Note: This material is related to a section in AP42, Compilation of Air Pollutant Emission Factors, Volume I ZW&( 0/28/!

/

L

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 file number, the AP42 chapter and then the section. The file name /{’Z;/C #’(/O
"rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2. The document may be out of /
date and related to a previous version of the section. The document has been saved for archival and o
historical purposes. The primary source should always be checked. If current related information is 3 - Z / - c? é

available, it will be posted on the AP42 webpage with the current version of the section.

Are Qualri/,
N Ral

ENTROPY <.

\

ENVIRONMENTALISTS INC.

POST OFFICE BOX 12291 P P . :
:gg?acu TRIANGLE PARK 4 W
H CAROLINA 27709-2291
919-761-3550 & 2 /= .{ké
‘\MVJ‘
STATIONARY SOURCE SAMPLING REPORT RECEIVED

N.C. Dept. NRCD

MAR 18 1086
Division of
Environmental Management
Winston-Salem Reg. Office

EEI REF. NO. 2988

OSBORNE WASTE WATER TREATMENT PLANT
\ GREENSBORO, NORTH CAROLINA

e

PARTICULATE EMISSIONS AND
PARTICLE SIZE DISTRIBUTION TESTING

SLUDGE INCINERATOR SCRUBBER INLET AND SCRUBBER STACK

performed for:

NICHOLS ENGINEERING AND RESEARCH CORPORATION

OCTOBER 1, 2, & 3, 1985


EPA
Text Box
Note: This material is related to a section in AP42, 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 file number, the AP42 chapter and then the section.  The file name "rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2.  The document may be out of date and related to a previous version of the section.  The document has been saved for archival and historical purposes.  The primary source should always be checked.  If current related information is available, it will be posted on the AP42 webpage with the current version of the section.



REPORT CERTIFICATI:Y

The sampling and analysis performed for ==:g T2t was carried out

under my direction and supervision.

Dace October 29, 1985 Sign‘curg 7"-:“/‘1 M_ M

§2:1 M. Harden

I have reviewed all testing d.e:ails and T:suiis iz this test report

d accurate.

| !
e
Date October 29, 1985 Signacure

Z. Jzes Grove, P.E.

and hereby certify that the test report is avoze-:::

ENTROGDYV



TABLE OF CONTENTS

INTRODUCTION
1.1 Outline of Test Program . . . o . .
1.2 Test Participants . ¢ « ¢ « o « o &

SUMMARY OF RESULTS

NN
WM~

Particulate . . . ¢ ¢ ¢ 4 ¢ & o o &
Particle Size . . . . . ¢ ¢ & . . .
Sludge Analysis . v v o ¢ o o o o
Particulate Loss-On-Ignition Analysis

PROCESS DESCRIPTION AND OPERATION

3.1
3.2

SAMPLING

Lt ade B P N R Y
)
N -

NV WWWN -

Process Description .« o o o o o o .
Source Air Flow Description

AND ANALYTICAL PROCEDURES

Genetal..............
Sampling Points . « ¢ v ¢ o o o o &

Flue Gas Velocity and Molecular Weight

Particulate Tests . . . . .
Particle Size Tests . . . .
Particulate Emissions . . . .
Particle Size Distribution . .
Lab Analyses . . . . . . . . . . .
Sludge Analysis . « ¢« o o o « & &

Method 5 Particulate Loss-~On-Ignition

Equipment

APPENDICES

A.

B.

c.

Test Results
l. Particulate Emissions
a. Scrubber Inlet
b. Scrubber Stack
2. Particle Size Distributions
a. Scrubber Inlet
b. Scrubber Stack
3. Example Calculations

Field and Analytical Data
l. Particulate Emissions
a. Scrubher Inlet
b. Scrubber Stack
2. Particle Size Distributions
a. Scrubber Inlet
b. Scrubber Stack

Sampling and Analytical Procedures

Calibration Data

ENTROPY

® & & & & ¢ 6 ¢ e 6 & & e o

L L[] [ ] . L] [ ) [ ] ) L[] [ ] L4

e 6 o

L ] . [ ] L . L] L[]

L . L] [

2-1
2-1
2-1
2-1

3-1
3-1

4-1
4-1
4-1
4-1
4-1
4-1
44
4-4
4=4
4=4
4=4



1-1

INTRODUCTION

1.1 Outline of Test Program. Stationary source sampling was performe
for Nichols Engineering and Research Corporation at the Osborne Waste Water
Treatment Plaat in Greensboro, North Carolina, on October 1-3, 1985.
Concurrent testing was performed at the sludge incinerator scrubber inlet a
scrubber stack to determine the particulate emissions and particle size
distributions. The particulate collection efficiency of the scrubber, the
coutents of sludge samples taken during each test set, and the results of
loss—-on~ignition analyses on the Method 5 particulate samples are also
reported. Table l-1 outlines the test progtam.

TABLE 1-1
SAMPLING LOG

Sludge Incinerator Scrubber

Test = = = Sampling - - - Test Concurrent Runs

Date Objective Method Set Inlet Stack

10/1 Particulate EPA 5 1 I-2% 0~1
Particle Cascade 2 SI-1 S0-1
Sizing Impactor
Particulate EPA 5 3 I=3%% 0=3%+

10/2 Particulate EPA S 4 I-4 0-4
Particle Cascade 5 SI-4 S0-4
Sizing Impactor

10/3 Particulate EPA S 6 I-S 0-5
Particle Cascade 7 SI-S S0-5
Sizing Impactor

Run I-2 performed to replace run I-1; for scrubber efficiency
calculations runs I-2 and 0-1 are considered concurrent runs.

** Aborted due to stoppage of process



SUMMARY OF RESULTS

2.1 Particulate. Table 2-1 summarizes the results of particulate
testing performed at tte sludge incinerator scrubber inlet and scrubber stack
on October 1, 2, and 3, !985. Run-by-run results are presented in Tables 2-2
and 2-3 for the scrubber ialet and scrubber stack, respectively. Detailed
test results are given ia Appendix A; field and analytical data are provided
in Appendix B.

2.2 Particle Size. The particle size distributions at the scrubber
inlet and scrubber stack are tabulated in Table 2-4. Based upon the Method 5
particulate emission races, emission rates and scrubber collection
efficiencies using cumulative emissiouns greater than each particle size range
‘are also presented. Figure 2-] gummarizes for the three particle sizing test
sets the scrubber colleztion efficiencies by particle size range. Figures
2-2, 2-3, and 2-4 preseac the particle size distributions for particle sizing

test sets 2, 5, and 7, respectively.

2.3 Sludge Analysis. The analytical results of sludge samples
collected during each of the seven test sets are presented in Table 2-5.

2.4 Particulate Loss-On-Ignitiod Analysis. Table 2-6 gives the
Method 5 particulate loss-on-ignition results.

ENTROPY



1.2 Test Participants. Table 1-2 lists the personne. sresent during the
test program.

TABLE 1-2
TEST PARTICIPANTS

Nichols Engineering and Rick Leuser
Research Corporation Test Coordizz-ar
Charlie Shas

Test Coordirzzsr

Bob Eastman
Test Coordiri-sr

Entropy, Inc. Neill M. Harzia-
Entropy Pro-z:: Direc::r

Steve Terll
Sampling Teax _eader

W. Douglas F.zzerstaf:
Engineering T::aniciar

Robert Will:ims
Engineering Za:aniciar

ENTROPY
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TABLE 2-1
PARTICULATE EMISSIONS SUMMARY

Sludge Incinerator Scrubber

y’h"’\ ) Test ls.i-t‘\.b“'* p ;4/”‘
- Sludge Dry Solids, X 21.2 22.2 " 2044
Sludge Feed Rate, Tons/Hr _
Wet 6.81 6.25 5.93 é;?f
. {. - <
Dl’y 1.44 1039 1.21/'//
Emission Rate, Lbs/Hr
Inlet 31.3 41.8 27.6
‘ ALY : ,
Efficiency, % 87.6% 87.5 82.1 e
Concentration, Stack k%l fifiﬁ f'gl
OO
C Gr/DSCF 0.0450 0.0593-  0.0575, - 0531
Gr/DSCF @ 12% Co, 0.0693 0.0837/ o0.f0784" | 07
Lb/Dry Ton of Sludge** 2.69 v 3.75 7 4.07 2 503
52zl ¢, 409"

* Runs I-2 and O-1 are treated as concutre’nt runs used 'to calculate
the collection efficiency

** Calculated by dividing the scrubber stack partiéulate emission
: rate (lbs/hr) by the dry sludge feed rate (tons/hr) .-
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TABLE 2-2

PARTICULATE TESTS SUMMARY COF RESULTS

Scrubber Inlet

I-2
RUN DATE 10/01/85
TEST TRAIN PARAMETERS:
VOLUME OF DRY GAS 29.362
SAMPLED, SCF+#
PERCENT ISOKINETIC 103.0
FLUE GAS PARAMETERS:
TEMPERATURE, DEG. F 826
GAS FLOW RATES ,
SCFM#, DRY 11,021
ACFM, WET 38,358
METHOD 5 TEST RESULTS:
CATCH, MILLIGRAMS 629.7
GRAINS PER DSCF# 0.3310
LBS PER HOUR 31.26
* 68 Des. F. - 29.92 in. Ha.
- a-3

I-4 I-S
10/02/85 10/03/8S
20.563 13.76S
89.9 108.4
943 215
11,793 10,956
43,236 47,316
SS51.4 300.0
0.4138 0.2937
41.83 27.58

ENTROPY
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TAE_Z 2-3

‘ PARTICULATE TESTS 3.M“ARY OF RESULTS
' Scrut:z- Stack
o-1 0-4 0-5
) RUN DATE 10/01/85  :¢/02/8S 10/03/8S
TEST TRAIN PARAMETERS:
VOLUME OF DRY GAS 29.552 38.282 37.032
SAMPLED, SCF#
PERCENT ISOKINETIC 97.8 100.2 102.2
FLUE GAS PARAMETERS:
TEMPERATURE, DEG. F 132 139 139
GAS FLOW RATES
SCFM#, DRY 10,061 10,254 10,051
ACFM, WET 12,515 12,429 13,102
PERCENT EXCESS AIR 112.4 96.5 89.3
( METHOD 5 TEST RESULTS:
CATCH, MILLIGRAMS 86.2 147.1 137.9
GRAINS PER DSCF# 0.0450 0.0593 0.0575
LBS PER HOUR 3.88 5.21 4.95
% &8 Des. F. - 29.92 in. He.

ENTROPY
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OPARTICLE SIZE TEST SET 2
SCRUBBER INLET, RUN SI-1
SCRUBBER STACK, RUN SO-1

A PARTICLE SIZE TEST SET 5
SCRUBBER INLET, RUN SI-4
SCRUBBER STACK, RUN SO-4. .. .

O PARTICLE SIZE TEST SET 7
SCRUBBER INLET, RUN §I-5
SCRUBBER STACK, RUN SO-5
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TAL . -3
( SLUDGE . -_7SIS
------------ Test Sets
1 2 - 4
Moisture, Wt.Z 78.8 80.9 . 77.8
Ash, Wt.Z, Dry 31.1 31.6 31.3
Silica as Si, 4,500 5,300 e 3,460
Mg/Kg, Dry
011 & Grease 146 112 146

Mg/Kg, as Recvd.

Weight Z, Dry

Co—::2ze Sample*

5 6
79.7 79.6
29.6 . 28.8

5,040 10,800

166 186

Hydrogen $.34
Carbon 2.7
Nitrogen E S
Sulfur 2.92
Oxygen 7.9
l\ Heat Content
Btu/Lb, Dry . 380
* Composite of all sludge samp.:: ::cen during each test set
. TAE - -5
METHOD 5 PARTICULATE _::- N-IGNITION ANALYSIS
We =2 3
----- T=EI Sl = === -
1 z ) 6
I-2 I-2 I1-4 I-5
Inlet ., 12.0 11.: 2.63 12.2
0-1 o-: 0-4 0-5
Outlet 21.0 21.: 14.4 13.0
‘\



PROCESS DESCRIPTION AND OPERATION

3.1 Process Description. The Osborne Waste Water Treatment Plant
operates a sludge incinerator system to reduce dewatered sludge to ash by :se
of combustion. The incinerator congists of seven vertically stacked
hearths. Dewatered sludge cake is fed into the top hearth and moved from
hearth to hearth by a center shaft with attached arms and teeth which dive—
the flow of material through the incinerator. The incinerator is equippec
with fuel oil-fired burners used to ignite the volatile components of the
sludge feed. Combustion air isg supplied through auxiliary air fans into
hearths 2 through 6. The upper hearths are designed for final drying of t:=
sludge, intermediate hearths are used for combustion, and the bottom heart:
is used for ash cooling. Ash is discharged to the ash handling system fror =
point outside the bottom hearth. .

