3.1 of thiz method. The use of fewer polnts than
epecified is sabject to the approval of the Administrator,

4.8.2 Follow the procedures outlined in Sections 4.2,2
through 4.2.7, emeé)t for the rollowin{z:t Traverse all

T

sampli ints and sample at each point for an equal
%m:;gth ‘;?t e. Record sampling dala as shown In F‘:gm'e

5. Leak-Check Procedure for Orsat Analyzers

Moving an Orsat analyzer frequently causes it to leak,
‘Therelore, an Orsat enalyzer should be thoroyghly leak-
ehecked on site before the flue gas sample is introduced
g:to it. The procedure for leak-checking an Orsat analyzer

5.1.1 Briog the liquid level in each pipette up to the
reference mark on the capillaty tubing and then close the
pipette stopecock,

5.1.2 Raise the levellng bulb sufllciently to bring the
fining liquid i onto the %Muated portion of

the burette and then close the nianifold stopuock.

5.1.3 Record the menlseus position,

5.1.4 Observe the meniscus in the bureite and the

lkluldhlgvel in the pipette for movement over the next 4

mlnutes,

5.1.5 For the Oreat analyzer Lo pass the leak-check,
two conditions must be met,

5,1.5.1 The lquid level in each pipette must not fall
below the boltom of the capillary tubing during this
4-minuteintarval,

5.1.5.2 The menjzcus in the burette must not change
by more than 0,2 yal during this 4-minuateinterval,

5.1.0 If the analyzer falls the leak-check procedure, all
rubbar connections and stopeooks should be eh
until the canae of the leak Is identified. Leaking stopoocks
mnst be disazsembled, ¢leaned, and MW Leaking
rubber connectione must be mp'laced. After the analyzer
18 reassembled, the lesk-check procedure must be

_repeated, |
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0. Caleulations

0.1 Nomenclature.

" Mgy=Dry molecular weight, g/g-mole (Ib/lb-mole).
%EA = Percent exoess air.
¢ent COy by volume (

%m- it By voiame ary bt

=
o)
S
i

= Farcel 'y 1} 8),
arcant N3 by volurme ( basis).
204 = Ratlo of Oz to N In alr, v/v.
0.280=Molecular welght of Nz or CO, dgvi(llgg by 100,
4 y

Zo
i

welght of Oy divided ,
0.440m= ar weight of CO:z divided by 100,

6.2 Percent Excess Air. Caleulate the percent excess
eir (I applicable), by substituting the appropriate
values of percent Oz, CO,and N3 (obtalned from Seetion
4,18 or 4.2.4) into Equation 3-1.

_— %0,—0.5%C0
%I‘A*[o.m % N3 (%0,— 0.5 5%G0) ] 100
Equation 3-1

NoTe.—The equalion above assumes that ambient
air i3 used ag the source of Oz and that the fuel does not
contaln appreciable amounta of Ny (as do coke oven or
blast furnace gases), For those cases when appreciable
amounts of Ny are prasent (coal, oil, and natural gas
do not contaln appreciable amounts of Ny) or when
oxygen enrichment Is used, alternate methods, subject
w agproval of the Administrator, are required.

6.3 Dry Molecular Weight. Use Equation 3-2 to

lculate the dry lecular weight of the stack gas

Ma=0.440(75C02) 1+0.820(%0:) +0.280(% N1+ % CO)

Eguation 3-2

NoTte.—The gbove equetion does not consider argon
in air (about 0.9 percent, moleoular weight of 37.7).
A negative error of about 0.4 percent is introduced.
The tester may opt to include argon in the analysis using
procedures subject to approval of the Administrator,
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METHOD 4—-DETERMINATION OF MowTure CONTENT
N Brack (asks .

1. Principle and Applicability

1.1 Prineiple. A gas sample is axtrasted at a constant
rate from Uhe soureo; molsture is removed from the sam-
ple stream and determined either volumetrically or
gravimetrically,

1.2 Applieability, This method i3 applicable for
determining the moisture content, of siack gaa

Two proceduces are given. The first i a reference
method, for aceurate determinations of motsture content
(seh us are needed Lo eaiculate emlssion dsta). The
seeond ls an epproximation method, which provides
estimntes of poreent moistore to aid in setting isokinetic
sampliug vates prior to a pollutant eniission measure-
nient rin, The approximation method described berein
is only a mggested approach; allernalive means for
-.1pproximntm% the moisture content, o.g., drying tubes,
wrt bulb-dry bulb teeliniques, eondenisation tochniguoes,
stolehiometric caleulations, previous experionce, ete.,
aro also aceeptable. .

The reference method it often conducted simultane-
ously with a Pollulmn riiission measurement run; when
1115, ealenlation of percent isokinatic, pollutant emission
1ute, ete., for the run shall be Lased upon the results of
the referenee molhod or jts equivalent; thess ealoulations
shell not be hased upon the results ol Lhe approzimation
muethod, unless the approximation method js shown, to
thie sutisfaction of the Administrator, U.8. Environmen-
tal I'rotection Ageney, 10 be capable of yielding results
within 1 prreent 20 of Lhe reference meihod.

NoTE~The refereice method may yield anestionable
results when applied to saturated ges streams or to
streans that contain water drog..ts, Therefore, when
these conditions exist or are suspected, a second deter-
mination of (he moistire content ghall be made simnl-
taneotisly with the reference tnelhod, as follows: Assime
that the gas stream is saturated. Aftach a temperature
aensor [capable of measuring 40 =1° C (2° F)| to the
reference method probe. Measure the stack gas tempera-
ture at each traverse point (sve Baction 2.2.1) during the
referonce method traverse: calculate the average stack
gas temperaiire, Next, determine the moist t,

“the ti

2. Reference Method -

The procedure described in Me! termining
maoisture content ks aeee%blie uMﬁ method,

21 A tus. A BAm| train
used in %ﬁi. reference methndclsogh:h:n n 311'&“'&5 41,
All components shall be maintained and calibrated
according to the proeedure outlined in Mathod 5.

21.1 Probe. The probe {3 constructed of stainless
steal or glass tublog, sufficlently beated to prevent
water condensation, and is equip, with a filter, oither
in-stack (e.g., 8 plug of glass wool inserted into the end
of thwmbe) or heated out-stack (e.g., a3 deseribed in
Method 5), to remove particulate matier,

When stack conditions permit, other metals or plastio
tubing may be used for the probe, subject to the approval
of the Administrator,

2,1.2 Condenser. The condenser consists of foor
lrnpingers econnected in series with ground glass, leak-
fres ﬁttin’gs ot any almilarly leak-free non-contaminating
fitlinga. ‘The first, third, and fourth impingers shall be
of the Greenburg-Smith design, modified by replacing
with a 1.3 centimeter (}i Ineh) IT) glass tube
extepding to about 1,3 em (34 in.) from the boliom of
tha flask, The second Impinger ahall be of the Greenburg-
Bmith design with the standard tip, Modificatlons (e,g.,
nsing flexible connections between the Impingers, bging
materisls other than gless, or uzing flexible vacuum lines
to eonnect the filtor holder 1o the condenser) may be
used, snbject to the epproval of the Administrator.

The first two implngers shall contain known volumes
of waler, the third shall be empty, and the fourih shall
contain 8 known weight of 8 to 16-mesh indicating t
silica gel, or equivalent desiocsnt. If the siliea pel hes
besn proviously used, dry at 175° C (350° F) for 2 hounrs,
New silica gol may be uscd as received. A thermometer,
eapable of measuring Lemperature to within 1° C (2° F),
shall be placed at Lhe oullet of the fourth hinpinger, for
monjtoring purposes,

Alternatively, any system may be used (subject to
the approval of the Admlinistrator) that cools the sample
gas siream snd allows neasursment of bolh the water
that has been condensed and the molsture leaving the

age, either by: (1) using g psychrometric chart and
making appropriate corrections if stack pressure is
dilferent from that of the chart, or (2) uzing saturation
vapor pressure tables. 1n cases where the gbychrometﬂc
chart or the saturation vapor pressure thbles are not
applicable (basad on evaluation of the process), alternate
wgglﬁ\%ds, sn:ibjeet 1o the approval of the Administrator,
8 e used.

FILTER
(EITHER IN STACK
OR OUT OF STACK)

“are to e the

, each to within 1 ml or 1 g. Acceptable means

d d water, elther gravi-
metrically or volumetrically, and to measure the mois-
ture leaving the condenssr by: (1) monlmrhf the
temnperature and pressure at the exit of the condenser
and using Dalton’s law of partial presmares, or (2) peasing

. be used, subject to the approval o

the sample gas stream t-hlv‘#h » tared sillca gel (o
oivalent desicoant , With exit kept below
e 1 ad ot roning the welght gain.

1t means other than silica gel are used to determine the
amount of moisture leaving the eondenser, it is recom-
mended that silica gel (or equivalent) otil] be used be-
tween the condenser aystem and pump, to prevent
moisture condensation in the pump and metering
devices and to avoid the need to @ corrections for
moisture in the metered volume.

2.1.3 Cooling Bystem. An ice bath container and
ernshed lee (or equivalent) are used to aid in condensing
moisture,

214 Metu{in ?yqtem. 'l.‘mgl system {ncludes ?’ I“c;
uum gauge, leak-fred pump, thermometears capable o
meuugring iemperatum o within 3 C (5.4° F), dry gus
meter capable of measuring volume to within 2 pereent,
angd related equipment as shown in Figure 4-1. Other
metering systems, eapable ol maintaining a eonstant
sampling rate and determining samPle gas volume, may

tha Administrator.

2,1.5 PBarometer. Mercury, anerold, or other barom-
eler capable of measuring atmospheric pressure to within
2.5 mm Hg (0.1 in. Hg) may be used. In many cases, the
barometric reading may obtained from a ncarby
national weather service atation, in which ense the sta-
tion value (which i3 the absolute barometric pressure)
shall be requested and an adjustment for clevation
differences between the weather station and the sam-

iing print shall be applled at s rate of minns 2.6 mm 1ig
?o.ﬁn. Hg) per 30 m (100 It) elevation increass or vice
versa for elevation decrease,

21,6 Graduated Cylinder andfor DBalance, These
Item3 are used to meastre condensed water and moixture
eaught In the silica gel to within 1 ml or 0.5 g. Graduated
eylinders shall have subdivisions no greater than 2 ml,
Moat laboratory balances are capable of weighing to the
nearest 0.5 g or less, These balances are suitable lor
use hera.

2.2 Procedure. The following procedure is written for
a condenser system (such as the impinger system de-

serfbed in SBeotion 2.1.2) Incorporatlug volumetric analy-
sis to the condensed moisture, and silica gel and
gtavimetrio analysis to measure the moisture leaving the
condenser,

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

ORIFICE

THERMOMETERS

VACUUM
GAUGE

BY-PASS VALVE

DRY GAS .
METER

(e
o
S,

MAIN VALVE

AIR-TIGHT
PUMP

Figure 4-1. Moisture sampling train-reference method.
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2.2,1 Unless otherwise specifisd by the Administrator,
a minlmum of eight traverse points shall be used for
circular stacks having diameters less than 0.61 m (24 In.),
a minimum of nine points shall be used for reel
stacks having equivalent diameters less than 0.61 m
(24 in,). and a minimum ol twelve travers polnts shall

be simultaneous with, and for the same total langth of

time a5, the pollutant emiaslon rate ron, unl
speetfied {n an aﬁ?ueab'le subpart of the standards,

2.2.3 8et up the mmpling tral)
4-1. Turn on the probe heater and (if ap ble) the
filter heating system to ternperattires of ut h )

ever sampling i» halted. Taks other appropriate
Muchs:mpls t._ltmmdur%l:mh

225 To begin ssmpling, position the probo tip at the
firzt traverss polnt. Imm y m pmgp and
adjust the flow to the desired rate. Traverse the cross

be used in all other cases. The traverse points shall be F), to prevent water condensation ahead of the i

located sccording io Mothod 1. Tho to of fower points  eondenséc; llow time for to temperatures to stabile: Jongih of time. A0 o los ang. I pocessars s o
s ghjecl to the approval of the Administrator. Select a en e fee container, eI o B
suidabio probe and probo longth such that all traverss  mended, but not required, that & 1k Shetk e done & ZAIntaln 8 tempersture of less tha 20° C (68° ) at the

points ¢an be sampled, Conslder sampling from-opposite
sides of tho stack (four total sampling ports) lor large
stacks. 10 pernit use of shorter probe lengths, Mark the
probe with heat resistant tape or by some other method
Lo denote the proper disthnee Into the stack or duct for
each sampling point. Place known volumes of water in
the lirat two Impingars, Weigh and record the welght of
the slliea gel to the nearest 0.5 g, and transfer the silica
gel to the fourth impinger; alternatively, the siliea gel
may (irst bo transferred to Lthe impinger, and the weight
of the sillea gel plus impinger recorded.

2.2.2 Select a total sampling timo such that & mini-
muin total gas volume of 0.60 scm (21 scf) will be col-

follows: Disconneet the probe from the first impinge or

(ifapplicable) from the filter holder. Plug the inlet to the
first implinget (or filter holdet) and pull & 380 mm (15 in.)
Hg ; & lower vac! may be usad, provided that
il 15 not exceeded during the test, A leaknge rate in
€X0eas of 4 percent of the average sampling rate or 0.00057
mi/min (0,02 efm), whichever s less, is unacceptabls,
Following the! eak check, reconnect the probe to the

sam llnﬁ)tmin.

2.2.4 During the sampling run, maintain & sampling
rate within 10 percent of constant rate, or as specified by
the Administrator. For each run, record the data re-

2,26 After collecting the sample, disconnect the probe
from the filter holder (or from the first impinger) and con-
duct a leak chock (mandsbory) as deseribed in Bection

2.2.3. Record the leak mte. If the leakage rato exceeds the
sllownble-rate, the tester shall either reject the test ro-
sults or shall correct the sample volume as in Section 6.3
of Method 5, Next, measure the volume of the moisture

to the t ml. Determine the Increase in
weight of the snllcgl%el (or silica gel plus impinger) to the
nearest 0.5 g. Record this information (see example data
shest, F'%?h” 4-3) and caleulato the molsture percentago,
29 deseri! in 2.3 below .

lected, at a rate no greater than 0.021 m¥min (0,75 eﬂn& uired on the example dats sheet shown {n Figure 4-2, 2.3 Caloulations, Carry out the following ralculations
" i tont and Dol arnissio ¢ sure to record the dry gas meter reading at the begin- retaining st least one extra decimal figure by d that of
m‘“;g m‘ﬁmﬁi‘#:d‘ﬂ‘he %:ﬁtu‘:gld%m,m“gm ning and end of each mm;ﬁing time increment and when- &hﬂ:‘ enquired dats, Round off fgures atter fual caltile
PLANT,
# DCATION,
OPERATOR
DATE
RUN NO
AMBIENT TEMPERATURE _
BAROMETRIC PRESSURE
PROBE LENGTH m(ft)
SCHEMATIC OF STACK CROSS SECTION
PRESSURE TEMPERATURE
IIFFERENTIAL METER GAS SAMPLE TEMPERATURE ‘OF GAS
ACROSS READING AT DRY GAS METER LEAVING
SANPLING STACK ORIFICEMETER | GAS SAMPLE CONDENSER OR
TRAVERSE POINT TIME TEMPERATURE (8N), VOLUME Ay INLET OUTLEY LAST IMMINGER,
NUMBER {0), min. % (%) wm(in) Ho0 m {h3) wdith) | (Tmp), % (OF) | (Torguy), °C R ¢ {%F)
"»—‘q: ——— —— e m——
TOTAL ' . [T Av. .
AVERAGE Aw..
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Figure 4-2. Field moisture determination-reference method.
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BPINGER 1CA aRL
VOLUME, WEIGHT,
wml L]
FINAL
INITIAL
DIFFERENCE

Figute 4-3, Analytical data - reference method.

2.3.1 _Nomenclature.
B..aPmportlnn of water vapor, by vohume, in

Stream,
Mw=Molecu.lar weight of water, 18.0 g/g-mole
(18.0 1b/1b-mm10] %
FPa=Absolute pressure (for this method, same
as hmmemglpressure) at the dry gas meter,
mm H; gl
I’...=Btandar abzolute pressure, 760 mm Hg
(29.92 in. Hg)
R=1deal gas eonmm 0.06236 (mm Hg) (m’)l
(g-mole (°K) for metrie units and 21.85 (in
g) (ft )/(b=mole) (° z for English lmlts
T'w=Absolute tempera urea meter, (‘B?
T.u—?&gdﬁrd absolute temperature, E

Va=Dry gas volume measured by dry gas meter,

dom (def),
AVa.=Incremental dry gas volume measured by
d&‘y gas meter at each traverse point, dem

Vatata)= gas volume measured by the gas
" r&r corvected to standard conditions,

V...(...;-*Volume of water vapor condensed correctad
standard conditions, om ﬁ sef).

Veiiaa) =Volnmo of water vapor collested In ailica
| corrected to standard conditions, sem

(
V,=Finsl volume of pondenser water, ml.
Vi=Inltial volume, If any, of condenser water

W,wtllfli‘nal weight of ellica gel or silies gel plus
Wi=I
imping

V=Dry gas metar calibrotion factor.

P..-Demﬁty of water, 0.9082 g/ml] (0.002201
2,3.2 Volume ot waler vapor condensed.
(Vi—Vi)puRTyu

atd:

=K\ (Vy—V,)

weigght of slllca gel ot gilica gel plusy

----.-

Vaewn=

Equation 4-1
where:
K)=0,001833 m*ml for metric units

=0,04707 1t*/ml for English units
238 Velume of water vapor collected In allica gel,

(Wi—W)RTwa
PndM-

=Ky(W,—W.)

un(nd) =

Equation 4-2
where:
K1=0,001838 m3/g for metrio units
=(),04718 mlg English units
334 Bample gas yolume,

HEATED PROBE

FILTER

SILICA GEL TUBE

(GLASS WOOL)

ICE BATH

(Paa)(Tw)
VulPuw
Tn

Vo= VoY (£nl{Toa)

=K;Y

Equatlon 4-3
where:
Kv=0.8888 °E/mm Hg for metric units
=17.64 °Rfin. Hg for English units

Not.—1! the guat-ﬁest leak rate (Section 2.2.6 ex-
le mite, eorrect the value of
Equation 4-3, as described In Section 6.3 of Method 6
.3.5 Moisture Content.

Vwc (atd) + Vu-u {mtd)
Vmc (atd) + Vu'u (std) +Vlu (atd)
Eguation 4-4

Norte.—In saturated or moisture droplet-laden
streams, iwo caleulatlons of the moisture content of
stack shall be made, one using & value based upon
the saturated conditions (see Bection 1. 2). and another
based upon the resulta of the impinger analyuis. The
!r:xer of lhese two values of By, shall be const ered cor-

2.3.6 Verification of constany sam
time Increment, determine the A

Bu'nz

gllng rate. For each

Caleiilate  the
average, If the value for any time increment differs from .
the average by more than 10 percent, teject the résults
and repeat the run,

3. Approzimation Method

The approximation method deseribed below is pre-
seghled only asa suggmted method (see Section 1.2).
a1l lgrbbe Stainless steel or glass tubing, sufficientl;
hy to prevent water condensation and equi]
with & ﬂltar either in-gtack or heated out-stack) to re-

move parti matter, A plng of glass wool, inserted
into the end of the probe, fas ter,
312 Imy . Two mldget impingers, each with

80 ml ¢8| t.
?ac Byath ﬁontatner and ice, to aid in eondeus-
hlg momture in impingers.

2.1.4 Drying Tube. Tube packed with new or re-

generated 6- to l6-mesh jndloazlng-t,yf:e silica gel (or
equivalent desiccant), to dry the sample gas and to pro-
tect the meter and pump,

3.1.56 Valve. Needls valve, to regulate the sample gas
flow rate.

3.1.8 Pump. Lesk-free, diaphragm type, or equiva-
lent, to pull the gas sam fo through the train,

3.1.7 Volumne meter, Dry gas moter, suﬂimently as-
curate to measure the eample volume within 27%,
calibrated over the range of flow rates and conditions
aotually encountered during sampling.

3.1.8 Ragewl\sd?m (Rt?ot?ﬂlft?r )to measure the flow
range from pm (0 cfm

8.1.9 Graduated O

21,10  Barometer, Meroury, aneroid, or other barom-
eter, ag deacribed in Beotion 2.1.5 nbove

3.1.11 Vacnum . At least mm Hg (80 in.
Bg)zgauge, to be used for the mmpllng leuk cheek.

3.8.1 Phoe eﬁ\eﬂy 5 mil distilled water in each im.

the 8] tua wlmout the yrobe as
B 1 Figute b4, Look sheek vae ain by, saaots s
vnounm gange at t‘l)l‘e inlet to ﬂnt im mer ng)d

st one minote. Capefoll the vacvmm gaoge
Ibefore nnplugging the muu!ma end. :

RATE METER

MIDGET IMPINGERS

Figure 4-4. Moisture-sampling train - approx'mauon method
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LOCATION

TEST

DATE

OPERATOR

BAROMETRIC PRESSURE

COMMENTS

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

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

322 Connect the probs, nsert it into the stack, and
mmpleutammtmudzlpmto.mmm. o
sampiing until the da Biga.s meter registers abont 30
lilers (1.1 fi%) or until le liquid dropleta are carrled
over from the first impinger to the second, Record
temparaiure, Pm:sure. and dry gas meter readings as
required by Figure 4-5. :

3,22 After eollecting the sample, combine the con-
tents of ithe two Impingers and meamre Lhie volume to the

egrest 0.5 ml
3.3 Caleulations. The caleulation method presented is
designed to estimate the moisture in ihe slack gas;
therefore, other date, which are anly necessary for me-
corate moistare determinations, are not collected. The
following equations adequaiely estimate the moisture
eontent, for the purpose of determining isokinetic sam-
pling rate settings,
3.3,1 Nomenclature.
Bym=Approzimate proportion, by volume, of

water vapor In ihe gas stream leaving the.

second impinger, 0.025. 3
B .=Water vapor In ihe gas stream, proportion by
‘yolume.
Mo=Molecular weight of water, 18,0 g/g-mole
(18.0 'b/Ib-mole) .
Pa=Absolnte pressure (for this method, same &9
barometric pressure) at the dry gas meter.
P.a=8tandard absolute pressure, 760 mm Hg
20,02 In. Hg).
=Jdeal gas constant, 0.06238 (mm Hg) (zml)l
(g-mole) (°K) for metric units and 21.85
(mi. Hg) (W9 /Ib-mole) (°B) o English

units,
Tw=Abzalute temperature at meter, °K (°R)
Tyi=Btandard sbsolute temperature, 203° E
528° R)
volume of impinger contents, ml,

Vi
V‘—Init.ial vohiume of impinger contents, ml.
Va=Dry gas volume messured by dry gas meter,

ef).
swdy=1» vol measared by dry gas meter,
Vatua) W‘ﬁ tgm :ta.nda.rd eolyld.l i , dsom

dsef).
V--(m)-(vggnm of water vapor condensad, corrected
to standard conditlons, sem (acf).
o4 Density of water, 0.9982 g/m! (0 11b/ml),
5.3.2 Volume of waler vapor collected. |
!_Vf - V‘) PwRTnd
P, atd M -

=K, (Vy—-V3)

we™=

Equation 4-5

where:
K;=0.001333'm¥ml for metric unils
={.04707 f13/ml for English umits,

3838 Gas volume,

= £2) (32)

Equation 46

where:
Ha=0.3858 °K/mm Hg lor metric uniis
=17.64 °R/in. Hg for Englich units

3.3.4 Approximate moisture content.

Ve
.sza"'Vm(lhi)-l- Bw-
Ve

Vit Vo +(0.025)
Equation 4-7

Bw

4: Calibretion

41 For the relerence method, calibrate ogulpment )
specified in the following sections of Mcthod 5: Eection 5,3
(metering. system); Bectlon 5.5 (lemperature ganges);
and Section 5.7 (barometer). The rceommendg;;l 3
check of the metering system (Section 5.6 of Method 5)
alsp applies to the reference method, For the appro:

iion method,"zse the procedures outlined in Bection 5.1.1
of Method 6 to calibrate the metering system, and the
grpuedura of Method 5, Bection 5.7 to calibrate the

arometer.
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METHOD E—DETERMINATION OF PARTICULATE EMissions
Frou BTatlONARY SBOURGEA |

1. Principle and Applicability

L1 Principle. Particulate matter is withdrawn jso-
kinetically frum the source and collested opn u glam
fiber filter malntained at a t.amgemtu.re in the range of
1M14e 0 (248+25° F) or such other tempevature as
Xllmhle subpart of the standards or
approved by the Administrator, U.8. Environmental
Protocti a8 ular application. The
particnlate mass, which includes any material that
condences 8t or above the filtration temperature, is
dc;tgrmmed gravimetrically after removal of uncombined
waler, .

