Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

AP42 Section: 11.7

Reference: 130

Title: ’ Stationary Source Sampling Report
Reference No. 6445, Lead And
Particulate Emissions

Testing, Spray Booth 2A Stack,
Entropy Environmentalists, Inc.,
Research Triangle Park, NC,
September 20, 1989.



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



ENTROPY

1 AP-47 Section ] 7

Reference 20

Report Sect. 4
: Reference 18

N.C. Dept. NRCD
NOv 1 1989

Winston-Ralem
Regionai Uivce

ENVIRONMENTALISTS INC.

POST OFFICE BOX 12291
RESEARCH TRIANGLE PARK
NORTH CAROLINA 27709-2201

919-781-3550

STATIONARY SOQURCE SAMPLING REPORT

REFERENCE NO. 6445

MANNINGTON CERAMIC TILE, INC.

LEXINGTON, NORTH CAROLINA

LEAD AND PARTICULATE EMISSIONS TESTING

. .y

s n s QECEINE )

NOV 27 1989
AR QUALITY TECH SERVICES

SEPTEMBER 20, 1989




DIVISION OF ENVIRONMENTAL MANAGEMENT
Alr Quality Section

June 20, 1991

MEMORANDUM

To: Myron Whitley y
From: Shannon M. Vogel
Subject: Mannington Ceramic Tile

Mid-State Tile Company

Lexington, Davidson County, North Careolina

Particulate and Lead Emissions Testing of Spray Booth No. 2A
Performed on August 20, "1989 by

Entropy Environmentalists Inc.

A report of the subject testing has been reviewed and is found to be
acceptable. The results appear reliable and demonstrate that compliance with
the applicable particulate emission standard was achieved during the test
period.

The emission standard that applies to the subject facility is
1SA NCAC 2D .051%, PARTICULATES FROM MISCELLANEOUS INDUSTRIAL PROCESSES, which
limits particulate emissions according to process rates.

No maximum process rate is stated in permit No. 5408R for spray booth 2A.
The production rate during testing was 4425 pounds per hour, for which the
allowable particulate emission rate is 3.98 pounds per hour. The average
particulate emission rate demonstrated by the test results was 3.86 pounds per
hour. :

Compliance for particulate is demonstrated.

ce: Central File via Earl McCune
Mike Aldridge




NURTH CAKULINA DIVISION OF ENVIRONMENTAL MANAGEMENT
Alr Quality Action Request
: Computer
Name Location Reg/Co. /Prem. No.
Manninﬂton Cerel’ﬂic Tile Ipxingrnn' Navidson (‘nmrr):xny 4—‘2('}—000('}7
Contact Telephone
Mike Tkach, Plant Manager
Type Action: [ EE «x SR PC VE PI Other Sgurce Test

Air Program Status (3 Class _ B _ Chg

Action Requested By: Address/Phone Rec'd Date
Last Insp. Date Action Date 9-20-89 Next Insp. Date
Permit # 5408R Issued Expires 4-1-93 Stip. # Met Y/N

Recommendations: Signature Date

Avait Test Results ;74//, ; a
Re-visit as previously scheduled Stephen M. Moser—\/A«pd 1j§{;/ 12-89

Dist: Yellow (Central File} - Blue (Region) - White (0pt“1773pecify

On 9-20-89 Entropy Environmentalists Inc. performed a stack test on one of the glaze
spray booths at Mannington Ceramic Tile. The company identifies the booth as No. 2-A

and the booth was chosen for testing because the glaze mixture contains lead. The

test is part of a testing program which will also contain high volume sampling as a™* "~ -~

measure to determine the facility's emissions and hopefully will reduce or

the rash of complaints the company has recently experienced. EWE

In addition to Mike Tkach, the following people were contacted: l:)
& peop NOV 27 1969

(1) Bill Piske, P.E. - Charles T. Main, Inc.

(2) Neill Hardén - Entropy, and MR QUALITY TECH SERVICES

(3) Lee Marchmen - Entropy

During the test, a 30 minute visible emissions evaluation was performed on the stack
which indicates compliance. The booth is a 207 source. The company has seven booths,
Five are 207 sources and 2 are 407 sources. All appeared to comply. The booths and their
respective opacity limits have been identified.

The testing I observed seemed acceptable. Source test data was obtained. The company
has supplied process rates during the test. According to their figures, 4026 lbs/hr of
tile and 399 1bs/hr. of glaze were processed in the booth, for a total of 4425 lbs per

hour.

At the time of the testing, Mr. Bill Piske with Charles T. Main, Inc. (Mannington's
consultant) asked how often, and for how long, the high volume sampling should be
done. At the time I did not know. The next day I discussed thi~ question wivh my
supervisor and it was decided that modling would be preferable to monitoring, but if

the company chose to do the monitoring anyway, the more frequent schedule, and the
larger tne better. I informed Mike Tkach of this by phone the next day.
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SOURCE TEST
OBSERVERS CHECKLIST

N. C. Division of Environmental Management / Air Quality Section

Vs Mo Conne T | Tt L iih Lt
address: L0 o, /777 address: __ L ). By [I29/
o howde  gzees  RTP NC 2774
Location: 3, J[,!_Lnlu S'JZ J 7052 | Phone: /4/0/\ 79/ AT ®)
Gontacts L, Theol. egincer: Nl M,
Phone: _ J45-753/ Assistant: ., (%,-L,,,
Other Personnel Involved Affiliation
& 2l LE C//; 7 /’%,,_ Toox

Process Description.

# -4 Aﬁea

Process Rate
During Test:

: 6%9495 1/2{(;ﬂd£q£4;L_

Maximum
Burner Sizes

Soot Blowing Parameﬁers:

N-A
A= Hr B = Hr

R = Hr S=__  Hr
A = Houra of socot blowing during smple(s)'

B = Hours not soot blowing during sample(s)
- containing soot blowing

- R = Average hours of operation per 24 hours

Sampling Time

Per Run (min.): C:ég__

(Inciny) Pri: Sec: "S = Average hours of goot blowing per 24 hours
TEST PARAMETERS

Duct Pollutant -f/ //i/

Size: ,:)/)_,',,‘Z Sampled: p e

Distance cﬁ/ :, E. P. A.

Before Ports: Method No,:

Distance If method differs from E. P. A, method,

After Portas: 1 d/ explain:

Number of

Test Points: Z;Z X 4

Number .

f R :

el j? For Method 5 sampling train record AHp /. 224

v 9pl

7A

Leakage Rate (ft3/min.)
(0.02 ft3/min. or less)

Time Started 24 hr.
Time Ended Clock

Run #1 Run #2 Run #3

094 Y LIS

Test Date(s)

212089
Re

q /3¢ /87 7 120 /67

_O_czau//_amaf_/f Lome3 4.
Iz o JOLe L2858

See Graph on Reverse Side
For Number of Test Points.
Use Reverse Side for Comments.
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State of North Carolina
Department of Natural Resources and Community Development
Winston-Salem Regional Office
James G. Martin, Governor William W. Cobey, jr., Secretary

DIVISION OF ENVIRONMENTAL MANAGEMENT

November 21, 198%

CERTIFIED MAIL NUMBER P-614 922 490
RETURN RECEIPT REQUESTED

Mr. Micheal Tkach, Plant Manager
Mannington Ceramic Tile

P.O. Box 1777

Lexington, N.C. 27293-1777

Dear Mr. Tkach:

Subject: Comments on Emissions Assessment Program
Mannington Ceramic Tile
Lexington, North Carolina
Davidson County

Reference is made to your program to assess the emissions
from your facility and their impact on your neighbors. The
following comments are offered:

1. The test report for the particulate and lead emissions
stack test conducted September 20, 1989, on the spray
booth 2A stack has been received at this office. A
copy of the test report will be forwarded to our stack
test unit in Raleigh for review. You will be notified
of the results of that review when it is completed.