3.2 Source Air Flow. After leaving the incinerator, combustion gases
pass through a venturi scrubber system and an induced draft fan before
exhausting through the stack to the atmosphere. Air is forced through the
center shaft and arms to provide protection from the high temperatures in :ze
incinerator. During normal operation, a portion of the exhaust air from ti=
cooling process (now heated to approximately 400°F) is directed back into
the incinerator through warm air return ducts in hearths 6 and 7. The
remaining hot air is vented through the scrubber outlet stack. The

incinerator system is shown schematically in Figure 3-1.

ENTROPY
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4-1
SAMPLING AND At\.._.:.ICAL PROCEDURES

4.1 Generz.. All sampling and analytical procedures were those generally
recommended by :-e United States Environmental Protection Agency and the North
Carolina Departaszt of Natural Resources and Community Development. The
sampling equipme=: and procedures are described in Appendix C, which 1is
extracted from <. CFR (Code of Federal Regulations) Part 60.

4.2 Samplizg Points.

4.2.1 Scrcibder Stack. The number and location of the sampling points
were determined according to procedures outlined in EPA Method 1. As shown in
Figure 4-1, the stack cross section was divided into 24 equal areas, with 12
sampling points on each of two traverse axes, la;beled A and B.

4.2;2 Scrutder Inlet. Nichols Engineering and Research Corporation and
Entropy agreed ts divide the inlet duct cross section into 12 equal areas, with
four sampling poiats on each of three traverse axes, labeled A, B, and C. The
sampling point ccafiguration is shown in Figure 4-2.

4.3 Flue Gzs Velocity and Molecular Weight.

4.3.1 Part:izulate Tests. Velocity measurements were made according to
EPA Method 2. A: the scrubber stack, flue gas composition and molecular weight
were determined 2:cording to EPA Method 3 once during each test day; the
Method 3 gas sax:c_es were taken during runs 0-1, 0-4, and 0-5 at the scrubber
stack. The scruder inlet particulate test results were calculated using flue
gas composition z=d nolecular weight values determined for concurrent runs at

the scrubber stack.

4.3.2 Particle Size Tests. Flue gas molecular weight values used to
calculate the scr:bber inlet and scrubber stack particle size distributions
were the values ¢2termined at the scrubber stack during particulate testing on

the same day.

4.4 Particzlate Emissions. Particulate emissions were determined
according to EPA Method 5.

ENTROPY
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4=4

4.4.1 Scrubber Stack. Each of the 24 equal areas was sampled for
2.5 minutes, resulting in a net run time of 60 minutes. Run O-l was only

50 minutes in length due to process outage.

4,4,2 Scrubber Inlet. During Run I-2, each of the 12 equal areas was
sampled for four ainutes, resulting in a net run time of 48 minutes. During
Runs I-4 and I-5, each of the 12 equal areas was sampled for three minutes,

resulting in a net run time of 36 minutes.

4.5 Particle Size Distribution. Particle sizing was performed using a
cascade 1m§actor attached to a probe on a Method 5 sampling train; the sizing
is achieved aerodynamically in the stack. The moisture content value used to
calculate the scrubber inlet and scrubber stack particle size distributions was
taken from the scrubber stack Method 5 particulate run performed on the same

day. Refer to Appendix B for sampling point identities and run times.

4.6 Lab Analyses. All the following laboratory analyses were performed
by Industrial & Environmental Analysts, Inc.

4.,6.1 Sludge Analysis. The sludge feed samples taken during each test
set were subjected to analysis for coatent of water and dry volatiles, heat
content of the dry volatiles, and silica, oil, and grease content in the
sludge. A composite of the seven sludge samples was subjected to ultimate

analysis.

4.6.2 Method 5 Particulate Loss-On-Ignition. The particulate catch from

each Method 5 run was subjected to loss-on-ignition analysis.

4.7 Equipment. All sampling equipment was manufactured by Nutech
Corporation or Entropy. Calibration data is provided in Appendix D.
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PLANT:

Theta
Dia

Ce

Pbar

Delta H

Vm

tm

Vm(std)

Vic

Vu(std)
%“H20

Mfd

"AVG.

PARTICULATE FIELD DATA & RESULTS TABULATION

Osborne Waste Water Treatment Plant,

SAMFLING LOCATION

Scrubber Inlet
Scrubber Inlet

Scrubber Inlet

RUN DATE

RUN START TIME
RUN FINISH TIME

NET SAMPLING POINTS
NET RUN TIME. MINUTES
NOZZLE DIAMETER, INCHES
PITOT TUBE COEFFICIENT

DRY GAS METER CAL. FACTOR

BAROMETRIC PRESSURE. IN. HG.

PRESS. DIFFERENTIAL OF
ORIFICE METER., IN. H20

VOLUME OF METERED GAS SAMPLE
DRY ACTUAL CUBIC FEET
DRY GAS METER TEMP.., DEG. F

VOLUME OF METERED GAS SAMPLE
@ DRY STD. COND., DSCF+

VOLUME OF WATER CATCH IN
IMPINGERS & SIL. GEL..ML

VOLUME OF WATER VAPQOR, SCF#*
MOISTURE. PERCENT BY VOLUME

DRY MOLE FRACTION

10/01/83

1503
1355

12
43.00
0.370
0.840
1.007
29.90

1.210

31.142

105

29.362

269.0

12.662

30.1

0.4699

ENTROPY

Greensboroe.,

North

&

TEST TEAM LEA =S

Steve Terl:

Steve Tecrl:

Steve Terld

Pt S

I-4 -3
10/02/835 © 1I./8S

1246 e
1325 2SS
12 12
36.00 2e.00
0.370 1306
0.840 1.S30
1.007 e ¥ 4
29.30 27.30
1.210 .701
22.255 -2. 630
-105 90
20,3563 LILTES
219.5 5.3
10.332 <.261
33.4 =2.5
0.666 S.615

(continued next Page)



ZC02
“az2
ZCO+NZ
Md

Ms

Pa

Ps

Delta ,

vs

Rsd
Raw

¢

mes
ar/DSCF
Lb/Hr

# 68 Des.

PERCENT C0Z BY VOLUME, DRY
PERCENT 02 BY VOLUME. DRY
PERCENT CO + N2 BY VOLUME
DRY MOLECULAR WT. LB/LB-MOLE
WET MOLECULAR WT, LB/LB-MOLE
GAS STATIC PRESS.. IN. H20
ABSOLUTE GAS FRESS., IN. HG.
GAS TEMPERATURE. DEG. F

AVG VELOCITY HEAD, IN. H20
FLUE GAS VELOCITY, FT/SEC
STACK/DUCT AREA, SQUARE IN.
GAS FLOW RATE. DRY SCFM +
GAS FLOW RATE. WET ACFM
PERCENT ISOKINETIC

METHOD S RESULTS:

CATCH, MILLIGRAMS
CONCEN.. GRAINS PER DSCF#*
EMISSION RATE. LBS/HOUR

F - 29.92 in. He.

I-2 1-4
7.8 8.5
11.3 10.5
80.9 81.0
29.70 29.78
26.17 25.84
-1.1 -1.2
29.82 29.22
826 943
0.2525 0.3503
46.3 57.9
1,998.0 1,998.0
11,021 11,793
38,558 48,236
103.0 89.9
629.7 s51.4
0.3310 0.4138
31.26 41.83

ENTROPY

S6.8
1,99€.0
10,956
47,316

108.4

300.0
0.2937

27.58
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Theta

Dia

Cep

Pbar

Delta H

Vm

tm

Vm(std)

Vic

Vu(std)

ZH20

Mfd

PARTICULATE FIELD DATA & RESULTS T-=.LATION

Osborne Waste Water Treatment Plant.,

SAMPLING LQCATION

Scrubber Stack
Scrubber Stack

Scrubber Stack

RUN DATE

RUN START TIME
RUN FINISH TIME

NET SAMPLING POINTS
NET RUN TIME, MINUTES
NOZZLE DIAMETER. INCHES
PITOT TUBE COEFFICIENT
DRY GAS METER CAL. FACTOR
BAROMETRIC PRESSURE, IN. HG.

AVG. PRESS. DIFFERENTIAL OF

ORIFICE METER, IN. H20

VOLUME OF METERED GAS SAMPLE
DRY ACTUAL CUBIC FEET
DRY GAS METER TEMP.., DEG. F

VOLUME OF METERED GAS SAMPLE
@ DRY STD. COND., DSCF#

VOLUME OF WATER CATCH IN
IMPINGERS & SIL. GEL.. ML

VOLUME OF WATER VAPOR, SCF#
MOISTURE. PERCENT BY VOLUME

DRY MOLE FRACTION

10701 /3%

1132
1222

S0.

0.2

(contir .=

ENTROPY

G-22-sboro,

North Carolina

TEST TEAM LEADER

Neill M. Harden

Neill M. Harden

Neill M. Harden

0-4 0-5

IO/02/85 10/03/8S
1228 915
1330 1253
24 24
60.00 60.00
0.248 0.244
0.840 0.840
0.995 0.995
29.30 29.30
1.550 1.400
40.561 38.605
87 78
38.282 37.032
105.5 98.0
4.966 4.613
11.5 11.1
0.83S 0.889

: next page)



Ps

ts

Delta P

vs

A

Qsd

Qaw

%I

ZEA

ar/DSCF

Lb/Hr

PERCENT CO2 BY VOLUME. DRY
PERCENT 02 BY VOLUME. DRY
PERCENT CO + N2 BY VGLUME
DRY MOLECULAR WT, LE/LB-MOLE
WET MOLECULAR WT, LB/LB-MOLE
GAS STATIC PRESS.. IN. H20
ABSOLUTE GAS PRESS.. IN. HG.
GAS TEMPERATURE, DEG. F

AVG VELOCITY HEAD. IN. H20
FLUE GAS VELOCITY, FT/SEC
STACK/DUCT AREA, SQUARE IN.
GAS FLOW RATE, DRY SCFM #
GAS FLOW RATE. WET ACFM
PERCENT ISOKINETIC

PERCENT EXCESS AIR

METHOD S RESULTS:

CATCH, MILLIGRAMS
CONCEN.,» GRAINS PER DSCF#

EMISSION RATE, LBS/HOUR

% 638 Dea. F - 29.92 in. Hs.

0-1 0-4
7.3 8.5
11.3 10.5
80.7 81.0
29.70 29.78
28.81 28.43
-0.1 -0.1
29.19 29.29
132 139
0.4093 0.4611
38.5 41.4
779.3 779.3
10,061 10,254
12,515 13,429
97.8 100.2
112.4 96.5
86.2 147.1
0.0450 0.0593
3.88 S5.21

29.81

28.50

29.29
139
0.4401
40.4
779.3
10,0351
13,102
102.2

89.3

137.9
0.0575

4,95
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PARTICLE SIZING FIELD DAT+ : SZSLTS TABULATION

)

( RUN SI: /
PLANT: Qsborne Waste Water Treatmen: = znt, Greensboro. North Carclina
SAMPLING LOCATION: Scrubber Inlet DATE: 100185
START-FINISH TIME: 1401-140% VOLUME METERED., ACF: 2.9572
SR) SAMPLING RATE. ACFM 0.576 NOZZLE DIA., INCHES: 0.243
3T) SAMPLING TIME, MINUTES: 8.00 v METER CAL. FACTOR: 1.007
PB) PBARO. PRESS., IN.HG.: 29.90 ™) METER TEMP.. DEG F: 104

PSI) STATIC PRESS., IN. H20: =-1.00 I~) DELTA H AVG., IN. HzO0: 0.30

TS) STACK GAS TEMP.. DEG F: 2146 2EN) PARTICLE DENSITY. GM/CC: 1.00

PMV) MOISTURE % BY VOLUME: 32.4 JCF) VISCOSITY CORR. FACTOR: 1.091
DCF) DENSITY CORR. FACTOR: 1.000 ~3) MOL WT, DRY LB/LB-MOLE: 29.70
CONCENT., GR/DSCF: 0.5087
(\
- PARTICLE DIAMETER -~ CATCH PERCENT CUM. %
STAGE (microns) WEIGHT OF TOTAL LESS THAN
NO. FROM GRAPH AERODYNAMIC (moms) (%) GIVEN DIA
PreSep 11.19 12.21 b64.10 80.2 20.0
Prelme .75 10.64 0.70 0.9 19.1
1 . 6.39 6.97 0.20 0.3 18.8
2 4.08 4.45 0.20 0.4 18.4
3 2.62 2.86 0.90 1.1 17.3
4 1.56 1.70 0.70 0.9 16.4
5 1.03 .1.12 0.60 0.8 15.6
& 0.64 0.70 1.10 1.4 14.2
7 0.37 0.40 1.30 1.8 12.4
| FILTER < 0.37 < 0.40 9.90 12.4
\
TOTAL CATCH 79.90



PARTICLE SIZING FIELD DATA & RESULTS TABULATION

RUN SI4

PLANT: Osborne Waste Water Treatment Plant, Greensboro. Nc-<n Carolina

SAMPLING LOCATION: Scrubber Inlet

START-FINISH TIME: 1434-1442
SR) SAMPLING RATE, ACFM 0.705
ST) SAMPLING TIME. MINUTES: 8.00
PB) BARO. PRESS.,IN.HG.: 29.90
PSI) STATIC PRESS., IN. H20: 1.10
TS) STACK GAS TEMP., DEG F: 220
PMV) MOISTURE % BY VOLUME: 33.4
DCF) DENSITY CORR. FACTOR: 1.000