1.2 Applleability. This mothod is a
determination of patticulate emissions
SOUrees.

icable for the
m statlonary

2. Apparalus

2.1 Samrling. Trajn. A schematic of the sampling
119in used in this methed is shown in Figure 5-1. (!om-
vlete eonstruction details are given fn APTD-(581
(Cliation. 2 in Bection 7); eommerclsl models of this
truln are also available, For changes from APTD-0581
and fur_allowable modifications of the train shown in
Figure 31, see the followlng subsections.

The operating and mmaintenance procedures for the
ranpling troin are described in APT D-0578 (Citation 3
in Seetion 7). 8ince porreot wssgn is n;&?)oﬂam in obtain-
ing valid results, all users should APTD-0576 and
#dopt the operating and malntenance procedures out-
lined in It, unless otherwise specified hercin, The sam.
pling tr=in consists of the Jollawing componeats:

21,1 Probs Nozsls, Stainless steel (318) or glass with
The angle of taper

be <30° and the be on the outalds to preserv
on the ou ®
Int. t ble nozzie

atlables; o.2., 0.32 to 1.27 o L)—
I ls, &.8. i em (34 to 14 )__

if higher volume are

dismeter (1D) porzles In inerements of 0.16 ¢m
shall be caljibrated according to
g procedures outlined In Bectlon 5.
2.1.2 Probe Liner. Borogilicate or quartz glass tubing
with & heating syatem capable of maintaining a gas tem-
ture at the exit end during sampling of 120L14°
{2485:28" F), or guch other temperature as apecified by
an applicabls subpart of the standards or approved by
the Administrator for a particular application. (The
tester may o?‘t to operate the squipment at a tem peratilre
lower than that specified.) Bince the actual temperatire
at the outlet of the probe ie not usually monitored d

to APTD-058]
ng the calibration curves of APTD-0576 (or
oalibrated acoor to the procedure outlined in
A PTN-W78) will ba congidared anrantablé,

3

%‘tsp with 1.3 em (3% in.)
"

‘LEII'EMTURE SENSOR

mumm uaadﬂ:'pw t‘llr?betm E!)l
d 900® O (900 and 1,850° F). Bol

|
8
8
g
1
[
<

q f
raetal Liners (o, 816 stalnless steal, Incoloy 825, or oLhat
corrosion resistant metals) made of peamless tui:lng may
be used, subjeci to the ap%toval of the A .
uz.l.s Pltéol ‘Tube, , 85 deser

g

5-1%00 allow constant monito!
ty The impect (high preszure)
phn&oél::thlipltot m&:%ﬂ be ﬁ""’h or sboze the
nogz p thod iguare 2-6bl) nring
sAm)| . The Type B pitot tube assambl: ) ha

ﬂﬁ;.u:%omm. detarmined &s outlined In Seotion 4 of

—io the approval of the Admintstrator. The first and

[} shall contaln known quantitles of
'-“6:“( = m.a).themrdshdlhemml{.opdthe
fourth shall contaln & known weight of siliea gel, or
equivalent deslecant, A thermometer, of m

ing temnperature to within 1* C (2° ¥) shall be
at the outlet of the fourth impinger for monitoring
%my,mymmmmm gas
stream and allows meamurement of the water Mns';lm
T or T b m'%um” ot to thie yoal'of the
or 1 g may ; SpPPro
Administrater. means #re (0 measure the
condensed water either gravimetrically or volumetrically
and to measure the leaving the condenser by:
(1) monitoring the tem ure and pressure ai the
exlt of the condenser and using Dalton’s law of
3 ng the sa.m'?le gas stream h
{or equivalemt desiceant) trap with
below 20° C (68" ¥) snd determining
the weight gain.
If means other than silica gel are used to determine

the amount of molsture leaving the condenser, It is
ded that sillea gel (or equivalent) still be

21,4 Difterentia, Pressure Gauge. Inclined
eter or squivalsnt dev ¢y (two), a8 wacribed in SBection
220f 2, One manomater s'ml] be uied .or velocity
orifice differsntio

head (Ap) readings, snd the other, ior
preasare readings.

21,5 Fliter Holder, Borosilleats ghu, with a glass
frit filter support and a silicone rubber
materials of ¢

.

Viton) may be used.q subjeot mmm of \be Kﬁ'
ministrator, The bolder design provide a positive
seal againat | @ wrom the outalde of around the filter,
The holder shall be sttached immedlataly at the outlet
of the probe (or cyclone, 1f used).

2.1.6 PFiltar Heatlng Bystem. Any heatlng system
eapable of malntalning a tem ure around the Alter

der during smpling 0. 1 14° C (248-:2%° F), or
such other mmegemtm a3 specified by an axplleable
subpart of the standards or approved by the Adminis-
trator for a particular aﬁplleaﬂon. Alternatively, the
Lester may o&m operate the equipment & s tem perature
lower than t specified. A temﬁemtum gauge capable
of measuring tesnperaturs to within 3° C (5.4° ¥) shall
be Installed so that the tempersture around the Blter
holder ean be regulated and monitored during samapling.
Hesting systems other than the one shown in APTD~
0581 may _be ured™™

2,1.7 Condenger. The following system shall be u
to determine the stack gas moisture content: F;Qg
implngers connected in series with leak-ree ground
glass fitiings or any similar leak-free non-contaminating
fAttings. The first, third, and fourth impingers <hall be
of the Qreenburg-8mith deslgn, modifled by replacing
D glass wube extending to
it 1.2 cin (44 In.) from the bottom of the Aask. The

, .second impinger shall bé of the Qreenburg-Smith design

with the standard tip. Modifications (e.g., using flexible
copnections betwedn th‘g iEmngem. using mnl.eria!."s

. other than glass, or uslng Wpes to
_the filter holder to.the condensar) may be used, subledt

1}

used between the condenser system snd pump to prevent
moisture condensation In the pamp and metering devices
and to avold the need to make sorrections for molsture In
the metered volume.

NortE.—Il a determination of the particulate matter
eoflected in the implingers 13 desired [n addition Lo mois-
ture content, the Lmpinger system described above shall
be used, without modification, Individua, States or
control agencies requiring this informatlon shall be
contaoted as to the sample recovery and analysls of the
Impinger contenta.

218 Metering System. Vaouum gaunge, leak-Tree
pump, thermometers capable of measuring tempsrature
Lowithin 3° C (5.4° F), dry gas metercapable of measuring
volume to within 2 percent, and relaled equipment, aa
shown [n Figure 5-1. Other meterlog systems capable of
tmaintaining sempling rates within 10 percent of iso-
klnetic and of de Inlng sample volume» 1o withln 2
percent may be used, subject to the approval of the
Admlnlstrator. When the metering system is vused in
conjunctlon with a pitet tube, the system shall enable
checks ol lsokinetle rates. )

_Bampling trainsutillzing metering systems designed for
hlgher flow rates than that deseribed in APT D-058) or
APTD-0576 may be used provided that the specifica-
tions o. Lhls method are met.

21,9 Barometer, Meroury, anerold, or other barometer
eag:alyle of measurlnﬁ atmospheric pressute to within
2.5 mim Hg (0.1 In, Hg). In many cases, thé barometrlo
raading may be obtained from a nearby national wea

viee slation, In which case the station value (which is

¢ Mention o trade nares or epecific products does not
ﬁsumm endorsement by the ¥nvironmenial Protec-

IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
BY AN EQUIVALENT CONDENSER

Figure 5 1. Particulate-sampling train,
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O
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DRY GAS METER AIR-TIGHT
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the ahsolute barometrie pressl.lre) chall be reqnested and
an adjustment for elevation erennesbetwoenth
weather station and samg lelng polnt shall be applied
rate of minus 2.5 mm (0.1 in. Hg) per 30 m (100 l‘l‘.)
elevation increase or vlue vem l‘or elevation decrease,

1,10 QGas Density
‘Temperature sensor an gz
in Becilons 2.3 and 2.4 of Method 2, g8s

M neceszary, as deseribed in Method 3. 'rhe tom|
RONSOr shall preferably, be germnemly attached to
the pitot tube or sampling probe in a fixed configuration,
such that the tip of the sensor extends begond the:

_edpe of the probe sheath and does not touch any metal,
Alternatively, the sensor mey be ai just prior
to usein the field, Nate, however, thst if the temperature
sensor 15 sttached In the field, the sensor must be galaeed
In an interference-free ammgemen with reslgect
Type B pitot tube openings (see Method 2, Figure 2-7).
As o second alternative, if & differencs of not more than
1 percent in the averago velocity measurement 1s to bhe
iniroduced, the tempera &a‘u ge need not be attached
to the probe ar lt.ot tube. (This alternative is subject
to the approval of the Administrator.)

3,3 dsample Recovery., The following items are
neede

221 Probe-Liner and Probe-Nozzle Brushes. Nylon
bristle hrushes with sininless steel wire handles, The
probe brush shall have extensions (at least as long as
the probe) of stainless steel, Nylon, Teflon, or shmlm'ly
inert material. The brushes shall be properly sized and
shaped to brush out the probe liner apd nozzle.

2.2.2 Wash Bottl 0. Glass wash
recommended; polyeth; ylene wash bottles may be usad
at the option of the tester, It is recommended that aeetone
not lt:g stored in polyethylene bottles for longer than a
month,

2923 Qlasz Sample Storage Containers, Chemically
resistant, borosilicate glass bottles, for acetone washes,
500 m] or 1000 m). Berew cap liners ahall either be rubber-
backed Tetlon or shall be constructed =o a3 to be leak-free
and resistant to chemical attack by acetone. (Narrow
motth glass bottles have heen found to be less prone to
leakage.) Alternatively, polyethylene bottles may be

us
2.2.4 Petri Dishes. For filter sam| les. glass or
i(;l.tl:yt;l:rrm, unless otherwise & d‘:l’ln

2.2,5 Qraduated Cylinder and/or lealwe To measy
nre condensed water to within 1 ml or 1 g. Gradusted
eylinders shall have subdivisions no greater than 2 ml,
Most laboratory balances are capable of weighing to the
nearest 0.5 g or less. Any of these balances is suitable for
use here and in Beclion 2.3.4.

2.2.6 Plastic Btorage Containers, Air-tight containers
17 sfore silica gel.

227 Fumnel and Rubber Policeman. To ald in
transfer of silica ge! to container: not necessary if silica
gel is well’ghed in the field.

unnel. (3lass or polyethlene, to aid in sample
I'NEO

2, g qualysm For analysls, the following equipment is
neede
2.3.1 (lass Welghing Dighes,
2.3.2 Desiccator.
Analytical Balance, To measure to within 0.1

2.3,4 Balance. To measure to within 0.5 g,

2.3.6 Beakers. 250 ml.

2,56 Hygrometer. To measure the relative humidity
of the laboratory environment.

2.3.7 ‘Temgoemmre (auge. To measure the tempera-
{ure of the Jaboratory environment.

3, Reagents

‘ '81.1 Bampling. The reageuts used in sampling are as
ollows:

31.1 Filors, Glass fiber filters, without organic
binder, exhibiting at least 09.95 percent e(lioxenoi(<0.05
percent penetration) on 0.3-micron dioctyl

smoke particles. The Alter efficiency. test shall be con-
ducted in accordance with ASTM standard methed D
2086-71, Test data from the suppllsr s quality control
progran are sufficient for this pu

3,12, Billea Gel. Indicating type ‘8 to 16 mesh, It
previously used, dry at 176° C ( ¥) for 2 hours. New
mhm gel may e used as reeeived. Alternatively, other

o5 of desiceants (e&uivalent ot better) may used

Pjact 10 1ho approval of the Administrator.

1,3 Water. When analysis of the material eanght in
lho impingers is required, distilled water shall be used.
Run hia.nks prior to field uso to eliminate & high blank
on test samples.

314 Crushed Tee.

3.1.5 Blopeock Grease. Acctone-insoluble, heat-slable
sillvone grease, Thiz 18 not necessary if screw-on eon-
neclors with Teflon gleaves, or similar, are used, Alterna-
tively, other types of slopeock grease ‘may bs used, sub-
Jeet to the approval of the Adminigtrator. -

3.2 Bample Recovery. Acetone—reagent grade, <0.001
percent residue, in glass boltles—is required. Acetone
from mietal containers generally has a high regldue blank
and should not bo used. Sometimes, suppliers transfor
acolone 10 glass bottles from metal containers; thus,
acetone blanks shall be mn prior to field use and only
acetone with low blank values (0,001 pereentmall be
used. In no ease shall a blank value of greater i
percent of the weight of acelone used be subirected from
the sample welght.

. rednce tha ]e{ﬁth ol probes

'ua.s Analyxs, Two reagents ate required for the unly-

g:s.é .IA)utono.the s 3.2 to, in
egiceant, Anhydrons ealeinm sulfa dical~

Ing type. Alternatively, other t of desiceanta may be

used, subject to the approva) of the Administrator.

4, Proccduu

4,1 Bampling, The complexity of this method is sueh
that, in order to obtain reliable r esul"t:s.ttest ahould

trained and experienced wlt.h dures,

4.1.1 Pretest Preparation, All the nents shall
be maiutained and calibrated secording to the procedure
gmﬁlbed in APTD-0576, unless otherwise specified

Welg'h sevmlmow pottions olsillca.gel In air-tight
containers tn g 5 g. Reeord the total hi of

, the siliea gel plus gogtainer, on each wntalner. s an

ternative, the sllica gel need not bie preweighed, but

may be weighed directly in it§ impinger or sampllng

holder {:mt prlor to train mn%ttnl?lﬁt for ttes and
ght for n'egulan

ﬂaws or plnhole leaks, inﬁl filters of the pro;

on the back side thi dmm
near the edge u n mag]
ink. As an alternative, el tl:'eguhi i T contalners

(glass or plastic ’hea and keep the fi ers in thess

%:_ltgx‘a..l_\:legrs at all times exoept durlng samplmg and
1ENINE.
Desiccate the filters at 204:5.6° C (68:10° F) and

ambient pressure
tervals of at least 8 hours to a constant welghc, le..
<0.5 mg change from pmvlous welghvl’%f

to the nearest (L1 mg. ghing the ﬂlter
must not be ex atmospheras for a
period greater than 2 minutes and & relative humidit
above 50 nt. Alternatively (unless otherwise
fied by the Administrator), the filters may be oven
dried at 105° C (220° F) for 2 to 3 honrs, deslecated for 2
hours, and weighed. Procedures other than thoge de-
seribed, which secount for relative hu.mldity effects, may

o used subject t.o the appmval of the Administrator.
pu %ith and the i 1 S e B""’*ul.‘é‘.m ts
ns e minimum number of nf

sceording to Method 1 or as speclﬁed by theg

tor. Determine the stack p temlg eruture, and the
range of velocity headsusing Method 2; 18 recommen; ned
that & leak-check of the pitot lines (see Method 2, B
tion 3,1) be performed. Determine the moisture e.ontent
using Approximation Method 4 or its alternatives for
the purpose of making lsnl.lnel:lc sampling rate settings,
Determine the stack Egns molm&r weight, as des-
eribed in Method 2, eotlon 8.6; if integrat Method 3
sampling is nsed for molecular welght determination, the
integrated bag sarmple shall he taken slmul'taneuusly
with, and for the same total lengih of time a3, the par-
ticulate sample run,

Belect 5 nozzle size based on the range of velocily heads,
such that it is not necessary to change the nozzle size in
order to maintain isokinetic sampling rates. During the
run, do not change the nozzle size, Ensure that the
proper dlﬂ'emrmal pressure gauge is chosen for the range

of y heads ] (see Svciion 2,2 of Method

2).

Select a suitable probe liner and probe le h such that
all traverse polnt.scanbesam arge stacks,
consider aam o:\posne sldes ol the stack to

Belect a total sampling time greater than or equal to

the minimam toial sampling time gpecified in the test
durea lor the epecifie lndustr%asueh that (1) the

? point 18 not less ¢l OF 8o
grea me in erval as sperified by the Adminlstmtor)

g he sample volume taken (corrected to standard
mnd 1ions) will exceed the required minimum total gas
sample volume, The latter is based on an appmximate
average sampling m

It is l'emmmended that the number of minutes sam-

ed at each nt be an integer or an intéger plua one-

If minute, in order to avoid timekeeping errors,

In some clreumgtances, e.g., bateh cyoles, it may be
negessary to sample for shorter times st the traverse
points end to obtaln smaller gas saraple volnmes, In
these cnses, the Administralor’s approval must first
be obiained,

4,13 Preparation of Collection Train. Durlng prep-
aration and assemnbiy of the samnpling train, Keep a.ll
openings where contamingtion can occur eovered until
Just prior to assembly or until sam lhg;: about to begin.

Place 100 mi of water in each of two impingers,
leave t.lw third impinger empty approxi-
mat.teal‘y 800 e i
contalner to the fourth impinger, More s:lmn gel may be
used, but care ghould be to
emralned and carried out from the i.mpmger during

Pllng Plece the contalner In a clean pl for later

ihe samqlo TeCOVery, Altematlvely, the weight of

the silica pel pinger may be determined to the
nearest 0.6 g and recorde

Using a tweezer or clean disposzable 811
Blaee s Inheled (identified) and welghed

lter holder. Be sure that the filter is properly centered
and the gasket properly placed so as to prevent the
eample gas stream from circurnventing the filter. Check
the filter for tears after assembly ia completed.

When %a.ss liners are used, install the selected hozzle

floves.

hestos gasket
when l.empeml.ures are higher. Bee APTD-0670 for

for et Yeast 24 hours and weigh at in--

_ Initial dry gas meter feading. H.eco

details. Other eonnwﬂn: gystoms using either
loatw stenl or !nrrulu may be used. Wh
Hmn m 3 install tha nou.h ahove or by | leak-
heatreulstantmpeor ¥ BOMG th %ﬁh m"ﬁ""&';
other me enof
;l:ll!epmperdistanceln the stack or duet for each sam-
Bet up the train as in Figors 5-1, using (it neeassary)
n very light coat of gllicone gmaaa s?
s greaalnf only the outer portion (see D—gs‘iﬂ)
to avo!d bllity of eontamlnation by the silicone
grease, Bu lact to approval of the Administrator, a
glass cyclone may be used between th
older when the total particulate catch Is expected to
::::ked 100 1ng or when water droplets are present in the

gas.
Place crushed ico around the lmplngers.
Leak-Check Procedures

aomu:
on metal

4.1.4 L
414, Profest Loak-Check. A fretest leak-check is
recommended, but not required. 1f the tester opts to

conduet the ret.es leak-check, the following procedure
shall be used

After the zgampling train has been assembled, twrn on
and set the filter and probe heating eystemsat the desired
operating temperatures. Allow time tor the temperatures
to stabilize, If a Viton A O-ring or other leak-free connec-
tion i3 used In assembling the probe nozle to the probe
liner, leak-check the train at sampling site by plug-
ging the noezle and pulling a 380 mm Hg (15 in. Hg)

nm,
NoTE.~A lowér vacuum may be used, provided that
itis not e\xmded du.ring the test.
Ifan ﬂl’l%ls used, do not mnnect the probe
tothetralnduring e leak-check. Ingtead, leak-oheck
%he 'll:raln by hmb:l:%gmg the inlet to tbe hltﬁar l(:li)g(}ar
cyc one, if ap) e) and pulling a 880 mm Heg n,
Hg) vacirum (see Note immedia above). Then con-
nect the probe to the train and leak-check at about 25
mm Hg (] in. Hg) vacuum; alternatively, the probe may
be leak-checked with the rest of the sampling train, in
one gtep, at 380 mm Hg (15 in. Hg) vactum,
rates in excess of 4 percent of the average sampling rete
or 0.00057 m3min (0.02 ¢fm), whichever is less, are

unasce)
The &tl?owl leak-check ingtructions for the sampling
demzrll:ec:lg in APTD-0576 and APTD-0581 may be
hel ful. Btart the pump with bypass valve fully
and coarse adjust valve eompletely closed. Partially
open the eoarze adjust valve and slowly claze the bypnss
valve until the desired vacuum iz reached, Do not reverse
direction of bypass valve; this will cause water to back
up into the fiter holder. If the desired vacyum is exs
either leak-check at this higher vacuum or end
the leak check as shown below and start over.

When the leak.check is comgleted tirst slowly remove
the plug from the Inlet to the probe, filier holder, o
cyclone (if applicable) and lmmedxately turn off the
vaceum pump. This provents the water in the impingers
from being forced backward into the filter holder and
‘sll:lllc? gel from being entrained backward into the third
4? .fgr Leuk-Chocks During S3ample Run. If, during
the sampling run, & component (e.g., filter assemhlg
or impinger) change becomes necessary, & leak-checl
shall be conducied immediately before '‘the change is
made, The leak-check shall be done according to the

rocedure outlined in Bection 4.1.4.1 above, extept that
?1. shell be done at a vacuum equal to or greater than the
maximum value reecgrded up to that point in the test.
1f the leakage rate i3 found to be no greater than 0,00057
md/min (0.02 cfm) or 4 percent of the average sampling
rate (whichever is less), the results are accsptable, and
no correction will need to be applied to the total volume
of dry gas metered; if, however, 8 higher leakpge rate
is obtained, the tester shall either record the leakage
rate and plan to eorrect the sample volime 43 shown in
Bectlon 6.3 of this method, or shell void the sampling

l.mmediatoly after t changes, leak-checks
are optional; if such leak-checks are done, the procedure
outlined in Section 4.1.4.1 above shall be used.

41.4.3 Post-test Leak-Cheok. A leak-check is manda-
tory at the conclusion of each sampling run. The leak-
check shall be done in accordanee with the procedures
outlined {n Seotion 4.1.4.1, except that it shall be con-
ducted at & vacuum equal to or greater than the maxi-
mnum vahie reashed during the sampling run. If the
leakage rats iz found to be no greater than 0.00057 m?¥/min
go.m ) or 4 percent of the average sar 1plll‘lg rate

whichever 18 less), the resulis are nwef)l.ab and no
correction need be applled to the total volume ot dry gas
metered. If, however, 8 er leakage rate is obtained
the tester shall either reca: t.he leakage rate and correc
th:.hall sample volume as ghown in Section 6.3 of thismethod,

mn, majn
(wltgln 10 percent of true.isokinetic pnless otherwise
gpecified bgl the Administrator) and s temperaturs
around the filter of 120:£14° C (2484-25° ), or such other
temperature a3 spevified by an gmlloable subpa.rt of the
standards or approved by the Admi tor,

For each run, record tbe data required on a data sheet
such as the one shown in Figure 52, Be sure to record the
the dry gas metar
unl.ng and ﬂ;nd of esch eam;

neremen Tates are made,
and after eanh Junk cheok, and

%

when sampling is hal



T peadt ired by Fignre 5-2 at loast onos Clean the portholes to tha test run 4o minimise ment of the tmkinetio rate without exosesive
ntmma::nph m&aﬂngeznhﬂmalnmtmd thohmd-nglg&hﬂuﬂﬂ?hm mpuiatieng. Thew re for uw
additional readings when significant changes () percent nmpung‘rumm cap, verify that the when the Type B pitot tibe coofficiont in and
variation in vdmltﬁhmd ) necocsitate addl- and pro hmﬂnﬁlystam are up to avd  the stack gay equivalont dmm welght)
tional adjustments flow rata el and zero the that the pitot tul nndmom positioned.  is equal to 2054 APTD-0578 for
manometer. Becauss the manometer level and zoto may  Position the norzle at the traverse withthetip wusing the nomographs, If (', and M, are outsids the
Piiodis cheak Gt o v 1 ke B LA U s, metltl fart sov, mtad s g ot S, e oot o
periodie checks during Nozhographs aro evailabls, Whick atd 1o the shoud adtaer. o5 Doopriaie Btops (o Cltetion 7
PLANT . AMBIENT TEMI'ERATU_HE
LOCATION BAROMETRIC PRESSURE .
OPERATOR, ASSUMED MDISTURE, %
DATE PROBE LENGTH, m (ft)
RUN NO, 'NozzLe IDENTIFICATION NO e
SAMPLE BOX NO AVERAGE CALIBRATED NOZZLE DIAMETER, ¢ [in)
METER BOX NO. PROBE HEATER SETTING
METER AHg LEAK RATE, m¥/min, {cfm) .
C FACTOR o o PRDBE LINER MATERIAL .
PITOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS SECTION STATIC PAESSURE, mm Hg {in. Hl,
FILTER NO.
PRESSURE
DIFFERENTIAL —
: : VELOCITY g‘:m GAS SAMPLE TEMPERATURE COf GA‘ISURE
. STACK IFICE AT DRY GAS METER LEAVING
SAMPLING | VACUUM' | TEMPERATURE [, HEAD METER GAS SAWPLE FILTER HOLDER] CONDENSER OR
TRAVERSE POINY TIME mm Hg {Tgh {APg), mm 120 VOLUME INLET, OUTLET | TEMPERATURE, ] LAST IMPINGER,
. NUMBER {81, min, {in. Ha OCU°F) | mmlin 0]  (in, Hp0) m3 (9 *ci°n | *c i°m *C () °C(*F)
[
- TOTAL Avg. Avo.
AVERAGE Avg.
_ Figure 5-2, Particulate field data, )
When the stack is under mﬂwlt negstive pressure ml;Tlote tiz?t twhlmn two or more trains are used, separa sflicone greass, and cap the open outlet of the probe, Ba

(height of lm&uger stem ), eare to close the coarse
adjust valve insarting the probe into the siack to
prevent water from backing into the filter holder, It
hecessary, the pump may be turned on with the coarse
adjust vafvo closed, ', itfon, block off the opent

eh the prol n position, block o 4 0 ngs
around the probe and ponhofe to prevent unrepte-
sentatlve dilution of the gea stream. )

Traverse the crogs-section, aa reql;xéred by Method
1 or as specified by the Administrator, being careful not
to bump the probe nozzle into the stack walls when
sampling near the walls or when removing or insarling
the probe t h the portholes; this minimizea the
chance of extracting deposited materlal, :

During the test run, make periodic adjustments to
keep the temperature around the filler holder at the
propet level: add more ice and, If necessmary, salt to
maintain & temperature of less than 20° O (88° F) at the
condenser/silica gel outlet, Also, periedically check
the level and zero of the manometer.