2. This office considers ambient dispersion modeling to be
the most reliable method to predict the maximum
pollutant impact from a facility. Due to the
complaints received regarding your facility and our
concern over the potential high level of emissions it
is required that Mannington Ceramic Tile submit ambient

.dispersion modeling for total suspended particulate
(TSP), particulate matter (PM,,.) and lead. The
modeling should address all slgnificant sources of
emission at Mannington Ceramic Tile as well as sources
of significant emissions at neighboring facilities.
Prior to modeling submittal, a modeling plan must be

8025 North Poine Boulevard, Suite 100, Winston-Salem, N.C. 27106-2295 » Telephone 919-761-2351

An Equal Opportunity Affirmative Action Employer




Mr. Micheal Tkach
November 21, 198

Page 2

submitted to this Division for approval. You should
contact Mr. Kevin Eldridge, Air Quality Section
Meteorologist, (919) 733-3340, to discuss modeling
requirements and details of the modeling plan.

It is my understanding that Manningten Ceramic Tile has
set up several particulate samplers. While the data
from these samplers may be useful, the value of the
data is limited unless the sampling program complies
with Section 1.6 of "Procedures for Standard Operation
and Quality Assurance" (QA Plan) (copy enclosed). If
the QA plan is not followed, the data cannot be used to
document compliance or noncompliance. If Mannington
wishes to use the data for compliance purposes you
should make sure that your sampling program meets the
regquirements of the QA plan.

There is no air permit for Mannington Ceramic Tile.
Permit No. 5408R, which is the last permit issued that
covers your eqguipment, was issued to Mid-State Tile
Company. Mannington Ceramic Tile should request that
Permit No. 5408R be reissued in its name, describing
any changes or modifications that have occurred since
its last issuance. A check for $25.00 should accompany
the request.

Please submit the required information as soon as possible.
If you have any questions, please call Steve Moser or me.

MGW/ahl

Sincerely,

oo

Myron G. Whitley
Regional Engineer
Air Quality Section

cc: Lee Daniel
Kevin Eldridge (
Mike “Aldridges
Jim Critopoulos - EPA
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INTRODUCTION

1.1 Outline of Test Program. Stationary source sampling was performed for
Mannington Ceramic Tile, Inc. at their facility in Lexington, North Carolina on
September 20, 1989. Three sets of combined EPA Methods S and 12 runs were
performed at the spray booth 2A stack to determine the lead and particulate

emissions.

1.2 Test Participants. Table 1-1 lists the personnel present during the

test program.

TABLE 1l-1
TEST PARTICIPANTS

Mannington Ceramic Tile, Inc. Michael Tkach
Test Coordinator

North Careclina Dept. of Environment, Steve Moser
Health, and Natural Resources Test Observer
Entropy Environmentalists Inc. Neill M. Harden

Project Manager

R. Lee Marchman
Engineering Technician

ENTROPY
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SUMMARY OF RESULTS

2.1 Presentation. Table 2-1 summarizes the results of lead and particulate
emissions testing performed on September 20, 1989, at the spray booth 2A stack.

Detailed test results are presented in Appendix A; field and analytical data are

given in Appendix B.

2.2 Cyclonic Flow Check. Prior to testing, a cyclonic flow check was
performed at the spray booth 2A stack to determine if any cyclonic flow existed
at the sampling location. BAn average yaw angle of less than 2° was measured,

indicating an acceptable location with respect to EFA Method 1 requirements.

2.3 Average Emission Rates. The average lead and particulate emission

rates for the test program were 0.599 and 3.86 pounds per hour, respectively.




i#
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TABLE 2-1
LEAD AND PARTICULATE TESTS SUMMARY

Spray Booth 2A Stack

MS&12-1

Run Date ;;;a;;;
Run Start Time 527
Run Finish Time 945
Test Train Parameters:

Volume Of Dry Gas Sample, SCF * ' 44,230

Percent Isokinetic 100.9
Flue Gas Parameters:

Temperature, °F 78

Air Flow Rate, Dry SCFM =* 4,225

Air Flow Rate, Wet ACFM 4,502
Lead:

Concentration, ppmvd 4.63

Emission Rate, lb/hr 0.632
Filterable Particulate:

Concentration, grains/DSCF - 0.111

Emission Rate, lb/hr 4.03

* 68° F -- 29.92 Inches of Marcury (Hg).

ENTROPY

9/20/89

1002
1104

44.410

100.0

77
4,555

4,881

3.92

0.577

2-2

M5812-3

9/20/89

1155
1258

49,730

101.9

74
4,705

5,019

3.87

0.588

0.0951

3.84




PROCESS DESCRIPTION AND OPERATION

3.1 General. Mannington Ceramic Tile, Inc. sprays glaze on ceramic tile

at their facility in Lexington, North Carolina.

3.2 Source Air Flow. Figure 3-1 is an air flow schematic which shows the

passage of flue gases exhausted from spray booth 2A.

3.3 oOperation During Testing. The production rate during testing was
4,026 lb/hr of tile and 399 lb/hr of glaze. Process data supplied by Mannington

is presented in Appendix D.
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SAMPLING AND ANALYTICAL PROCEDURES

4.1 General. All sampling and analytical procedures were those recommended
by the United States Environmental Protection Agency and the North Carolina
Department of Environment, Health, and Natural Resocurces. This section provides
brief descriptions of the sampling and analytical procedures. Detailed

descriptions of the procedures are provided in Appendix E.

4.2 Sampling Pointsg, The number and location of the sampling points were
determined according to EPA Method 1. The stack croes section was divided into
24 equal areas with 12 sampling points on each of two traverse axes, as shown in

Figure 4-1.

4.3 Cyclonic Flow Check. A Type S pitot tube assembly, Magnehelic gauges,
and a universal protractor (angle finder) were ugsed to determine the nonvertical
flow angles at each of the 24 points. At each point, the pitot tube was
positioned at a right angle to vertical. The angles were determined by rotating
the pitot tube until a null reading was obtained on the Magnehelic gauges. When

the null reading was obtained, the angle of the pitot tube was recorded.
4.4 Volumetric Air Flow Rates

4.4.1 Flue Gas Velocity. EPA Method 2 was used to take the velocity

measurements during the traverses of the stack cross section.

4.4.2 Flue Gas Composition. The flue gas composition and molecular weight

were assumed to be that of ambient air.

4.4.3 Flue Gas Moisture. Moisture content was determined by analyzing the
sampling train impinger reagents according to the procedures cutlined in EPA
Method 5.

4.5 Emissions Determinations. A combined EPA Methods 5 and 12 sampling
train was used to determine the lead and particulate emissions. The sampling
train was modified by using 100 ml of 0.1 N nitric acid in the first and second
impingers. The particulate analysis was performed according to EPA Method 5.
The lead analysis was performed according to EPA Method 12. Each of the 24

points was sampled for 2.5 minutes, resulting in net run times of 60 minutes.

4.6 Equipment Calibration. Pertinent calibration data are provided in

ENTROPY_

Appendix C.




TRAYERSE POINTS
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FIGURE 4-1. SPRAY BOOTH 2A STACK TEST LOCATION.
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APPENDIX A

TEST RESULTS AND EXAMPLE CALCULATIONS




FIELD DATA AND RESULTS TABULATION

PLANT: Mannipgton Ceramic Tilae, Inc., Lexingtoen, North Carcolina

RUN # DATE SAMPLING LOCATION
HSGIZ-I-_- B/ZO;;; ;;;;y Booth 2A Stack -
M5&12-2 9/20/89 Spray Booth 2A Stack
M5612-3 9/20/89 Spray Booth 2A Stack
M5&12-1
Aun Start Time T e
Run Finish Tice 945
Net Traveraing FPeints 24
Theta Net Run Time, Hingtea 60.00
Dia Nozzle biamater, Inches 0. 263
cp Pitot Tube Coefficient 0.840
Y Dry Gas Meter Calibration Factor 0.9863
Pbar Barometric Preseura, Inches Hg 29.20
Dalta-H Avg. Pressure Differential of 1.85
Orifice Meter, Inches Bzo
vm Voluma Of Matered Gas Samplg, Dry ACF 48.008
tm Dry Gas Metar Temperature, Degrees F 94
Vmstd volume Of Metered Gas Sample, Dry SCP* 44.230
Vic Total Volume of Liquid Collected 19.5
in Impingers & Silica Gel, ml
vwatd Volume of Water Vapor, SCF* 0.918
Al,0 Moisture Content, Parcent by Volume 2.0
Mfd Dry Mole Fraction 0.980
Md Gas Molecular Weight, 1b/lb-Mole, Dry 28.84
Ma Gas Molecular weight, 1lb/lb-Mole, Wet 28.62
Pg Flue Gas Static Pressure, Inches 520 -0.20
Ps Absolute Flﬁa Gas Pressure, Inches Hg 29.19
ts FPlue Gas Temperature, Degrees F 78
Delta-p Average Velocity Head, Inches H,0 0.3561
ve Flue Gaa Valoclity, Feet/Second 34.39
A Stack/Duct Area, Squara Inches 314.2
Qad Volumetric Air Flow Rate, Dry SCFM= 4,225
Qaw Volumetric Adir Flow Rate, Wet ACFM 4,502
I Iasckinetic Sampling Rate, Percant 100.9

x 68° F ~-- 29.92 Inches of Marcury (Hg)