PreSepr
Prelme

1

N

FILTER

-~ PARTICLE DIAMETER -~
{microns)
FROM GRAPH AERODYNAMIC

10.07 11.02
8.77 9.59
S. 75 6.29
3.68 4.03
2.37 2.39
1.41 1.54
0.93 . 1.02
0.58 0.63
0.33 0.36

< 0.33 < 0.36
TOTAL CATCH

JATE: 10028S

VOLUME METERED. 2CF:  3.095
NOZZLE DIA.,» INCES:  0.248
Y) METER CAL. FACTR: 1.007
TM) METER TEMP., DES &: 103
DH) DELTA H AVG., IN. H20:  0.49
DEN) PARTICLE DENSIT:. GM/CC: 1.00
VCF) VISCOSITY CORR. FACTOR: 1.094
MD) MOL WT, DRY LB/_S-MOLE: 27.78
CONCENT., GR/DSCS: 0.4456
CATCH PERCENT cuM. %
WEIGHT OF TOTA. LESS THAN
(msms) (%) GIVEN DIA
 66.30 78.6 21.4
0.30 0.4 21.¢
1.80 2.1 18.9
0.40 0.7 18.2
0.50 0.6 17.6
0.30 0.4 17.2
0.20 0.2 17.¢
1.30 1.5 15.5
1.70 2.0 13.€
11.40 13.5
84. 40

ENTROPY



PLANT:

SAMPLING LOCATION:

PARTICLE SIZING FIELD DATA & RESULTS TABULATION

RUN SIS

Scrubber Inlet

START-FINISH TIME: 1321-1329
SR) SAMPLING RATE., ACFM 0.693
ST) SAMPLING TIME, MINUTES: 8.00
PB) BARO. PRESS.,IN.HG.: 29.30
PSI) STATIC PRESS., IN. H20: -0.53
TS) STACK GAS TEMP.., DEG F: 220
PMV) MOISTURE % BY VOLUME: 38.5
DCF) DENSITY CORR. FACTOR: 1.000

- PARTICLE DIAMETER -~
STAGE (microns)

NQ. FROM GRAPH AERODYNAMIC
PreSer 10.16 11.12
Prelmp 8.85 9.68

1 5.80 6.35
2 3.71 4.06
3 2.39 2.61
4 1.42 1.55
S 0.94 1.03
& 0.58 0.63
7 0.34 0.37
FILTER < 0.34 < 0.37

TOTAL CATCH

Osborne Waste Water Treatment Plant,

Greensboros North Carolina
DATE: 100385
VOLUME METERED. ACF: 2.751
NOZZLE DIA., INCHES: 0.248
Y) METER CAL. FACTOR: 1.007
T™™) METER TEMP., DEG F: 94
DH) DELTA H AVG., IN. H20: 0.33
DEN) PARTICLE DENSITY. GM/CC: 1.00
VCF) VISCOSITY CORR. FACTOR: 1.094
MD) MOL WT, DRY LB/LB-MOLE: 29.81
CONCENT. ., GR/DSCF: 0.5531
CATCH PERCENT cuM. %
WEIGHT OF TOTAL LESS THAN
(mams) (%) GIVEN DIA
79.40 85.7 14.5
0.00 0.0 14.5
0.70 0.8 13.7
0.50 0.5 13.2
0.70 0.8 12.4
Q.80 0.9 11.5
1.30 1.4 10.1
1.10 1.2 8.9
1.00 1.1 7.8
7.20 7.8
92.70




APPENDIX A.2.b

A. TEST RESULTS
2., Particle Size Distributions

b. Scrubber Stack
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RUN SO01
PLANT: QOsborne Waste Water Treatment Plant,  -::-sboro, North Carolina
SAMPLING LOCATION: Scrubber Stack DATE: 10018S
START-FINISH TIME: 1345~-1500 +IL.™E METEREDs ACF: 22.9735
SR) SAMPLING RATE,. ACFM 0.348 WI2I_Z DIA., INCHES: 0.168
ST) SAMPLING TIME, MINUTES: 75.00 Y) »= == CAL. FACTOR: 0.798
PB) BARQO. PRESS.:IN.HG.: 29.20 TM) r= == TEMP., DEG F: 102

PSI) STATIC PRESS., IN. H20: -0.10 DH) =.7> H AVG., IN. H20: 0.28

TS) STACK GAS TEMP., DEG F: 129 DEN) F<~IZ_LE DENSITY, GM/CC: 1.00
PMV) MOISTURE % BY VOLUME: 7.8 VCF) .I3ZZ2ITY CORR. FACTOR: 1.039
DCF) DENSITY CORR. FACTOR: 1.000 MD) =l_ «7. DRY LB/LB-MOLE: 29.70
SMIZNT.» GR/DSCF: 0.0479
- PARTICLE DIAMETER -~ Cq™ - PERCENT cuM. %
STAGE (microns) WEI=" OF TOTAL LESS THAN
NO. FROM GRAPH AERODYNAMIC (msns (%) GIVEN DIA
0] 16.46 17.10 S 4.9 95.2
1 10.24 10.64 .=l 0.8 94.4
2 6.90 7.17 C.=: 1.4 93.0
3 4.76 4,95 C.xL 0.6 92.4
4 2.00 3.12 C.z 0.8 ?1.6
S 1.55 1.61 . I 3.5 88.1
6 0.%96 , 1.00 4.0 7.4 80.7
7 0.66 0.69 4.0 6.3 74.4
FILTER < 0.66 < 0.69 4c. - 74.4
TOTAL CATCH &%

ENTROPY



PARTICLE SIZING FIELD DATA & RESULTS TABULATION

RUN S04

PLANT: Osborne Waste Water Treatment Plant, Greensboro, North Carolina

SAMPLING LOCATION: Scrubber Stack DATE: 100285

START-FINISH TIME: 1410-1515 VOLUME METERED, ACF: 20.618
SR) SAMPLING RATE, ACFM 0.291 NOZZLE DIA., INCHES: 0.168
ST) SAMPLING TIME, MINUTES: &5.00 Y) METER CAL. FACTOR: 0.998
PB) BARO. PRESS.,IN.HG.: 29.30 TM) METER TEMP.. DEG F: 88

PSI) STATIC PRESS., IN. H20: -0.10 DH) DELTA H AVG.. IN. H20: 0.30

TS) STACK GAS TEMP., DEG F: 139  DEN) PARTICLE DENSITY, GM/CC: 1.00
PMV) MOISTURE % BY VOLUME: 11.5  VCF) VISCOSITY CORR. FACTOR: 1.045
DCF) DENSITY CORR. FACTOR: 1.000 MD) MOL WT. DRY LE/LB-MOLE: 29.78
CONCENT.. GR/DSCF: 0.0543
- PARTICLE DIAMETER - CATCH PERCENT cuM. %
STAGE (microns) WEIGHT OF TOTAL LESS THAN
NO. FROM GRAPH AERODYNAMIC (mems ) (%)  GIVEN DIA
0 15.51 16.21 1.60 2.3 97.5
1  9.86 10.09 1.40 2.0 95.5
2 6.50 6.79 1.80 2.6 92.9
3 4.49 4.69 1.60 2.3 90.6
4 2.83 2.96 2.10 3.1 87.5
S 1.46 1.523 3.30 4.8 82.7
6 0.90 . 0.94 5.30 7.3 74.9
7 0.62 0.65 4.50 6.7 68.2
FILTER < 0.62 < 0.65 46.60 68.2
TOTAL CATCH 68.30

ENTROPY



PARTICLE SIZING FIELD DATA

PLANT: QOsborne Waste Water Treatment Plant,

RUN SOS

SAMPLING LOCATION: Scrubber Stack

START-FINISH TIME: 1320-1410

SR) SAMPLING RATE, ACFM

ST) SAMPLING TIME. MINUTES:
PB) BARO. PRESS.,IN.HG.:
PSI) STATIC PRESS.,» IN. H20:
TS) STACK GAS TEMP.. DEG F:
PMV) MOISTURE % BY VOLUME:

DCF) DENSITY CORR. FACTOR:

0.395

50.00

29.30

-0.10

136

11.1

1.000

- PARTICLE DIAMETER -

STAGE (microns)

NO. FROM GRAPH AERODYNAMIC

o 15.43 16.09

1 9.61 10.02

2 b.86 6.74

3 4.47 4.66

5 2.81 2.93

s 1.45 1.51

6 0.89 . 0.93

7 0.62 0.65

FILTER < 0.62 < 0.65

TOTAL CATCH

% RESULTS TABULATION

Greensboro, North Carolina

DATE: 100383

VOLUME METERED. ACF: 16.092

NOZZLE DIA., INCHES: 0.1468
Y) METER CAL. FACTOR: 0.995
™) METER TEMP.. DEG F: 84
DH) DELTA H AVG.. IN. H20: 0.31
DEN) PARTICLE DENSITY, GM/CC: 1.00
VCF) VISCOSITY CORR. FACTOR: 1.043
MD) MOL WT. DRY LB/LB-MOLE: 29.81
CONCENT. . GR/DSCF: 0.056&
CATCH PERCENT CUM. %
WEIGHT OF TOTAL LESS THAN
(mams) (%) GIVEN DIA
1.00 1.8 98.2
1.00 1.8 6.4
1.30 2.3 4.1
1.40 2.5 91.6
1.70 3.0 88.6
3.40 b1 82.5
4.70 8.4 74.1
4.10 7.3 66.8
37.40 66.8
56.00



!

A.

APPENDIX A.3

TEST RESULTS
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ENTROPY



EXAMPLE PARTICULATE TEST CALCULATIONS NC.

v
8]

Scrubber Inlet

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

(Pbar + Delta H/13.¢:

Vm(std) = 17.64 # Y ¥ Vm *
(460 + ta)

(29.90 + 1.2:0/13.6)

Vm(std) = 17.64 * 1.007 * 31.142 =

29.362 D¢
(260 + 105)

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS

Vw(std) = 0.04707 % Vic

Vu(std) = 0.04707 ® 269.0 = 12.662 SCF

PERCENT MOISTURE. BY VOLUME, AS MEASURED IN FLUE G-S

ZH20 = 100 # Vw(std) / (Vw(std) + Vm(std:)

12.662
ZH20 = * 100 = 30.1 %
12.662 + 29.362

DRY MOLE FRACTION OF FLUE GAS

Mfd

1 - %H20/100

Mfd = 1 - 30.1/7100 = 0.6%99

DRY MOLECULAR WEIGHT OF FLUE GAS

Md = ZC02 # 0.44 + 702 % 0.32 + JZCO+i2 » 0.I8

Md = 7.8%#0.44 + 11.3%0.32 + 80.9%0.28 = 29.70 _&/LB-MOLE

WET MOLECULAR WEIGHT OF FLUE GAS

—— s s e S s e e

Ms = (Md * Mfd) + (0.18 * ZH2Q)

Ms = 29.70 # 0.699 + (0.18 # 30.1) = 26.17 L3/LB-MOLE

ENTROPY



ABSOLUTE FLUE GAS PRESSURE

& Ps = Fbar + Pa /7 13.6

Ps 29.90 + ( ~-1.0 / 13.6) = 29.82 IN. HG.