If the pressure drop across the filter becomes ton hizh,
making isokinetic uamPllng difficnlt to maintain, the
filler may be replaced in the midst of a sample sun. It
Is recommended that another complete filter sssembly
be used rather than attampiing to change the filter itself.
Before a new filter assembly is ins , conduct n leak-
chork (see Section 4.1.4.2), The particulate weight
shall include the sutamation of all flter assambly catches,

A single train shall be ussd for the entlre sampla run,
except in cases where slmultaneous eampling is reqo
in two or more s te ducta or at two or more different
locations within the same duct, ar, in cases where equip-
ment filure necessitates a change of trainy. In all other
situations, the use of two or more teains will be subject to
the approval of the Administrator,

mtcg::e [rom each traln shall be
uzed on all trains, in which case, the
front-half eatches from the individusl trains may be
combined (as mﬁtha impinger estchm& and one umiysu
of front-half eatch and ons analysis ‘:;ﬂnger catch
may be performed. Consult with the Adminigtmtor for
details conqemingalahe calculation of resulta when two or
u:

more Lrains are .

At the end of the sample run, turn off the coarse adjnst
valve, remove the probe and nozzle from the stack, turn
off the pump, record the final dry gas metet reading, and

+ conduet a post-test leak-check, a3 outlined in Bection
Wleak—check

4.1.4.3. Also, he pitot Unes as deseribed in
Method 2, Sectlon 8.1; the lines must this leak-check,
in ordet to validate the velocity head data.

41,6 Calculstion of Percant Isokinetie. Calculate
percent isokinetic (see Calculations, Bectlon 6) to deter-
mine whether the run was valld or another test nm
shonld be made. If there was difficulty in maintaini,
isokinetic rates due to svurce conditions, consult wit]
the Administretor for possible varianee on the isokinetio
Lt

=

tos.

4.2 Batnple Rrcovery. FProper cleanup procedure
begins as goon as the probe is removed irom the stack at
the end of the sampling perlod. Allow the probe to cool.

When the probe can salely handled, wlgg oft ell
external parlicilais matier near the tip of tl be
nozzle and place a oap over 1t to prevent logdng or %n%lbnz
partioulate matter. Do not ¢ap off the probe tip tightly
while the sampling traln is cooling down sa this would
create a vacuum in the filter holder, thus drawing wuter

the tmpingars into the filter holder,

Before moving the sample train to the cleanup site,
remove the probe from the sample traln, wipe off the

not to lose sny condensate that mﬁﬁ: be nt,
leﬁoﬂ the silicone grease from the Alter inlet where the
probo was and cap it. Remoave the umbilieal
¢ord from the last Impinger and cap the impinger. If
floxible line 18 used between the first I.m&l or cons
densar and the filter holder, disconnect the ling at the
filter holder and let any condensed water or liquid
drain into the impingers or condenser. After wij off
the silicons greass, cap off the filter holder outlet and
impinger inlet. Either d-golam st.ogpers, plastio
, of serum oaps may be used to close these openings.
nsfer the probe and filter-impinger assembly to the
cleanup area ‘This area should be olean and protected
from the wind o that the chanees of contaminating or
lnsing the sampie will be minimized.

Bave 8 gort on of the acetone used for oleatup as 3
blank. Take 200 ml of this seetone directly from the wash
bottle being used and place it in & glass sample container
labeled “acetone blank,”

Ingpect the train prior to and during disassembly and
l!_‘lﬂl:b};e any sbnormal conditions, Treat the samples as

ows: -

Container No. 1. Carefully remove the filter from the
filter holder and place it in'its identified petri dish con-
talner. Use a pair of tweezers andjor elean disposable

eal gloves to handle the Gltar. 1f it is necessary to
fold the filter, do 50 such that the partioulate cake {3
inzide the fold. Carefully transfer to the petrl dish any
particulate matler and/or filter fibers which adhere to
the filler holder gasket, bg uaing a dry nylon bristle
brush and/or 5 shar| lzde. Beal the container,

Container No, 2, T care to sce that dust on the
wtslldao:htheproﬁuggluﬂmgwmmm
get Into the mmple, quan: vely recover
matier or any condensate from the probw npzzle, probs



ormponents
wash in a glesy container. Disiitled water he ueed
instead of acetone when apgroved by the Aﬁlﬂm
and ehall be used when spacited by the 4
in these casas, save & water blank and follow the Admin.
-rgnhmtor'a directions on analysis, Perform the anetone

583 85 8;

Carefully remave the probe nozzle and elean the lnglde
gurface by rinsing with acetone from a wash bottle and
brushing with 8 nylon brisile brush, Brush until the
acetone rinse shows no vigible particles, after which
make g final ringe of the inslde surface with acetone.

Brush and rinse the inside parts of the Swagelok
ﬁmng];mh acetone in 3 smilar way until no ble
particles remain.

Rinze the probe Nner with acetone by tilttng and
rotating the probe while squirting geetone into its upper
end so that ell Inglde surfaces will e wetted with ace-
tone, Let the acetone drain from the lower end into the
sample container. A funnel (glass or polyethylene) may
be nsed to ald in transferring liquid washes to the con-
talner, Follow the acetone rinse with a probe brush.
}iold the probe in an ineclined position, squirt acetone
into the upper end as the probe brush {s being pushed
with a twisting action through the probe; hold a sample
container underneath the lower end of the probe, and
calch any acetone and partlculate mstter which is

A
'

Date

Run No. .
Filter No.

Amount liquid lost during transport

Acetone blank volume, ml

Acetone wash volume, mi

Acetone blank concentration, mg/mg (equation 54)
Acetone wash blank, mg (equation 5-5)

brushed from the probe. Run the 4 the
probe three times or more uniil no visible pm'tfcul&te
matter is carried ont with the acetone or until none
remains in the probe lner on visual inspection, With
flainless steel or other metal probes, run the brush
through in the above preseribed manner at least six
times since metal proiws have mnall creviees in which
parifeulate matier can be entrapped. Rinse the brush
with acetone, and quaniitatively coliect thess washings
in the sample contginer, After the brushing, make a
1inal acetone rinse of the probe as dederibed above.

It is recommended that two people be used to
the probe to minimize sample losses. Batween sampling
lt'pns. keep brushes clean and protecied from contamina-

101N,

After ensuring that all joints have been wiped clean
of silicone grease, clean the inside of the front of the
filter holder by tubbing ihe surfaces with a nylon bristle
brush and rinsing with acetone. Rinse each surface
three times or more il needed to remove visible particu-
late, Make & final rinse of the brush and filter holder.
Carefully rinse out the glass cyclone, also (if applicable).
After all acetune washings and particulate matter have
boean collected in the samble eontainer, tighten the lid
on the ssnple container so that acetone will not leak
ont when it is shipped to the laboratory. Mark the
halght of the fluid level to determine whether or not
! e occurred during transport, Label the container
to clearly identify ita contents.

Container No. 3. Note the color of the indieating silica
gol Lo determine if it has been completely spent and make
8 notation of its eonditlon. Transfer the eilica gel from
the fourth impinger to its original conlainer and seal,
A funnel may make it easier to pour the siliva gel without
spilling, A rubber policenan may be used as an aid in
removing the gilica gte:l from the impinger. 1t is not
necessary to remove the small amount of dust particles
that may adhere to the impinger wall and are difficult
to remove. Pinee the gain in weight is to be tsed for
moisture caleulations, do not use any water or other
liquids to transfer the silica gel. If a balance is avallable
in the fleld, follow the procedure for container No. 3
in Bection 4.3, o

Impinger Water. Treat the impingers as follows; Make
anotation of any color or filn in the liquid cateh. Measurs
the liquid whicﬁ ie in the first three impingers to within
1 ml by using s graduated cylinder or by welx_hh:iu
1o within +0.5 g by using a baiance (if one 18 available).
Record the volume of weight of "q‘“m“t' This
imon ist required to caleviate the ure content
0 uen! .

Dizeard the ?ia‘:u.id after measnrinf and recording the
volume or weight, unless analysie of the impinger eatch
s required (see Note, Section 2.1.7),

U a differant type of condenser Is used, measure the
mgimg&g c:;luolsture condensed either volumetrically or

metricaly. . N
grgb'hemver tble, containers should -be ghipped in
such a way that they remain upright at all times.

4.3 Analyga, Remgdthedatnrﬁgmdonasmet
mcme b?al ,shuwn in Figure 5-3. dle each sample
con as follows:

Container No, 1, Leave the contents in the shipping
container or transfer the filter and any loose particulate

Desicente for 24 hours in & desiccator containing anhy-
drous ealcium sulfate, Weigh to a constant weight and
report the results to the nearest 0.1 mg. Forgurpomo!
thia Seol.iozi 4.3, the term “constant weight"” mesns &
differanice of no more than 0.5 mg or 1 percent of total
weight less tare t, whichever lo greater,
two consecutive weigl ‘with oo lees than 6 hours of
deslecution time between welghings.

WEIGHT OF PARTICULATE COLLECTED,

CONTAINER g
NUMBER
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN .
1
2
TOTAL
‘ Less acetone blank
Weight of particulate matter
VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
ml, g
—_—ee e e e e
FINAL
_ INITIAL'
LIQUID COLLECTED
I TOTAL VOLUME COLLECTED g* ml

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

INCREASE, g

s VOLUME WATER, m!
19/mt ' "

" Flgure 5-3. Analytical data. '



Altematively, the sample moey be oven dried at 105° Q
for 2 eooled in the dealcostor, and
t, unless otherwise

Administrator 'l‘he tester ma: alaoopt ovan
drythesampleatms‘ (220 ° F) for 2 to 3 hotrs, welgh

thesam 1o, and use this weight ad a final welght.
Container No. 8, Notethe level ofliquid in the container
andmnﬂrmontheanalysissheetwhethewrno leaknge
oceurred during fa amount of
vold the ple or use
methods, subject to u‘m appmval of the Adminlstrator
to correct the final ts.Mmsumtheliqlnid!nthh
container either volnmetrically to =1 m i

meuicauy to +0.5 g. Transler the contents to a
250-m] beaker and evs) to dryness at amblent
temperature and pressire, Desiccate for 24 hours and
welgh f.oo f constant weight. Report the resulia to the

Container lﬁa $, Weigh the apent silica gel (or slllea Esl
plus impinger) to the nearest % using 8 ba.lanee This
st.ep may be conducted in the fig

¢ Elank” Conlatner. Measure acetone in this
eontamer elther volumetrically or gravimetcically.
'l‘rsnagr the mt.::tm t.o‘:l ta:egzﬁo-mlbeaker and evap-
orate to dryness st amblent tomperaturs
Desiceate for 24 hours and wel h ton oontssnr?l:ﬁ
Bg?art the resuits to the 0.1 mg.

OTE.~—AL the optlon of the tester, the contents of
Cont%lner No. 21;:5“‘ as the acetone bla; meontal:ﬁr
may be evapora peratares higher than ambi-
ent. If evaporation is done at an elevated Pemtum.
the perature must be balow the bolling point of the
eolvent; alao, to prevent “bumplng." the evaporation
process must ba o ly 51 dtheeontenmo!
the beaker must be lonally to an
aven t ture. Ude me care, as acetons is highly
flammable and has a low ﬂash point.

5. Caltbration

Maintain a lnboraton log of all calibrations,

6.1 tha Norzgls, Probe noszies shall be cali
before thair initial use in the flald. Using a micrometer,
measurs the inside diameter of the nozzle to the ‘nearest

RUBBER STOPPER

TUBING

= :-miﬁ-

8LOW INTO TUBING
UNTIL MANOMETER
READS 5 TO 7 INCHES

WATER COLUMN ORIFICE

MANOMETER

6,1 Nomenclaturs

As = (roms-asetional ares of nogele, md (fif).

B -&Vya%vwint.hegasm.m

C Acstons blank residue concentrations, mg/

=.' —conoenmﬂon of particuiate matter in uug:
gas, basis, eorrected to standard condl-

tions,
I =Peorcent of isokinetio sam mg
s ts lor either a
8 leak eheak follow-
0.00067

hange

orm or d pemﬁ of t.he BVErage

ling rate, chevet is leas.

Li =Ind vldual leal rate observed doring the
leak check conducted prior to ths ‘lW'
component change (i=1, 2, 3.

Iy fplkonyasrd baerved during the posb-test

= Lenk: rate o \id
leak k, m3¥/min (cfm).
s =Total amount of particnlate matter collected,

My lvl?l(gnlmulm- welght of waler, 18.0 g/g-mols
(18.0 1b/Ib-mols).
-, -Maas of residue ol acotone after ovaporation,

Ploar HBmmau:le at the sampling aite,
P, Ahm?ugu(la%m mm Hg (in. Hﬁ)‘
. - y . Hg).
=Btandard te pressare, mm
(0.92in. Hg). 70

La =Maximum
pmtast leak ehmk or for

a com)

mlfmin (0.

{dentified.

5.2 Pitot Tubé, The Type 8 pitot tube asspmbly shall
be calibmated according to the proced In
SecﬁQnQotMethodzns e outllned

ure is a1 ted: make a 10-minnte calibra-

tion run at 0.00057 m 3 (0L (2 cfm); at the end of the

run, tako the difference of the measured wet test mster

nnd d.r%hgu meter volumes; divide the difference by 1
leak rate. The leak rate should not

0. 7 m ¥/min (0.02 ofm).

runs at & single, interm; (based on

ous Beld test), with the vacuumn et at the

wm valus g the test earlea. To

adjost the vacuum, [nsart a nlve between the wet test

meter and the inlet of the meteri ., Colenlate

“I:;.h average valne o( the caubtll"aﬂon N} the eallbm-

mnta 811

the mew over ulmﬁs?ﬁlngn. as out-

lined in APTD-OS?G.

Alternative procedures, e.z., using the orifice meter
coafficlents, may be used, mb%ect to the approval of the
Administrator,

’

ORIFICE

5.3 Metering Bystem. Before its injtial uso In the field, &reé
metering shall be ealibrated to the -

the test ona for
the test series shall b performed udng whichever meter
X bemm of after) glvea the lower

:
el
sTRE
g
g

Canbrntlon The Erohe heating
he calibrated before its initial use in the
to the prmdu.re outlined I APTD-0576.

Probes eo nsm:ctgl to APTI-0581 need not
be ?.“,‘?R,“M 11 the eaumrgon eutves in APTD-0578
5.5 Temperature QGauges. Use the procedure In
Bection 4.3 of Method 2 to calibrate In-stack temperature
gauges. Dial thermometers, such a3 are used for the dry
gas meter and condepser outlet, shall be calibrated
against merenry-in-lass thermometers.
6.6 Leak Check of Met.erlng“System EShown In Flgum
5-1. That portion of the Y ng train from theP
10 the orifice metler should be leak checked prior to Ind t.lal

after each shipment., Leg";ﬁenmrthe ptnp will
resul'. in less volume being ed than is aetually

ber smpper with rubber tubi
haust pipe. Dizoonnest an

vent the low side of the orifico manometer. Close off the
low gide orifice tap. Prmn‘lr.e the 8 to13to 18 om
(5 to 7 in.) water column by into the rabber
tubing. Pinch off the tubing and observe the manometer
for one minuto, A lom of presars on the manometer
{ndleates a leak In the meter box; leaka. 1{ present, must
be corrected.

3&7 Barometer. Calibrate against s mercury barom-

8, Calculations

* Cﬁ out meumum. retalning at least one extrs
deel!

bazon that of the aoqulred data. Round
off figures aftar ealonlation. Other forms of the
%ﬂmta may be used as long as they glve equivalent

VACUUM
GAUGE T \

BY-PASS VALVE ‘ |

MAIN VALVE
CLOSED

AIR-TIGHT
PUMP

Figure 5-4. Leak check of meter box.

B =Tdeal constant, 0.06238 mm Hg-m¥*E
‘molo (71,86 Ln. Hg f4° B H" o
Ta  =Absolute average ga mwmtm'e
& umms-z)."x °
T, = Abgolu va?o stao gas temmporniure (ses
thm'e 5—2)
Tua tempemmn o K

V. {'olum of acetone bhnk, ml,
=Voluie of acetons used In wash.h!:n.

Vn.—Tot.al volume of liquid collected
d sllica gel (see 5-3), ml.
.=Volum [ w as measurod by dry gas
Vaar=oae of ros imple meagired by the dry
ar to standard conditions,

m (dac]).
V.(.m—Volumn ol' water vupnr in the | m

V.—-'B% velmlty enlwlatod E

B, m/
W.-=Wal¢ht of residue in m&m wash, mg.
metar calibration factor.

Y=Dty gas
AR it m%mm Un HO).
sa=Density of acetone, ‘mg/ml (ses label
p..-lDandty of water, 0.0062 g/ml (0.002201

o-'rom)impung timse, min.

o.=Bsmpllng time interval, from the beglu.ning
g’: run until the first component change,
#=Bampling timeo hztarval betweon M&J&-
ceslve com) heginni:
the in betwean the ﬂm mdmsacond

hanges, min.
a,-smpung time interval, from the ﬂnnl (u“')
eomponent until the end of

13. 0=Bpeciﬂc gra\my ol mercurm
100= Conversion to

G 2 Average dry gaa ture and average
Beo datn Figure 5
B:; Gas Volume, tjn )volume .
by the dry gas metsr to eonditions

Equatfonﬁ-,inm Hg or 68° F, 2092 in. Hg) by using

Poget s
Ve ity =V T“‘) 138 +13‘°
m (std) m T‘ 1:“':l
_kv.y Pt (aH/1386)
- """'""“—T- -
Equation 5-1



0.0858 wmﬁhm
-xm-'n’%;'“ﬁ.“&
—Eqmtlons-lunhmeduwﬂtun s

“"ﬂu&.mmmmﬁm

ponent changes) excesds L,. If
or.Beameeda.B., Equation 51 must be modified as
Case I. N ponent eh de during
%ﬂm Inw“m, replace %. in Equation 5-1
wi theexpression,
V - (L' - Lu)e]
(b) Caze JI. Omo o more component changes made

rom. In this ease, replace Vi in
6-1 by the espression;

[V..— (Li— L)ty

-3 (L.-~L.>o.——<L.—L.>o.:| >

and mbsmuteL:nly for those Jenkage Tates (L; or Ly)

6.4 Volume of water vapor.

stack gae shall be mads, one from the impinger anslysis
5-3), and a second from the asstmption of

wminrated conditions. The lower of the two vaiues d
B e shall bs considered eorrect. The procedure I deter-

the moisture content based of

ol' oﬂﬁdmmalss'lvenm the Eot.e ofm 19

Meth 'or the msthod, the avernge

ﬁshmpen Pumsl‘lguns—zmtg:bomdm

ACOOTECY
them-smktam tumsemsoﬂs:l:l"cw"!‘).
6.8 Acetone Blank Concentration.

‘m
Co= e
° VI Pa .
Equation 5-4
6.7 Acetone Wash Blank,
We=CoVau Ha X
Equation §-5

6.8 Total Particulste Welght. Determins the total
culate eatch from the sum otthawelgh‘hobﬁmd
eontainers 1 and 2 lexs the scetons blank (we

5-3). NoTE.—Reler to Beotion 4. l.ﬁtoamiat
mulhh-dvingtwnwmonﬂtarmblmsortwo

or mare sampling traing.

6.9 Partleulate Concentration,
€,=(0.001 g/mg) (ma/Va(aray)

RT, " Equal.ion &2 6.10 Conversion Factors; Equativn 56
Vetouy =Vie (F) ( —*—) =KV,
v From To . Multiply by
where:
=0,001333 m¥/m] & etrl ita S o
K’-gmov A o B st 7 e o
¢5 Moistare Conient. g/t g 58 1oe
B~ Vewan LA gim? a5, 31
]rm (otd) + Vn {atd) 811 Isokinetic Varlati
Equation 53 €111 Calcniation From Raw Data,
I= 100 Tu[Ks Vi, + (Va/T) ( Py - AH/13, 6)]
60¢v, P, A, Equation 5-7

‘where:
K.-BOM mmngggnlzlml:;%rhi ml;itrlnf nnits,
G.Il 2 Calcolation Froin Intermediate Values,
TV oty Pata 100
T...,v.o A-P 60( 1“11'".)

" .K’ T Vn (lld)_____‘__
BV, A6(1-E.)
Equation 5-8
where:
Ky=4,30 for meiric units
612 Ampé:rhh t < I<110
W‘
oent, the resulty are mptabh HWD results are low in

eompariaon to the standard and 7 i beyond the nece;

whlo range, or, 1f 1 ip lezs than 90 ﬂy oAdmini':
trator may opt to sccept the tu.UneOitation4to
E:kt:&udgmmts. Othetwice, reject the resulis and repeat
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OPERATING INSTRUCTIONS
FOR ANDERSEN STACK SAMPLING EQUIPMENT

1.0 INTRODUCTION

In the past, an accurate evaluation of the particulate sample collected from a
stack has been difficult because the collection devices were designed mainly to
be used exterior to the stack. In addition, there has been a lack of instrumenta-—
tion capable of giving meaningful particle sizing information. : '

Now, however, the Andersen Stack Sampler is available which. provides a reliable
particulate sample that is collected and sized ‘aerodynamically in the stack at
isokinetic conditions simultaneously with the collection of gaseous samples.’ Iso-
kinetic sampling requires that the stack gases are drawn into ‘the sampling nozzle
at the same velocity and in the same direction as they occur in the stack. This
method of stack effluent analysis is easier and more economical for the simultane-,
ous determination of grain loadlng, partlcle 5121ng, and gaseous content than any
other technlque. :

'There are two types or classes of stack sanpling équipment.” One class (external

probe) has the solids-collecting device mounted outside the flue at the exit end of
the probe tube and usually requires heating the probe tube and collection device to

" prevent condensation of water vapor. The other class (internal probe) has the

solids-collecting device mounted inside the flue to provide sample collection done

under actual stack conditions. The Andersen Stack Sampler is an internal collector
and differs from mote conventional devices in that it does not operate by means of

filtration or impingement, but rather by means of inertial impaction.

A brief description of general.stack sampling procedures follows. The unique char-
acteristics and points to be con51dered when using the Andersen Stack Sampler will

"be covered in detall

The particulate'matter in stack gases is seldom distributed uniformly over the cross
section of a flue; however, by a proper selection of sampling points, a representa-
tive sample can be obtained. Also, the quantity seldom remains steady over a
substantial period of time because of the difficulty of maintaining uniform plant

operating conditions. Therefore, it is necessary to know the operating cycles and

cycle conditions in order to obtain representative samples during steady plant comn=

ditions. Peak loading tlmes, temperatures, and humldlty will 211 affect the sample.