OPERATOR

Neill M. Harden
Neill M. Harden
Naill M. Barden

M5&12-2

60.00
0.255
0.?40
0.9863
29.20

1.88

49.940
114
44.410

26.0

1.224

0.973
28.84
28.55
-0.15
29.19
IL
0.4182
37.28
314.2
4,553
4,881

100.0

{Continued next paga)

60.00

0.263

0.840

0.9863

29.20

2.30

55.572
111

49.730

0.972
28.84
28.54
-0.21
29.18
74
0.4446
38.34
314.2
4,705
5,019

101.9




FIELD DATA AND RESULTS TABULATION

PLANT: Mannington Ceramic Tile, Inec., Lexington, North Carclina

ppmvd
1b/hr

mg
gr/DSCF
1b/hr

Lead
Formula Weight, lb/lb-Mole
Catch Welght, Milligrams
Concentration, ppmvd
Emission Rata, lb/hr

Filterable Particulata

Catch welght, Milligrams
Concentration, grains/DSCF *
Emissicn Rata, 1lb/hr

* 68" F -- 29.92 Inches of Mercury (Hg)

4.63
0.632

3J18.6
0.111
4.03

M5512=-2

207.19
42.5
.92

0.577

273.5
0.0950
.71

M5&12-3

207.19
47
3.87
0.588

306.6
0.0951
3.84




EXAMPLE TEST CALCULATIONS RUN MS5&l12-1
Spray Booth 2A Stack

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

Vmstd

Vmstd

. Pbar + (Delta H/13.6)
17.64 * ¥ % VM * o e
(460 + tm)

29,20 + (1.850/13.6)
17.64 * 0.9863 * 48.008 * —mem—mmmm—————mm——

(460 + 94)

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS

Vwstd

Vwstd

0.04707 * Vic

0.04707 = 19.5 = .918 SCF

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS

$H,0 = 100 * Vwstd / (Vwstd + Vmstd)
0.918
$H7O = —mmmrm—mememe——m e * 100 = 2.0 %
0.918 + 44.230
BRBSOLUTE FLUE GAS PRESSURE
Ps = Pbar + (Pg / 13.6)
Ps = 29.20 + (-0.20/13.6) = 29.19 inches Hg

DRY HMOLE FRACTION OF FLUE GAS

Mfd
Mfd

1 - %H,0 / 100
1 - 2.0/100 = 0.980

DRY MOLECULAR WEIGHT CF FLUE GAS

M4
Md
Md

44.230 DSCF

($C0,/100 * 44) + (%0,/100 * 32) + ((100 - %CO, - %0,)/100 * 28)
(0.0/100 * 44) + (20.9/100 * 32) + {(100 - 0.0 - 20.9)/100 * 28)

28.84 1lb/1b-Mole

WET MOLECULAR WEIGHT OF FLUE GAS

Ms

Ms

(Md * Mfd) + (0.18 * %H,0)
(28.84 * 0.980) + (0.18 * 2.0) = 28.62 lb/lb-Mole

_ENTROPY
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AVERAGE FLUE GAS VELOCITY [Note: {(Delta pjavg is square of average square root]

[ {Delta P)avg * (480 + tg)
85.49 * Cp * SQUARE ROOT[ _________________________

u

va

0.3561 * (460 + 78)
85.49 * 0.840 * SQUARE ROOT| —-———-=- - = 34.39 ft/sec
29.19 * 28.62

va

DRY VOLUMETRIC FLUE GAS FLOW RATE AT STANDARD CONDITIONS

60 ' Tstd Ps
Qad = ~——== * MEQ * v8 * A * e * e
144 460 + ts Pstd
60 528 29.19
gsd = ~=—=- * 0,980 = 34.39 =« 314.2 * —mmm—mm————— * e
144 460 + 78 29.92

Qsd

4,225 SCFM

WET VOLUMETRIC FLUE GAS FLOW RATE AT STANDARD CONDITIONS

Qaw 60 / 144 * vs8 * A

60 / 144 * 34.39 * 314.2 = 4,502 ACFM

Qaw

PERCENT ISOKINETIC OF SAMPLING RATE

pstd 100 (ts + 460) * Vmstd
BT = mmmm ® e K o e e o e e e e e 2
Tatd 60 Ps * va * Mfd * Theta * (m * (NozzleDia/2)2/144)
25.92 100 (78 + 460) * 44.230
%I = ————- T o W e e —————————— T — e . ————— — T . 2 o o o ot R ke ek e A S
528 60 29.19 * 34.39 * 0.980 * 60.00 % (m * (0.263/2)2/144)
$I = 100.9 %

CONCENTRATION, PARTS PER MILLION BY VOLUME DRY, LEAD

385.3 * 105 * (mg/103)
ppivd = e -
453.592 * Mol. Wt. * Vmstd

385.3 » 10% * (50.0/103)

PPOAVA = ~rm e ——————— = 4.63 ppmvd
453,592 * 207.19 * 44.230

EMISSION RATE, POUNDS PER HOUR, LEAD

60 (mg / 103)
1b/hr = ——————a * e * Qsd
453.592 Vmetd
60 (50.0/10%)
1b/hr = ——c—memm PR * 4,225 = 0.632 1lb/hr
453.592 44.230

. ENTRO®»Y



CONCENTRATION, GRAINS PER DRY STANDARD CUBIC FQOT, FILTERABLE PARTICULATE

7,000
gr/DSCF = ——m—eue-m *
453.592
7,000
gr/DSCF = ————ueo *
453.592

Vostd

(318.6/103)
—_— -—- = 0,111 gr/DsCF
44.230




APPENDIX B

FIELD AND ANALYTICAL DATA



SAMPLING

FOo003
A/24/89

Preliminary Field Data = §

PLANT NAME /MANNINGTOAN =Tl E
LOCATION SPRAM  TagTH 1H <TACK
SAMPLING LOCATION LEX/AGTON , (L

NO. OF PORTS __ Z—
PORT INSIDE DIAMETER _ 3.

OUCT DEFPTH
FROM INSIDE FAR WALL TO OUTSIOE OF PORT _ 242

NIPPLE LENGTH £

DEPTH OF DUCT__Z0)

WIDTH (RECTANGULAR DUCT

EOUNALENT DAMETER:
D= 2rDEFTHewiDTH L 2L ) 1,
- )

QEFPTH « wiDTH {
DISTANCE FROM UPSTREAM DOWNSTREAM
PORTS TO NEAREST

FLOW OISTURBANCE 4D 0"

JAMETERS  __2 3

STACK AREA = 7?“,/'[60\) - 34 N3
~ 7

LOCATION CF TRAVERSE POINTS & CRCULAR STACXS

4 [ [] 16 10 205 12 24
1 8.7 4.4 1.2 1.8 1.4 1.3 1.t 1.1
2250 148 108 49 44 239 23S 1
1| 75.0 29.6 19.4 1.5 785 a7 80 5.
4| 93.3 70.¢ 223 t2.5 108 @7 87 7
L] as.4 87.7 186.90 148 12.9 11.8 10.5
& 95.4 80.8 22.0 18,3 185 148 13.
7 (1 K1 28.3 21,86 20.4 18.0 181
[} 98.8 37.5 29.8 25.0 21.8 19.¢
» 62.5 18.2 30.8 28.2 23.0
10 71.7 61,8 33.8 31.5 27.2
19 78.0 70.4 81.2 38.3 32.3|
12 23.1 TE.4 69.4 840.7 39.0
13 a7.5 81.2 750 ea.5 80.2|
14 91.5 85.4 79.8 73.8 87.71
18 $8.4 A8.1 8315 78.2 72.8
14 98.4 92.5 87.1 82.0 77.0
17 5.8 90.3 85.4 80.8
18 98.8 931 3.4 8.
1. P81 91.2 888
20 94.7 94.0 89,
21 98.5 92.0
22 8.9 94.
23 08.
24 28,