AVERAGE FLUE GAS VELOCITY [(Note: (Delta plave is square of avs sa. rootl

. (Delta Plave # (460 + ts)
85.49 # Cp * SGRTL ]
Ps # Ms

vs

0.2525 # (460 + 826)
vs = 83.49 # 0.840 # SQ@RTL l = 46.3 FT/SEC
29.82 ® 26.17

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS

&0 Tstd Ps
Qsd = —=—— % Mfd # vs # QA * »
144 ts + 460 Pstd
60 528 29.82
Qsd = —— # 0.699 * 46.3 % 1,9938.0 * *
\ 144 826 + 460 29.92 ) -
Qsd = 11,021 SCFM

WET VOLUMETRIC STACK GAS FLOW RATE € FLUE GAS CONDITIONS

60 / 144 ® vs # A

Qaw

Gaw 60 / 144 46.3 # 1,998.0 38,358 ACFM

PERCENT ISOKINETIC OF SAMPLING RATE

Pstd 100 (ts + 440) * Vm(std)

Ll =2 === % ——— # —— - - -
Tstd &0 Ps # vs # Mfd # Theta # Area-noczzle, sa.ft.
29.92 100 ( 826 + 460) * 29.362

ZI = * *

528 &0 29.82 % 46.3 # 0.699 # 42,00 * Q.0007447

4l = 103.0 %

ENTROPY



GRAINS PER

DRY STANDARD CURIC FOQT

7000 mos
ar/DSCF = *
433,592 Vm(std)
7000 629.7
ar/DSCF = * = 0.3310 ar/DSCF
453,592 29.362
POUNDS PER HOUR
Lb/Hr = 60 /7 7000 #* 9r/DSCF # Qsd
Lb/Hr = 60/7000 =* 0.3310 # 11,021 =

31.26 LB/HR



APPENDIX B.l.a

B. FIELD AND ANALYTICAL DATA
l. Particulate Emissions

a. Scrubber Inlet
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X W R NPy PP e o

ENTROPY

COMPANY TA:‘.E&EKE%OL £ WIER |gmmmllmm2£
ADDRISS C- . \ TIME START
SAll'l.lNGL 1'|7N L TIME rmlsul__'_'l_-ﬁ_
DATE 89 TEAM LEADER ST TECHNICIANS
BAROMETRIC Hésmz IN. He T3 STATIC PRESSURE, IN. H,0 —
SAMPLING TRAIN LEAK TEST VACUUM, IN. HG__)9 17
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. 8.000 2.508
EQUIPMENT CHECKS 1DENTIFICATION NUMBERS
v pitors, prx-TEST reacent Box L' nozze_ 110 praerer 318
PITOTS, POST-TEST METER Box __ N-1T T/C READOUT o7
—=_ ORSAT SAMPLING SYSTEM UMBILICAL W-20 _ T/C PROBE 1-19
TEDLAR BAG SAMPLE BOX 15 ORSAT PUMP -
V nmocours @ 883 ¢ | proee 7-7 TEDLAR BAG - _
FILTER # TARE NOMOGRAPH_SET-UP NOMOGRAPH §___ 2T
£ 3622 S w~Yi AHg 1.L9 C FACTOR —%Lq'av
METER TR 199 stack Tewe o8 /
%« MOISTURE ___3L ___ REF. AP .39 [/ o447
K=N71799P]
DRY GAS | PiTOT ORIFICE GAS | PUMP |[FILTER| 1MP.
‘ CLOCK METER READING|SETTING (AH), | METER [VACUM | BOX EXIT STACK |[LK. CHECX
SAMPLE | TIME, READING, | (AP), IN. HOO TEMP. |IN. HG [TEMP. TEMP. | TEMP. |READINGS
 poINT |MIN. cu. FT. |in. Hzo| ioEALjacTUAL] OF  [cauce | ©F Or b d
-1 5% %g.me 0.%0 [4] [{-4] aft 3 [ 1%0] L3 [ 883
z < OR.103 [0-33 [].S6 ). G [ 150 ]| 6 | 903
3 | ¢ [910125[0.N40 |i.89 ,,% 96 | (o | 286 | &M .
4 q 191z . 205 [0-42 [1.98]| /.o 109] 14 | 190] 5] 929
R-1 't 1914378 |0.3l1.78 |7.-70 ] joo | 194 1 250 S| G9B
r 2 - le. 409 [O-4S]|T.12 [1.30] 10B] 15 | 190] S| 4§60 Newmo
3 1 ¢ 19/8.YoRj0.49]1.49]/.10] 1) 1S | 18] &S K=\ 38ats
4 19 20. 402 10-92 |1 BYl11.00] 14| 1S | 2890] 6S]|9%D
¢-1 |Wo 192 .158]0. 15 o, kelo.e6] 1121 13 1LSel &5 9%
21 3 1923 R100.3211.4cjo,Rd /1) 1S | 230 &SHASI
3|l &« 1925 .495]0.3911.55le.19] 1?21} 1S | 258 &9 {9¢e
4 9 1926.905|0.371- %01 o.7251 11o]l 15 190 651967
%6 92D 403
UA
7
il
A 22.255 .3503/ l.2] /05 743
Ve (/ap)* -



L N " Y

LSy WP VA WV

I-3

commany nave — Niclaals

_smms_mb\c /

LN RUN NUMBER

TIME START _| b: 32

A

ENTROPY

SAMPL ING LOCATION < r i FiNist _{2°2.0
pate__ %/, /as ’mezn S TECHNICIANS ___ DWR
BAROMETRIE PRESSURE, IN. HG -9 STATIC PRESSURE, IN. H,0— [ .©&
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG__19S 17 ' -
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. ©.000 naXd ‘
EQUIPMENT CHECKS IDENT IF ICATION NUMBERS
/les PRE-TEST REAGENT Box 23 7 nozze 'O piamerer 320
1?!1’0‘!‘3 POST-TEST METER BOX N-VZ T/C READOUT (X2 ]
— ORSAT SAMPLING SYSTEM UMBILICAL \A-2O  T/C PROBE 7-10
~_ TEDLAR BAG SAMPLE BOX ORSAT PUMP -
jmz m PrROBE 1-T TEDLAR BAG -
FiLTER # NOMOGRAPH_SET-uP NOMOGRAPH §__ 2T
MB6 &n L.64 FACTOR _0-56
e e ST e
te Py . :
% MOISTURE L REF. AP LB AR i)
DRY GAS | piTOT ORIFICE Gas | PpuwrP lFILﬁR NP, i
) CLOCK METER - |READING|SETTING (AH).| METER |vacuum | BoX EXIT | STACK (LK. CHECK '
saeLE | TIME, READING, | (AP), IN. H>0 TEMP. |IN. HG [TEMP. | TEMP. [/TEMP. |READINGS
pOINT [MIN. Cu. FT. [iN. Hzo| 1DEAL jacTuAL| ©F |cauce | OF Op Op
a_-t] S| 8Rooos|o.z27 [1.27 [127[ 1o [ 2 [ 160] L+ | 829
AR Mo7]0.29 1. 181 /./8] 103 M | 2901 &Y | HL
3| 8 JoSe0.3® [ (.| ).4] 1 103) b | 25| 69| 6
! v 3e510.33 |1-5@| t.se | 2oy ® | 2%]| 651785
D2 9. 0.2% 1/.131 /131 /06| B | 1050] 5[ Boy |
2194 [892.104[® 3T |1.65]| J.65] 107 B | %] S| peR
31 8 1899 ,104106-33]1 1.64] 1.S6] 107] 14| 25| cS5hay |
1l 199¢.246]0-27 11272 11277109 | T4 [ 7259 ts YT
- 25 | B9 380 D ot7|oNT [o9] & | tss| &5
21 Y |900.904]0.2010.92 |©6.92] Iy0]| )5 | 260 &5[ 7 _
21 8 !9o3.l011©.22))1oy | 1.oy] Jl1o]| 1S| 25e| S| B1A[VINN]~
+ /e ?o‘{ 935 v
249% 254 2z 0 g2l
VM (;AP)Z :



PR V'S AV WP WIS W S ) A A Aadi s A LN A AN

1-2-

COMPANY NAME _l_(.hDJ-S\‘ RUN NUMBER _ ¥
ADORESS boXD TiME sTART __R1503
( SAMPL ING LOCATION T TIME FINISH 1985
. DATE Jo/ s TEAM LEADER___~ ST =~ TeEcHNicians _ 2R
BAROMETRIC PRESSURE, IN. HG ___29- 9 STATIC PRESSURE, IN. H,0—~ I. 05
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG_ 1S  _{Z
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. D000 0.000
EQUI PMENT CHECKS IDENTIF ICATION NUMBERS
_/ PiTOTS, PRE-TEST REAGENT Box Z37 wmozzmwe__!2 plaverer _. 372
- PITOTS, POST-TEST METER BOX N-\o T/C READOUT o=1
——_ ORSAT SAMPLING SYSTEM umBILICAL __W-ZT T/C PROBE 7-10
—=_ TEDLAR BAG SAMPLE BoxX L2 ORSAT PUMP —
— L TvERMOCOUPLE @ _PDO °r | prose - TEDLAR BAG -
FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH #___S!
£ 2978 652 Mg LY C FACTOR _%_Jﬁa
METER TEMP ___[OD _ STACK TEMP .
% MOISTURE REF. AP _'%L%ﬁ
=N \IA487
DRY GAS | pPiTOT ORIFICE GAs | Pump [FILTER| 1MP.
A cLOCK METER |READING|SETTING (AH). | METER |vacuum| Box | BT | srack k. amax
SAMPLE | TIME, READING, | (AP), IN. H>0 TEMP. [IN. HG [TEMP. TEMP. | TEMP. |READINGS
 poinT [MIN. cu. rT. [IN. Hzo| iDEALjAcTUAL] ©F |cauce | OF - ¢ Or
a1 [ [ BB Icf[o 24113 [ us [Joz | 5 [290] L= | 048
2z 1 Y 851 325l o-1L1i1.2311.23 [lez| & | 2se]| ex| PRY
3 8 320Blo. 3B | 1. | gy ]to2 | T 1S0| o3| Bol
\ 4 12 |DS?2.902]0.30 | 1.y | 1.4l 103 1 2.50 Y| 2o
B®-1 |'e/o [Rec-075[0.25 | 1-tB] ;. 1B, 0t ] /0 | 250] &3 | 869|
Z |l w 18L3,010]l0.395 11.6511-661 06| 7 150 6D
3| 8 |$265.808|0.331/7.511.5¢] |26] K 1250]| ©3| 219
¢ 2 | BeB.6odo0.271).27 1272 1o 7 Lten| 63 '
(-1 P% | ®71 17801 |0.52]0.52] Jo8 | 4 250| 69| B
« | % R75.01010.23 |1.08 ] 1.08]| (07 7 S0 S| 777
2 | 8 Br1s.zesio. 2t [ 113 1113 1 10D 7 2% | bs | 27¢
$ {1t | 873.9,0|l0.22]0.92]0.92] 106 7 L350 ] e | O3
NBtee| ©19.906
N
3. /42-. L2525 l2z/ /o5 Bze
V“ (TA:;z r T

N

ENTROPY



LdvNd A uVdeaN b by & ldades) i

BAROMETRIC PRESSURE, IN. HG

29.3

STATIC PRESSURE,

I-S
company nan N1 ctot bo G RUN NUMBER _ b
ADORESS ﬂC \ \- TIME START _I%: S
SAMPL ING LOCAT 10N . ouluX (M TIME FipisH [2:SS
mn_LQAA_S‘ TEAM LEADER____ %t  yeamicians

IN. HO - - ST

SAMPL ING TRAIN LEAX TEST VACUM, IN. HG__1S _16
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. D.027 p.oed
EQUIPMENT CHECKS |DENT1FICATION NUMBERS
Y PITOTS, PRE-TEST REAGENT Box 237 mozne_ 129  pruerer .36~
’ anm. POST - TEST METER BOX - T/C READOUT b7
——_ ORSAT SAMPLING SYSTEW UMSILICAL ___ W3  T/c proBE ]2
=~ TEDLAR BAG SAMPLE aox__hﬁ_.__ ORSAT PUMP -
—/ nemocoums @ 892 O PROBE TEDLAR BAG -
FiLTER # TARS NOMOGIAPH _SET-UP NOMOGRAPH §____ S
£ IS 4829 Ang L& C FACTOR 8.5 _
METER TEMP 12O _  STACK TEMP 5;:/ qc<
% MOISTURE . 3% Rer. AP 3 i B
: ¥z 2.3
X N 3 Y
DY GAS | miTOT [ ORIFICE cas | rumr lru.'rm e,
, 'L METER INGISETTING (AH]. | METER jvacuum} Box EXIT | S"A K. cHECK
SAMPLE[ T, [ RRARING, | (AP}, IN. | TEMP. |IN. HG [TEMP. TEMP. | TD® READINGS
Leoiny joesm. | eu ﬂyg_m Hzo| iomaujacruar| O Joauce | OF r b
& | 4D 231t 10.31 To. 90 o1 | §§ T Jreo | LT | &5° nowmo |
z | 3} o 10,38 10.6510.69| BC z @0 | €3 | Gzz o st.eiy
3 ] : o -3 lo.7c jO.26 | Bl 3 1260] b3 |o- {
1 :4:%Jo. 39 lo.Go o 871 5 | 20| o3| E°Z |
1 35V By T8 | & | 20| o3]ccs !
z -5 ) - 0’9__&_ 82| 9o 1 2L0] 69| S°=
;0080 - Mo e lo. BG T 9) 9 &9l &=
o iO . o, V| 92 g ol 69| G2~
[ FIRiIo. ¢3iO0. 471 0. ’_gja 7 1 b i
S 10 3010.¢ le.¢ i Y o | o] &S] o3<
:39Y0-3¢10. 690 CF] IX | 1] | 2LD] o5 c::
« 101D . 8.55]0:% 96 3 268 bS] c.=
C q‘ A

lo-LD

vl 7ol 4p
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ENTROPY
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PARTICULATE SAMPLING LABORATORY REST.TS

4
1]

Plant Name _\icHOLS T
Sampling Location SCEUBSE—'R Tueer:

Date Received IQ’E Date Analyzed lOl 9 Be2zea: iox{es) (2.3 Z '

i. ¢ 2988

|

Run Number IKZ. 2

Run Date ' |Q‘ 1 lQi;., (Q‘

-SUMMARY OF PARTICULATE ANALYSES

Sum of Particulate, mg. 1095.3 Sz .