"It should be clearly understood that the result of a test can glve only an average

value of emission during the period of sampling and can be representative only of
the conditions during that period. Therefore, it is recommended that dupllcate
samples be taken whenever sampling flues.

Since it is not possible €o collect all of the material emitted from a stack, it is
necessary te obtain a representative sample. This requires the selection of a
suitable sampling position, the c¢ollection of several samples and the conversion

of the data obtained into a reliable estimate of total emission.

Sampling points in the stack should be selected to avoid gas turbulence as much as
possible. When selecting a site, the general rule is for measurements to be made




-

eight to ten diameters downstream or three to five diameters upstream from a dis-—
turbance. Disturbances are usually caused by inlets, outlets, bends, constrictioms,
dampers, etc. Often, it is physically impossible to sample in a uniform gas mix-
ture and compromises must be made. Whenever this occurs, all measurements and
techniques must be carefully applied to ensure reasonable accuracy.

After the selection of a suitable sampling site, one is ready to make a preliminary
survey including gas velocity, temperature, and combustion efficiency determinations.
A preliminary traverse is made’ w1th a pltOt tube connected to an incllned/vertlcal

13

manometer.‘f’? R *_n_' N A SRR PR
. . . D PR --~';':_,‘-"',. S et . ot .
The § pltot tube measures veloclty head at the point in- the gas ‘stream where 1ir isg s
. placed. ”‘Temperature, ‘pressure, "and humldlty determinations must also be made on .. .-
ﬂ the sampllng plane since these parameters may affect “the stack ‘gas density signifi—"'
- - cantly. When making ‘this” traverse, the* process cycle must ‘be kept in mind because- . :
the stack gas veloclty is "dependent “upon the cycle fluctuations. -Also, at this. tlme,
. an Qrsat Analyzer is normally used to determlne the eff1c1ency of combustion. -The
_acceptable level of COp is 12 percent.. It may be necessary to make several prellml-
nary traversés ‘in order to find an area which will conform to the prev1ously dis-"
- cussed requirements. With the velocity informatlon obtained, it is now possible -
to select a nozzle and flow rate that will be requlred for isoklnetic sampllng.-.

~.r.- . - “ oy -
A [ P N . " e , FEE S . v

' 1he sampllng site se]ected must ‘be” able to’ safely accommodate two men durlng the
* taking of velocity," temperature,- “and humidity medsurements in addition to collecting -
the samples. A probe tube clamp is provided in the Andersen Sampling Train to hold
the stack head, probe tube, and condenser in place. . -The clamp has a standard 3 inch
pipe thread for easy insertion into the access hole." When sampling for non-condensible
particulates only, the probe tube may be screwed into the condenser for the removal of
entrapped water. .In this manner, the impinger may be eliminated entirely from the
sampling apparatus. Whenever sampling for particulates and gases simultaneously, four
Greenburg-Smith impingers in an jce bath will replace the condenser. Provisions are.
made so that the impinger cazse may be used with a rail. If a rail is not used to
support the impinger case, a teflon-lined heated hose counnecting the probe tube to
the inlet part of the impinger case so that the case can be placed on the platform
or ground could be used. ‘In this manner, - the temperature of the sample gases would
be maintained above the dew point to prevent condensation upstream from the impinger
case. The impinger case will replace the condenser also whenever one is concerned
wich collectlng conden51ble partlculates. :

s
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2.0 EQUIPMENT (Sr_E DRAWING 10048)

2. ANDERSEN STACK SAMPLING HEAD

The Andersen Stack ‘Samplirig Head consists of a stainless steel case and 1/2" female
pipe fittings. It is designed to be inserted directly into the stack (standard 3
inch opening) where high tewperature and/or corr051ve conditions may exist.

The Sampler contains nine jet plates each having a pattern of precision~drilled
orifices. The nine plates, separated by 2.5 millimeter stainless steel spacers,
divide the sample into eight fractions or particle size ranges. The jets on each
plate are arranged in concentric circles which are offset on each succeeding plate.
The size of the orifices is the same on a given plate, but is smaller for each
succeeding downstream plate. Therefore, as the sample is drawn through the Sampler
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at a constant flow rate, the jets of air flowing through any particluar plate direct
the particulates toward the collection arca on the downstream plate directly below
‘the circles of jets on the plate above. Since the jet diameters decrease from plate
to plate, the velocities increase such that whenever the velocity imparted to a
particle is sufficiently great, its inertia will overcome the aerodynamic drag of
the turning airstream and the particle will be impacted on the collection surface.
‘Otherwise, the particle remains in the airstream and proceeds to the next plate.
Since the particle deposit areas are directly below the jets, seven of the plates
act as both a jet stage and a collection plate. Thus, No. 0 plate is only a jet .
stage and No. 8 plate is only ‘a collection plate. -The types of plates available are
stainless_steel .and nickel-plated brass. The case is made of 304 stainless steel. oo
The temperature limitation of the Sampler is” approximately 1500 degrees fahrepheit ... °

. .. with the stainless steel plates.” « .. .- :

TR Whano
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The Andersen Stack -Sampler has been calibrated by several independent laboratories’! =~

. in order to'arrive at the current respective size cuts for each stage.- The calibra- -~

~ tions were referenced to unit density (1 g/ce), spherical particles so that the —* - - -

. aerodynamically equivalent sized particles collected on each stage are always identi-
cal for any given flow rate. For this reason, a stack sample containing a mixture

of shapes and densities is fractionated and collected according to its aerodynamic .

characteristics™and is aerodynamically equivalent "in size to the unit density spherés

- collected on each specific stage during calibration. For example, consider a golf - .*

~-ball and ping-pong ball of identical shape and physical size. - Undoubtedly, they will -

not behave ‘similarly in any enviromment because of the large differences in density.

In other words, the dérodynamic size of a particle gives informatiom relating to the -

physical size, shape, and density of the particle and indicates how the particle v

. will behave in any environment. ' If the serodynamic size distribution of the parti- *

culates in a stack sample is known, then the following pertinent information can be T
determined: -~ .- . . - _ L .

:1. Particle behavior after leaving the stack. o

2. Approximate area of environmental deposition.” | .
g 3. Probable point of respiratory deposition. R
" a~ &, -Type of control equipment needed to collect the paktwules. -

' This type of iﬁfdrmpﬁioﬁ-is impossible to 6bfaiﬁ‘ﬁitﬁ'6niy.ﬁhysiq;i siéingt&até‘ e
which is normally obtained by means of microscopic sizing or wet and/or dry screening.,

Figure 1 is 'a plot of Df versus flow rate through the Stack Sampler at 70° F.-'Df .. .
1s the effective aerodynamic diameter of a spherical, unit density particle. “The =~ i
efficiency of collection for polydisperse material as encountered under actual stack

~ sampling conditions for any given effective cutoff diameter (ECD) is 95 plus percent.*

Figure 2 shows the correction factor for determining the physical diameter of spheri~ -
cal particles having other than unit density. Extreme caution should be exercised

*In Figure 1 it can be seen that the ECD for Stage 4 at 0.8 cfm is 2.0 microns (u).

For data presentation purposes, this means that essentially all of the 2.0 u particles

are separated by Stage 4 and collected on Stage 5. In reality, however, a small amount

of the 2.1 u particles that should be on Stage 5 pass on through to Stage §. Likewise,

2 compensating small amount of the' 1.9 u particles that should be on Stage 6 land on Stage

5. The same correlation applies to the 2.2 u and 1.8 u particles, etc. In other words,
the amount of overlapping om each stage is self-compensating.

L
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Figure 2. Density Correction Factor for Physical Size of
Purticles Capturad in Andersen Stack Sampler
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waen using Figure 2 because it is'valid‘éﬁly“if'thu'aqsumption is made that the
particles are spherical in shape. Normally this assumption is not valid. Multiply
the effective acrodynamic diameter as determined from Figure 1 by the correction
factor from. Flgure 2 to determine the physical diameter for that denslty.

 F1'ure 3 shows the correctlon factor for determlnlng che effectlve aerodynamic
particle diameter for elevated temperatures. Multiply the effective aerodynamic
dismeter as determined from Figure 'l by ‘the correctlon factor from Figure 3 to

L'qetermlne the dlameter for that :emperature._,”- v — ;—-wa-é _—— =T e L
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© 4.0 STACK SAMPLING PROCEDURE

3.3 END-TO-END CALIBRATION

Before actual sampling is begun, it is strongly recommended that an end-to-end cali-
bration be performed at ambient conditions with a dry gas meter which has already
been calibrated against a Primary ‘standard. As is, the flowmeter provides 957%
accuracy for full scale reading; however, this accuracy will decrease at lower flow
rates. For this reason, an end-to-end calibration at 3 or 4 points with a dry gas
meter will provide extremely accurate flow information at any desired flow rate

~and can be ‘accomplished in 10 - 15 minutes, “Simply plot Flow Rate (as determined

with the dry gas meter and ‘stop watech) vs. flowvmeter reading. . Draw a line through',ll
the points and in this manner accurate, instantaneous flow measurements at any. rate .
can be accomplished with only the flowmeter during acfual stack sampling. The above
calibration to be performed as quickly as possible to avoid any collection in stack =

Sel o fen i ¥ e RN ST Dol .,

Stack Sampling is simple in’principle, but in practice it is complicated by the need

to ensure that the collected particulates are representative of the particulates -
flowing at any one’ sampling point and also at all possible points in the cross DU
section of the flue at the sampling position. The first requirement is satisfied by .
isokinetic sampling in which the inlet saﬁpling_noizle velocity is equal and in the .-

. same -direction as the flue gas velocity. “The weight of particulates collected iév,,i
- then equal to the weight of particulates flowing through an area in the flue equal

to the area of the sampling nozzle. If sampling is not isokinetic,.the gas flow i

lines are disturbed.by the presence of the nozzle and either too few or too many ©
patticles are collected. ™ - .- - SRR - g

The second requirement, ensuring that the sample is repfesentaéive of the average L
particle flow past the sampling position, presents no problem when the distribution ..
of solids flow is uniform over the area of the flue. Samples taken ar all points -

will be identical -and any chosen point will give a representative sample. The weighfl_'
of solids E passing through the flue per unit time is then found by multiplying the

weight w/t collected per unit time at the sampling point (w being“the weight collectgd' -
~during the time t) by the ratio of the area A of the flue to the area a of the nozzle:

E =

rlg
*
o[

However, the particulates are not usually distributed uniformly over the cross- R
sectional area of the flue and ir is necessary to collect the sample in increments .
taken separately at each point and the average weight calculated from the separate
observatious, which.is ecalled incremental sampling. Or a single gross sacple may
be collected by moving the sampling nozzle from point to point which is called cumu-
lative sampling. The incremental method is recoumended for the beginner because it
is easier to spot mistakes. “Also, it is preferred by research investigators and is
recommended for those who require the best accuracy because ‘it gives information on
the reliability of the average. The cumulative method may be slightly quicker and
may be preferred by those doing routine testing not requiring the highest degree

of accuracy. Incremental sampling is recommended when using the Andersen Stack
Sampler. The cumulative method may be used on eccasion and will be discussed later.

-12-
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. the or1f1ces are clean
_Tv._‘- - oG

" Under normal condltlons; the orlflces do not become plugged if proper sampl1ng and or":

'is sub-micron material in the stack sample below the lower limit of .the last collec-
- tion stage. Glass fiber webs are recommended as backup f11ters if elevated stack .

-

The accuracy of the measurements is dependent upon the proper choice of sampling
points. - The area of the flue is divided into a number of imaginary equal areas

and the sample is made up of increments taken from the center point of each area.

The greater the number of areas (greater number of sampling ‘points) the more accu-~
rate the measurement will be. : : . .

In a circularﬁduct; a traverse is made b& dividing the duct into equal concentric
areas and sampling in the center of each area on four sides of center. No sample .
is taken in the exact center. .The number of equal areas ‘chosen depends on the size -

of the duct and the accuracy de51red._ In’ a rectangular duct, a sample traverse

is made by d1v1d1ng the duct into equal areas and sampling at the center of each . & 77~

..area. The number of areas used depends on. the flow pattern and size of the duct.
See Flgure 4 for draw1ngs and tables fa : :

The Andersen Stack Head should be kept clean and assembled when not in use. ‘Before e
using, examine the jet plates by holding ‘them up to the 1ight, If any hole is
plugged, blow out with air or wash with a detergent—water solution and sponge.

. .Rubbing back and forth across the holes usually suffices. . The quickest and most ~

economical way for. cleanlng the jet plates is to place the plates 'in an inexpenslve -
ultrasonic cleaner with a solvent for a few seconds after each use to insure that e

handling technlques are followed. After the plates are cleaned, .avoid touching the -
orifices to prevent oil and/or dlrt from plugging the jet holes. If this precau- .
tion is taken, there are only two other causes of hole pluggage: (1) collecting -
too much sample and (2) collecting a sample when the stack head temperature is ;
below the dew point of the flue gases so that condensation occurs. These problems T
are easily eliminated by taking a sample of proper size and ensuring that the stack '

head temperature is maintained above the dew poznt dur1ng the sampling period. FRERS

With the Jet plates in proper sequence, the sampler is ready to pperate on the end e
of the probe tube. The appropriate nozzle is attached to the inlet end of the .- -~
sampler to achie&v ‘the desire isokinetic sampling rate, -The zero numbered pldte* . .:
is on the upstream end of the stack head followed by plates 1 through 8 respectively.
Downstream from Stage 8 a backup filter and filter holder may be inserted if there

gas temperatures are encountered. S . e -'T[-

The sampllng head w1ll operate effic1ently in any position such as vertlcal or hor;-.aiv
zontal. Ideally, "the collection head should be used with a straight Inlet nozzle .. -
and an elbow on the downstream end connecting to the probe tube. This arrangement -

'will work with any thin~walled stack™ (such as metal) and eliminates the possibility

of particles being impinged in any bends or probe lines. .If it is necessary to

sample a thick-walled stack (such as brick) it will be impossible to insert the

right angled elbow through a three inch sampling hole, In this case, ‘the stack head

will have to be connected in line with the probe tube and a standard gooseneck

nozzle used.

After determ1n1ng the average velocity pressurs alﬂng the m'ling line, the stack
as temp re is measut the pas dsnsity is c i e gtack gases

contain an a iable amou ater vapor, & szgnlficant error will result if

= - -
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not taken into consideration. "With this data, the flue éas vel etermined
which also is the required inlet pazzle yeloctes e the appropriate nozzle ™ o

size to give the approximate velocity required for the Tlow ailable.
“Then calculate. the needed flow rate through the stack head at stack conditions _
(temperature and pressure) to give the correct nozzle velocity. " Q = AV '
Where: actual flow rate in cubic_feét.pe; minute.
S  Area of the nozzle in square feet.-- ; . .

Q
- A
-V Velocity in feet perjm;pute._; T

n.rn

.ot -

Tomer e sl welnde a L R e U U YOS SEL R e
low rate 1

through the stack head at stack conditions. : -

— SR _— . .y amr T
e K m o, e . - B~ . AL LN
: - € e
.. -

. S IO, T S O S e
sowiiemsn . Cross’ Section Traverse

. VP ./ﬁ S, -' -f S __‘.-.'____;_...: .:'...:-._-..'_ ir

-'tib ;'T TZ43 fj"f' étaék'Témﬁérétﬁrq-;‘iiiso F & R :
L1842 7 “Barometriec Pressure =26.0" Hg i -
.17 413 . Stack gases -are dry, - L : .

ff,;;zs . .-480 . - ' -Stack gas density at 32 FTApa_291§2? Hg =

-25 -7.500 - - 20,0807 lbs/cu. fr. -7 o - R

fl

TeV24 0 - 491 Tt v yp
©oHL28 7 7530 - ey
1700 413 0

= Velocity pressure in inches of wétét A
stack gas density in 1bs/ft3 NELTe

B |

.25 .500 Sl : e
.26 .510 . T
.26 .510 - L :
.26 U510
.26 . ..510
24 491
26 491" ‘
.22 k70 ’ o L _—
2L waSs e T e
St 8.150
. Average V P =(’8.150) = 0.230  ° R
. . 17 Lo e
: o e - -26.0 460 + 32 - .. o - ot
Stack gas density = 0.0807 x 29.9 x 460 + 1115 = '0.0310 1bs/cu. ft,

Stack gas velocity = 18.27 7/_\2 = 18.27 |/.230 .:.=”_49.8 fee_.t per sgcoﬁd o
. : W - ¥ ,0310 - - - ) o

= 49.8 x 60 =~ 2988 feet per minute (fpm)

Therefore, we need 2988 fpm inlet nozzle velocity..
1/4 inch nozzle area = 0.000341 fr2

Q = AV = (0.000341) (2988) = 1.02 cfm
We need 1.02 cfm through the stack head at 1115° F and 26.0 inches Hg. At the flow-

meter the pressure is 26.0" Hg since it is downstream from the vacuum pump and
exposed to the atmosphere. The flowmeter temperature is 85° F. Therefarae, we need

-]

s needed thrgugh_iHéinoG;éééf_ét flowmeter éoﬁd?tiqn; N
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fthé'inléijﬁbéilé?véléEiﬁ&i}fitfigfiﬁﬁéréfivé“th%t' e _ g_does not change’: :
" .significantly while ‘collecting 2 € on a'particular ‘set of plates; otherwise,

- the particle size range collected on.each plate will shift an Unacceptably large .
Tamount with € changing Ilow rate.——=="=- . .7 . o - . . ..
— e N - PR . B . R L= T .

- useful when sampling wet plumes.’ The Andersen Stack Sampler may be inserted

-

460 + 85
Q x 460 + 1115 = 0,353 ¢fm at the floumeter t
give the des@rgd‘julgtﬁnozgle velocity fpr.isokinetic_ﬁgmpling. '

If the velocity'ﬁroﬁilépalaﬁg'the“séhpI: 1pghié'jglétively flat (*15%) or if all
of the particulates are 5 miérons or -less dn size,. then cumulative sampling may
be performed without introducing significant errors (see Figure 5 for correcting
to isokinetic rate). However, if the velocity profile is not uwniform or if the
particle size spectrum goesabove 5 microns,“then incremental sampling is recom—
mended. This requires‘a clean “set of plates at each point with a different flow
rate to maintain isokinetic sampling.““An alternate ‘technique is to change nozzle

_ diameters at the various sampling points while keeping the flow constant to adjust

W

Whenever collecting a sample,:always turn the inlet nozzle away from the oncoming S
gas stream until the vécuum'fdﬁfée,;é:éﬁﬁliéd;';%tfthe,sameﬁ@nétant the pump is -

turned on, the sample nozzle may be furned into the oncoming flue gases. Also R
turn the'inlet‘nozzlgggwgy‘frqm;the'Ehédﬁingﬂééségfgé the pump is turned off. - If <.

.the pump is turned on or off with the iniet nozzle 'facing the oncoming particulates, '

an error in collected sizes on each stage will be introduced. - -Before sampling, - - °

however, the pump shodlﬁ;bg-turngd on with the stack head out of the flue_énd the =
flow rate adjusted to the desired valve as read on the flowmeter.~ =~ = oo

A unidue feature of the Andersem Stack Saﬁpler-ﬁs fhat there is always a constant - L
pressure drop across the entire system. Therefore, once the proper flow rate is .-
adjusted, it will not change during the sampling period. . This is particularly =

directly into plumes saturated with water. ' The only point to keep in mind is_tha§ *'
the stack head temperature must be maintained above the dew point to allow collec-" "

. tion of dry samples on the plates with the vaporized water condensing out ddwﬁstreég

in the condenser or impingers. An easy’ way to effect this is to wrap a constant 5V
temperature heat tape around the stack head and probe line. It will take 5 - 10 i
minutes for the stack head temperature to reach equilibrium. 'Of course, the gas
temperature in the stack head must be monitored for flow rate determinations. -7

e

Good weighing acecuracy is of primary concern during gravimetric analyses and is

- determined by the ratio of the quantity of ,sample collected to the sensitivity ef = .-

the balance being used. ;A balance with four decimal place reading and semsitivity
of 0.10 milligram is recommended. Normal samples vary from one to 10 milligrams

per plate. .Stage loadings in éxcess of 10 milligrams are not recommended because |
of re-entrainment problems.™ " - - R o ' '

Only with experience can an operator determine the optimum sampling time for a
specific grain loading situation. The deposit areas should be disecrete and there
should be no material deposited between the sample piles which would indicate
oversampling. L .

It is also suggested that tare weights be made on the plates after chemical and/or
physical analyses and the platés have been cleaned. This eliminates the possibility
of a change in tare weight taking place during the sampling period whenever sampling
in hot and corrosive gases. ° ' ' -
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poured into

‘weighed beaker and the differenge in beaker

Some types of material beédme-dharged“when pas

sing through the orifices on the

lower stages resulting in part of the sample adhering to the bottom side of the.

plates. This problem is easily remedied simpl

Whenever sampling for gases and/or condenaihle
rinse the sampling train after the sampling is
used as a wash for inorganic material. Organi
acetone or another suitable organic solvent. :

- When sampling for particulates only, the first

3 beaker and retained for analysis, _° .

y by grounding the probe line.

particulates, ‘it is necessary to
complete. Distilled water may be
¢ constituents may be rinsed with
The rinsing material should be

two impingers are filled with‘éxaqily\ﬁ

==+ 250 and 150 ml of'deionized_waterfreSpéctivgly;‘?Thefquaﬁtiti‘6f water 'vapor dn’
.- Lthe stack can be determined by subtracting the

. volume. ‘When sampling for.a specific gas, -the _ _
second 1s filled with 150 ml of the appropriate reagent. :A precise volume is criti-
- cal since condegsatiqpfmayJoccpr in_Eh;s_impinger,'i;}j““"’J i’ ‘ S

The. _
+ The silica gel must be precisely weighed, ‘as .t
' sampling will have to be taken into account. .

it is necessary to evaporate the liquid in a t

‘besker to find total solids. - If volatile orga

an extraction in some organic reagent such as
is required, This reagent is then evaporated
we

is the organic's weight.’

The total weight of particulate matter collect

solvent residues,

5.0 DATA PRESENTATION

To.determiné thc.éonceﬁtfation of particulates
first calculate the percentage of total partic
lative percentage is determined beginning with

if one starts with the first stage, 100% of the particles will be above 0 micrp@s,?;i ”
1esser'pe:centagg yet above the ngx; .

some lesser percentage above the last stage, a
to last stage and so on. ' : ’

Plot the cumulative percentage determined abov
diameter of the particles corresponding to the
connecting the points. The curve will be hype
graph paper is usid or a straight line will re

se initial volu@es from the final f?,ff.

‘first impinger is left dry and the =

[ e B .

arred beaker. . Then re-weigh the szﬁu_
nic particulate matter is collected,

chloroform or carbon tetrachloride . :

with a stream of dry ‘air in a pre- : -
ight before and after evaporation .-

ed is the sum of the aqueous and

;foriéﬁj_speqific sizétb;féizé:?apgn
les for each stage. ..Then the cumu-
either end of the impactor. Thus, -

e apainst the corrected aerodynamic .
same stage. Draw a smooth curve -
rbolic in shape if standard arithmetic
sult if probability logrithmic graph

paper 1s used. [t is pot uncommon for the curves to contain bulges whenever:

abnormal distributions accur, From the graph

the particle concentration for any

size range can be determined. Fallowing in Table No. 1 and Figure 6 data from an

actual sample is shown. Approximately 55% of
100Z of the particles are below 15.0 microns.

the particles are below 0.59 microns.

1. Personal communication, Dr. Andrew Mclarland, University of Notre Dame, South

Bend, Indiina -~ 1971,

To determine the weight of soluble and insoluble ‘solids fram the liquid impirigers . .’