LOCATICH OF TRAVERSE POINTS IN RECTAMGULAR STACKS
[ 1 2 3 4 5 5 : [ 3 10 11 121
11250 16.7 12.5 10.0 8.3 7.1 63 56 S0 45 4
11750 50.0 37.5 30,0 250 21.4 18,8 16,7 150 11.6 12.5
3 83.3 52.8 50.0 41.7 357 31.3 274 25.0 22.7 20.8
4 81.8 70.0 58.3 S50.0 43,4 389 350 21.8 28,
s $0.0 75.0 64.3 S&.3 50.0 45.0 40.9 375
$ §1.7 T8.8 53,8 311 550 50.0 45.8
7 $2.9 81.3 72.2 85.0 59,1 54.2
[ ] 93.8 833 75.0 68,2 82.%
* 94.4 850 77.3 70,
10 . 9%5.0 38.4 79
11 95.5 u.sl
12 35.8

OMWWALLWETHWDH&ETE
It more tan 8 and 2 diameters 4% i duc
dia s less Man 24", use 8 or § pont.
YRLOCTTY PARTICULATE

MAMETERS
up OCOWN
N ] 2.0
NN
\&2\ 7 1.7%
11t
NN o Lous —
20/
5 1.23% Lot
18
24 or
2 0.3
~ OF S TANCE JISTANCI
l oLCT FRCM NSDE | FOM OUTS

SXNT 1 CEPTH MALL CF POR"
112 = 7 SAAE
2 1 4.7 &

3ipnel 2%

4 {!72"% .

5 lzgpol 5
6 lgcol 1%

7 l4d 4]l 125
8 |7¢.2 /15
o |22l /65

10 |52t /7%

11922 g%

121927 (95
13
14
15

16
17

18
18
20

21
22|
23
241

E NTROQPY
NVIRONMENTALIBTS, INC.




TAW ANGLE DATA
TOR CASES OF MON-STREAMLINED FLOW

2lant =zme ﬂAA}A/JA/é70/I/ TILE Date _2-20-%7
2lant location il:XLJC??ZDUJ.AZC/ Initials Jdkﬁﬁé___
Measurement site SFeAY ROOTH 2ZA STHLK Pitot type _S.
POINT 20RT PORT PORT PORT PORT PORT PORT

A 3 C D = T G

2 — - O

3 0 1% |

] ¢ + 4

3 — ) + 4 |
o | —4 |

7 O -3

3 D, 9,

> 1 U %

D | P o

1L —~ - | ¢ i

2] 0 [ -3 |

Average of absolute values of all angles =| [.79

F- o001 Emw
g-%¢ VIRONMENTALISTE, INC,




TSOKINETIC TYPE FIELD DATA SHEET 0
COMPANY NAME __ /MANMINGTON TICE RUN NUMBER £/ 1
ADDRESS LEXINGTIy | AC TIME START _Q&%g_
SAMPLING LOCATION SPRAN . ROOTH 7A  STACK TIME FINISH 945
DATE _ 9 -76-4< TEAM LEADER A TECHNICIANS _ £ 7
BAROMETRIC PRESSURE. IN. HG 74, .17. STATIC PRESSURE IN. H,0 — 6,208
TRAIN LEAK CHECK VACUUM IN. HG _/5
TRAIN LEARK RATE, CU.FT/MIN 9.0j0 £oo]

EQUIPMENT CHECKS IDENTIFICATION NUMBERS LEAK CHECK
;/’PITO‘I‘S, PRETEST REAGENT BOX ZO NOZZLE 70S DIAMETER ¢.243 READINGS
~~ PITOTS, POSTTEST METER BOX /<& "T/C READOUT F &9 |t
—— M3 SAMPLING SYS/TED BAG| UMBILICAL W L T/C PROBE _ £ -+
_{ THERMOCOUPLE @ PRE | SAMPLE BOX 7./ ORSAT PUMP — |2
_\~~ THERMOCOUPLE @ 7§ POST|PROBE ZF-& PITOT TEDLAR BAG -r— &

k|
FILTER # TARE DELTA Hg /.1)4 FYRITE
METER TEMP <0 g 4
E ¥4d6 5. 504] | EST. *H,0 7~ 3
C FACTOR £.49 1:0] 3
STACK TEMP 1§ :
REF DELTA P (), 37 D 206 sl
K~-FACTOR ‘ Cplr ¥t
L GAS __GAS TEMPERATURBS _
I CLOCK DRY GAS METER gITOT ORIFICE SETTING METER |VACUUM FILTER IMPINGER STACK LK
¥| SAMPLE TIME READINGS READING IN. H20 TEMP, |(IN. BG j:(e> 4 BT TEMP. cHK
E| DOINT |MINUTES| CUBIC FEET IN. Ho0 “IDEAL ;| ACTUAL | °'F  |GAUGR ) ‘¥ R i
a7 | 0 121 420 | 0.4 70 f70] 7] | | |25 | o | 75
d) 21 1% 126 4] | pdplz.plzdol Td| f | 2¢0 | &2 | T
s gz lpsq 22w 19 L 250 | 60 | 77
{ I T 75 724 22 | 9.2 | 305|305 3d | | | 238 | &0 | 77
s| ¢ lo | (26.39 | Qb2 1510 | 300 561 / 1235 | 20 | 27
sl Gl 27l /39. 4t | 9.82 | Z.aol 2.60| g% | [ | z24¢ | o | 27
N2 Ls’ [d). 52 | 9.2 fdol f 40l 9l | [ 1240 | o | 1
ol o | (72| (4293 | 0.23 |[.i5 | j.i5192 | [ |24€ | op | T&
sl G |l zo | /4499 | DY (D8I 0.EF | G| L | 24S | GO 78
w gl 28 /e ] 017 {093l pyxl 92| | | 245 | £ 18
| 20 /4798 ple | p.11lo11l 95| 4 | 246 | S8 | TS
w2 Al 278 /4928 | pie |eqtie T 96 [ | 250 | g6 | 78 .
D[R] 30/ | /50¢73 | 026 [r21]/2n] 97 ] / [ 24C ] S5 [ 9% |
W o el sz 00 | pdo| a8l p9st e | [ |24 | s | qg | P45
| 2 | & /ad o4 | 0.3%F | L9 /.90 91| [ | 248 | g5 | 1¥
1] 4 | 14 156,21 |40 | (.98 /.98 91| [ |240 cg | 1%
vl Sl | g ip | odZid| 24| G| [ tz4s | g8 | 19
w o[V 1es| o3¢ | 0.42 | Z.olzaol /ol 4 12357 | o0 | 1T
wl 2 | /6| toz. 22 | 0.4d (2211227 /o2 [ 238 | o | 1%
0| o | 175| /idigy | p 43 (220|220 /o3| | (7235 | 20 | 19
al § |l zo | /et 1d | 028 | G0 0.G9( [ /04| | | 238 | so 19
2| 0 {12g| /¢9.3% | 0.37 | [S01 J90| 04| ) | 240 | b2 | 19
2| )iz | ). 5Y | pvl L3 Le3| so0l [ 1240 | G2 | 79
| (v 278l 11352 | g.3d | Ly ] Lol o L | 2de &2 | 78
25 / g/ofp 115, 42.9
o 60  H%.00¥ 0356 %5 cwr T’
5/89 ainutes Vo Am?2 /AR ts

+3%

_ENTROPY
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TSOKINETIC TYPE FIELD DATA SHEET