S
Total Filter Tare mg. 46S. 2  AEL. &
Blank Residue, mg. (275 ml) _0.4 (ZSwml) _Z.& ml)
TOTAL PARTICULATE CATCH, ug. | (29.7 4247
"ANALYSIS OF MOISTURE CATCE
Reagent 1 ( H0):
Final Weight, g. 440.0 ZoNe,
Tared Weight, g. _200.0 Y 2o siie) 200.0
Water Catch, g. ' Z40.0 : 242 ¢ ‘
Reagent 2 ( ):
Final Weight, g. - — —
Tared Weight, g. - - -
Water Catch, g. . o - -
CONDENSED WATER, g. 290.0 240
Silica Gel:
Final Weight, g. 22360 . 2Z< S
Tared Weight, g. 2000 2cc C 200.0
ABSORBED WATER, g. ?_3;2 ‘ S
TOTAL WATER COLLECTED, g. 269.0 26<.5
Blank Beaker # _|2Z. ~—- Legend -—- N::zs23 and Couments

Final wt. mg. 49974.2. | v = Final Weight
Tare wt. mg. im;ﬁ L = Loose Particulate
Residue, mg. 0.3 F = Filter D = Dish
Volume, ml. 200 R = Ringe P = Pan

Concen., mg/ml. | oS




LABORATORY SAMPLE WEIGHT CALCT -T..:

Plant Name N[C_HQL,S ITI Ref. # 2988

(Y

Run Number + 12 = -
Run Date [o“ [C lol
Sample ID/Container # FYR- 268 R~ " R -
144. 1390 147 . 2222 |
WYy . 1381 L AR
THY L 13383 (47.--1%-
(44 . 1399 147, ===z
Tare Wc., g. 143.0430 146 S
SAMPLE WT., g. 1.095> 32

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 WT., g.

NVIRONMENTALISTS,INC.



Tee v amaw

Plant Name [Ncwxols ZEI Ref. # 298§
Sampling Location SCR.UBBE'R IN;,e-r
Date Received lolé Date Analyzed 10} & teagent Box(es)

Run Number

=

IS
Run Date lo[5

SUMMARY OF PARTICULATE AR: TSTS

Sum of Particulate, mg. 183.2. r2g 4
382.1

Total Filter Tare mg.

Blank Residue, mg. (325 ml) 0.5 ( 20Cx> C.

)
TOTAL PARTICULATE CATCH, mg. 200.0 SSi.4

ANALYSIS OF MOISTURE Ci™T=

Reagent 1 ( H,_L):

Final Weight, g. 398.0 =40
Tared Weight, g‘. 200.0 2zCcC
Water Catch, g. 198.0 S4.0
Reagent 2 ( ):
Final Weight, g. - ~
Tared Weight, g. - -
Water Catch, g. =~ -
CONDENSED WATER, g. 198.0Q Pac®)

Silica Gel:

Final Weight, g. 211.5 2235 3
Tared Weight, g. 200.0 22 C
ABSORBED WATER, g. 1.5 S5
TOTAL WATER COLLECTED, g. 209.5 Z.3.5]
Blank Beaker # |2 -—~- Legend -—- Notes and Comments

Final wt. mg. 99914.2 ~~ = Final Weight
Tare wt. mg. 4997139 L = Loose Particula::
Residue, mg. 0.3 F = Filter D = Dis:
Volume, ml. 200 R = Rinse P = Pan

Concen., mg/ml. | po(S




LABORATORY SAMPLE W=IGHT CALCT_:ZI0NS

Plant Name H‘QHQL-S EEI Ref. # 2988
Run Number IS <
Run Date 1013
Sample ID/Container # FsR- 312 FsR- 2=
128.£255
ALD. L2253
_A34. 1299 128.22:3
134, 1211 128. 50~
Tare Wt., g. +33 34677 27.325:
SAMPLE WT., g. 1832 |.Ces4&
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 WT., g.
EuwncNMEN'rmmc.




CUSTODY SHET~ FOR REAGENT BOX £

0737

kS

Date of Makeup g /'z,gL aitials (P Locked? \/
{
Individual Tare of Reagent: 200 mls. of H—LO
Individual Tare of Reagent: mls. of
Individual Silica Gel Tare Weigh= 200 gns..
PLANT NAME NASLLS f(;n.ushcﬂ: )
AN
SAMPLING LOCATION Y.,V nNALt el | K
Run Date Initials | Lockz3? Date $ S. Gel| Initials| Locked:
Number Used Cleazup|{ Soent
Iz _# 19/1 /e ol \ 2 VQZ&/% 57 VA
[ 4 ’ ' a ——
I3 |ofifag] 4T ye: |19/ /es ST | year
; A Date Initiz_s Lci?ced? Zero & Span Balance
Received in Lab 2 . Initials
. i Tl Tare Used.
Sampling Method: MN\- & ;er Weight on
(mgms) Test

Remarks:

Empv
NVIR

ONMVMENTALISTS, INC.

£2978 4652 _ 4 T2
€354 _4ep04 2=T3




CUSTC-. :T=IT FOR REAGENT BoX # D717

Date of Makeup Q/:_L‘Q Initials \JP Locked? L
Individual Tare of Réagen:: 200 mls. of ], O
Individual Tare of Reagen=: mls. of
Individual Silica Gel Tare Vi_zns 209 gms.
PLANT NAME - NICH-OC =
SAMPLING LOCATION Fhl. -~ = Ul eE]
Run Date Initials l:zced? Date £ S. Gel| Initials| Locked:
Number | Used Cleanup| Spent '

15 2o\ | e — oz |eo |k | —

e\ os | Ad— |03 | <O | | —

Date -:-mpls Lo\}ed? Zero & Span Balance
Received in Lab. [i\ Initials
J
. Filter Tare Used.
Sampling Method: M-=-5 4 Weight on )
(mgms) Test :
Remarks: E 3635 _. 487—7 I-5

oY .
Enmmsmwsrs,mc.




3.

APPENDIX B.l.b

FIELD AND ANALYTICAL DATA
1. Particulate Emissions

b. Scrubber Stack
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- WIDTH (RecTaNGULAR DcT)

EQUIVALENT DIAMETER:

=2
= TDEPTH+WDTH — |
LOCATION OF TRAVERSE POINTS N SRCULAR STACKS

SAMPLING LOCATION _Owrier STk

DUCT DEPTH
FROM INSDE FAR WALL TO OUTSDE OF 0T

" LOCATION __Greenis bols

PLANT NAME __Nichats

STACK AREA

D

DISTANCE FROM PORTS
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Plant Name /ICUOLS »
Sampling Location_ SCAUBREA < TACK ~_Fuel Type . -~ "™ =

Run and/or Sample Yo._ X §)-[ Leak Test? v Date (0+4-8S Onerator it/

Time of Time COZ 02 co %02 %C0 zﬂz
Sample of Reading |[Reading Reading :
Collection | Analysis A B C B-A C-8 100-C
30 | 3¢ | 14 | 4.0 | — in.z| —
© 7.7 19,0 -3
(22
Avg. 7 ¢ : Avg. i3 70 7

-~ Run and/or Sample No. OQ—4 Leak Test? v~ Date [0-2 Operatdr /I\L(’

Time of Time €0, 0y co %0, %COo %N
Sample of Reading |Reading Readinﬁ ’ ,
Collection | Analysis A B C B-A C-B 100-C
jz2¢ | 13¢5 45 | (90| — | 10.8 | —
o | < | 9.0 - 0.5
13730
7 . -
A\,’g_ g'b : Avg- 'Qob : g' “O

Run and/or Sample No. £-S Leak Test? \/ Date 10—-3 Operatorﬂ

Time of Time €0, 0, co %0, %C0 %N,
Sample cf Reading |Reading Reading
| Collection| Analysis A B C B-A C-B 100-C
1Q 40 ,
131 | &7 g€ | — | 10 —
-0 %y | 188 | 70.0
>  .
Avs. 4(,2/ Avg.‘. IO'( 5[: {
Er\pacIALISTS N



o

s T

w

PARTICULATE FIELD DATA

. ‘ .
O—'t R AR
_ TiNE s-mz;fd =) ‘.(//30)
o TiME FyNasHE | 227
;i TECHNICTANS '}R
BAROMETRIC PRESSURE, IN. HG _ 2.9 'STATIC SSURE, IN. H,0 __—, /O
"SAMPLING TRAIN LEAK TEST VACUUM, IN. He_ LS .
© SAMPLING TRAIN LEAK RATE, cu. FT./MIN. 2.0/0 __QI.L
| EQUIPMENT CHECKS IDENTIF ICATION NUMBERS
1. pirors. pre-TEST REAGENT BOX nozzLE _ 304 mmm_._z.i‘ﬂ‘_
—Y_ PI1TOTS, POST-TEST METER BOX ___ T/C READOUT
._l[’ T SAMPLING SYSTEM ° | UMBILICAL' 'r/c Pnoa: _—_
_f BAG smn.s BOX T RUMP o
ﬁn-n:mt @ Of 4 — TEDLAR BAG 20
FILTER # ° TARE NOMOGRAPTL SET - -up NomoGRAPH AL ¢ o -
_E38¢( - ﬂEKQ AH [-@l ¢ racTOR (90 -
_ u:gmrw_ii__ STACK TEMP 140 :
| % MOISTURE REF. AP L0 <
. DRY GAS | PiTOT ORIF ICE Gas | pome [FILTER| 1M, ‘

.jeLocx METER |READING|SETTING (AH), | METER|VACUUM | BOX . | EXIT | STACK |LK. CHECK
SAMPLE|TIME, | READING, | (AP), IN. Hz0 TEMP. [IN. HG |TEMP. | TEMP. | TEMP. |READINGS
POINT |MIN. cu. FT. |IN. Hzo| 1DEAL|AcTUAL] OF lcauce | %¢ | -9F O |
ARr| €1269.670| .25 | 110 L1o] &4 | -] 1260 ]| cO | 132

2 23 294221 471 LHel JdG g% / 2901 6o | (33
3 1l 292,28 | 42| L4K] L4%] B 1128501 co | 133
aF | 7= 29449 | 49| LS8 L[S0 Z4¢ - | 250 o0 {33 i
S 0l 27690 ‘i{ 140l (4ol G| 2 | 200l a0l /37
G | 175 171,40 1 . [-23] (23] 92.1 250 2| 137
21 (e 274 4 31 (4| /14192 y 20| o | (D3
g1l nad 29098 | 4| Lol Lol 941 2. | 2¢0l 6o | B33] -
9 120! 282371 35| ((o] (o] 7€ | 2. | 250| 60| L2 '
[0 227 2€3.92 | 271 Lid| s1d] g2 | 2 | 2¢0 | 20| (33
{ sl 2803201 391 L26] L2l g7 | 2 zeb| o0 | [33
| 22 2g%eo0 ! 42| 1311 (2] 99 3 2SNt a0 | 2%
B [ t 7] dol 23] j22l 991 =2 | 260l conl /29
2 L.AJQD 25 43 | /3] 1agl o 2 2001 0l )29
2l S 2370 | 45| [dol /40 Jo1 | -4 | 250 (20| [29
4 | 7=! Z93.dK 42! 13971 437 o1l 4 | 20l o | (Ro
¢l izl 243, o | J23] 123 jo1l -5 | 280] go| 30
(e | (254 29624 3 | 1720 [20] /ool & | 260 e | /3D
21 ! 79822 | 43 | . 1.3¢) |2€ | [l (o 250l o | [R5
$ | mi wo(s | 4% 144 L] 1oll & | zeol col /45
[6‘12 /201 3ol 472 B
I Lracess Aovr——
/| 2 \
oF™
21.862 4043 13° 95 132
Vo . (/ap) ? Ty ' Ty -&& .
EFNTROPY - - )



PARTICULATE FIELD DATA

KRS

ENTRODY

. f)-ﬁ i
 ADORESS _-__ @géolsxmo /\/C. TIME srm_,_[ézg_ﬁ e
SAMPLING LOCATION __ GCRUEREe STACK TiMe Finesu [ T0 ¥
DATE J17kd bd (<l TEAM LEADER__ /M  TECHNICIANS _ L/
BAROMETRIC PRESSURE, IN. HG _ 29.2%- STATIC PRESSURE, IN. H,0 _—.J0Q
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. €.Q03
: EQUIPMENT CHECKS IDENT I F ICATION NUMBERS
_lé-rmrs. PRE-TEST REAGENT BOX nozzLe _ 304 Dlmm_._ﬁL
—  PITOTS, POST-TEST METER BOX T/C READOUT
— ORSAT SAMPLING SYSTEM UMBILICAL . T/C PROBE
~— TEDLAR BAG SAMPLE BOX ORSAT PUMP ____—&+«——
—  THERMOCOUPLE @ ¢ | proBE = TEDLAR BAG —
FILTER # NOMOGRAPH SET-UP NOMOGRAPH #_M’_'
E zm @ SHg L6l C FACTOR 90
METER TEMP STACK TEMP L2
% MO ISTURE _1.{__ REF. AP 4>
DRY GAS | PiTOT ORIFICE GAs | pumP |FILTER| 1MP. :
cLOCK METER |READING|SETTING {AH), | METER |[vacuum| BOX EXIT | STACK |LK. cHECK
SAMPLE | TIME, READING, | (AP}, IN. H20 TEMP. |IN. HG |TEMP. TEMP. | TEMP. |READINGS
POINT |MIN. cu. FT. [in. Hzo| 1DEAL]ACTUAL] ©F |cauce | °F Of Of -
% (| o | 374822 26 | (0] [IO]| &1 | 12801 o | (3T
21 23] 226.20 1 40 123 123! 4| 2. | 20| e | 1RG0
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PARTICULATE FIELD DATA