[P S
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MIETOQD $——VI3UAL DETERMINATION OF THE
OPACITY OF EIMIZRIONS FROM ETATIONALT
sooRCES

Many atatlonary sourcea discharge vislble
emisslops into the atmosphere; these emlise
slons are usually in the shape of a plume.
This method involves the determination of
plume opacity by qualified obssrvers, The
method Includes procedures for the training
snd certtfication of observers, and procedures
10 be used in the fleld for determination of
plums gpacity, The appearancs of a plume as
viewed by an observer depends upon g DUM-~
ber of variablea, s0me of which may be con-
wolsble and some af which may not be
controllable in the Asld, Variables which can
be contralléd to an extent to which they ho
longer exert a significant influence upon
plums appearance include: Angle of the obs
porver with respect to the plume; angls of the
obsarver with respect to the sun: polnt of
obszsrvation of attached and detached steam
plume; and angle of the abserver with re-
Epect to & plume emitted from a rectangular
atack with a large length to width ratio. The
methad includes specific criteria applicable
to these variables,

. . Other variablr which may bot be control-
labls in the fie,u are luminescence and color
contrast betwe, ' the plume and the back-
ground sgainst waich the plume ia viewed.
These varlables exert anh influence upon the
appearancs of A plume a8 viewed by an obe
asrver, and can affect the ahllity of the ob-
sorver to accurately sssign opacity values
to the observed plums. Studies of the theory
of plums opacity and field atudiea have dem-
oDstrated that a plume is most visible and
prasants the greatest gpparent opacity when
viewed sgainat a contrasting background. It
follows from this, snd Is confirmed by field
triala, that the opecity of & plume, viewed
under conditions where a contrasting beck-
ground 13 present can be gsasigned with the
greatsst degres of securasy, Eowever, the po-
tentlal for a positive error is also the greatest
When & plume 1s viewed under such contrast-
ing conditiona. Under conditions presenting
& less contrasting background, the spparant
opacity of & plume 1a leas xnd approaches
Zero as the color and lurinescence contrast
decreaso zarg. As a result, significant
Degative blas and nesative errors can be
mage when & plume i3 viewed wunder lesa
contrasting conditlons. A negative blas de-
creases rather than increases the poesibllity
thsat a plant epermtor will be efted for & vio-
lation of opacity standards due to observer
erTOT,

Btudies have been undertaken to deterzmine
the mapgnitude of poaitive errors which can
be mads by qualifed observers while read-

. ing plumea under contrasting conditions and
s using the procedures set forth in thia
method, The results of thess studies (Deld
trials) which involve & total of 769 sets of
25 rendings each are as follows:
v 'an (1) For black plumes (133 sets at a smoke
generator), 100 percent of the sets were
;- resd] with a positive error? of less than 7.6
¢ per¢ent_opacity; 99 percent wers read with
& pasitive error of less than 5 percent opacity.
4. (3) For wbite plumes (170 sets at a amoke
:-, . generator, 168 seta at a coal-Ared power plant,
;- 298 sets ab & sulfuric acid plant), 99 percent
i of the sets were read with a poaltive error of
+ less than 7.5 percent opacity; 65 percent were
resd with a positive error of lesa than & per=
cent opacity,

The positive obssrvational érror associated
With an average of twenty-five rendings Is
therefore eatablished, The accuracy of the
metbod must be taken Into sccount-when
determining poasible viclations of appli-
cabls opacity standards, .

1 For & set, pocitive arTor—averzge opacity
., dstermined by obeervers’ 25 obecrvotions—

| AVErAge opaity determined .from tranamts.
someter’s 15 recordings, - -

1. Principle and applicability.

1.1 Principle. The opacity of emlsslons
from stationary sources |s determined vis-
ually by & quelified ohserver. -

12 Applicabllity. This method s eppll-
cabie for the determination of the opacity
of emissions from atatlonary sources pur-
suant to §60.11(b) snd for qualifylng ob-
servers for visually determining opacity of
eminsions. : .

2. Progedures, The observer qualifigd in
accerdangs with peragraph 8 of this methpd
aball uss the folowing procediures for vis-
oelly determining the opsacity of smisglona:

2.1 Poslition . Ths guallied obaarvar shall
stand at & distapce sufliclent to provide a
clear view of the emlinsions with the sun
orlented 1o the 140" sector to his back, Con-
Blstent with maintaining ths above requires
ment, the observer shall, as much as posalble,
make kis observations from o position such
that his Une of vision {3 approxzimately
perpendicular to the plumae directlon, and
when observing opacity of emissions from
rectangular outlets (o.g. roof monitors, open
baghouses, nonclrcular stacks), approxl-
mately perpendicular to the longer axls of
the outlet. The observer's lineg of sight should
not taclude moro than one plume at a time
wher muliinle stacks are involved, and In
any case the observer should make his ob.
servations with his line of sight perpendicu-
lar to the longer axis of such a aet of multl-
ple stecks (eg. stub stacks on haghouses),

22 Field records. The obaarver zhall re-
cord the name of the plant emission loca-
tHon, type f{acility, observer's name and-
afiliation, and the date on a field data ahest
(Pigure 8=1), The time, estimatsd distance
to the emission location, approiimais wind
direetion, cstimated wind speed, description
of the gk¥ copdition (presence and color of
clouds}, and plume background are recorded
on a feld data aheet ot the timas opacity reads
ings are initiated and completed. .

23 Observations. Cpaclty observations
shal] be made at the point af greatest opacity
in thai portion of the plume where con.
densed water vapor k& not presant The ob-
server Bhall not ook coptlnuously at the
plume, but Ilpstend ghall observa the plume
momentarily at )5-2econd intervals.

23.1 Attached steamn plumes, When cons
densed water vapor is pressnt within the
plume s it emerges from the emiision otts

let, opacity obsarvatiops shall be made bew
yond the point {n the plume at which con-
densed water vapor 12 oo longer visible, The
observer shall record the approximate dis-
tance from the emlssion outlet to the point
in the plume at which the cbaervations are
mades.

232 Detoached steam plume, When watet
vapor in the plume condenses and becomesa
visible at a distinct diatance from the emis-
slion cutlet, the opacity of emizslons should
be evaluated at Lhe emisalon outlet prior o
the condensation of water vapor and the for-
mation of the steam plume, Lo

24 Recording observations. Qpasity ob-
servations shall be recorded to the nearest 8
percent at 15-second intervala on sn ob-
servational record shest. (See Figure -2 for
an ezample,) A minimum of 24 obeeryations
ehail be recorded. Esch momentary obacrva-
tion recorded shull bo deemed to represent
the avernge opacity of emlasiops for o 16~
second period, . .

286 Data Reduction, Opacity shall be de-
termined ez AN sverage of 34 consecutive
observations recorded at 15-second intervels.
Divids the observations recorded on the rec-
ord sheet lnto seta of 24 consecutive obser~
rations, ‘A set 1s compoeed of kDY 24 con-
secutive obeervations. Bets need not be con-
secutive la tlme and .in no case ahal) two

. petas pverlap. For each sat of 24 obcorvations,

celculate the a4~ _ruge by summing the opacity
of the 14 obeervatiops and dividing this sum

47

by 24. If an spplicable standard specifies an
sveraging Ume requiring more than 24 ob-
servations, calculate the avernge for all ob-
servations made during the epeclfied time
period. Record the average opacity on a record
sheet, (See Figure §=1 for an example,)

8. Qualifications and testing,

3.1 Certlication requirements. To receive
certiication as s quelified observer, 8 can-
didats must be tested and demonstrate the
ability to asign opacity readings in & percent
increments to 25 different biack plumae and
23 different whits plumes, with an error
not to exossd 16 peroant opacity on any one
reading and an average error not to excesd
7.5 percant Opaclty in sach cuiegory, Candi-
cates shall be teated sccording to the pro-
cedures described 1o pamgrapb 342, Smoke
geperatars Used pursuant to paragraph 32
shall be aquipped with & smoke meter which
meets the requiremepts of parsgraph 3.3,

The vertilication ahall be valld for a period
of &§ months, at which time the qualification
procedure must be repsated by aby observer
Lo order 0 retaln certification. .

22 Oertiication procedure, The certificas
tion test conslsts of showing the candidate s
complete fun of 50 plumes—25 black plumes
and 26 white plummes—generated by a smoke
generator. Plumesa within each net of 25 black
and 25 whits rung shall be presented o ran-
dom order. The candidate assigns an opecity
value to each plume and records his obrer~
vation on a suitable form. At the completion
of esch run of 650 readings, the score of the
eabdidate 15 determined, If & candidate falls
to qualify, the complete run of 50 readingc
rnust be repeated in any retest. The smoke
test may be administered as part of a smoke
achool or tralning program, and may be pres
cxded by traintng or famillarization runs cf
the amoke generator during which capdidetes
are shown black and white plumes of known
opacity. Lt
. 3.3 Bmoks generator specifications, Any
Enoke generptor used for the purposes of
paregTEph 3.2 ahall be equipped with u sRoke
meter [nstalled to merrutre Opaclty Rcrosa
the dinmater of the amoke gonerator steck,
The smoks meter cutput sball displsy in-
stack opasity based upon & pathlengih equal
to the stack exit diameter, on & full 0 to 100
percent chart recorder scale. The smoke
meter optical design and performanpe ghell

¥+ mest the specifications shown in Table B-1.

The smoke meter chall be caltbrated as pre-
scribed 10 parsgTaph 33.1 prior to ths con-
duct of each samoks reading test, At the
completion of each test, the rero and span
drift ghall be checked and if the drift ex-
oeeds =1 percent opacity, the conditlon ehull
be correoted prior 1o conducting any subse-
quent teyt runs The smoke meter shall be
demozsiated, st the time of installatinn, to
meet the specifications listed in Teble 8-1.
This demonstation ahill by repeated Ioi-
lowing auy subssquent repalr o replacaiment
of the photocell or amocisted alectronic cir-
cuitty inelnding the chart recorder or output
matar, of evary & months, whichever cocurs
firer,

331 -Calibration, The mpoke meter is
calibrated after allowing & minimum of 20
minutes warmup Ly alternstely producing
Elmulated opacity of O percent and 100 per-
cent, When atebls respobse at 0 percent ar
100 percent Is noted, the smoke meter 5 ad-
Justed to produce an output of 0 percent of
100 percent, as appropriate. This calibration
thall be repeated untl stable 0 percent and
100 peroent readings are produced without
sdjustment. Bimulated 0 percent and 100
percent opacity values may be producad by
alternately switching the power to the light
sgurce on &nd off while the smoke gonerator
18 not producing smoke.
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Method 22—Visual Determination of Fugitive
Emissions From Material Processing Sources

1. Introduction.

This method involves the visual
determination of fugitive emissions, i.e.,
emissions not emitted directly from a process
stack or duct. Fugitive emissions include-
emissians that (1) escape capture by process,

equipment exhaust hoods; [2) are emitled
during material transfer; (3) are emitted from -

buildings housing material processing or

handling equipment; and [4) are emiited
directly from process equipment. .

This method determines the amount of time
that any visible emissions occur during the
observation period, Le., the accumulated
emission time. This method does not require
that the gpacity of emissions be determined.
Since this procedure requires,only the :
determination of whether a visible emission
occurs and does not require the
determination of opacity levels, obhserver -
certification according to the procedures of
Reference Test Method 9 are not roguired.
Hewever, it is necessary that the abserver is
educated on the general procedures for ’
determining the presence of visible
emissions. As a minimum the observer must
be trained and knowl=dgeable regarding the
effects on the visibility of emissions causad
by background contrast, ambient lighting,
observer position relative to lighting, wind,
and the presence of uncombined watar
{condensing water vapor). This training is to
be abtained from written materials found in
Referenced 7.4 -and 7.2 or from the lecture
portion of the Method 9 certification course.

2 Applicability and Principle.

21 Applicability. This method applies to
the determination of the frequency of fugitive

- emissions from stationary sources (located |

indoors or outdoars) when spe=cified as the .
test method for detenmining compliancs with
new squrce performance standards., . Bl

RULES AND REGULATIONS/AUGUST 6, 1982

22 Principle. Fugitive ernissions produced
during material processing. handling, and
transfer operations are visibly determined by

.an observer without the aid of instruments.
& Defiritions. . . -

A1 Emission Frequency. Percentage of
timé that emissions are visible during the
observation period

32 Emission Time, Accumulated amount
of time that emissions are visible during the -
observation period.

. 23 Fugitive Emissions. Pollutant
_generated by an affected facility which 1s not

collected by a capture system and is released
to the atmospheree. .-, -

3.4 ' Observation Period. Accumulated
time period during which observations are
conducted. not to be less than 8 minotes.

4 Equjpment. i

41 Stopwolches. Aceumulative type with
unit divisions of at least 0.5 seconds; two -
required. . )

42 Light Meter. Light meter capable of

‘measuring illuminance in the 50- to 260-Jux

range: tequired for indaor observations only.
5. Procedure, o

"531 Positian. Survey the affected fadility
or building or atructure housing the procass ta
be observed and determine the locations of
potential emissions. If the afected facility is
located inside a building, determine an” - -
observation location that is consistent with
the requirements of the applicable regulation
(i-=, outside obsarvation of emissions -
escaping the Building/structure or inside
observation of emissions directly emitted .
from the affected facility process unit). Then
sclect a position that enables a clear view of
the potential emission point(s) of the affected

22-1



I') Designation: D 2216~ 80

Standard Method for

An American National Standard

LABORATORY DETERMINATION OF WATER (MOISTURE)
I CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE

MIXTURES'

tandard is issued under the fixed designation D 2216; the number immediately following the designation indicates the
vt orifinal adoption or. in the case of revision. the year of last revision. A number in parcntheses indicates the year of last

reapproval

1.
';is method covers the laboratory deter-

m m of the water (moisture) content of

i rock, and soil-aggregate mixtures by
ht. For simplicity, the word *“material”
h

inafier refers to either soil. rock, or soil-
aggregate mixtures, whichever is most applica-

b

t The water content of a material is de-

fi

the mass of “pore” or “frec™ water in a given
of material to the mass of the solid ma-

:’i particles.

'3 This method does not give true repre-
sentative results for: materials containing sig-
niiiant amounts of halloysite, montmoritlon-
ill:r gypsum minerals: highly organic soils;
of"materials in which the pore water contains
dissolved solids (such as salt in the case of

ing deposits). For a material of the previ-
:)!y mentioned types, a modified method of
testng or data calculation may be established
to give results consistent with the purpose of

llest.
2" Summary of Method

2.1 The practical application in determining

water content of a material is to determine

mass of water removed by drying the moist

ateral (test specimen) to a constant mass in

g oven controlled at 110 + 5°C and to

1s value as the mass of water in the test

8 «en. The mass of material remaining after

oven-drying is used as the mass of the solid
pagticles,

L
t

> 3

as the ratio, expressed as a percentage, ol -

352

A superseript epsilon (e) indicates an editorial change since the last revision or reapproval.

3. Significance and Use

3.1 For many soil types. the water content is
one of the most significant index propertics
used in establishing a correlation between soil
behavior and an index property.

3.2 The water content of a soil is used i
almost every equation expressing the phase
relationships of air, water, and solids in a given
volume of material.

3.3 In fine-grained (cohesive) soils, the con-
sistency of a given soil type depends on its

water content. The water content of a soil’

along with its liquid and plastic limit, is used t0
express its relative consistency or liquidity is-
dex.

3.4 The term “water” as used in geotechnical
engineering, is typically assumed 10 be “pore”
or “free” water and not that which is hydrated
to the mineral surfaces. Therefore, the watef
content of materials containing significant
amounts of hydrated water at in-sitn tempera2-
tures or less than 110°C ean be misleading.

3.5 The term “solid particles” as used i
geotechnical engineering, is typically assumed
to mean naturally occurring mineral particles
that are not readily soluble in water, Therefore,
the water content of materials containing extra-
neous matter (such as cement, etc), water-sob
uble matter (such as salt) and highly organic

! This method i under the jurisdiction of ASTM Com=
mitice D-18 on Soil and Rock and is the direct responsibility
of Subcommittee D18.03 on Texture, Plasticity and Densfy
Characteristics of Soils.

Current edition approved May 30. 1980. Published July
1980. Originally published as D 2216-63 T. Last previow
edition D 2216-71.
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matter typically require special treatment or a
qualified definition of water content.

4. Apparatus

41 Drying Oven, thermostatically-con-
trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 *
5°C throughout the drying chamber. _

4.2 Balances, having a precision (repeatabil-
ity) of £0.01 g for specimens having a mass of
200 g or less, +0.1 g for specimens having 2
mass of between 200 and 1000 g, or + 1 g for
specimens having a mass greater than 1000 g.

43 Specimen Containers—Suitable  con-
tziners made of material resistant to corroston
and a change in mass upon repeated heating,
eooling, and cleaning. Containers with closc-
fitting lids shall be used for testing specimens
baving a mass of less than about 200 g while
for specimens having a mass greater than about
20 g, containers without lids may be used
(Note 1). One container is needed for each
water content determination.

Note |—The purpose of close-fitting lids is to
prevent loss of moisture from specimens before initial
weighing and to prevent absorption of moisture from
the atmosphere following drying and befpre final
weighing.

4.4 Desiccator—A desiccator of suitable size
(2 convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when contatners
having close-fitting lids are not used. See 7.4.1.

5. Samples

5.1 Kecp the samples that are stored prior to
testing in noncorrodible airtight containers at
a temperature between approximately 3 and
30°C and in an area that prevents direct contact
with sunlight.

5.2 The water content determination should
be done as soon as practicable after sampling.
especially if potentially corfodible containers
(such as steel thin-walled tubes, paint cans, etc.)
or sample bags are used.

6. Test Specimen

6.1 For water contents being determined in
conjunction with another ASTM methqd. the
method of specimen selection specified in that
method controls.

- —-
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number immediately following the designation indicates the
\st revision. A pumber in parentheses indicates the year of last
« since the last revision or reapproval.

3. Significance and Use

3.1 For many soil types, the water content is
one of the most significant index properties

behavior and an index property.

3.2 The water content of a soil is used in
almost every equation expressing the phase
relationships of air, water, and solids in a given
volume of material.

3.3 In fine-grained (cohesive) soils, the con-

Isistcncy of a given soil type depends on its

water content. The water content of a soil,:

along with its liquid and plastic limit, is used to
express its relative consistency or liquidity in-

:4 The term “water” as used in geotechnical -

(" gineering, is typically assumed to be “pore”
. “free™ water and not that which is hydrated
to the mineral surfaces. Thercfore, the water
content of materials containing significant
amounts of hydrated water at in-situ tempera-
tures or less than 110°C can be misleading,
' 3.5 The term “solid particles” as used in
geotechnical engineering, is typically assumed
to mean naturally occurring mineral particles
that are not readily soluble in water. Therefore,
the water content of materials containing extra-
neous matter (such as cement, etc), water-sol-
uble matter (such as salt) and highly organic

! This method is under the jurisdiction of ASTM Com.
inittee D-18 on Soil and Rock and is the direct responsibility
of Subcommittee D18.03 on Texture, Plasticity and Density
(haracteristics of Soils.

Current edition approved May 30, 1980, Published July
1980. Originally published as D 2216 - 63 T. Last previows
eduion D 2216-71.
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used in establishing a correlation between soil

1]

matter typically require special treatment or a

| qualified definition of water content.

4, Apparatus

4.1 Drying  Oven, thermostatically-con-
trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 *
§°C throughout the drying chamber,

4.2 Balances, having a precision (repeatabil-
ity) of +0.01 g for specimens having a mass of
200 g or less, £0.1 g for specimens having a
mass of between 200 and 1000 g, or & 1 g for

imens having a mass greater than 1000 g.

4.3 Specimen Containers—Suitable con-
tainers made of material resistant to corrosion
and a change in mass upon repeated heating,
cooling, and cleaning. Containers with close-
fitting lids shall be used for testing specimens
having 2 fmass of less than about 200 g; while
for specimens having a mass greater than about
200 g, confainers without lids may be used
(Note 1). One container is needed for each
water content determination.

Note 1—The purpose of close-fitting lids is to

ent loss of moistuse from specimens before initial

weighing and to prevent absorption of moisture from
the atmosphere following drying and before final

weighing,

4.4 Desiccator—A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when containers
having close-fitting lids are not used. See 7.4.1.

5, Samples

5.1 Keep the samples that are stored prior to
westing in nomcorrodible airtight containers at
s temperature between approximately 3 and
30°C and in an area that prevents direct contact

_ with sunlight.
" +§2 The water content determination should

be done as soon as practicable after sampling,
especially if potentially corrodible containers
(such as steel thin-walled tubes, paint cans, ete.)
or sample bags are used.

6 Test Specimen

6.1 For water contents being determined in
conjunction with another ASTM method, the
method of specimen selection specified in that
method controls.

D 2216

6.2 The manner in which the test specimen
is selected and its required mass is basically
dependent on the purpose (application) of the
test, type of material being tested, and the type
of sample (specimen from another test, bag,
tube, split-barrel, ctc.). I all cases, however, a
representative portion of the total sample shall
be selected. If a layered soil or more than one
soil type is encountered, select an average por-
tion or individual portions or both, and note
which portion(s) was tested in the report of the
results.

6.2.1 For bulk samples, select the test speci-
men from the material after it has been thor-
oughly mixed. The mass of moist material se-
lected shall be in accordance with the following
table: '

R ded Mini
Sieve Retaining More Than  Mass of Moist Specimen.
About 10 % of Sample g

2.0 mm (No. 10) sicve 100 1o 200
4,75 mm (No. 4) sieve 300 wo 500

19 mm 500 to 1000
3B mm 1500 to 3000
76 mm 5000 to 10 000

6.2.2 For small (jar) samples, select a repre-
sentative portion in accordance with the follow-
ing procedure: ,

6.2.2.1 For cohesionless soils, thoroughly
mix the material, then select a test specimen
having a mass of moist material in accordance
with the table in 6.2.1. See Note 2.

6.2.2.2 For cohesive soils, remove about 3
mm of material from the exposed periphery of
the sample and slice it in half (to check if the
material is layered) prior to selecting the test
specimen. If the soil is layered see 6.2. The
mass of moist material selected should not be
less than 25 g or should be in accordance with
the table in 6.2.1 if coarse-grained particles are
noted. (Note 2). -

6.3 Using a test specimen smaller than the
minimum mass indicated previously requires
discretion, though it may be adequate for the

- purpose of the test. A specimen having a mass

less than the previously indicated value shall
be noted in the report of the results.

NoTE 2—In many cases, when working with a
small sample containing a relatively large coarse-
grained particle, it is appropriate not to include this
particle in the test specimen. If this occurs, it should
be noted in the report of the results,
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7. Procedure

7.1 Select representative test specimens in
accordance with Section 6.
7.2 Place the moist specimen in a clean, dry
container of known mass (Note 3), set the lid
lsecurely in position, and determine the mass of
the container and moist material using an ap-
propriate balance (4.2). Record these values.
7.3 Remove the lid and place the container
l\:ith moist material in a drying oven main-
ined at 110 = 5°C and dry to a constant mass
(Notes 4, 5, and 6).

pecimens, they should be placed in containers hav-
ng a large surface area (such as pans) and the
material broken up into smaller aggregations.

. NoTE 3—To assist in the oven-drying of large test

NoTE 4-The time required to obtain constant -
b{ will vary depending on the type of material,

of specimen, oven type and capacity, and other
- wors, The influence of these factors generally can
( established by good judgment, and experience
sth the materials being tested and the apparatus
ing used. In most cases, drying a test specimen over
ight (zbout 16 h) is sufficient, In cases where there
15 doubt concerning the adequacy of drying, drying
should be continued until the mass after two succes-
ive periods (greater than ' h) of drying indicate an
significant change (less than about 0.1 %). Speci-
ens of sand may often be dried to constant mass in
a period of about 4 h, when a forced-draft oven is
used.
Note 5—Oven-drying at 110 + 5°C does not
lways result in water content values related to the
tended use or the basic definition especially for
materials containing gypsum or other minerals hav-
ing significant amounts of hydrated water or for soil
ataining a significant amount of organic material,
many cases, and depending on the intended use
r these types of materials, it might be more appli-
cable to maintain the drying oven at 60 + 5°C or use
a vacuum desiccator at a vacuum of approximately
3 Pa (10 mm Hg) and at a temperature ranging
tween 23 and 60°C for drying. If either of these
ying methods are used, it should be noted in the
report of the results.
NOTE 6—3ince some dry malerials may absorb
oisture from moist specimens, dried specimens
ould be removed before placing moist specimens
the oven. However, this requirement is not appli-
cable if the previously dried specimens will remain
i the drying oven for an additional time period of
out (6 h.

. . SR

4 After the matertal has dried to constant
remove the container from the oven and
ace the lid. Allow the material and con-
ef 10 cool 1o room temperature or until the
container can be handled comfortably with

o
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bare hands and the operation of the balan®
will not be affected by convection currenis

. Determine the mass of the container and ove-

dried material using the same balance as
in 7.2. Record this value,

7.4.1 If the container does not have a lid &

weigh the container and material right afts
their temperatures are such that the operatiod

of the balance will not be affected by conves &

tion currents or after cooling in a desiccator.