COMPANY NAME MANNINGTOY TILE RON NwMBER _MERI2 - 2
ADDRESS LEXIANGTOA . Al TIME START/ 7002
SAMPLING LOCATION ZPR A  RATTH T b S TACK TIME FINISE _//pd
DATE _9-Z9-%% TEAM LEADER AT TECHNICIANS LM
BAROMETRIC PRESSURE. IN. HG 79.2- TATIC PRESSURE IN. Ho0 — O, /5
TRAIN LEAR CHECK VACUUM IN. HG {5 Z
TRAIN LEAK RATE, CU.FT/MIN Qop3  p.0ol
QUIPMENT CHECKS IDENTIFICATION NUMBERS LEAK CHECK
READINGS
_\4 PITOTS, PRETEST REAGENT BOX Z03 NOZZLE Q6 DIAMETEROD,26%
PITOTS, POSTTEST METER BOX Ag T/C READOUT F &9 |b
~—— M3 SAMPLING SYS/TED BAG|UMBILICAL U T/C PROBE 4 - /4
"\~  THERMOCOUPLE @ 15 PRE | SAMPLE BOX ORSAT PUMP — r;
THERMOCOUPLE @ A% POST|PROBE Z—{p PITOT TEDLAR BAG —— E
k|
FILTER # TARE DELTA Hg s FYRITE
METER TEMP /05 i
L4447  _9.50723% | EST. 3H0 Z 3
C FACTOR lEZ 5
STACK TEMP go ]
REF DELTA P 0,47~ 5
K-FACTOR » CpO.g4d
GAS _GAS TEMPERATURES _
CLOCK DRY GAS METER PITOT QRIFICE SETTING METER |VACUUM 7ILTER IMPINGER STACK LK
SAMPLE TIME READINRGS READING IN. H20 TEMP, |IN. EG Bax EXIT TEMP . CHK
POINT |MINUTE3S| CUBIC FEET IN. H,0 IDEAL | ACLUAL *F GAUGE ‘F 4 '? $

hy
gl

196 . oxx | D.42 | Lxd | Lwgd ! /o3
12 /T dd | 9.59 1260l 260|085

120 | @0 75
234 &GO 75

250 P J4-
2556 | (o yiZ
286 | s& | 70

2c0 | s | g0
2E0 | S8 | 8O
24¢ | 58 | g0
z24s | ¢ | 29
24s | g5 | SD-
245 g5 | 19

4 fg0. 20 | 0.©3 | 276 | 2, 75| /0T
72| ()42 .92 | p.eq | 2o013.00| /109
/0 /65,69 | 0.6 1 za92|2,%0] ({2
(25| yzs od | 0.5¥ (2.5%12,5%| 109
/90, nd | 0.2 | LD Jipp| /1%
5] /92,25 | 0.23 |14 4| //4
20 | _/94.249 | .30 | /30| L.20| 1E
725|959 | o.-29 1121 feg) [eS
25 [97.76 | 2% | jz2| 22t /15
25| /99. 35 0.2y | [22| L2 ps

o o ~ o w - W LY - tem e

[
- | O

[
-

NI SO ES N o Gy A AR Y
[,‘\

—
L

\\_\‘\-.\\.\-""\\-\"n.\.\"‘\""‘--"\"--"‘-."--._ﬁ'\.w-..‘\‘--.

WR [ 20/ |\ 20).0¢0] 0.3 | L0 /03] /i 2dS | 5z | 6
W 21 93] so724% | .37 1 163 L] /b 248 | 5. 1 76
5] vV o | 20005 | 0239 | .75 175 | Mo 24 | 2. | 70
6] o | 1% Zo7. {1 p.41 | isr| L5117 4 | g2 | 16
vl /0 | 20902 | o 44| LG94 ] [94) /¥ 240 | s | 7%
8| G | 12ag 2] 06 0.4« | zd0V2.40 | L1¥ 240 <o il
vl - 1) 72iz.50 | p.43 | 1901 L.90| I1s 245 | £3 7&
o 3 iaal 2is.sp | 94| 199 L99 | /19 Z4s | $3 | 77
n| ¢ 120 | 217.¥2 | £.39 | 175\ 74 | /19 24¢ | 32 | A7
22| LZ/’Z 2ja, %5 | P.35 | L3l 456 /4 245 | €2 | 45

L zalrd | 026 L /So| 1S /19 2ds” | 53 |77
272 213,355 | o 27 | Aokl iedl gl ¢ l1ds | S | %
wltr| 225,52

~ [N
F [™]
*('_; —_ I
™
e

LY
w

oo L) H9A.A%0 6. 48z 1%g \i LK

9/89 minutes Vm (4/}._;:; /\R ta

" ENTROPY
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ISOKINETIC TYPE FIELD DATA SHEET

ENTROPY

COMPANY NAME MAANNINSETON  TILE RUN NUMBER ﬁ%&ﬁ__
ADDRESS LEXIANGCTON .~ TIME STARY _ //S%
SAMPLING LOCATION __SPRAvq BT 7 -it =TAK TIME FINISH 2%
DATE _9-20-8%g TEAM LEADER _ AY¢ TECHNICIANS __ £ 7
BAROMETRIC PRESSURE. IN. BG _ 29,72 STATIC PRESSURE IN. H20 = 0,21
TRAIN. LEAK CHECK VACUUM IN. HG ;4 F
TRAIN LEAK RATE, CU.FT/MIN a0p4 Lol
EQUIPMENT CHECKS IDENTIFICATION NUMBERS LEAK CHECK
"~ PITOTS, PRETEST REAGENT BOX 203 NOZILE 105 DIAMETERO, Z63 READINGS
_\/ PITOTS, POSTTEST MBTER BOX _ A/ 9 T/C READOUT E.ffz 1
—— M3 SAMPLING SYS/TED BAG|UMBILICAL U o T/C PROBE _ 4 - 3
" THERMOCOUPLE @ -] FPRE|SAMPLE BOX __ 7/ ORSAT PUMP _— 2
_/ THERMOCOUPLE @ POST |PROBE 2-¢  PITCT TEDLAR BAG — E
k|
FILTER #  TARE DELTA Hg  [.T{% FYRITE &
METER TEMP _/p% 4
EZ44%  p, S05b | EST. %Hy0 z : 7
C FACTOR /.02 >
STACK TEMP _ 40 3
REF DELTA P () 208 6
K-FACTOR ' Coagd
L aAq | __GAS TEMPERATURES
I CLOCK | DRY GAS METER 2ITOT CRIFICE SETTING | METER |VACUUM{ FILTER IMPINGER STACK LX
N{ SAMPLE! TIME READIRGS READING IN. H20 TEMP, |[IN, HG Bax EXIT TEMP. CHK| '
E| POINT |MINUTES CUBIC FEET IN. B,0 1D ACTUAL 'F GAUGE ‘F 'F ‘P $
Al | o (225,042 | 0.6H (21,9012.90, 97 | 22 | 225 | é60 |6
o 2 lzy| 228,25 | 0.59 | 794294 94 | 2 |22 | gp | 17
| o | & | 2% .99 |0,6% 2400 7.a4n/0l 13 1235 | €0 |15
d ¢ [ 951733 661471 | 365365003 31235 | €O | 74
s < | /o | 236,00] +p% 74340 104[ 3 (23S [S-6 (74
o] o |l 23ci.0i] .60 |3,50|3 i0llov) 31 2ZH0[S 6 -
N oz /1294 1,774 45 (2392396 3 126156 24
o] ¢ | /78]l 2482 L Ql2tolz oD 2 200(Sh 7
| 7 1o [ Zue.si] STyl ne 3 124yo0]5b 73
w0l g lzogl 2us. 6 L3FUALANN[Z ]| ZUOISe |74
n 4 lze T24n, ) 37 1sAlsallhz [ 2. 1240 54 74
12l 2 | 275 747,500 37 [\ sqiteq [{12] Z | 2N0| S3 [T#
wlg ] o] 255 131 yaFlially4q)liz| z| 740|SH |74
W 2 VoIl 257 T3 595 va’vea ] 2.1 7d.SS | 7H
sl 21 &1 Qep,3U HzlZ2.9q 2unz! 2 VL
6« |12 ] ¢l .zl z.ilzo i3] 2| 24zlss |74
al ¢ Lo 263,93 Mol 2.30 2,345 240ls S |14
W g [r29 | 246,9p] 9 2isi| Zs) Wb | 2] ZHOISS (1%
wl 7 Tl s s7] A8 260 204177 2] 2ngsé6 | 7¢F
0l B | 210.92] L3810 LEdl 1La9 0] T ZHOlSS A%
2l G |20 | 292,00 37 ¥ spusl T AINDISS LS
2| jp 1238 29%.25] L3911 ¢asIME ] 20 ZMS1sT |7 S
2 g 128 | 977,321 341135135 2| 249357 TS
ul g 1275 299 Ay 300 Lshitsflua | 21 ragisy |9 ¢
25 odorE| AT (26|  63p| | oy | ¥ 27 Z4SES DS
i
e 2L 22212 O4dhe 230 WL T4
5/84. xinutes va (vAp)? /AR tm ta