¥ - 0-4

COMPANY NAME = [‘"'I(ICHOLS » RUN NUMBER. &é
( ADDRESS . GREENSRORD - AJC TIME START _[22.8 A

SAMPLING LOCATION_-* L TiME FiNisH _[3320

DATE 19-2.-85- " TEAM LEADER ___ /¥ TECHNICIANS _ {4/ R -

BAROMETRIC PRESSURE, IN. H¢ __27.3 |\ STATIC . IN. H0 _—, [ {z [/)

SAMPL ING TRAIN LEAK TEST VACUM, IN. HG_ L3 W S -
SAMPLING TRAIN LEAK RATE, cU. FT./MIN. €005 .00 ¥ o)
EQUIPMENT CHECKS IDENT I FICATION NUMBERS ) é )
pitors, *pre - TesT REAGeNT Box Z/(Z _wozzie_ 304  piaserer _ 248 e —

7}‘/ ITOTS, POST-TEST METER BOX T/C READOUT ' .
—ORSAT SAMPLING SYSTEM WEILICAL —_ T/C PROBE E'IL
—_XEDLAR BAG T SAMPLE BoxX ___\ ORSAT PUMP o
2 nermocourte @ /32 °F | proee 4 -3 TEDLAR BAG 2P -

FILTER § TARE NOMOGRAPH SET-UP NOMOGRAPH #_AMF

_E 3632  $+88% AHg - C FACTOR .o : 77

A ‘ METER TEMP STACK TEMP (20
“MISTURE "o  Rrer. AP JA S5
DRY GAS | piTOT ORIFICE Gas | pumP |FILTER | 1MP.

. CLOCK|  METER ' |READING|SETTING (AH).| METER vACUUM | BOX EXIT |, STACK |ix. cecx
SAMPLE | TIME, READING, | (ap), IN. Hy0 TEMP. |IN. HG |TEMP. TEMP. | TEMP. |READINGS
poinNT |MIN. _CU. FT. [IN. Hzo| 1DEAL]AcTUAL] ©F [cauce | ©F Op Op '
&Y | 0| 246BL7! 49115215 g2 | 2 |2¢5 ] oo /32

Ll 23 34987 | da | je9] /<7 @31 7 |20 @ | /3]
\ 2 L &1 299.499 1 S22 70| kol g2 [ 2 @O | /32 -H~oro
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PARTICULATE FIELD DATA

\ 2-5

‘ ANCHOL 5 RUN NUMBER ==t wy’{'w
COMPANY NAME
- ADDRESS CREEVNSTONO , J TIME START __ Q9[5S OO‘I-O)"/
SAMPL ING LOCATION SCRUREEN <TACK. TIME FiNisH _ {252 :
DATE Jo=3 -3 TEAM LEADER ____ 44" TECHNIC 1ANS R/
BAROMETRIC PRESSURE, IN. HG x4 STATIC PRESSURE, IN. H.O — A0
. SAMPLING TRAIN LEAK TEST VACUUM, IN. HG__JS _LQ@E ‘
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. O.0& 6.0)7
EQUI PMENT CHECKS IDENTIFICATION NUMBERS
ITOTS, PRE-TEST REAGENT BOX nozzie_ 204 piamerer _ 2k |
1Y PiTOTS, POST-TEST ’ METER Box __LAC | T/C READOUT o2f .
RSAT SAMPLING SYSTEM UMBILICAL T/C PROBE =i
; —/TEDLAR BAG ' ' | saMPLE BOX ORSAT PUMP F75
. X THERMOCOUPLE @ % | Prose 4¢-3 TEDLAR BAG 20
' FILTER # TARE NOMOGRAPH SET-UP = ° NOMOGRAPH #_/J/A
AHg . 1.7 C FACTOR +95 o
METER TEMP STACK TEMP 140 o
“misTure 7 Rrer. Ap _ 5% ’
DRY GAS | piToT ORIFICE Gas | pumP [FILTER| 1MP. i
CLock| ~ METER  |READING[SETTING (AH), | METER |vacuum| Box EXIT | STACK |LK...cHECK |
SAMPLE | TIME, READING, | (ap), IN. Hz0 TEMP. [IN. HG [rEmp. | TeMP. | TEMP. READANGS
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PARTICULATE SAMPLING LABORATORY RESULTS

Plant Name N (CHOLS EEI Ref. # 2988
Sampling Location ScruBwmer, STack.
Date Received lg' 2 Date Analyzed 10!5 Reagent Box(es) Oz,u B
O=-1 D-
Run Number - é

Run Date 10 ‘ / 10 ! i

.SUMMARY OF PARTICULATE ANALYSES

Sum of Particulate, mg. ' 51(.0 &5.:!
Total Filter Tare ug. 484.6 5¢0.4

Blank Residue, mg. ({00 ml) 0.2 (0O ml) 0.2 ( . ml).

TOTAL PARTICULATE CATCH, mg. 8G.Z ¢5.(

"ANALYSIS OF MOISTURE CATCH

Reagent 1 ( H: 0 ):

Final Weight, g. 2326.0Q 223.0
Water Catch, g. ' 26.0 23.0
Reagent 2 ( ): _ . '

Final Weight, g.
Tared Weight, g. - -

Tared Weight, g. 200.0 200.0 - 200.0
Water Catch, g. - = -

CONDENSED WATER, g. 26.0 230
Silica Gel: »
Final Weight, g. 215.5 2130
Tared Weight, g. 200.0 200.0 200.0
ABSORBED WATER, g. 155 _ 130
TOTAL WATER COLLECTED, g. S1.S 360
Blank Beaker # (2 -—— Legend -— Notes and Comments

Final wt. mg. 329—73’—; < = Final Weight
Tare wt. mg. 499739 L = Loose Particulate
Residue, mg. 0.3 F = Filter D = Dish
Volume, ml. 200 R = Rinse P = Pan

Concen., mg/ml. | . 0OIS




LABORATORY SAMPLE WEIGHT CALCULATIONS

Plant Name _NICHOXS EEI Ref. # _2988
Run Number 2 o-1 4 o0-3
Run Date iop | ao{ |
Sample ID/Container # Fsr- Ql FsR- 272
141, 724! 148 . 0609
q1.17233 AUE 0G0y
(41,1257 (48,0613
141,728 148 . 062S
Tare Wt., g. _144. 1523 1474947
SAMPLE WI., g. . 5710 . 5657

Sample ID/Container #

Tare Wt., 8.

SAMPLE WT., g.

Sample ID/Container #

Tare Wt., g.

SAMPLE WT., g.

Sample ID/Container #

Tare Wt., g.

SAMPLE WT., g.

|
E NVIRONMENTALISTE,INC.



PARTICULATE SAMPLING LABORATORY RESULTS

Plant Name NicHoLS EEI Ref. # 2988
Sampling Location Sceyumsper. STACK.

Date Received IQ{S Date Analyzed ;Qt 9 Reagent Box(es)

Run Number 05 Q‘_‘i'

Run‘Date 10 13

SUMMARY OF PARTICULATE ANALYSES

Sum of Particulate, mg. ©32.3 636.1
Total Filter Tare mg. 494.2. 4888

Blank Residue, mg. ( 40 ml) 02 ( {SOml) 0.z ( i ml)

TOTAL PARTICULATE CATCH, mg. 137.9 , 147. 1

ANALYSIS OF MOISTURE CATCH

‘Reagent 1 ( 0 ):

Final Weight, g. 282.0 285.0

Tared Weight, g. 200.0 200.0

Water Catch, g. 82.0 B85.0
Reagent 2 ( ):

Final Weight, g. — —
Tared Weight, g. - ' -
Water Catch, g. - -

CONDENSED WATER, g. 82.0 850

Silica Gel:

Final Weight, g. 216.0 220.5
Tared Weight, g. _ 200.0 200.0
ABSORBED WATER, g. 6.0 20.5
TOTAL WATER COLLECTED, g« 98.0 ” 10S.5
Blank Beaker # (2 —~ Legend --—- Notes and Comments

Final wt. mg. ﬁjﬁ_z ~ = Final Weight
Tare wt. mg. 499739 L = Loose Particulate
Residue, mg. o3 F = Filter D = Dish
Volume, ml. 200 R =, Rinse P = Pan

Concen., mg/ml. | o0(5




LABORATORY SAMPLE WEIGHT CALCULATIONS

Plant Name NicHolLs : EEI Ref. # 298¢

Run Number

0-5
Run Date 10 Z3

Sample ID/Container # FeR- 3(S Fer- 298
| 46. 4589
v 14b. 45606
I33. 3115 14¢. 459!
133,31 1 146. 464> N
Tare Wt., g. 132. @ 18& 145.8225 .
SAMPLE WT., g. .32 | . L0360

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 WT., g.

==
NVIRONMENTALISTS, INC.



CUSTODY SHEET FOR REAGENT BOX # D‘Z—??’

‘I/zé /&5

Date of Makeup Initials Mlb Lockec® ¥
Individual Tare of Reagent: 2.6 mls. of Hae
Individual Tare of Reagent: mls. of
Individual Silica Gel Tare Weight 2 > gms.
PLANT NAME Nicdors
SAMPLING LOCATION _ SCAUBREN STACK.
Run Date Initials Locked? Date ¥ S. Gel| Initizls. Locked:
Number Used . Cleanup| Spent
-l 2= |-k A ey 50 | b~
0-3 £ | [0-1 Vi1 «

o

z=m~a

Zero & Span Bz_z==

Date Initials Logked? -<=
Received in Lab 10]2 \ \/c Initials ML
~ {
. Filter Tare Tsec.
Sampling Method: M-S " Weighs an
' (mgms Test
Remarks: E3856 _.484: _ 2 0O-!
E3Wb .S~ #0-3

NTROPY . )
Eu\nnommemwsrs,mc.



CUSTODY "SHEET FOR g@AGENT BOX #

Date of Makeup

Individual Tare

Individual Tare of Reagent:

Individual Silica Gel Tare Weight '

PLANT NAME

'9!13

of Reagent:r

A

Initials

200

Ly

ous.

S R
:

mls.

_NicHas

200

mls.

Qof

Locked?

HoO

of

gms.

SAMPLING LOCATION  LC/AUBRGL S R4

~

Date
Used

Run
Number

Initials

Locked?

Initials

LockeZ

04 Nt [0

e

.

Ml

0-5_0~t77] (0-3

pa

PO

Ll

A‘-\,l..‘.\ . LR -
B .
Pt i gt . Y
5 g B e
A L
. . .

. . i N ."i'?.\ - £ 5“
. : o = : {"',Y }.v ﬁ"\ “i . [NeA
: N Y I S
Date Initials TLocKed? ' | 2Zero & Span BaXande.™ -
Received in Lab [QrL‘ _thészs - Initials
‘ — Used.

Sampling Method:

Filter
. # N

" Tare
Weight *
. (mgms)

on

Test -

Remarks:

DY W

E 563&

R i o

- —r

.4888.- 04

ED6S)

4942

0-3

-,

==...
NVIRONMENTALISTS, INC.