"Note 7—Cooling in a desiccator is recommended ¥§

since it prevents absorption of moisture from the
atmosphere during cooling.

8. Calculation
terial as follows:

w=[(W) — Wy)/ (W, = W] x loo=%x'loo

where:

w = water content, %,

W\ = mass of container and moist specimen
g

W2 = mass of comainer and oven-dried spect
imen, g,

W. = mass of container, -4

= mass of water, g, and

W, = mass of solid particles, g.

9. Report

9.1 The report (data sheet) shall include the
following:

9.1.1 Identification of the sample (material)
being tested, by boring number, sample num-
ber, test number, etc.

9.1.2 Water content of the specimen to the
ncarest 0.1 % or | %, depending on the purpost
of the test.

9.1.3 Indication of test specimen having 2
mass less than the minimum indicated in Sec-
tion 6.

9.1.4 Indication of test specimen containing
more than one soil type (layered, etc).

9.1.5 Indication of the method of drying if
different from oven-drying at 110 = 5°C.

9.1.6 Indication of any material (size and
amount) excluded from the test specimen.

8.1 Calculate the water content of the m+ B

Ll

10, Precision and Accuracy
10.1 Requirements for the precision and ac-

The American Society for Testing ﬂd Mafern}lil zf:zﬂr
connection with any item d in this d. .
of any mh';'mmy ights, and the risk of infringement of such

it isi i he resp

is tandard is subject to revision at any time by t .
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- curacy of this test method have not yet been

bare hands"and the operation of the baj,
will not be affected by convection ey,
Determine the mass of the container ang Oves.

Y Precision and Accuracy
" 10.1 Requirements for the precision and ac- developed.

dried material using the same balance ag Used .
in 7.2. Record this value. . . ; it ; he validity of,any patent rights asserted in
° merican Society for Testing and Materials takes no position respecting the validity fpany patent rigi g |
7.4.1 If the container does not have 3 1o : 3 sipitrs a.nyiu::y L e 1 thi ndard. Users of this umdardmir:,xpﬁy tha deser of the validity
weigh the container and maierial right ape G oy mich patent rights, and the risk of infringement of such rights, are entirely their own responsitiity. :

their temperatures are such that the OPeratiog s standard is subject o revision at any time by the responsible technical committee and must be reviewed every five years

of the balance will not be affected by conves X et cthes reapprovedor witdrawn, Your comments are invited either for revision of this standard or for additignal
al

‘ ing i i Y mments will receive careful consideration at @ meeting of the
fom curtens or after cmlmg ne deSlccatog. e e which you m Headqz.al'l.l;yrz“ j"’e:; r‘}:u Yyour comments hn:uqot received a fair hearing you should

. i mmittee, which qy atten
le technical col ee, which you may Standards, 1916 Race St., Philadelphia, Pa. 19103.

Note 7—Cooling in a desiccator is recommen, . make yowr views known 1o the ASTM Commirtee on
since it prevents absorption of moisture from the B
atmosphere during cooling. ‘.

8. Calculation

8.1 Calculate the water content of the m;. ;
terial as follows: :

W= [(W| - W,g)/("’z"' Wc)] x lm::_’.y'i:'_x "ln

where:
w = water content, %, ]
W, = mass of container and moist specimen,
2, ,

W, = mass of container and oven-dried Spec.

_imen, g,
W. = mass of container, g K |
W. = mass of water, g, and ’
W, = mass of solid panticles, g, ' - |

9. Report

9.1 The report (data sheet) shall include (e 4
following: g !
9.1.1 Identification of the sample (material) §
being tested, by boring number, sample pum. @
ber, test number, ete. . 7 :
_ 9.1.2. Water content of the specimen to the 3 .-
nearest 0.1 % or | %, depending on the purpase
of the test,
9.1.3 Indication of test specimen having ,
mass less than the minimum indicated in Sep.
tion 6. |
9.1.4 Indication of test specimen containing 1
more than one soil type (layered, etc), '
9.1.5 Indication of the method of drying i
different from oven-drying at 110  5°C.
9.1.6 Indication of any material (size ang
amount) excluded from the test specimen.
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6. Test Sample for Soil Canstants

| o

6.1 Separate the remaining portion of the

-naterial passing the No. 10 (2.00-mm) sieve

into two parts by means of a No. 40 (425-um)

or sieve. Discard the fraction retained on the No, §-

4 40 sieve. Use the fraction passing the No, 40 §

' sieve for the determination of the soil constants, ¥~

: iti i validi any patent rights asserted i
:["::i.cpzfa‘:s:rtrl‘:e:?:ﬁeg;;; m;\‘r"i:gi 7{:” tf)t.,:t[e’rminalicwgn of the vaﬁ;;

ights, are entirely their own responsibility.

Standard Method for

W,1.ible technical committee and must be reviewed every five yean

nments are invited either for revision of this standard or for additiongt

" Your commens will receive careful consideration at a meeti xzf,
el that your comments have not received a fair hearing you should
s, 1916 Race St., Philadelphia. Pa. 19103.

| . Scope

- 1.1 This method covers the quantitative
£ ‘termination of the distribution of particle
gzes in soils. The distribution of particle sizes
L parger than 75 pm (retained on the No. 200
' geve) is determined by sieving, while the dis-
- yibution of particle sizes smaller than 75 ym
"3 determined by a sedimentation process,
¥ ging 3 hydrometer to secure the necessary
I data (Notes 1 and 2).

¥, Note |I—Separation may be made on the No. 4
;"‘4,75-mm). No. 40 (425-pm), or No. 200 (75-uym}
¥ e instead of the No. 10. For whatever sieve
- esed, the size shall be indicated in the report.
g- Note 2—Two types of dispersion devices are
,Z,’l’ovided: (1) a high-speed mechanical stirrer, and
B Ty air dispersion. Extensive investigations indicate
B Lot air-dispersion devices produce a more positive
“gencrsion of plastic soils below the 20.pm size and
e ¥ jably less degradation on all sizes when used
AR gith sandy soils. Because of the definite advantages
B gvoring air dispersion, its use is recommended. The
E: aolts %rom the two types of devices dilfer in mag-
B ginde. depending upon soil type, leading to marked
- perences in particle size distribution, especially
L~ fox sizes finer than 20 pm.

. 2.1 Balances—A balance sensitive to 0.01 g
Jor weighing the material passing a No. 10
g0-mm) sieve, and a balance sensitive to

£ 0 | percent of the mass of the sample to be
& “peighed for weighing the material retained on
1"‘No 10 sieve.

2\ 92 Stirring Apparaius—Either apparatus
¥y or B may be used.
€521 Apparatus A shall consist of a me-
hanically operated stirring device in which a
giably mounted electric motor turns a ver-
aal ghaft at a speed of not less than 10,000
- o without load. The shafl shall be equipped
a replaceable stirring paddle made of

L

qﬂn’ Designation: D 422 - 63 (Reapproved 1972)

An American National Standard

PARTICLE-SIZE ANALYSIS OF SOILS!

{his standard is issued under the fixed designation D 422; the number immediately following the designation indicates the
3 P:of original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last
. mapproval. A superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

metal, plastic, or hard rubber, as shown in
Fig. 1. The shaft shall be of such length that
the stirring paddle will operate not less than
% in. (19.0 mm) nor more than 1Y2 in. (38.1
mm) above the bottom of the dispersion cup.
A special dispersion cup conforming to either
of the designs shown in Fig. 2 shall be pro-
vided 1o hold the sample while it is being dis-
persed.

2.2.2 Apparatus B shall consist of an air-jet
dispersion cup? (Note 3) conforming to the
general details shown in Fig. 3 (Notes 4 and
5).

Note 3—The amount of air required by an air-
jet dispersion cup is of the order of 2 ft*/min; some
small air compressors are not capable of supplying
sufficient air to operate a cup.

NOTE 4—Another air-type dispersion device,
known as a dispersion tube, developed by Chu and
Davidson at lowa State College, has been shown to
give results equivalent to those secured by the air-
Jet dispersion cups. When it is used, soaking of the
sample can be done in the sedimentation cylinder,
thus eliminating the need for transferring the slurry.
When the air-dispersion tube is used. it shall be so
indicated in the report.

NoTE 5—Water may condense in air lines when
not in use. This waler must be removed, either by
using a water trap on the air line, or by blowing the
water out of the line before using any of the air for
dispersion purposes.

2.3 Hydrometer—An ASTM hydrometer,
graduated to read in either specific gravity of
the suspension or grams per litre of suspen-
sion, and conforming to the requirements for

' This method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rovk.

Current edition accepted Nov. 21, 1963, Originally is-
sued 1935. Replaces D 422 - 62,

 Detailed working drawings for this cup are available at
3 nominal cost from the American Society for Testing and
Maiterials, 1916 Race St., Philadelphia, Pa. 19103, Order
Adjunct No. 12-404220-00.

1s
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rometers 151H or 152H in ASTM Specifi-
jon E 100, for ASTM Hydrometers,® Di-
nsions of both hydrometers are the same,
the scale being the only item of difference.

A Sedimentation Cvlinder—A glass cyl-

er essentially 18 in. (457 mm) in height
and 2% in. (63.5 mm) in diameter, and
arked for a volume of 1000 mi. The inside
meter shall be such that the 1000-m! mark
36 = 2 cm from the bottom on the inside.
2.5 Thermometer—A thermometer a¢cu-
teto 1 F(0.50).
2.6 Sieves—A series of sieves, of square-
sh woven-wire cloth, conforming to the
requirements of ASTM Specification E 11,

r Wire-Cloth Sieves for Testing Purposes.®
Il set of sieves includes the following
6):
3-in, (7'5-mm)
2-in. {(50-mm)
1-in. (37.5-mm)
1-in, (25.0-mm)
Yeein. (19.0-mm) -
H-in. (9.5-mm)
No. 4 (4.75-mm)

g |
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No. 10 (2.00-mm)
No. 20 (850-pm)
No. 40 {(425-pgm)
No. 60 (250-um)
No. 140 (106-um)
No. 200 (75-pm)

NOTE 6—A set of sieves giving uniform spacing
points for the griph. s required in Section 16,
may be used if desired. This set consists of the fol-
wing sieves:

4l N

3-in. (75-mm)
F4-in. (37.5-mm)
Yi-in. (19.0-ram)
Ye-in. (9.5-mm)
No. 4 (4.75-mm)
No. 8 (2.36-mm)

No. 16 (1.18-mm)
Na. 30 (600-pm)
No. 50 (300-zm)
No. 100 (150-um)
Na. 200 (75-um)

2.7 Water Bath or Constant-Temperature
Room—A water bath or constant-tempera-
te room [or maintaining the soil suspension
a constant temperature during the hydrom-
eter analysis. A satisfactory water tank is an
insuluted tank that maintains the temperature
{ the suspension at a convenient constant
mperature at or near 68 F (20 C). Such a
device is illustrated in Fig. 4. In cases where
e work is performed in a room at an auto-
atically controlled constant temperature, the
bater bath is not necessary.
8 Beaker—A beaker of 250-ml capacity.
Timing Device—A watch or clock with
“econd hand,

u [
“w. Dispersing Agent

3.1 A solution of sodium hexameta-
hosphate (sometimes called sodium meta-
®hhosphate) shall be used in distilled or demin-
R

" the controlled water bath: or, if the sedimerf
tation cylinder is used in a room with ¢ofgs
trolled temperature, the water for the teff:

D 422

eralized water, at the rate of 40 g of sodiug
hexametaphosphate/litre of solution (Note M.
NoTE 7—Solutions of this salt, if acidic, slowg

reverl or hydrolyze back to the orthophosphag;

form with a resultant decrease in dispersive acti'l
Solutions should be prepured frequently (at

once a month) or adjusted to pH of 8 or 9 i 4

means of sodium carbonate, Bottles containing ¥§,

tutions should have the date of preparation marke
on them.

3.2 All water used shall be either distilleg}

or demineralized water. The water for a b
drometer test shall be brought to the temperg: Method D 421 for the weighing 0
ture that is expected to prevail during W

hydrometer test. For example, if the sedimerh
tation cvlinder is to be placed in the wattf
buth, the distilled or demineralized water Vg
be used shall be brought to the temperature 0§

1

shall be at the temperature of the room. Tk
basic temperature for the hydrometer test

do not introduce differences that are of pracg
tical significance and do not prevent the U
of corrections derived as prescribed.

4. Test Sample

4.\ Prepare the test sample for mechanictR

analysis as outlined in ASTM Method D ang:

Dry Preparation of Soil Samples for Partick
Size Anulysis and Determination of Soil Corf
stants.* During the preparation procedure Uk
sample is divided into two portions. One porf
tion contains only particles retained on UK}
No. 10 (2.00-mm) sieve while the other pot]

tion contains only particles passing the No. Kf= -
sieve. The mass of air-dried soil selected [0

purpose of tests, as prescribed in Method P
421, shall be sufficient to yicld quantities
mechanical analysis as follows:

4.1.1 The size of the portion retained OF

lexg’

addi is vi th
68 F (20 C). Small variations of temperaturs: sieve and adding this value 10t

5.1 Separate the portion retained o

f I'~in. (37.5-mm).

@ o
. Nominal Diameter of ) - €q
Largest Particles. Approimute Minimum sie
i in. (mm) Mass of Portion, 2
. 1 (254 2000
192 (38.1) 3000
2 (50.8) 4000
g 3 (76.D) 5000
4.12 The size of the portion passing the 6.
No. 10 sicve shall be approximately 115 g for
sandy soils and approximately 65 2 for silt
and clay soils. ' n
4.2 Provision is made in Section 4 of b
f the air-dry  w
s0il selected for purpose of tests. the separa- b
tion of the soil on the No. 10 sieve by dry- s

:sieving and washing. and the weighing of the
‘washed and dried fraction retained on the No.
10 sieve, From these two masses the pereent-

f+ 2ges retained and passing the No. 10 sieve can

be calculated in accordance with 11.1.

NoTe 8—A check on the mass values :md_lhi-:
horoughness of pulverization of thc_clod; "xg ‘I):)
ighi ti assing the NO.
Toured by weighing e e the mass of i,hc
washed and oven-dried portion retained on the No.
: 10 sicve.

SIEVE ANALYSIS O
RETAINER OX NO. 10 (

F PORTION
2.00-mm) SIEVE

$. Procedure -

n the
No. 10 (2.00-mm) sieve into a series of frac-
“tions using the 3-in. (75-mm), 2-in. (50-mm).
l-in.  (25.0-mm). el
“(19.0-mm), ¥-in. (9.3-mm), No. 4 {4.73-mm}.
and No. 10 sieves, or as many as may be
needed depending on the sample. of upon

;- the specifications for the material under test.

.. 5.2 Conduct the sieving operation by
means of a lateral and vertical motion 'of the
ing action 0
I

. sieve, accompanied by a jurring i
" order to keep the sample moving continuous
* aver the surface of the sieve. In no case urm

or manipulate fragments in the sample

N i . H .'. 'ny
the No. 10 sieve shall depend on the mavk: through the sieve by hand. Continue sieving

imum size of particle, according to the fohg-

lowing schedule: 3 . ' : during | i
| s of sieving. When mechanical sieving 15 Usct,

Nominal Diameter of
Largest Particles,

in. (mm) Muss of Portion, g
o (9.9) 500
%o (19.0) 1000

3

3 1982 Annual Book of ASTM Standurds, Part 41,
* 1943 Annual Book of ASTM Standards, Vol 04.08.

Approximate Minimum :_ :
Z. hand method of sieving as described above.

-

until not more than 1 mass percent of the res-
¢ idue on a sieve passes that sieve during | nun
test the thoroughness of sieving by using the
5.3 Determine the mass of each fraction on

a balance conforming to the requircments of
2.1, At the end of weighing, the sum of the

k% masses retained on all the sieves used should
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I pa22

Nominal Diameter of

eralized water, at the rate of 40 g of sodiup equal closely the original mass of the quantity

Approximate Minimum

exametaphosphate/litre of solution (Note 7), L“rg;‘“" &“g:;d“' s of Partion. 2 sicved,
W Noi1k 7—Solutions of this salt, if acidic, slow] N 2000 ‘
revert or hydrolyze back Lo the _orthu‘phusphuli :l;a :;g.:; '3'::’;, HYDR(I):METER ;AED SIEVE ANALYSIS
form with a resultant decrease in dispersive action, F 3 (50.8) A0 OF PORTION PASSING THE NO.
Solutions should be prepared frequently (a1 leay 3 (76:2) 5000 10 (2.00-mm)»SIEVE

once a month) or adjusted to pH of 8 or 9 by
means of sedium carbonate. Bottles containing sq.
tutions should huve the dute of preparution markeq
on them. .

3.2 All water used shall be either distilly
or demineratized water, The water for a hy.
drometer test shall be brought to the tempers.
ture that is expected to prevail during the
e hydrom‘cler test. For example, if the sedimen.
tation cylinder is to be placed in the wate
bath, the distilled or demineralized water g

Al
6. Determination of Composite Correction for
Hydrometer Reading

4.1.2 The size of the portion’ passing the
No. 10 sieve shall be approximately 115 g for
' andy soils and approximately 65 g for silt
and clay soils.

4.2 Provision is made in Section 4 of
Method D 421 for the weighing of the air-dry
wil selected for purpose of tests, the separa-
- yon of the soil on the No. 10 sieve by dry-
.geving and washing. and the weighing of the
. washed and dried [raction retained on the No.
be used shall be brought to the temperature of B | sieve. From these two masses the percent-
lhe_ comro_"cd water bm!n or, if the s.edimen. - yoes retained and passing the No. 10 sieve can
tation cylinder is used in a room with con. E |1 cyiculated in accordance with 11.1.
trolled temperature, the water for the tegq k- NOTE B—A check on the mass values and the
shall be at the temperature of the room. The | oroughness of pulverization of the clods may be
busic temperature for the hydrometer test js weured Dy weighing the portion pussing the No. 10
68 F (20 C). Small variations of temperature f ¢ ;md d“dd'“gdl.h'; "“:"'!"n“’ the (;“"‘55 Isrh‘lhe
do not introduce differences that are of prac. - washed and oven-dried portion retained on the 0.

. . )0 sieve.

+ tical significance and do not prevent the y | B ) o
of corrections derived as prescribed * 5 SIEVE ANALYSIS OF PORTION meniscus formed by the liquid on the stem.
) " RETAINED ON NO. 10 (2.00-mm) SIEVE Since it is not possible to secure readings of

soil suspensions at the bottom of the menis-
5. Procedure cus, readings must be taken at the top and a
correction applied.

6.1.3 The net amount of the corrections for
the three items enumerated is designated as
the composite carrection, and may be deter-
mined experimentally.

6.2 For convenience, a graph or table of
composite corrections for a series of l-deg
temperature differences for the range of ex-
pected test temperatures may be prepared and
used as needed. Measurement of the com-

- =

6.1 Equations for percentages of soil re-
maining in suspension. as given in 13.3, are
bused on the use of distilled or demineralized
water, A dispersing agent is used in the water,
however, and the specific gravity of the re-
sulting liquid is appreciably greater than that
of distilled or demineralized water,

6.1.1 Both soil hydrometers are calibrated
at 68 F (20 C), and variations in temperature
from this standard temperature produce inac-
curacies in the actual hydrometer readings.
The amount of the inaccuracy increases as the
variation from the standard temperature in-
Croises.

6.1.2 Hydrometers are graduated by the
manufacturer to be read at the bottom of the

2

4. Test Sample

4,1 Prepare the test sample for mechanicy
analysis as outlined in ASTM Method D 42},
ry Preparation of Soil Samples for Particle.
WWPsizc Analysis and Determination of Soil Cop.
“stunts.* During the preparation procedure the
sumple is divided into two portions. One por.
tion contains only particles retained on the

No. 10 (2.00-mm) sieve while the other por.
tion contains only particles passing the No, 1)

- -

5.1 Separate the portion retained on the
| No. 10 (2.00-mm) sieve into a series of frac-
" jions using the 3-in. (73.mm), 2-in. (30-mm),
Cpein. (37.3-mm). beine (25.0-mm). Yi-in.
5 (I9.0-mm). Ya-in. (9.3-mm). No. 4 (4.75-mm},
. and No. 10 sigves, or as muany us may be
_peeded depending on the sample, or upon
_ the specifications for the material under test.

" .2 Conduct the sieving operation by

¥

mechunical analysis as follows:

lowing schedule:

Mominal Diameter of
Largest Particles,

3 1982 Annual Book of ASTM Standards, Part 41,

=

sieve. The mass of air-dried soil selecied for
purpose of tests, as prescribed in Method p
421, shall be sufficient to yiefd qeantities for

4.1.1 The size of the portion retained on
the No. 10 sieve shall depend on the maj.

imum size of particle, according to the fo).

Approximate Minimum

in. (mm) Mass of Portion, g
% (9.5) 500
o (19.0) 1000

* 1983 Annual Book of ASTM Standards, Vol 04.08.

. means of a lateral and vertical motion of the
- gieve, accompunied by a jarring action in
. order to keep the sumple moving continuously
. gver the surface of the sieve. In no case turn
" or manipulate fragments in the sample
_through the sieve by hand. Continue sieving
© yntid not more than | mass percent of the res-

 idue on a sieve passes that sieve during | min

- of sieving. When mechuanical sieving is used,

© test the thoroughness of sieving by using the
| hand method of sieving as described above.

5.3 Determine the muss of each fraction on
2 balance conforming to the requircments of

b 51 At the end of weighing, the sum of the
* masses retained on all the sieves used should

117

posite corrections may be made at two tem-
peratures spanning the ragag of expected test
temperatures, and corrections for the interme-
diate temperatures calculated assuming a
straight-line relationship between the two ob-
served values.

6.3 Prepare 1000 ml of liquid composed of
distilled or demineralized water and dis-
persing agent in the same proportion as will
prevail in the sedimentation (hydrometer)
test. Pluce the liquid in a sedimentation cyl-
inder and the cylinder in the constani-tem-
perature water bath, set for one of the two
temperatures. to be used. When the tempera-




il

tugof the liquid becomes constant, insert the
hyfibmeter, and, after a short interval to
peMMit the hydrometer to come to the temper-

ature of the liquid, read the hydrometer at the
toffibf the meniscus formed on the stem. For
h meter 151H the composite correction is
the difference between this reading and one;
for hydrometer 152H it is the difference be-
t the reading and zero. Bring the liquid
anfilithe hydrometer to the other temperature
to be used, and secure the composite correc-

tigguas before. _
7Egroscopic Moisture

7.1 When the sample is weighed for the
hygsometer test, weigh out an auxiliary por-
tihfrom 10 to 15 g in a small metal or
¢S ntainer, dry the sample to a constant

m 1 an oven at 230 = 9 F (110 = 5 C),
arl,.eigh again. Record the masses.

2. @ Bispersion of Soil Sample

8.1 When the soil is mostly of the clay and
sifiiizes. weigh out a sample of air-dry soil of
afikoximately 50 g. When the soil is mostly.

sand the sample should be approximately 100° -~ g \" |1\ mediately after dispersion, transfer |

2 Place the sample in the 250-ml beaker
adll cover with 125 ml of sodium hexameta-
phosphate solution (40 g/litre). Stir until the
sqil is thoroughly wetted. Allow to soak for at
li& 16 h.

3 At the end of the soaking period, dis-
perse the sample further, using either stirring
aggaratus A or B. If stirring apparatus A is
1;[, transfer the soil - water slurry from the

er into the special dispersion cup shown
in Fig. 2, washing any residue from the

er into the cup with distilled or deminer-
;d water (Note 9). Add distilled or demin-
eMRized water, if necessary, so that the cup is
more than half full. Stir for a period of 1 min.

OTE 9—A large size syringe is a convenient
ce for handling the water in the washing opera-

* M. Other devices include the wash-water bottle
an hose with nozzle connected to a pressurized
di water tank.

If stirring dpparatus B (Fig. 3) is used,

B o the cover c#p and connect the cup to
a compressed air supply by means of a rubber
. An air gage must be on the line between
cup and the control valve. Open the con-

| valve so that the gage indicates | psi (7

D 422

kPa) pressure (Note 10). Transfer the sol B
water slurry from the beaker to the airt
dispersion cup by washing with distilled oF-
demineralized water. Add distilled or demit§:
eralized water, if necessary, so that the totdy.

volurne in the cup is 250 ml, but no more.

NOTE 10—The initial air pressure of I psi is PR
quired to prevent the soil - water mixture from et~

tering the air-jet chamber when the mixture 5§,

transferred to the dispersion cup.