MOISTURE ZAMFLING LABORATORY RESULTS

Plant Name:
zampling Location:

Date Recerved: 9/21

MANNINGTON CERAMIC TILE

Spray Booth 24 Stack

Date Analyzea: 9/21

SEI Ref# 6445

Reagent Box(es): 0203

" Run Number MSKL2~1 MEki2-2 MSK12-3
Fun Date 9/20 /20 §/20
ANALYSIS OF MOISTURE CATCH
Reagent 1| ( O,1N HNO3 )
Final Weight. g. B7.0 570.8 393.5
Tared Weight, g. 579.5 359.0 375.5
water Catch,qg. 7.3 15.8 18.0
Reagent 2 ( )
Final Weignt, g.
Tared Weight. 9.
Water Catch,g. a,Q 0.0 0.0
Reaqent 7 )
Final Weignt, g.
Tared Weight. Q.
dater Catch.qg. 0.0 2,0 0.0
CONDENSED WATER. o, 7.3 15.3 18,0
Silica Gel:
Final Weight, g. 212.¢ 210,85 212.5
Tared Weignt, d. 200,40 200, 0 200.0¢
ADSOREED WATER, 4. 12.0 10.5 12.5
TOTAL WATER COLLECTED, g. 19.3 26,0 30,95
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FARTICULATE SAMPL ING LABRORATORY RESULTS

Plant Name: MANNINGTON CERAMIC TILE

Sampiing Location: Spray Booth 2A Stack

Z51 Ref# 6445

Date Received: 9/21 Date Analyzed: 9/26 Reagent Hox(es): Q203
Run Number Mek12-1 msk12-2 Msk12-3
Run Date /20 F/20 9/20
Sample ID/Container # F /7 1177 F / 1178 F s 1179
1t ==E=STm==22= aEmEmERTEE=
v/;B.OIEZ 83,1582 B82.2594
/8.0178 AT 1579 82,2593
78.0189 83,1991 82,2606
Tare wWeignt.. J. V73497 32,4615 81.616!
SAMFLE WT.. g. 0, 6681 SF&C 0.5432
Sample ID/Caontainer # R / 2255 R 7/ 2256 R / 2257
=4 11 4+t 11 -t
103.4262 D1, 3087 04,2574
~T07., 4259 101, 3089 104,2578
10Z, 4311 101.3102 104,2630
Tare Wt., og. 103,2710 101.2291 104. 0880
SAMFLE WT., g. o, LE4T. 0.0796 0. 18694
Sum ot Particulate, mg. B23.0 776.2 81z.&6
Total Filter Tare., mg. 904, 1 S02.3 S08.6
Blank Residue, mg. ( 150 ml) 0,3 {173 al) 0.4 ( 200 ml) Q.4
3+t —3_ bttt 11 =} =
TOTAL PARTICULATE CATCH, mag. J18.6 273.58 306,48
Blank Beaker % 2003 -=-Legend-~~ Notes and Comments
Final wt., mg. 99544.3 v//; Final Weight
Tare wt., mg. $9545.9 L = Lpose Particulate
Residue., ing. O, 4 F = Filter D = Dish
Volume, ml. 200 R = Rinse @ = Pan
Concentration, mg/ml 0,002

ENTROFY




Oxford Laboratories, Inc. Analytical and Consuiting Chemists
’ 1316 South Fifth Street

BATE REEBRYER 15235289 Wilmington, N.C. 28401

89W8144 (919) 7639793

PAGE 1 OF 1

ENTROPY ERVIRONMENTALIST INC P.O. # 6445A-1
P.0. BOX 12291
RESEARCH TRIANGLE PK , N.C. 27709-2291

ATTENTION: BRUCE HAWKS

SAMPLE DESCRIPTION: MS/12 0.1N NaOH

1. M5/12-1
2. M5/12-2
3. M5/12-3
4. METHOD CGDE
RESULTS
L 2 3 -4
Lead, as Pb, total mg 50.0 42.5 47.0 SW846-7000

ROGER5 OXFORﬁ CHEMIST




-JJJJJ“J‘J‘JJ“:‘J

phod code  Swgip-g00
s

g 0w CH4SH g"h’bpj
#/ #2.
b 100 XSO X100 2 josp F15X5OX 00 /0,
gfé, 0-1\-\ ' 'm
Sa me/-eJ ioﬂ,e_’ga_,e.-o_cl J a;j 5 A'
NHNOy |, Final volume = 700,/

3

16

_[o-3-5T

FIw 87 /e
#3

T xS G pr2

[42.2]"

M




Date of Makeup '4 Sept 1999
Individual Tare of Reagent:
Individual Tare of Reagent:

Individual Silica Gel Tare Weight

oranT NAME "MAvwrrersas

CUSTODY SHEET FOR REAGENT BOX # Q€O 3

Initials g?l é’\ Locked? _
200 mls. of o.IN HNg5
=5
mls. of
26D gms.

Tre

SAMPLING LOCATION MS/(2

(LEXINGT’DN, Mc_;) —

SRAY oot 2-A  STACK
i

Run Date Initials Locked? Date % S. Gel| Initials| Locked?
Number Used Cleanup| Spent
mofez | Tof<r L v vl | s% LM —
ko2 | X L ol " Y% | M | T
{ o
o3 | (o | SOl m | "
'Date Initials Locked? Zero & Span Balance
Received in Lab Y1 £ f— o Initials g
i T Used.
sampling itethod: _MS[iz Filter Tt  on
f {grams) Test
Remarks: T ESf4L 0.s04)  MsYez -/
£9447 5023 wskz -2
£3448 0.695C WSA2-~7F
NTROPY

NVIRONMENTALISTE, INC.




POST OFFICE BOX 12291
RESEARCH TRIANGLE PARK
NORTH CARQLINA 2770%-2291

ENTROPY

ENVIRONMENTALISTS ING. 919-781-3550
REQUEST FOR ANALYSIS Page 1
PURCEASE ) =
ORDER # (oqu P\'i JOB NAME: Manmm-lw\ fde
J
LABORATORY: OLL
DATE SAMPLES EXPECTED DATE
wEre TRANSMITTED: 3-2%-%33  oF RresuLts: D12 ‘g?

Mslia_ 0. N MoH

SAMPLE MATRIX:

Fh

TYPE OF ANALYSIS REQUESTED:

98/8
e5000-1

Samplett | Tp, |BF RS L | v, | Components
1 psfla-| 71 | 2355 | Yeo T?mjen%,uw}me(&
d malia- N7 | 235 | 4so L
3 M5ﬂ125 W19 | 2957 415

e :
SURMITTED BY: M

i

7 Tobau
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. . POST OFFICE BOX 12291
RESEAACH TRIANGLE PARK
NOATH CARQUINA 27709-229

ENVIRQNMENTALISTS INC. 919-781-355%0

INTERLABORATORY SAMPLE TRANSFER CHAIN-OF-CUSTODY FORM

Please return this form along with the analytical results.

The samples referenced on EEI Purchase Order Number: (p445 Al were
: - _ ey
shipped via ('l—/mﬂq ‘Ef'p 35 on O{'-g'\g by 44[

to OLT /-

Samples received at < %CZA/‘/Q 7\{@,@-— on ?‘) 7-3 i

0

Note any broken seals, leakage, spillage, and/or darage to the samples.

—1=1009
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QUALITY ASSURANCE PROCEDURES

General. =zach item of field test equipment purchased or constructed by
Entropy is assigned a unique, permanent identification number. New items for
which calibration is required are calibrated before initial field use.
Equipment with the possibility of the calibration status changing with use or
with time is inspected in the field before testing begins, and again upon
return from each field use. When an item of equipment is found to be out of
calibration, it is adjusted and recalibrated or retired from service. All
equipment is periodically recalibrated in full, regardless of the outcome of
these regular inspections.

Calibrations are conducted in a manner and at a frequency which meet or
exceed U. S. EPA specifications. Entropy Environmentalists Inc. (EEI)
follows the calibration procedures outlined in EPA Reference Methods, and
those recommended within the Quality Assurance Handboock for Air Pollution
Measurement Systems: Volume III (EPA-600/4-77-027b, August, 1977). When the
Reference Methods are inapplicable, EEI uses methods such as those prescribed
by the American Society for Testing and Materials (ASTM).