APPENDIX B.2.a

B. FIELD AND ANALYTICAL DATA
2. Particle Size Distribution

2. Scrubber Inlet
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PARTICULATE FLlELD DATA

ENTROPY

S1-|
Sy e e RS - =7
ADORESS REEN o, ¢ — \_ TIME START I$c
SAMPL ING mtlmw_lw_ Tive FinisH (02
DATE ID/I/QQ TEAM LEADER ST anicians __Dw B
BAROMETRIC PRESSURE, IN. HG STATIC PRESSURE, IN. H,0— (.O®
SAMPLING TRAIN LEAK TEST VACUUM, IN. HG__'% S
SAMPLING TRAIN LEAK RATE, CU. FT./MIN., _O.0ee 2.000
£QU I PMENT CHECKS IDENTIFICATION NUMBERS
—~_PITOTS, PRE-TEST reacaNT mox 27 nozzg __[OY nluu:'rl:lt Z 3
= PITOTS, POST-TEST scTER Box N JL T/C READOUT % ‘
—= ORSAT SAMPLING SYSTEM UMBILICAL - T/C PRoBE SV-1%2
—— TEDLAR BAG SAMWPLE BoX____ T ORSAT PUWP
——— THERMOCOUPLE @ ¢ | pross TEDLAR BAG =
FILTER . TARE NOMOGRAPH SET-UP NOMOGRAPH §__ ST
jS?— 463 _ ST 323 Mg .o\ C FACTOR _&&_
METER TR OO0 srncx TN, o
% MOISTURE __1;_ rer . A ‘_bé.y.hﬁ -
|H|ll
DRY GAS | PiTOT ORIFICE Gas | pue ﬁ ™. .
CLOCK METER |READING|SETTING (AM), | METER [VACUUM | EXIT | STACK LK. O&X
| smemLx|TiME, | READING, | (AP), IN. Hz0 TEMP. [IN. HG [, | TDWP. | TEMP. |READINGE
| poinr [Min. cu. Y. |in. Hzo| iomarfactuar| ©r leauce | ©r Or Or
B-3|/°184553S8| 27 | 20| 30 l1o4 ] ! L3 | o5 | 765]
4] 1 |189Y46. 17 | .30 ] .30 l10¢] 1 29| 65 | 79
2'14(' 48.110
z2-572 .27 .30 Jod- 26 ~¢7
Vi { Al-)z AW fu Ts



PAKLIVULALE -_-__ _a_.A

SAMPL ING TioN
mu—l-ia.ﬁ“ 4
RAROMITRIC PRESSURE, IN. HG ___2.9-9 STATIS SRESSURE, IN. H,0 +/./ O _
SAMPLING TRAIN LEAK TEST VACUUM, IN. HG_ 1< _ <

SAMPLING TRAIN LEAK RATE, CU. FT./MIN. o.cx -

(

Am) 2 aH Toe T

ENTROPY

EQUI PMENT CHECKS IDEXTIFICATION NUMBERS
: _‘..{_rlm. PRE-TEST -%l.ms_:L piaeTn - 248
~Z_ PITOTS, FOST-TEST m mox ___N-j2 t/c reaDouT 205
——_ ORSAT SAMPLING SYSTEM UMSILICAL __uL_ T/C PROBE A
= TEDLAR BAG SAMPLE BOX ORSAT PUMP e
—Z nrocoures @ G50 % | prome TEDLAR BAG -
FiLTER § TARE NOMOgRARH SET-e NOMOGRAPH § ST
y&o SF 322 | 1.6\ C FACTOR 0.6
$5¢ l:gn T LS stack TOW £00
% MOISTURK zc r. AP l.
[ <&
DRY GAS | pivOT omirick GAS | puMe W I™P,
- CLOCK METER READING|SETTING (AH). TR vacuuMm | mm EXIT | STACK {LK. CHECK
sarLE | T, READING, | (AP}, IN. H TO®. IN. HG[TEW. | TP, | TEW. [neADiNGS
~ Leoinr [, CU. FT. lin. mp0] omaLjacTuar S cause | OF Op O
- {. ? E 7&5 -\fS o« o, MY o~ { és an
K G36-6062 NS | . o<ye 2 ‘ LS |96
932 o7
3.095 .45 A9 . 2957




PARTICULATE FIELD DATA

SI -6
COMPANY NAME _ML‘LQI'_'&__L_&‘ZQI'N'— wAaTen TQM-N mn&
( ADORESS ___f:tﬁidi.hf— mz sTAaRT _13:21
SAMPLING LOCATION Mm_éﬂé&mw IME l-musn.l___‘L
DATE 1a=3 £ Em LEADER TEcHNICcIAnS _ DN D
BAROMETRIC PRESSURE, IN. HG STATIC PRESSURE, IN. H0 7 0. 573
SAMPLING TRAIN LEAK TEST VACUUM, IN. HG__12 < ~
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. ©:99% p popn
EQUI PMENT CHECKS IDENT1FICATION NUMBERS
7 jr:‘ro‘rs.' PRE - TEST REAGENT BOX nvozzee /0%  piamerer _-24¥
PITOTS, POST-TEST METER BOX NI T/C READOUT 607 -
=~ ORSAT SAMPLING SYSTEM UMBIL1CAL U-2v T/C PROBE
TEDLAR BAG SAMPLE BOX T ORSAT PUMP -
' °r | proBE TEDLAR BAG
NOMOGRAPH SET-UP . NOMOGRAPH #__ ST
AHg /.64 C FACTOR 0.6
METER TEMP /[ __ STACK TEMP 0
%“ MOISTURE 22 REF. AP . X
-,
L - ]
PITOT ORIFICE " GAs | puwP ——un‘j IMP. :
READING|{SETTING (AH), | METER [vacuum | msx EXIT | sTack jux. q.zcx!
(AP}, IN. H»O TEMP. [ IN. HG [TEMP. TEMP. | TEMP. |READINGS
IN. Hzo| ipEALjacTUAL] ©F  |cauce | ©F ¢ OF
o~

27.0dl.%50 «33|.33 | T¢ 1 -— X 35
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APPENDIX B.2.b

B. FIELD AND ANALYTICAL DATA
2. Particle Size Distributions

b. Scrubber Stack
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PARTICULATE FIELD DATA

e nmm
DATE (10— -¢ ¥ TEAM LEADER___ AU+ . TECHNICIANS
BAROMETRIC PRESSURE, IN. HG __ZH. 2 STATIC . IN. Hz0 _._[_Q_
. SAMPLING TRAIN LEAK TEST VACUUM, IN. HG a}gﬂl‘
SAMPL ING. TRAIN LEAK RATE, cU. FT./MIN. .0
EQU | PMENT " IDENTIFICATION NUMBERS
—_ PITOTS, PRE-TEST REAGENT BOX . Nozae 303 mm_._l_L
— PITOTS, POST-TEST | METER BOX __ T/C READOUT
—_ ORSAT' SAMPLING SYSTEM ' | UMBILICAL . T/C PROBE h
— _ TEDLAR BAG - SAMPLE BOX ORSAT PUMP
— THErRMOCOUPLE @ O | ProBE _TEDLAR. BAG ' S i
FILTER & - TARE NOMOGRAPH _SET-UP NOMOGRAPH § _AATE
' AHg Ll cracTom __.JJ_‘.Qﬁ.__E._
%%l . MITER TEMP STACK TOW® : s
SE 213 % MO ISTURE REF. AP 134 M
1o : ory Gas | mitor | omiFicE | cas | pue ]rn.‘u:n ™. L
. cLocK MITER |READING|SETTING (AH),Y| METER |VACUUM| BOX | EXIT | STADC &
- | sasemg|TIME,| READING, | (AP), IN. H20 TEMP. [IN. HG [TEwr. | TEMP. | TD® mEADINGS
Ay cu. rr. lin. Hgo| iDEAL|AcTUAL| ©F Joauee [ % | % | © -
[zl obz00.573 | 43 | 29| 28| 02 -1 N5 | s
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APPENDIX C

SAMPLING AND ANALYTICAL PROCEDURES



E 3.3 END-To-ENO CALIBRATION - ... = °- . - : )
/."/ e ° . . e .. . HA . " N e - * . . ’ i
( : Before actual Sampling' is begun, ic is stronzly Tecozeaded that an ead-to-end cali-
. braction be performed at ambient conditions wvith a dry 83s reter which has already
- been calibraced against a Primary standard. As is, the flovzeter provides 952

accuracy for full szale reading; hovever, this dccuracy vwill decresse at lower flow
.rates. For ‘this reison, an -end-to-end calibration at 3 or 4 points wich a dry gas
mecer will provide ’extremely accuTate flov information as .any desired flov rate ‘.
-"+and can be “accomplished in 10 = 15 minutes. “-Sioply plot Flow Rate (as decerained . -
“wich the d-y gas meter and sfop watch) vs. flovmeter reading.-. Drav 3 Iine through ., . :
;2. the points and in this manher accurafe,- inétant_an.eoin.s‘_now Beasurecents at any. Tate .

1 EERE e accog; ed with Gnly the £lowmeceér during actual stack saopling. - The above . :°.
e e a performed as quickly as possible to ‘avoid any-collection 4n stack - .-
) .. --. ::' YRR e .:\.-.. KN cw \.‘_..... ..:..:‘,-.. - . 1 e ’0:, R .-..-..; _..’.{_ -?- - __:!d.-: s .:__\-7_-:‘_::‘:-'-."2.;. '-.-_. !"..‘.}g: \:-; :_' .
A SO b R SR T g e ’ K - A coot
. o - 2t ' a - o .t . '7 Y " N Ps -
- .5 4.0 STACK SAN PROCEDURE % 47%: 7' '3~ e ) ST
TR S R MR S e BTTm R AR P IR R LR
bt Ulscack Sampling is simple in“principle, bue in® ractice it.1s complicated by the peed --
SRR in°p omplica .

.- * ' - to ensure that the collected ﬁarticuj.'ates are Trepreseatative of - the particulates,:.-.;’-;'
"+l floving at any one sampling point zng also at i1l possible Points In the cross RS e

.4 o+ section of the flue at the Sampling pPosicion. = The first requirement is .'satigfie.yl by -

..d: isokinetic, 3azpling in vhich the inlet sampling noizle velacity 1sequal and: in the .57

e “..same’direction as the flue gas velocicy. *The \riigh:"_i_:f ‘particulaces collected is

PR 2

». then equal .to the veighe of Particulates flowing through an area in the flue equ;l-._",_ e

!
L]

- .to the area of the sampling nozzle. . 1= sampling is st isokinetic,. the gas flow °:

lines are disturbed.by the pPrasence of the nozzle

~‘.

-and either too few or too mary

. . Particles ace collected.~: - ... . T i PSSy : :
- S e, ORI S o) ool ERR TR, g
/ U E R A : st YL “rar
"The seco

T I R, LIRS S T - T e T - L L R e
nd requirezent;“ensuTing that the sample is regTesentative of the average SR
par:icle_flo'.:_pas:,.the sa=pling Pcsicion, ‘preseats pc ptoble:yhen the dis:r_ibu:io.-. ot e 8
" of solids flou.is"..ixf:j.forq; over the area of the flue "% Satples taken ac 211 poinss - © g
s+ will be identical -and any ‘chosen point will give a represeztative ‘sa'nple..;a‘.l:'ne veighe -
T~ of solids E Passing’ through the flue Per unit tice is thea found by multiplying the seelh.
PR weight v/t collected per unit time at the sampling 'iséi.n:;_(w Deing the weighc collected
2:is ey during the tize t) byt'he ™%
= ire o gt e

t
e

; e £ T
) et . Lo the area a of the nozzle: . _ ..
- P L H ° o gt b LS Rt e e e
".4 2. - :. -.\-..~'n": ‘:‘:':sg :".’J .n;‘."i X R -.',g,".""‘ LR =3 PR NN " oL AT .
o N bl L™ - :

’

LR

: e 38 " RS S PO S T N < il Sie . RO I e
Lt e Lo sepe Tty ete e et TR L I R B T o TR e e Y oM 22T .
~"»- - Hovever, the parcticulates are ROt usvally distributed vnifer=l Toss- ;. .,

¥ over 'the c =
Tt -sectional area 6f the flue aad it 1s NECesSsSaTry to collec: the “sample in increzents .
: :akcn,separa:ely ‘at each point and the average veizht calculated from the separate - ot

- observatiocs, vhich.is called -increzental sappling. »0T_a single 8ross sacple may

- ..  be collected by moving the sampling nozzle froa pein: to_point vhich s called cuzu=~
e lacive sanpling. .The increzencal rethod 4s Tecocended for the beginner becausa ic
is easier to Spot mistakes. “Also, 4t is preferred by research Investigators and is
© Tecommendad for those vho require the best accuracy because it gives information on

( " the reliabilicy of the average, The cuzvlative tethod riy be sligh:ly quicker and .

ray be preferred by those doing routine testing rot reguiring the hizhest dazres
of accuracy. Increszental simpling is recommended vhes tsing the Aandersen Scack

Saapler. The Cumulatfve method may be used oq occasion and will pe discussed lacer.
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Equation 2-2
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4.4 Quality Control Precedures.

.44.1 Daia Validation Whea Both CO, and
Os Are Measud Although in most .
instances, ozly CO, o Oy measwcement is
required, nsmme.dwy&co.
and Oy be measuzed to provide & chack oa
the quality of the data. The following quality
control procedure is suggested.