8.5 Place the cover cap on the cup

open the air control valve until the gage pres
sure is 20 psi (140 kPa). Disperse the sol
according to the following schedule:

Dispersion Period,

Plasticity Index min
Under 5 .5
610 20 10
Over 20 15

Soils containing large percentages of micd §
need be dispersed for only 1 min. After theg

dispersion period, reduce the gage pressure (0.

1 psi preparatory to transfer of soil - water §

slurry to the sedimentation cylinder.

9. Hydrometer Test

the soil - water slurry to the glass sedimenta- §

tion cylinder, and add distilled or derineral- |,

ized water until the total volume is 1000 ml.

9.2 Using the palm of the hand over the

open end of the cylinder (or a rubber stoppef !

in the open end), turn the cylinder upside

down and back for a period of 1 min to com- §

plete the agitation of the slurry (Note 11). At

the end of 1 min set the cylinder in a conven- §

jent location and take hydrometer readings at
the following intervals of time (measured
from the beginning of sedimentation). or as
many as may be needed. depending on the
sample or the specification for the material
under test: 2. 5. 15, 30, 60, 250, and 1440
min. If the controlled water bath is used, the
sedimentation cylinder should be placed in the
bath between the 2- and 5-min readings.

NoTE t1—The number of turns during this |

minute should be approximately 60, counting the
turn upside down and back as two turns. Any soil
remaining in the bottom of the eylinder during the
first few tumns should be loosened by vigorous
shaking of the cylinder while it is in the inverted
position.

9.3 When it is desired to take a hydrometer
reading, carefully insert the hydrometer about

NPTy

i

o

g

20 to 25 s before the reading is due to approt”
imately the depth it will have when ‘hF.
reading is taken. As soon as the reading 15
taken, carefully remove the hyc!romcter and
place it with a spinning motion in a graduate
of clean distilled or demineralized water.

) —Iuisi nt to remove the hydrom-
ele‘:l?r:\in:egimsl)"s::a\e?;?:h reading. Readings shall_
be taken at the top of the meniscus formed bylhhln
suspension around the stem, since it is not possible
10 secure readings at the bottom of the meniscus.

94 After each reading, take the temperi-
ture of the suspension by inserting the ther-
mometet into the suspension.

10. Sieve Analysis

10.1 After taking the final hydrornelcl;
teading, transfer the suspension 1o d No. 20{|
(75-um) sicve and wash with tap waler un‘tlnl
the wash water is clear. Transfer the materia
on the No. 200 sieve Lo @ suituble com‘umcr.
dry in an oven at 230 = 9F (110 = SC)Aan(;J
make a sieve analysis of the portion retained.
using as many sieves as desired. c_)r regunrcc}
for the material, or upon the specification 0
the material under test.

M L]
CALCULATIONS AND REPORT

i Portion
11. Sieve Analysis Values for the '
Coarser than the No. 10 (2.00-mm) Siese

111 Calculate the percentage passing the
No. 10 sieve by dividing the mass passing lhc‘
No. 10 sieve by the mass of sml_on_gmulrl\),
split on the No. 10 sieve. and multiplying thc‘
result by 100. To obtain the mass passing the
No. 10 sieve, subtract the mass retained on
the No. 10 sieve from the original mass. ‘

11.2 To secure the total mass of sm’.
passing the No. 4 (4.75-mm) sieve, add lolhc
mass of the material passing the No. 10 sieve
the mass of the fraction passing thf: No. 4
sieve and retained on the No. 'IO sncv;‘.. To
secure the total mass of soil passing the u-m“'
(9.5-mm) sieve, add 1o the tolal mass ol'_s‘o!.
passing the No. 4 sieve, the mass of tl:u: :jr.u.-
tion passing the Ya-in. sieve and'r.ctumfz_ 01
the No. 4 sieve. For the remaining skeves
continue the calculations in the same mannul.

11.3 To determine the total perccnlu‘g\-
passing for each sicve, divide the (otal.nm}
passing (see 11.2) by the total mass of samp
and multiply the result by 100.
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t kPa) pressure (Note 10). Transfer the soil §

'0, ater slurey from the beaker to the air-jg
A Lispersion cup by washing with distilled o
demineralized water. Add distilled or demin.

eralized water, if necessary, so that the tota §°

is  volume in the cup is 250 ml, but no more.
.

Note 10—The initial air pressure of | psi is rr.
quired to prevent the soil - water mixture from ep.
tering the air-jet chamber when the mixture jg
transferred to the dispersion cup.

8.5 Place the cover cap on the cup ang

according to the following schedule:
Dispersion Period,

| Plasticity Index min
Under 5 5

6to 20 10

Over 20 15

need be dispersed for only 1 min, After the
dispersion period, reduce the gage pressure o
1 psi preparatory to transfer of soil - water
slurry to the sedimentation cylinder.

9. Hydrometer Test

tion cylinder, and add distilled or demineral.

ized water until the total volume is 1000 ml.
9.2 Using the palm of the hand over the
pen end of the cylinder (or a rubber stopper
n the open end), turn the cylinder upside
Jown and back for a period of 1 min to com.
plete the agitation of the slurry (Note 11), Ay
the end of | min set the cylinder in a conven.
ient locution and take hydrometer readings a
the following intervals of time (measured
l from the beginning of sedimentation), or as
many as may be needed, depending on the
sample or the specification for the material
wnder test: 2, 5, 15, 30, 60, 250, and (449
min. If the controlled water bath is used, the

bath between the 2- and 5-min readings.

Note |1—The number of turns during thig
minute should be approximately 60, counting the
turn upside down and back as two turns. Any soil
remaining in the bottom of the cylinder during the
first few turns should be lovsened by vigoroys
shaking of the cylinder while it is in the inverteq
position, '

9.3 When it is desired to take a hydrometer
reading, carefully insert the hydrometer abou

open the air control valve until the gage pres. |
sure is 20 psi (140 kPa). Disperse the soil

Soils containing large percentages of micy f'

9.1 Immediately after dispersion, transfer -
the soil - water slurry to the glass sedimenta. 4

sedimentation cylinder should be placed in the §.

(il

20 to 25 s before the reading is due to approx-
imately the depth it will have when the
reading is taken. As soon as the reading is
taken, carefully remove the hydrometer and
place it with a spinning motion in a graduate
of clean distilled or demingralized water.

NoTE 12—It is important to remove the hydrom-
cter immediutely after each reading. Readings shall
be taken at the top of the meniscus formed by the
suspension around the stem, since it 15 moL possible
10 secure readings at the bottom of the meniscus.

9.4 After each reading, take the tempera-
wre of the suspension by inserting the ther-
mometer into the suspension.

.

10. Sieve Analysis

10.1 After taking the final hydrometer
reading, transfer the suspension to a No. 200
(75-em) sieve and wash with tap water until
the wash water is clear. Transfer the material
ot the No. 200 sieve to a suitable container,
dry in an oven at 230 = 9F (110 = 5 C) and
make a sieve analysis of the portion retained,
using as many sieves as desired. or required
for the material, or upon the specification of
the material under test,

CALCULATIONS AND REPORT

11. Sieve Analysis Values for the Portion
Coarser than the No. 10 (2,00-mm) Sieve

11.1 Calculate the percentuge passing the

" No. 10 sieve by dividing the mass passing the

No. 10 sieve by the mass of soil originally
split on the No. 10 sieve, and multiplying the
result by 100. To obtain the mass passing the
No. 10 sieve, subtruct the mass retained on
the No. 10 sieve from the original mass.

" 11.2 To secure the total mass of soil

‘passing the Ng. 4 (4.75-mm) sieve, add to the

mass of the material passing the No. 10 sieve
the mass of the fraction passing the No. 4
sieve and retained on the No. 10 sieve. To
secure the total mass of soil passing the %-in.
(9.5-mm) sieve, add to the total mass of soil
passing the No. 4 sieve, the mass of the frac-
tion passing the ¥s-in. sicve and retained on
the No. 4 sieve. For the remaining sieves,
continue the caleulations in the saume manner.

11.3 To determine the total percentage
passing for each sieve, divide the total mass
passing (see 11.2) by the total mass of sample
and multiply the result by 100.

119
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12. Hygroscopic Moisture Correction Factor

12.1 The hygroscopic moisture correction
factor is the ratio between the mass of the
oven-dried sample and e air-dry mass before -
drying. It is a number less than one, except
when there is no hygroscopic moisture.

13. Percentages of Soil in Suspension

13.1 Calculate the oven-dey mass of soil
used in the hydrometer analysis by multi-
plying the air-dry mass by the hygroscopic
moisture cotrection factor.

13.2 Caiculate the mass of a total sample
represented by the mass of soil used in the
hydrometer test, by dividing the oven-dry
mass used by the percentage passing the No.
10 (2.00-mm) sieve, and multiplying the result.
by 100, This value is the weight W in the
equation for percentage remaining in suspen-
sion,

13.3 The percentage of soil remaining in
suspension at the level at which the hydrom-
eter is measuring the density of the suspension
may be calculated as follows (Note 13):

For hydrometer 151H:

P = [(100,000/W) x G/(G — G)] (R - G\)

Notve 13—The bracketed portion of the equation
for hydrometer 151H is constunt for a series of
readings and may be calculated first and then multi-
plied by the portion in the parenthesis.

For hydrometer 152H:

P = (Ra/W) x 100

where:
a

correction faction to be applied to the
.reading of hydrometer 152H. (Values
shown on the scale are computed using
a specific gravity of 2.65. Correction
fuctors are given in Table 1),
percentage of soil remaining in susplfi
sion at the level at which the hydrom.
eter measures the density of the sus.
pension,

hydrometer reading with composite
correction applied (Section 6),
oven-dry mass of soil in a total tes
sample represented by mass of soil dis.
persed (see 13.2), g, ‘
specific gravity of the soil particles
and

specific gravity of the liquid in whict
soil particles are suspended. Use nu

-
Il
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merical value of one in both instances
in the equation. In the first instance
any possible variation produces no sig-
nificant effect, and in the second in-
stance, the composite correction for R
is based on a value of one for G,.

meter of Soil Particles
.1 The diameter of a particle corres-
d

ing to the percentage indicated by a
given hydrometer reading shall be calculated
agibrding to Stokes' law (Note 14), on the
s that a particle of this diameter was at
surface of the suspension at the beginning
of sedimentation and had settled to the level
¢ ich the hydrometer is measuring the
of the suspension. According to
to2es law:

D = /130n/980(G - G x LJT

-

7 -

i
jre:
= diameter of particle, mm,
" n = coefficient of viscosity of the suspend-
ing medium (in this case water) in
I poises (varies with changes in tempera-
ture of the suspending medium),

L = distance from the surface of the sus.
pension to the level at which the density
of the suspension is being measured,
¢m. (For a given hydrometer and sedi-
mentation cylinder, values vary accord-

l ing to the hydrometer readings. This
distance is known as effective depth
(Table 2),

= interval of time from beginning of sedi-
l mentation to the taking of the reading,
min,

G = specific gravity of soil particles, and
Gl= specific gravity (relative density) of

suspending medium (value may be
NOTE 14-=Since Stokes’ law considers the lerminal
v
1

hl

used as 1.000 for all practical purposes).
4ty of a single sphere falling in an infinity of
iflld, the sizes calculated represent the diameter of

siiilres that would fall at the same rate as the soil
particles.
a

For convenience in calculations the
€ equation may be written as follows:

‘ D -*k /LT

where:
Iin constant depending on the temperature
of the suspension and the specific

D 422

gravity of the soil particles. Values of K [
for a range of temperatures and specific
gravities are given in Table 3. The value §
of K does not change for a series of §.
readings constituting a test, while values -

of L and T do vary.

14.3 Values of D may be computed with suf-
ficient accuracy, using an ordinary 10-in, slide
rule. ‘

NoTE 15—The value of L is divided by T using
the A- and B-scales, the square root being indicated
on the D-scale. Without ascertaining the value of
the square root it may be multiplied by K, using
cither the C- or Cl-scale. -

15. Sieve Analysis Values for Portion Finer
than No. 10 (2.00-mm ) Sieve

" 15.1 Calculation of percentages passing the
various sieves used in sieving the portion of
the sample from the hydrometer test involves
several steps. The first step is to calculate the
mass ol the fraction that would have been
retained on the No. 10 sieve had it not been
removed. This mass is equal to the total per-
centage retained on the No. 10 sieve (100
minus total percéniage passing) times the
mass of the total sample represented by the
mass of soil used (as calculated in 13.2), and
the result divided by 100.

15.2 Calculate next the total mass passing
the No. 200 sieve, Add together the fractional
masses retained on all the sieves, including the
Na. 10 sieve, and subtract this sum from the
mass of the total sample (as calculated in
13.2).

15.3 Calculate next the total masses
passing each of the other sieves, in 2 manner
similar to that given in 11.2.

15.4 Calculate last the total percentages
passing by dividing the total mass passing (as
calculated in 15.3) by the total mass of
sample (as calculated in 13.2), and multiply
the result by 100.

16. Graph

16.1 When' the hydrometer analysis is per-
formed, a graph of the test results shall be
made, plotting the diamelers of the particles
on a logarithmic scale as the abscissa and the
percentages smaller than the corresponding
diameters to an arithmetic scale as the ordi-
nate. When the hydrometer analysis is not

e e, e i B e
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made on a portion of the soil, the preparation
of the graph is optional, since values may be
secured directly from tabulated data.

17. Report

17.1 The report shall include the following:

17.1.1 Maximum size of particles,

17.1.2 Percentage passing (or retained on)
cach sieve, which may be tabulated or pre-
sented by plotting on a graph (Note 16), _

17.1.3 Description of sand and gravel parti-
cles:

17.1.3.1 Shape—rounded or angular,

17.1.3.2 Hardness—hard and durable, soft.
or weathered and friable,

17.1.4 Specific gravity, if unusually high or
low,

17.1.5 Any difficuity in dispersing the frac-
tion passing the No. 10 (2.00-mm) sieve, indi-
caling any change in type and amount of dis-
persing agent, and

17.1.6 The dispersion device used and the
length of the dispersion period.

Note 16—This tabulation of graph represents
the gradation of the sample tested. If particles
larger than those contained in the sample were
removed before testing, the report shall so stale
Biving the amount and maximum size.

17.2 For materials tested for compliance
with definite specifications, the fractions
called for in such specifications shall be re-
ported. The fractions smaller than the No. 10
sieve shall be read from the graph.

17.3 For materials for which compliance
with definite specifications is not indicated
and when the soil is composed almost entirely
of particles passing the No. 4 (4.75-mm)
sieve, the results read from the graph may be
teported as follows:
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gravity of the soil particles. Values of K
for a runge of temperatures and specific
gravities are given in Table 3. The value
of K does not change for a series of

readings constituting a test, while values.

of L and T do vary. .

14.3 Values of D may be computed with suf-
ficient accuracy, using an ordinary 10-in. slide
rule.

Note |5—The value of L is divided by T using
the A- and B-scales, the square root being indicated
on the D-scale. Without ascertaining the value of
the square foot it may be multiplied by X, using
either the C- or Cl-scale.

15. Sieve Analysis Values for Portion Finer
than No. 10 (2.00-mm ) Sieve

15.1 Calculation of percentages passing the
various sieves used in sieving the portion of
the sample from the hydrometer test involves
several steps. The first step is to calculate the
mass of the fraction that would have been
retained on the No. 10 sieve had it not been
removed. This mass is equal to the total per.
centage retained on the No. 10 sieve (100
minus total percentage passing) times the
mass of the total sample represented by the
mass of soil used (as calculated in 13.2), and
the result divided by 100.

15.2 Calculaie next the total mass passing
No. 200 sieve. Add together the fractional

0. 10 sieve, and subtract this sum from the
ass of the total sample (as calculuted in

13.2).

I IS).3 Calculate next the total masses
passing each of the other sieves, in a manner
similar to that given in 11.2,

I 15.4 Calculate last the total percentages
pussing by dividing the total mass passing (as
calculated in 15.3) by the total mass of
sample (as calculated in 13.2), and multiply

Ilhe result by 100.

16. Graph
16.1 When the hydrometer analysis is per-
formed, a graph of the test results shall be
made, plotting the diameters of the particles
on a logarithmic scule as the abscissa and the
Iperm:ntugcs smaller than the corresponding
diameters to an arithmetic scale as the ordi-
nate. When the hydrometer analysis is not

sses retained on all the sieves, including the -

i i

4ilh

made on a portion of the soil, the preparation
of the graph is optional, since values may be
secured directly from tabulated data,

17. Report

17.1 The report shall include the following:

17.1.1 Maximum size of particles,

17.1.2 Percentage passing (or retained on)
each sieve, which may be tabulated or pre-
sented by plotting on a graph (Note 16),

17.4.3 Description of sund and gravel parti-
cles:

17.1.3.1 Shape—rounded or angular,

17.1.3.2 Hardness—hard and durable, soft,
or weathered and friable,

17.1.4 Specific gravity, if unusually high or
low,
17.1.5 Any difficulty in dispersing the frac-
tion passing the No. 10 (2.00-mm) sieve, indi-
cating any change in type and amount of dis-
persing agent, and

17.1.6 The dispersion device used and the
length of the dispersion period,

NoTe 16—This tabulation of graph represents
the gradation of the sample tested. If particles
larger than those contained in the sample were
removed before testing, the report shall so state
giving the amount and maximum size.

17.2 For materials tested for compliance
with definite specifications, the fractions
called for in such specifications shall be re-
ported. The fractions smalter than the No. 10
sieve shall be read from the graph,

17.3 For materials for which compliance
with definite specifications is not indicated
and when the soil is composed almost entirely
of particles passing the No. 4 (4.75-mm)
sieve, the results read from the graph may be
reported as follows:

o .
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(1) Gravel, passing 3-in. and - ...... percent
tained on No. 4 sieve
(2) Sand, passing No. 4 sieve and ...... percent
retained on No., 200 sieve
(a) Coarse sand, passing No. 4
sieve. and retajned on ...... percent
No. 10 sieve
(b) Medium sand, passiftg No,
10 sieve and retained on  ...... percent
No. 40 sieve
(c) Fine sand, passing No. 40
sieve and retained op .. ... percent
No. 200 sieve
(3) Silt size, 0.074 10 0.005 nun ..., percent
(#) Clay size, smaller than 0.005
mm L percent
Colloids, smaller than 0.001
mm . pergent

17.4 For materials for which compliance
with definite specifications is not indicated and
when the soil contains maierial retained on the
No. 4 sieve sufficient to require a sieve analysis
on that portion, the results may be reported as
follows (Note 17):

-SIEVE ANALYSIS
Sieve Size

Percentage
Passing

3-in,

2-in,

1¥4-in.

1-in,

Ya-in.

¥-in,

No. 4 (4.75-mm)
No. 10(2.00-mm)
No. 40 (425-um)
No. 200 (75-gm)

HYDROMETER ANALYSIS

0.074 mm
0.005 mm
o-ml mm ........

Nore 17—No. 8 (2.36-mm) and No. 50 (300-
um) sieves may be substituted for No. 10 and No.
40 sieves.
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T. E 1 Values of Correction Facter, a, for Different
Specific Gravities of Soil Particles®

Table 2 Continued

i o

TABLE 3 Values of X for Use in Equation for Compatir

Specific Gravity Correction Factor?
295 0.94
2% . 0.9%
I 2.85 0.96
2.80 0.97
2.75 098
270 0.99
2.65 1.00
I 2.60 L0t
2.55 1.02
2.50 : 1.03

2.45 1.05
“.r use in equation for percentage of soil remaining in

suspension when using Hydrometer 152H.

LE 2 Values of Effective Depth Based on Hy-
dro Sedimentation Cylinder of Specified Sizes®

vatometer 151H Hydrometer 152H

| Actual Actual ’
al : Hy-  Effec- Hy-  Ellec-
HI)m- E[';EC:LVE drom- tive drom-  tive
PN Depth,

r eter Depth, eter
Reading &M  Read- f.em Resd £, em
ing ng
16.3 0 163 31 1.2
1 16.0 1 16.1 EY) i
2 *158 2 160 33 109
1.003 15.5 3 158 3 10.7
1.004 15.2 4 156 35 10.6
[: 15.0 5 15.5
, 147 6 153 3 104
1.007 14.4 7 152 1 10.2
1.008 142 8 150 38 0.1
139 9 14.3 39 99
10 13.7 10 147 40 9.7
1.011 134 1 145 41 9.6
1.012 13.1 12 143 42 9.4
12 129 13 i4.2 43 9.2
14 126 14 14.0 44 9.1
15 12.3 15 138 45 8.9
1.0l6 12.1 16 13.7 46 88
17 .8 1?7 135 47 86
18 15 18 133 48 3.4
19 1.3 19 132 49 8.3
1.020 (.0 20 130 50 8.1
10.7 2 129 51 79

10.5 22 127 52 7.8
10.2 23 12.5 53 7.6
1 10.0 24 124 54 7.4
9.7 25 12.2 55 7.3

[ ]
L bt ==

| o 94 26 120 56 7.1
( 9.2 7 119 57 70
p 8.9 "I T B 64
1029 8.6 2% 415 %9 6.6

0 8.4 30 11.4 60 6.5

Hydrometer 151H Hydrometer 152H '
— Tm&ralure, Specific Gravi
ctual Actual 3 C
Acual  rpoive AHy_ Eife yiye Effec B 2.45 250 .58 260
Hydrom-  “pep, drom- € - drom- L 16 001510 | 0.01505 | 001481 | 001457 | 0
Rt Loom -eter  DNP. ewer SR 17 001511 | 001286 | 001362 | 001439 | 0
eading Read- &+ M Read. & 18 001492 | 001467 | 0.01243 | 001421 | ©
mg ng 19 001474 | 001449 | 0.01425 | 001403 | O
—— B 20 0.01456 | 0.01431 0.01408 | 0.01386 [ 0
1.031 8.1 P
1.032 7.8 gk 2 0.01438 | 001414 | 00139t | 001369 | O
1.033 7.6 ¥ b2y 001421 | 001397 | 6.01374 | 001353 | O
1.034 7.3 001404 | 0.01381 001358 | 001337 | 0.
1.035 7.0 001388 | 0.01365 { 0.01342 | 0.01328 0
1.036 6.8 . 0.01372 | 0.01349 | 0.01327 | 001306 | O.
1.037 6.5 -
1,038 6.2 : 0.01357 001334 0.01312 | 0.01291 0
e 0.01342 0.01319 001297 | 001277 | ©
8 Values of effective depth are calculated from the eq@ 0.01327 | 001304 | 0.01283 | 001264 | O
tion: 001212 | 001290 | 0.01269 | 0.01249 | ©.
001208 | 001276 | 0.01256 | 0.01236 | O.
L=L,+ %L~ (Vu/A)]

where:

L = cffective depth, em,

L, = distance along the stem of the hydrometer fro@ §%- M _L_E
the top of the bulb to the mark for a hydromei k _E_ ,
reading, em. 3/a" No.!

Ly = overall length of the hydrometer bulb, cm, 4

Ve = volume of hydrometer bulb, cm?, and .

A = cross-sectional area of sedimentation cylinder, &8 ¥ Chrome P

Values vsed in calculating the values in Table 2 are a8 fob - .
lows: :

For both hydrometers, 151H and 152H:

Ly, = 140cm

Va = 67.0cm?

A = 278 em?®

For hydrometer 151H: .