Data obtained during calibrations are recorded on standardized forms,
which are checked for completeness and accuracy by the Quality Assurance
Manager or the Quality Assurance Director. Data reduction and subsequent
calculations are performed using EEI's in-house computer facilities.
Calculations are generally performed at least twice as a check for accuracy.

Copies of calibration data are included in the test or project reports.

Inspection and Maintenance. An effective preventive maintenance program

is necessary to ensure data quality. Each item of equipment returning from
the field is inspected before it is returned to storage. During the course
of these inspectiocns, items are cleaned, repaired, reconditioned, and
recalibrated when necessary.

Each item of equipment used for this test program was inspected again
before being packed and transported to the job site. The majority of the
equipment needs a visual inspection only. In the case of the meter consoles,
a 10-minute quick calibration check is conducted. EEI performs these quality
assurance activities prior to departure to detect equipment problems which
may coriginate during periods of storage. This minimizes on-site delays due

to equipment failure.

ENTROPY
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Occasional equipment failure in the field is unavoidable despite the
most rigorous inspection and maintenance procedures. For this reason, EEI
makes every effort to transport sufficient backup equipment to the job site

to have complete redundancy of all critical sampling train components.

Calibration. Equipment that require calibration include the nozzle,
pitot tube, pressure gauges, thermoﬁeters. flow meters, dry gas meters, and
barometers. The following sections elaborate on the calibration procedures
followed by EEI for these items of equipment. Calibration data for the

specific items of equipment used for this test program follow the text.

Nozzles. Each probe nozzle is uniquely and permanently identified at
the time of purchase, calibrated before initial field use, and visually
inspected on-site prior to testing. Each time a nozzle is calibrated, the
inside diameter of the nozzie is measured to the nearest 0.001 in. using a
picrometer. Five measurements are made using different diameters each time.
If the difference between the high and the low numbers does not exceed 0.004
inch, the average of the five measurements is used. If the difference
exceeds this amount, or when the nozzle becomes nicked, dented, or corroded,

the nozzle is reshaped, sharpened, and recalibrated.

Pitot Tubes. All Type S pitot tubes used by EEI, whether separate or
attached to a sampling probe, are constructed in-house or by Nutech
Corporation. Each pitot is calibrated when new in accordance with the
geometry standards contained in EPA Reference Method 2. A Type S pitot tube,
constructed and positioned according to these standards, will have a
coefficient of 0.84 + 0.02. This coefficient should not change as long as
the pitot tube is not damaged.

Each pitot tube is inspected visually before it is transported to the
field and again on-site prior to testing. If either of these visual
inspections indicate damage or raise doubt that the pitot remains in
accordance with the EPA geometry standards, the pitot tube is not used until

it has been refurbishéd and recalibrated.

Differential Pressure Gauges. Some meter consoles used by EEl are

equipped with 10-in. W.C. inclined-vertical manometers. Fluid manometers

ENTROPY
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do not require calibration other than leak checks. Manometers are leak
checked in the field prior to each test series, and again upon return from
the field.

Most of EEIl's meter conscles are equipped with Magnehelic® differential
pressure gauges. Each set of gauges is calibrated initially over its full
range, 0-10 inches W.C. After each field use, the calibration of the gauge
get is checked against an inclined manometer at the average delta p
encountered during the test. If the agreement is within + 5 %. the

calibration is acceptable.

Thermometers

Impinger Thermometer. On-site, prior to the start of testing, the

thermometer used to monitor the temperature of the gas leaving the last

iapinger is compared with a mercury-in-glass thermometer which meets ASTM E-1
specifications. If necessary, the impinger thermometer is adjusted until it
agreeé within + 2°F of the reference thermometer. {If the thermometer is not

adjustable, it is labeled with a correction factor.)

Dry Gas Meter Thermcmeter. Prior to each field use, the thermometer

used to measure the temperature of the metered gas sample is checked against
an ASTM mercury-in-glass thermometer. The dry gas meter thermometer is
acceptable if the values agree within + 5.4°F. Thermcmeters not meeting this

requirement are adjusted or labeled with a correction factor.

Flue Gas Temperature Sensor. All thermocouples employed by EEI for the

measurement of flue gas temperatures are calibrated upon receipt. Each
receives an initial, 3-point calibration (ice bath, boiling water, and hot
oil} using an ASTM mercury-in-glass thermometer as a reference. The
thermocouple is acceptable if the agreement is within + 1.5 % (absolute) at
each of the three calibration points.

On-site, prior to the start of testing, the reading from the stack gas
thermocouple-potentiometer combination is compared with a mercury-in-glass
reference thermometer. If the two agree within + 1.5 % (absolute), the
thermocouple and potentiometer are considered to be in proper working order

for the test series.
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After each field use, the thermocouple-potentiometer system is again
compared with an ASTM mercury-in-glass reference. If the absolute

temperatures agree within + 1.5 %, the temperature data are considered valid.

Dry Gas Meter and Orifice

General. The dry gas meter and orifice are typically installed in a
common console and are calibrated simultaneously. As a transfer standard,
EEI uses a dry gas meter that is calibrated annually against a spirometer.
During the annual transfer standard calibration, three calibration runs are
performed at each of seven flow rates ranging from approximately 0.2 to
1.25 cfm.

EEI uses three calibration procedures: 1) full calibration, 2) 10-minute

quick calibration, and 3) posttest calibration.

Full Calibration. The full calibration is a compiete calibration

procedure used to obtain the calibration factor of the dry gas meter and

orifice before their first use and, at a ninimum, every six months

thereafter. Two calibrations are performed at each of three different

orifice settings (flow rates): 0.5, 2.1, and 4.8 in. H20. and at zero vacuum,
EPA Reference Method 5 calls for another full calibration anytime a

posttest meter calibration indicates that the average meter coefficient

(Yd) has changed by more than 5 J%. Standard practice at EEI is to

recalibrate the meter anytime Y, is found to be outside the range

0.97 < Yd < 1.03, or deviates m:re than the § %.

An orifice calibration factor (delta-H@) is calculated for each of the
six flow settings during the full calibration. If the range of values does
not vary by more than 0.15 in. H20. the arithemtic average of the six values
gbtained during the calibration is used. Standard practice at EEI is to
recalibrate if the average delta-H@ is found to be outside the range 1.6 to
2.0 in. H20.

Ten-Minute Quick Calibration. The 10-minute quick calibration is

conducted prior to reporting to the test site and again prior to each day of
tescing. The meter conscle is not used if Yd is not within + 3 % of that of

the full test.

ENTROPY
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Posttest Calibration. The posttest calibration is designed to check

whether the calibration factors have changed. Posttest calibrations are
performed after each field test series. Each posttest calibration 1is
performed at an average orifice setting (based on the test data) and at the
maximum vacuum reached during the testing. Three calibrations are performed
at these settings.

If the post test Y, deviates by less than 5 % from that of the full test
calibration, the test data are acceptable. If Yd deviates by more than 5 X,
the meter is recalibrated prior to reuse, and the Yd (initial or posttest)
that yields the lowest sample volume is used for all calculations.

If the posttest delta-H@ deviates by more than 10 X from that of the
full test, the orifice is recalibrated prior to reuse. No adjustments are

made for calculation purposes.

Barometer. Each field barometer is adjusted before each test series to
agree within + 0.1 inches of a reference anerocid barometer. The reference
barcmeter is checked weekly agsinst the station pressure value {corrected for
elevation difference} reported by the National Weather Service station at the
Raleigh-Durham International Airport, approximately 2.5 miles from EEI's

location.
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F-1039
3/86

JOB NAME/NUMBER

SANAINGTON TIE

TEAM LEZADER /7

SAMPLING LOCATION SPRAY TBoord 7.A STAK.

BAROMETER CHECX

adlusted. I3e a TAacCKXup.

1! no dacx up.

74~

Filter Compar:tment i
Dry Gas Meter T¢
Qther
THERMOCOUPLE '7’7
SOTE: sdJust <iermemeter until acceptabie. 7

temperature izdicated by the unadjusted trermometer.