L, = 10.5 ¢m for a reading of 1.000 oL

= 2.3 cm for a reading of 1.031 K
Fot hydrometer 52H: B
L, = 10.5em for u reading ol 0 g/lire “
= 2.3 cm lor a reading of 50 g/litre (a)
Metric Equiral
in. 0001 00% O

il

mm 0,03 1.24 5

FIG. 1 Detail of Stint
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ble 2 Cuntinued
T ol TABLE 3 Values of K for Use in Eq for Computing Di of Particle in Hydrometer Apalysis
tydrometer 151H Hydrometer 152H I
- . peratute, Specific Gravity of Soil Particles
Actual Actual L. deg € D
Acwal pictive Hy- BT Hy. Effec - 245 2.50 255 2.60 2.65 2.70 275 250 285
Hydrom:  “pepp, drom-  WVe - drom- e § 16 001510 | 001505 | 001481 | 001457 | 001435 | 001414 | 001394 | 001374 | 0.0135
etet Loom e DSPTh eter LA S 00i511 | 001486 | 0.01462 | 001439 | 001417 | 0.01396 [ 001376 | 001356 | 001338
Reading Read-  L.CM Read- ©- 50 18 001492 | 001467 | 001443 | 0.01421 | 001399 | 0.01378 | 001359 | 001339 | 0.01321
ng ing . 19 001473 | 001449 | 001425 | 001403 | 0.01382 | 0.01361 0.01342 | 001323 | 0.01305
— F 0 0.01456 | 0.01431 0.01408 | 001386 | 0.01365 { 0.01344 | 001325 | 001307 { 0.01289
1.031 8.1 ]
1,032 7.8 3 21 001438 | 0.01414 | 0.01391 0.01369 | 0.01348 | 001328 | 001309 | 001291 | 001273
1.033 1.6 k- 22 001421 001397 | 001374 | 001353 | 001332 | 001312 { 001294 | 0.01276 } 0.01258
1.034 73 [ n 001404 | 001381 | 001358 | 0.01337 | 001317 | 001297 | 001279 | 001261 [ 001243
1.035 7.0 ’ 24 001388 | 0.01365 | 0.01342 } 0.0132] 0.01301 0.01282 | 0.01264 | 0.01246 | 0.01229
- 1.036 6.8 [ 25 0.01372 0.01349 0.00327 0.01306 | 0.01286 0,01267 0.01249 0.01232 | 0.01215
' 1037 ' 65 ;- :
1.038 6.2 ' 2% 0.01357 | 001334 | 0.01312 | 0.01291 0.01272 | 0.01253 | 0.01235 | 001218 | 001201
—_— 7 001342 | 001319 | 001297 | 001277 | 001253 | 001239 | 0.0122) 0.01204 | 0.01188
% Values of effective depth are caleulated from the equa. [ 28 001327 | 001304 | 001283 | 001264 | 001244 | 001225 | 001208 | 001191 | 001175
tion: k- b 001312 | 001290 | 001269 | 0.01249 | 0.01230 | 0.01202 | 0.01195 | 0.01178 0.01162
- 0 001298 | 001276 | 001256 | 001236 | 001217 | 001199 | 001182 | 0.01165 001149
L=Li+"|Lli- (Ve/A) S
I where: - : A
L = effective depth, cm, l .
. L, = distance along the stem of the hydrometer from & % m_ro_ﬁq
the top of the bulb to the mark for a hydrometer § —r -
reading. cm, " No, 18 8W Go 0,049
L, = overall length of the hydrometer bulb, em, 4
Ve = volume of hydrometer bulb, cm 5, and 3
4 = cross-sectional ares of sedimentation cylinder, em2. i Chrome Plated
Values used in caleulating the vitlues in Table 2 are as fol.
lows:
I For buth hydrometers, 151H and 152H:
L, = 40cm
Vu = 670 cm?
A = 21.8cem? 3
For hydrometer 151H: o Punch .t .
. = 10.5 cm for a reading of 1.000 . 0.203"20.001
= 2.3 cm for a reading of 1.031
For hydrometer |32H:
L. -« 10.5¢m for areading of 0 g/litre
= 2.3¢m Tor o reading of 30 g/litre {a) (44)]
Metric Equivalents
in. 0.001 0.049 0.203 Va k(S
k. mm 0.03 1.24 5.16 12.7 19.0
3 FIG. 1
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Detail of Stirring Paddies.
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I'; The American chiet_y Jor Testing and Materials takes no position respecting the validity of any patenr rights asserted in
- gonprction with any item ioned in this standard. Users of this standard are expressly advised that determination of the validity
14,”- such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

3

.. This standard is subjeci to revision ai any time by the responsible technical ¢ and must be reviewed every five years

o if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional
. gandards and should be addressed 1o ASTM Headquarters. Your comments will receive careful c deration at a meeting of the
.. ible technical committee, which you may attend, If you feel that your comments have not received a fair hearing vou should
" make your views known to the ASTM Committee on Standards, 1916 Race St.. Philadelphia, Pa, 19103.
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FEED AND PRODUCT ANALYTICAL DATA
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MOISTURE ANALYSIS RESULTS
Feed & Product Samples

- - = = Moisture Content — — — -

Sample 1 - Sample 2 Sample 3

Furnace Inlet Feed < 0.1 < 0.1 0.1
Cyclones Product Qutlet " < 0.5 1.0 < 0.5
' Baghouse Fines < 0.5

’
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LAW ENGINEERING TESTING COMPANY
SOIL SAMPLE DATA

PROJECT NAME & NO. ARE J47784-0105 Enthropy
BORING NUMBER IS Grace Run 1
SAMPLE IDENTIFICATION IS Feed 2-1-84

.SPECIFIC GRAVITY = 2,23

* SIEVE ANALYSIS Note
Sieved Mechanically for 15 minutes
SIEVE #CUM WT PERCENT
NUMBER RETAINED FINER
. 4 0.0 100.0

10 71.5 64.5

20 86.1 21,7

40 105.2 12.2

60 112.7 . 8
100 118.4 3
200 123.2 -3

| HXDROMETER ANALYSIS ON SOIL PASSING NO, 10 SIEVE

ELAPSED - HYDRO CORR TEMP DIA IN PERCENT .

'TIME READING HYDRO MM FINER .
v 0.5 11.0 7.6 22, 0.0835 4.2
1.0 9.0 5.6 22, 0.0597 - 3,1
2,0 8.0 4.6 22, 0.0424 2.6
5.0 8.0 4.6 22, 0.0268 2.6
15,0 6.0 2.6 22, 0.0157 1.4
30,0 6.0 2.6 22, 0.0111 1.4
: 5.0 1.6 22. 0.0079 0.9
_ 4.0 0.8 23. 0.0038 0.5
1440.0 4.0 0.8 23. 0.0016 0.5

PLASTICITY PROPERTIES OF MAT, PASSING NO. 40 SIEVE
SOIL SAMPLE IS NON-PLASTIC
GRAIN SIZE DISTRIBUTION :
0.0% GRAVEL 96.7% SAND 2.8% SILT 0.5% CLAY
UNIFORMITY COEF = 5,89 COEF OF CURVATURE = 1.89
UNIFIED SOIL CLASSIFICATION IS SP
AASHTO SOIL CLASSIFICATION IS Al WITH A GROUP INDEX OF 0
ROUGH ESTIMATES OF VARIOUS SOIL PROPERTIES

MAX AND MIN DRY DENSITY = 101 AND 77 PCF
PERMEABILITY COEFF. =0.10E+00 CM/SEC

* Tested in General Accordance with ASTM D85L
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LAW ENGINEERING TESTING COMPANY
SOTL SAMPLE DATA

PROJECT NAME & NO, ARE J47784-0105 Entropy
BORING NUMBER IS Grace Run 2
SAMPLE IDENTIFICATION IS Feed 2-1-84

» SPECIFIC GRAVITY = 2,23

SIEVE ANALYSIS Note

. Sieved Mechanically For 15 Minutes
SIEVE #CUM WT PERCENT

NUMBER RETAINED FINER

4 0.0 100.0
10 105.3 52.5
20 88.8 12.4
40 100.1 7.4
60 104.6 5.3

100 108.5 3.6
200 111.9 2.0

HYDROMETER ANALYSIS ON SOIL PASSING NO, 10 SIEVE

ELAPSED HYDRO CORR TEMP DIA IN PERCENT.

~TIME  READING HYDRO . MM~ FINER
0.5 9.0 5.6 22,. 0,0844 2.8
1.0 7.0 3.6 22, 0,0603 1.8 -
2.0 7.0 3.6 22, 0.0427 . 1.8
5.0 7.0 3.6 22, 0.0270 1.8
- 15.0 6.0 2.6 22, 0.0157 1.3
30.0 5.0 1.6 22, 0,011l 0.8
60.0 5,0 1.6 22, 0,0079 0.8
250.,0 4.0 0.8 23, 0,0038 0.4
. 1440,0 4.0 0.8 23, 0.0016 0.4

PLASTICITY PROPERTIES OF MAT. PASSING NO. 40 SIEVE
SOIL SAMPLE IS NON-PLASTIC

GRAIN SIZE DISTRIBUTION
0.0%Z GRAVEL 98.0Z SAND 1.6Z SILT 0.47 CLAY
UNIFORMITY COEF = 3,82 COEF OF CURVATURE = 1,17

UNIFIED SOIL CLASSIFICATION IS SP
AASHTO SOIL CLASSIFICATION IS Al WITH A GROUP INDEX OF 0
ROUGH ESTIMATES OF -VARIOUS SOIL PROPERTIES

MAX AND MIN DRY DENSITY = 96 AND 72 PCF
PERMEABILITY COEFF. =0.41E+00 CM/SEC

* TESTED IN GENERAL ACCORDANCE WITH ASTM D854

i
i
'
i
i
||.
"
1
1
n
i
|
i
r
1
f
i



P ) ~%010 1
-l-1 - - Lo - - donnqulsiqg ozis ulel
P— Coom | welar | nnqusiq szig uledn
¢ uny DS o I
B et - =merjAuedwio) bunsa L g
Adoxyug 1 | |Bbuudsuibug me"
NOILYD141SS¥Y1D 80 NOILdIHIS3AA MEAREINT ‘HL1d3@  |'ON ON180E
. SUILIWITHIW NI 3ZIS NIVHD
100°0 10'0 . o B + i SRR : ol 00!}
Lo 4 T T d_ [+]
I ) 1
| TN “ “ | o
_ BRI " | :
! _ \ : ! _ 5
; L \ ; “ _ oc B
“ \ ._ ! a
Y t 1 m
' / i | | oy 2
! \ “ ! _ ﬂ
_ \ | i z
T ‘ _ 1 [ 0sS —._._
_" r ) ! ]
I \ ! | [ m
" * T 09. <
! / ! l s
| / \ | ! m
! | T . oL =
! ' ! ! Q
m ! ! | | &
“ " AR j ; "
" i \L! | [
[ I 1 T 06
_ . T
! | i
# ' T e . ( T oy 0ol
00c 00l 09 Ov -0z OF ¥ u8/€ u¥/€ul 0we uf
 §3ZIS 3A3IS QYVANVLIS SN -
53215 AvD| S3ZIS 1S amiz | EJ_nus |asuvos ans | 3suvod oR
S3N1 anvs T3AVHS §37@d03 1ac




LAW ENGINEERING TESTING COMPANY
SOIL SAMPLE DATA

PROJECT NAME & NO, ARE J47784-0105 Enthropy
BORING NUMBER IS Grace Run 3
SAMPLE IDENTIFICATION IS Feed 2-1-84

*» SPECIFIC GRAVITY = 2,23 Note

Sieved Mechanicaily for 15 minutes
SIEVE ANALYSIS

SIEVE #CUM WT PERCENT
NUMBER RETAINED FINER

4 0.0  100.0

10 88.0 51,5
20 68.3 13.8
40 79.2 7.8

60 83.0 5.7
100 86.5 3.8
200 89.3 2.3

- HYDROMETER ANALYSIS ON SOLL PASSING NO. 10 SIEVE

'ELAPSED HYDRO CORR TEMP DIA IN .PERCENT

"TIME READING HYDRO MM = FINER
R 0.5 8.0 4,6 22, 0.0849 - 2.8
1.0 7.0 3.6 22, 0.0603 2.2

2.0 6.0 2.6 22, .0,0429 1.6
- 5,0 6.0 2.6 22, 0.0271 ° 1.6
- 15,0 6.0 2.6 22, 0.0157 1.6
30.0 6.0 2.6 22. 0.0111 . 1.6
- 60,0 5.0 ‘1.6 22, 0.0079 ‘1.0
250.,0 4.0 0.8 23, 0.0038 0.5
© . 1440,0 4,0 0.8 23, 0.001e6 0.5

PLASTICITY PROPERTIES OF MAT. PASSING NO. 40 SIEVE
SOIL SAMPLE IS NON-PLASTIC
. GRAIN SIZE DISTRIBUTION A _
0.0% GRAVEL 97.7% SAND 1.7% SILT 0.5% CLAY
UNIFORMITY COEF = 4.34 COEF OF CURVATURE = 1.26
UNIFIED SOIL CLASSIFICATION IS SP
AASHTO SOIL CLASSIFICATION IS Al WITH A GROUP INDEX OF 0
ROUGH ESTIMATES OF VARIOUS SOIL PROPERTIES

MAX AND MIN DRY DENSITY = 98 AND 74 PCF
PERMEABILITY COEFF. =0,33E+00 CM/SEC

*TESTED IN GENERAL ACCORDANCE WITH ASTM D85k
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Product sieve analysis data are considered confidential by
W. R. Grace and Company and these data are kept in a confidential
file in the Division Office of the Emission-Standards and
Engineering Division, Office of Air Quality, Planning, and Standards,
U. S. Environmental Protection'Agency, Research Triangle Park, North

Carolina 27711.



LAW ENGINEERING TESTING COMPANY
SOIL SAMPLE DATA

PROJECT NAME & NO. ARE J47784-0105 Enthropy
BORING NUMBER IS Crace
SAMPLE IDENTIFICATION IS Baghouse Fines

SPECIFIC GRAVITY = 2.27
Note
E ANALYSIS .
SHEY Sieved Mechanically for 15 minutes

SIEVE #CUM WT PERCENT
NUMBER RETAINED FINER

10 0.0 100.0
20 0.1 99.8
40 0.1 99.8
60 0.1 99.8
100 0.2 99.6
200 0.4 99.1

HYDROMETER ANALYSIS ON SOIL PASSING NO, 10 SIEVE

ELAPSED HYDRO ‘CORR TEMP DIA IN PERCENT

TIME  READING HYDRO MM . FINER _

' 0.5 47.0 43,6 22, 0:0632 107.7 - . o
1.0 46.0 42.6 92. 0.0451 105.2 . Possible Bulking of Sample
2.0 46,0 42 .6 22, 0.0319 105.2 Particles in Suspension
. 5.0 45,0 41.6 22, 0.0204 102.8
15.0 38.0 34,6 22. 0.0125  85.5

30.0 34.0 30.6 22, 0.,0091 75.6 .
60.0 24.0 20.6 22, 0.0069 50.8
250.0 6.0 2.8 23. 0,0037 7.0
1440,0 5.0 1.8 23, 0.0016 4.5
PLASTICITY PROPERTIES OF MAT. PASSING NO. 40 SIEVE '
SOIL SAMPLE IS NON-PLASTIC
GRAIN SIZE DISTRIBUTION
0.0% GRAVEL 0.9%72 SAND 94,1% SILT 5.0Z CLAY
UNIFORMITY COEF = 1.96 COEF OF CURVATURE = 0.96
UNIFIED SOIL CLASSIFICATION IS ML
AASHTO SOIL CLASSIFICATION 1S A-4 WITH A GROUP INDEX OF 7

ROUGH ESTIMATES OF VARIOUS SOIL PROPERTIES
* TESTED IN GENERAL ACCORDANCE WITH ASTM D854
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FRANK J. PHOENIX
GERARD M. CARTY
PATRICK L. OWEN
MICHAEL M. KIRKMAN
WILLIS S. NESBIT
THOMAS E. THOMPSON
HENRY B. LONG

REBECCA S. DORSEY

APPENDIX 7.5

ENTROPY TEST PARTICIPANTS

PROJECT DIRECTOR

SAMPLING TEAM LEADER
SAMPLING TEAM LEADER
VISIBLE EMISSIONS OBSERVER
VISIBLE EMISSIONS OBSERVER
VISIBLE EMISSIONS OBSERVER
ENGINEERING TECHNICYAN

LABORATORY TECHNICIAN
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CALIBRATION DATA
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CALIBRATIONS

GENERAL

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

PITOT TUBE

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

DRY GAS METER AND QRIFICE METER

All Entropy meter boxes are calibrated upon purchase and at least once
every six months against a secondary test meter (one calibrated against a wet
test meter) according to their usage history. Basic procedures are outlined
in the EPA Publication No. APTD-0576. The only differences are in the choice
of flow rates used and the volumes metered at each flow rate. After each
field use, quick checks are performed to insure delta H@ changes of less than
5%. These checks compare the orifice against the dry gas meter. 1If greater
than 57 changes occur, recalibration and repair are instituted.

NOZZLES

Each nozzle is calibrated upon purchase, and thereafter whenever it
becomes apparent that the nozzle has become damaged. Each nozzle is inspected
upon retury, to laboratory from each field use. The diameter is measu.td on

five different axes, with the high and low readlngs differing by no more than
0.004 inches as a tolerance. :

TEMPERATURE MEASURING INSTRUMENTS

After each field use, the thermocouples or thermometers are calibrated
against an ASTM precision mercuty-in-glass thermometer across a wide range of
temperatures. ILf the initial reading is not within + 1.5%Z of the absolute
temperature reading of the standard thermometer, the instrument is adjusted
until it is in the acceptable range.

MAGNEHELIC GAUGES

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

BAROMETER

Af ter each field use, each barometer is checked against a mercury
barometer.
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ANDERSEN AND FLOW SENSOR HOLE DIAMETER SPECIFICATIONS

~

HOLE DIAMETER (INCHES)

Plate # Andersen °  Flow Sensor

0 0.0635

1 0.0465 0.0635
2 0.0360 0.0390
3 0.0280 0.0292
4 0.0210 0.0240
5 0.0135 0.0180
6 0.0100 0.0135
7 0.0100 0.0135
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NOZZLE NUMBER: D0b

pate |Initials| Dia. 1] Dia. 2 D_ia. 3| pia. 4] Dia. 5| Average

22-82| 47 .24 | -25] |. 250 |.252 | .25] |©-252

I
|
I
1
1
1
B
1

rb
A

I-‘---

NOTE: All diameters measured in inches.
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NOZZLE NUMBER:

508

pate |initials| pia. 1} Dia. 2 Dia. 3 pia. 4] pDia. 5| Average

12290 ST | 206 |.303 |.305 | 204 |.306 O 305
1--53 9L |.3p2 |.309 |.312 |.3/0 |.3(2 10-5/0
NOTE:

All diameters measured in inches.
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I* | PITOT TUBE INSPECTION DATA SHEET

Pre-sample Post Sample
v — bate _s/r2/39 Date 2.°20-&
— 3t V4 ta. l < \j@
3 O Ye Tevel? l
172 s,
B ' _ Mo obstructions? N‘)
ST
= No damaged? | }}0
T LPACT PRESUAT OPTRING Mwt OF Tul F1TDV UM /D ']Oo < [+ 27 <+]0° /D
SmALL B Ivew wite OL MOVl Tit @OIZLL ERTHY Fdmi

e o
3 / 10° < @y < +10° 24
o D‘)
%ﬁ nﬁ | 0 50 < By < 450
5}
. ‘ o" -5° < B, < +§° (
0

B A e 2. auure smicarime crm o ' e
. H,z FSITion FOR BETIMIRING ¢ 'Y I
= e WLl
I——-- e ik ] 0° 6 0°
ﬂrr o . 8%3 A B4
- @ ' .5 1.05 Dt < Py < 1.5 Dt {‘! ] |
8,_2 J i . 423 1.05 Dt < Pp < 1.5 D; 425
BLCOFL ImDICAYIEE LEVEL d 375 3/] 6“ l< Dt ,< 3/8“ h 3

#O31V408 PDS DITPeIRIRG

tan 6 < 0.03125"

o ’%‘ ©__|Atany <0.125" O1F

= YES Pa = Pp + 0.063" Yes

orCart 'apifatieg LEviL PRLITIOR
ok JLTIWmimial ) amd #y

Comments:

I certify that pitot tube/probe number Z-2 meets or exceeds all
specifications, criteria and/or applicable design features®and is hereby
assigned a pitot tube calibration factor of 0.84.

Signature e/

Date /R

“See &0 LR GO, Voi. 42, No. 160, Method 2. Verify the minimm
2 inch setback of the thermocouple and the minimum 3/4 inch
separation between the pitot tube and the nozzle as shown at
the top of this page,

ENTROPY



.Date 1/9@(55#

PITOT TUBE INSPECTION DATA SHEET

Pre-sample

Post Sample -

Date _2-20 -84

— % - IR -—
i l yzs level? Y(:j
I 3 sameLING MOLILL - @E - \
: ' oo Mo obstructions? /j°
e Ao damaged? ﬁJd
3 l 0
m':r:.':“ﬁ“:mr Sl AT h 2’ -10°.< oy < #10° Z
(LRI € TeE ROZZLE . Dd.
l | 7% 1 -10° <@z < +10° _
: 0
7° -5° < B, < +§° /
l s
| z° -5° < B, < +5° /
-..‘."31!::"‘.'.;'.': Mren ::::::.::m 2. DEGREE ImBICATIMG LEVIL ' &
' FOSITION FOA DETERAINIRG @& / o -Y /
e | --r"'_: ) .
=== p=———— e D : 0
3% | A 70
Y5q 1.05 Dt < Pa < 1.5 Dt '453
32 |1.050p < Py < 1.5 | Y32
375 3/16" < Dy  3/8" |« 325
.0/6___| A tany < 0.125" <0 /b
o A tan 8 < 0.03125" 0
| Y€s | Pa = Pp + 0.063" YEO
Comments:
I certify that pitot tube/probe number <~/ meets or exceeds all

*Sae 40 LFA 60, vol. 42, No. 160, Method 2.

the top of this page.

specifications, criteria and/or applicable design features®and is hereby
assigned a pitot tube calibration factor of 0.84.

Signature u/gzﬁ,%//g

Date

///41‘/5"/ !

Verify the minimum
? inch setback of the thermocouple and the minimum 3/4 inch
separation between the pitot tube and the nozzle as shown at

ENTROPY
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OECACE INOICATING LEVEL POSITION
#O8 DETERRIMIVG 7, THEW CALCULATING T.
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- QEGREE IMQICATIRG LEVEL
FOSITIDN POR BETEARINING
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) Comrﬁenté: )

MG 180ICATING LEVEL
RrEITICH FOR DETEARINING &
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- ~'Date

| Pre-sample

(-21-8Y

PITOT TUBE INSPECTION DATA SHEET

Post Sample -
Date 2--20 ‘94’

Yes

WO

Nl [

130

ves

level?

obstructions? Aja

~ damaged? NO
-10°.< a; < +10° . ?% ©
00 <@ <400 |7 2°
-5° < By < +5° Ou
-5° < slz < +5° /d
. L. 7

-y [

8 ] 0

A P4z

1.05 Dt < Pz < 1.5 Dt
1.05 D¢ < Pp < 1.5 D¢

3/16" % Dt % 3/8"

A tan y < 0.125"

Atano <o.0q125" | O

Pa = Pp + 0.063". .

. QEGACL AMDICATING LEVEL PCYITION
. FOR QLTCPAINING 4y and By

TSee 40 CFR 60, Vvol. 42, No. 160, Method 2.

the tap of this page.

I-certify that pitot tube/probe number 77~
specifications, criteria and/or applicable design features®and is hereby
assigned a pitot tube calibration factor of 0.34.

meets or exceeds all

Signature Wa:// 7% M‘—"

Date

Verify the minimum

2 inch setback of the thermocouple and the minimum 3/4 inch
separation between the pitot Tube and the nozzle as shown at

"ENTROPY

[-27-8Y -
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fOMETRlC PRESSURE 7‘q 4 "/

MERGURY - IN- GLASS REFERENCE NUWBER: LQ é‘ell '7"))

TEMPERATURE SENSING EQUIPMENT CALIBRATION DATA

DATE :

22054

CAL IBRATED BY:

: AMBIENT TEMP. :

&
b7F

. CAL IBERATION | POTENTIOMETER THERMOCOUFLE/ | REFERENCE MEAN I THERMOCOUFPLE,/ _ATB
SYSTEM USED | 1.D. NUMBER THERMOMETER THERMOME TER | TEMPERATURE [THERMOMETER <1.5%
l ' 1.D. NUMBER TEMPERATURE OF Hg COLUMN [TEMPERATURE
- ) ' To (°F)|To (OF)| T (°F) . | Tp (°F)
U Pl B.p | DS 4=5 Z]2 |14 Fo 213 745
iy I h &3 iz |2 ¥ 97 213 s
' T 4 -] 2z [ 214 Gl 243 o5
' o I 3N 39 212, |24 b 214 0-9
. ¥ K 4.-% 212 | 214 ‘?"l 213 015
| f Cnqg A4-11 21| ZI4 21 213 015
| I 0 005 41| yANAWAL 9l 214 ©-9
CORRECTED TEMPERATURE = Tg = Tg +-.00009 (Tg-20) (To~Ty)
MPERATURE DIFFERENCE = AT = [(Tc,°F + 460) - (T¢,9F + 460)] x 100 <1.5%

Te,°F + 460

ENTROPY