I ENTROPY 1N-HOLSE , FIELD
DATE REFERENCE BAROMETER BAROMETER

9-15-55 | 24,9 | 24,77
THERMOMETERS AND THERMOCOUPLE CHECK

REFERENCE THERMOMETER o

DATE Z-/9 AMBIENT TEMPERATURE 77 °F
! . AMBIENT MUST BE WITHIN _
| TEMPERATURE T ACCEPTANCE RANGEF
TEERMOMETERS

+2°F

+5.4°F
+5.4°F

-8°F

tlerpdooeater can't be

thep record tie ampient

PITOT AND NDZZLE CHECK
PITOTS

NO2ZLES

o
o
k3

RR R

ENTROPY

VISUAL INSPECTION CHECK

.__LZ_

e

/
e
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Meter Box Number: A/ Calibration by: mec .
Standard Meter Number: (& 34313 Standard Meter Gamma: /. 0763
Date: 7-(9-F7F Barometric Pressure (P_): 29, 57 in.. Hg
*Date: *Barometric Pressure (Pb): in. Hg
METERBOX CALIBRATION
Standard Meter Meter Box Metering System
Gas Orifice Gas
Volume | Temp. Time Setting | Volume | Temp.
(Vag) (tag) (8) (AH) (Vq) (tq) Coeff. AH@
3 . ‘ 3 o .
ft F min. in. HZO £t s (Yd) in. HZO
o¢l | 6 [o 0-35" 4197 &1 - 9 Ly l-505
4. 06/ o-5" 4196 | £ Lo FFe . 6EY
F.(Fo 2. ! gt | &5 . 8f4D | [.55D
£-1£F0 2. | F 4891 £6 CSE3Y | Lyl
(2573571 . |lv.Fs5 | £& L GFFO (.65
1257057 o L v ¥  q.es3 | £9 .5610 | (.b59
Average -G FE3y [y
* *
v o .tas i Vas T ‘Fa r 9%0) T Py
d *
Vd (tds + 460) * (Pb +AH/13.6)
0.0317 * AH (tgg *+ 460) * o |2
= _——— - * =]
AHg = mmm=-e—cmommoms X SoSSecoomnoeees
*
Pb (td + 460) Yds * Vds
F-1037
6-88 rev

ENTROPY




F-1040
9/86

Date -/ - 89

Time

Auditor 42%_1’

ON-SITE DRY GAS METER AUDIT

Meter Box Identification Number /\ji
Pretest Gamma (Y) f)'fﬁéﬁ AHa/Zg[z

Barometric Pressure (P ) 2.2~ in.Hg

bar

30

Dry Gas Meter Meter Upper and Lower
Readings, Teoperatures, Limits for
Fi3 °p Audit Gamma

Initial //§, 500

Initial g4

0.97 *Y = 2.9567

Final

127.217

Final g3

1.03*Y = [.0/47

Dry Gas Voluwe Average Meter Run Calculated
Metered, Temperature, Time, Audit Gamma
ft3 °p min.
Va = :23/‘2 Ta = €9 10 Yc = J. 99032
10 0.0319 (Ta + 460)
e ¥
c
Vo Fbar
10 0.0319 ( g9 + 460) :
v mm e em - L J [ S R -
Y, = 0, 9903
1817 Ao

Audit Gamma Within Acceptable Limits? Yes '_Ao

jNIBQ_Pv
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Meter Box Number A1 |« -calibretionby A1 8C

Meter Box Vacuum: = (in. Hg) ..Job No. Shshc

‘Standerd Meter Numper 6£3#313 _ Stangerd Meter Geme /.o 3

Date: 3-+95 -9 Barometric Pressure (P,) _&5-& (in. Ho)
' POST TEST CAL/IBRAT/ION
Stendsrd Meter Meter Box Metering System
Gas . Orifice Gas
Volume Temp. | Time Setting | Volume Temo. Coeff AHg
(V) | Masd | B | (any | (v (tq)
s °F min, |in. HQU 3 °F (Yd) in. H20
Y 9bl v (s |z, oo [EF5TT 98 | G0 |1y
F.oro | ¥ { .0 E LPs | oo G 6E7 (LY 6
Sosi9l Y f 1o |0 e ry oo {509 [ (V17
' Average| g (el . >0k

d vd * (tds + 460) * (Pb + AH/13.86)
| 2
0.0317 * AH P (ty, + 460) * @ |
n—aH@ S mmemocmaesm o .- a--- * _-_§ -------- i
P * (T, + 460) | Yag * Vag
AP (Magnehelic®) AP (Manometer) 2 Difference
b | AL o
- A § /. P
T -S> 0
F-1038 '
7/89

ENTROPY
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NOZZLE NUMBER: _ 705

Date Ini'tials pia. 1} pia. 2] pia. 3] pia. 4| Dia. 5] Average
/2-2-de f 255 | 2359 | 2S5 | 2A53].2ST |0.254
4-4-43] LD 260 | . 259 | .258 |.258 | .259 |0-259"
H-18 03| FLO 240 | 267 27 | 259 | .peo_|0.2R"
3-g-2Y | TWC ASs3 | 284 | .agd | .ase | 2z 10.284"
-84 | TTM .53 253 | .asa2 | .asa | . 353 10.3453
102254 A | 249 25 | 22 | 250 | .249 | p250
-13-85|JDE ] 252 | .250 | 252 | .253 | 9 Z52-
10-24.85] GC . 2506 . 257 . 254 .257 | +256 | b.256
2-13-8 | T.m$D._ | . 262 | .265 | .264 | 265 | .263 |0.258%
-3¢ BB 157 155 1 1Sy 1 285 | 29 | 0.1.87
2083 | <7 sy | 757 | esy | sl 2S84 . 238
2[2008F| s 2s( | wss | 2SS | . 2SSl . 254 .Sy
2/i0/07]| D2 255 | .252 | . 253 | . 25%| 25¢ 154
g-n-8 ! HC a7y | asu | agm | 285 | a5y . 255
/33N BKC- | 264 1,245 |.265 [.266 | 265 | .2C5 |
1/13/893| BKG | 270 | 273 | 27/ | 274 | . 272 |, 272
6{22[89] LM 26 [ 373 [ 215 2% 278 | 22S
-1 -7 TRt 262 | 289 L2862 | e 269 [ . 260 .28z,
NOTE: All diameters measured in inches.

NTROPY

==

RONNMENTALISTS, INC.,
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NOZZLE NUMBER: _ (O

Date |Initials{ oia. 1] pia. 2{Dia. 3| Dia. 4] Dia. 5) Average
3fiolsF | ST g | eqr L |z | 2eq | 0.2
Bholyz 1S+ e | zye | ozuy | S | 245 T4
gl AC Imigg | = | o | o | ——
720005 [.AST L.ass Lafé ] LRS7 1,256
0/)3/4A0 BKG |.2ze |.270 1,27/ 276 |23 |.272
1/13/59 BKG | 274 1.27¢ | 277V . A741, 275 . 275
cfr2fgil Ltm  {,270 1 .272 .29 | ,27) J. 270 | » 27}
F-21-P7| TRe » 259 282 | ,25¢4 | .25 |.258 | ,285%

|

|

l

|

I

|

I

|

|

l

I
NOTE: All diameters measured in inches.

E NTROPY
NVIRONMENTALISTS, INC
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APPENDIX D

PROCESS DATA
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* - 9-19-39

! bt %

. Fd@{)%r @ 3 070
- Alica, — b.lo
_ Class i _le.L.
Lim ;atazzwuzii MACY

_______TAJ‘MLQ.‘_,__ a;r a/
o .

Does'ucﬁ 1acludyg ;

CMC ... .03

Youu T ; 057 .
o | \4M100 (o S 2L CZe S Fe stoin)
Gmpstos] N 708 Uplles® .17 (ZeSiPs shain)
e Gropy 097 _ (6N Fo 205 shus)
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23d v £ T3

AR 3 iz
€B°d TYliL

inanmlgtgll_ﬁ.

EERAMIO TILE

9-19-%9.. —

e T

Kol .3°

— Na. O 1.3
a0 i 2.7
ZoO| .1
PO 24,
Al 0 9.9 i
Ba0s Ha
Si02 3a.H
. 2"'03 '3-‘:" .

T.0 2.5

Ca
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SAMPLING AND ANALYTICAL PROCEDURES