Note—Siace the irathod Lo validating the

'Co.nailOuulym‘hhudueoMoa

of erganic azd fossil fuels azd diistion of the
‘g8s strean with iz, this methed does aot
apply to saurces that (1) reveve CO; o Os
through procasses other thas csmbustion, (2)
24d O« (e.3- oxygen endickment) and N, in
propertions ciferent kroa that of az, (3) add
€O {e-g.. ce=eat oc lime kilnis}, or (<) have no
fual factor, ¥, valves shiaizable (e.g. :
extzemely variable waste mixtares). This

.method validates the measwred

Oue-gus desulfcrization  units as
the CO, added or remaved from the gas
strea= {s ot sinificant ia reladion to the
‘total CO; coacentration Tke CO, - -
concentratiozs from otber types of scrubbess
‘using only water or basic slurry can be
sigrilicaatly affected a2d would render the F,
"check minizally usefal.
44.1.1 Calculate a fuel facto:. F,. using

the loliowing eguation:

09-%0,
<CO Eq. 33

Fo=

Where:
$0: =Perent O, by velume [dry basis).
%CO, =Percant CO; by volume (¢ tasis).
20.9=Perzent O, by vclume in ecbient air.
I CO is present in qua=tities measurable
by tkis methcd. adiust the O, and CO, values
before perforning the calculation for F.as
lows:
RCO)(adj)=XCO, +%CO
%0:(adj) = X0: -0.5 XCO
Wehere: SCOmPessent CO by volume {dry
basis).
4412 Compare the calculuted F, factor
with the expecled F, velues. The following

- tabl be used in establishi
¢ may in es mhh

renges for the expecied F, if the

burned is known. When fuels are burned in
combination, calculate the combined fuel F, -
and P, [aciors (as defined inMethed19) -
according 1o the procedurs in Method 19
Section 5.2.3. Then culculate the F, factor as
follows: )

8. Leak-Check Frecedure for Orsat Anelyzers

1 1he Nowid lovel in cach pipetts up to the
mu on the eapiflary Wwhing and !kn.e':-t thee

below the bettem of eapiliary
4.0.43 ‘ﬁomlllhhn te ot cn:‘
¢
hmﬁ-u-&mﬂ:m ot
5.3.8 11the analyser the leak all
rebber eounestions and “-m
-‘ll‘h:nnnnhl-th pe nm
rubber connections seust Aftar the analyser

REA = Pasusnt e,
0200 P, = Possant velusse (dry basla).
Fo 2 Eq 34 e wﬁu":'!.h-.ua"
A = Parsent CO by velume Sests),
%g:hmu'&zn Yy A
m-w:n*n:f:g:kcb.a.’um» -
- S.¢40= Melatuiar waight of CO; divided by 100,
Foel , . C
we e *uafa t-n.- Al Clkd::' hvhm cvus
nb.dru(l.. 0,80d Nj (sbtalned from Section
. - 413 or 4.2.4) inte Equation $-1.
Arevechesndtigie__ 1 10141130
s 1083-1.30 %EA—[ 'g&-nsﬁo ]l°°
ox Dwtlate 1200-1.413 0.264 Ny =~ ( 7eC3=0.3 ¢ }
L 1210-1370 Equaden -1 ¥
Netwrel : 1.800-1.008 Notrz.—The shuve asumes thet ambieat
Prepone - 1434-1.500 :'&:"‘““‘”"'"3‘.‘}";‘;?;‘.:‘.‘:."."“:
Wood, |~_|"a blast fursess . Nec these coovs when apprecisbie
g of Ny are g (ecel, oll, and mstarnl gee
Wood bark 1.003-1.130 do vot esntala & ameunts of Ny or when
enrichnient is wsed, slternate metheds, sobject
" ) % spproval of the Administrater, are renqutred,
Calculated P, values beyond the : Melocular Weight. Use Lqustiea 32 1a
ealculate the dry imelecuinr the stack gas
scceptable ranges shown in this table should Myt 00 Ne3%CO
be investigated before accepting the test 4= 8.40(T3C 00 +4.220(%.04) +0.390(% Ny 4% CO)
results. For ex: the strength of the Equation 3-2
solutions in the g2s analyzer and the NoTe.—The sbure squation dous met esnsider arzon
analyzing technique should be checked by % ok abeus 09 peresat e et o T2
sampling and saalyxing & known e Loviar may 09t 18 Inclode argen in the anaiysia wsing
concentration, as air; the fuel factor e s spproval of the A
should l,:huview«l n'nd verified. Aa 2. Biisgraphy
acceptability range of =12 percent is L Altshaller, A. P. Sterags of Guses and Vapors in
appropriate for the F, factor of mixed fuels w&m‘ww Jourual of Air sad Woter
with variable Fuel ratios. The level of the 2 Ceaner, Wiltiem D. and 1. 8. Neder. Ale Sacipling w1t
emission rate relative to the compliance Jevel Flastic Bags. Journal of the Amarican Industrial Ky.

should be ccasidered in determining if a - -
retest is appropriate, Le., if the measured
emissions are much lower or much greater
than the compliance limit, repetition of the
test would not sigoificantly change the -
compliance status of the source and would be
unnecessarily lime-consuming and costly.

A
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as
223 Namencleture. 3.3 Meisture Centant. .
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N'—m“mh - J—— ws toun + Veauy tennr
T aLO Ay, T 184 thr-onale Vectmwn + Vel ot + Ve o

=Abselute presswre (for this methed, sarue
~ - ) ot the dry gas meter, Equation 4-4

prghes Nove.—Iu sturated Meistuee dreplet-laden
'r.,-wu?u—b. pressure, 760 mm Hg wv:n.twnﬁnuhu::mui:mmd:
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dry
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R T o e L A
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4.4 Quality Contml Procedures. The
fcllowing quality control procedures are
" ‘susgested to check the volume metering
systera calibration values at the field test site
‘prior 4o sample collection. These procedure
are 1 for the taster. -

443 Maeter Orifice Check. Using the
“calibration dats ebtsined d the .
‘calibeation de in Section
- 8.3, determine the AlHg for the metering
system orifice. Tke AHgq la the orifice
pressure differential in units of in. HeO that
correlates 0 0.79 cfn ol air at $28°R and 20.92

in. Hg. The AHq Is calculated as lofowvs:

el
- YN!. )

T

AH, =009 AH

S 50
Where:
“AHm=Aversga pressure diffecantial acoss the
* Ta=Absolute average dry gas meter

™ * maipersture, R
Pu,=Barometric pressure, In. Hg.
. O=Total sampling time. mbn.
" YuDry gas meter calibration factor,
dimensionless.

V.-;}Iolu.me of gas umﬁh as meascred by

.. diygssmeter,def

103192 (0.0587 In. Hg/"R) x (073 cfa)- )
Sefore beginning the field test (a set of three
runs vsually constitutes a field test). operute
the metering system (Le.. pump. volume
meter, and orifice) at the AHg pressure
differential for 10 minutes. Recard the volume
" collected, the dry gas mater lemperatece, and
‘the barometric pressure- Calculate o dry gas'
mater calibestion check value, Y, as followa:

8. Coliration
intain o la! of ol eall Altemative pracedurss, o.g.. using the orifice meter
:‘“—t Frobe qu:‘h"..? "‘I s Wl l.:' Nbeated @orcients, mey Be used, sudject to the appeavel of the
Dalore aeir Initial use In the Beld. Usiog o Micrometss, ’

Noze.—If the &
snd ofters o

fi

messure t2e nside diameter dmmkumm':'n

(

Where: -

"Y.=Dry gas meter ulibnﬂo._n check value,

" 1010 minutes of run time.
" Compare the Y, valve with the dry gas meter
- calibration factor Y to determine that:
097Y<Y. <1.03Y . .
Uthe Y, velue is not within this mage. the
.volume melering system should be
- Investigated belore beginning the test.

4.4.2 Calibrated Critical Orifice. A
‘calibrated critical orifice, calibrated agatnst a
wet test meter or spirorceter and Cesigned lo

- be inserted at the inlet of the samgling meter
box, may be used as a quality control check,

. such procedure being subject to approval by
the Administrator.

the sesles
wsing diZerent dlaceters each timne, and obtaia 190 sver- the :lﬂ-
e e e e R e
Whea sortios becocs aicked, ‘o‘-.ﬁ‘d. -. ‘.““."0; "‘l‘:.
““.‘.51:‘3 Bostle shall pernasently sod wmaiqualy gdl
52 Pitot Tube. The T7e S pitet twhe assemdly shall g
B eallbrated sccordicg te th procadure outiized wed.
uchauc“uxmuz. y N R = .:.l Tomprat
83 ering Systeca. Beloce its lnittel use bn the Seid, Sectlon 43
mmmm.-muiuum.:uuum werm. Dlal
Mmmd': APT ;ﬁ-‘&h-ddm‘ 85 meter sad
meter nadings to spalas
w;uuaumu%%%u e l-t. mm:&uuqlnu-_au-umm
o t2e walues, ch‘!ﬂvﬁq‘t“‘m S the erifice meter hocld be m“ iy
l;:.-“m“ B!Ml.'tﬂ E-chook Do c—duul.“‘ -uuhcﬁ.n'e'bm Leakage stier the pusp il
<heck peocoduse Will not detect loakages uﬁtgwﬂu hmw‘n:udun
v«aumm or thete antes the Mllewing lesk- m-uk the valve eg the meter Dot.
&.mum?'lnhlm“tm.ldm mhd‘hu‘oﬁluulwﬂmmwtu:
raz, ke e $ierence of the measured wot et Metec Foat the 16w side of the srifes manersrter off the
and &7 gas meter Sivide e dfervacs b Jow side eriice tag. Prevsurize the 1
hgt.l:-lnt:g..h’ nh.ud‘ul-w =h1m§;‘.ﬂn?“%&u¢rbﬁ
m o u wﬂ& obsacve Bsgometer
Afer soch Bald wae, for one minuta. A loms of pressure [T
mm..“".‘m Mwm h‘m-uuhm-ouhx:lu:.l‘lhmc.-“u:
ey e . weary
N t . -
mezinuza value reached during the tam seres. Teo “okae. Calldate apslast s & b
8djust the vacuuTa, Insert & Talve Detwosa the Wet tast Caleuleth
mon:: wg ?&m 1 the aali E
. . . ben- °
e Tl Rk Xy Co R D e R
A e cal . Ots
Uaedia APTD-08TS, Squations may be wied as lecg 8 they J:. nu’n“slg:
results.
Puae,
Dite
Rua Ne.
ﬁ:;t Ne.
Acount Ggwid lost dusing
Acaisne blank vekome, ml
- Acxvas wesh velume, o “
Actiase bask ,'*1“.' 1o
Acuisae v-ul-i_lnd,q (oqastina $-5}
WEIGHT OF PARTICIRATE COLLECTED,
CONTAINER -y
NUMBER
FINZL DEIGKT | TAREROGAT | WOGHT GAN
|
2
I0TAL ]
in.: scxtene blank
° Weight of particalace sazer
VOURE CF LICUD
, WATER CRLECTID
BOINGER SICA GRL
yeunse, WEIGHT,
Y 1
Pz :
© L
- LICUID coutcTe
TOTAL VOLUNE couLteTen u" i

* convear WEGHT OF WATER 7O VOLUNE g7 OrHO:G TATAL WEIGHT
INCALAZE BY DEXSITY OF RATER Cg/ml].

INCREALE ¢
1y/ni

*VCLLMT TATER, mt
Figre 5-3. Aaalyticat daga,
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VACUUM

RUBSER GAUGE

ORIFICE BYL25S VALVE
Russer  SVOPPER

TUBING - ’* *
> y

|
aglrdt - f———— l‘. '.T 'Q‘—ﬁ—.’
' VENT
CLOSED
SLOWINTO TUBING - . -
UNTIL MANOMETER ﬂ:lllo:::VE
"Gﬁ’é{%&m" - DRY TEST METER
ORIFICE AlR-TIGHT
MANCMETER PUMP

the % the Brm mx movd [r.- (L—L.)s,
®e  =Miam of residue of scslans alfter evaperntion, .._""ll.l i) from the o am) i
Prwe = ® the sumpling stte, - Gpeeeht dhange untfl the e of the «
nm t?‘ t . e mmping rn. mia. —Z; (Li=L)0~(L,~L.)e
;- -A g-.u-—-.u,:‘: : a:“ srvity of meccury. - »
O8.92 ta. Rg). . . m-&:—-m and ssdeiuske saly for thees - (L
B =Mosl gus consant, 4928 mm Nyt Kt~ %ﬁg‘w“%ﬁ?&m Vil wewd .7 Joakage rates (L: or L)
Te «Abwistss .ﬁ-{_ﬂmu-pnm measured W“%mw owng 84 Velume of walar vapar.
+3), °K gC.m- w0 2, 205 in By 7 wnng Equation $-3
T Lk 1 el VewomTu () (52) - 5v;
Tt = o M ampersture, 33* K r P.lf+'l‘3_u6 F: 7: v 1e
\\... o R .
V., e, o Voa=vor(F) | —p 15 T T T
" ot e e s Y ek mpine _ 087 Meierure Contept SO Wlts.
1'.-\mndmnapkummby‘vgn P +(':’36) v
Vet m-VM“::gdl swvas:ed Ly the riy =K\V.Y - ; — B"-l' ""l'!,'—
7 ges meter, to sandsard condifirag, - atedt + Vot
doem (dactr Eoucec +-{ Equation 2-3



6.7 Acetoric Wash Blank, .
Wom co Vct Pe
Lol
$3 Telal Purticulats Weight. Detarming the tolal

€=(0.001 g/mg) (myV..,00qy)

E »

€10 Conrusion Factors: uation -4

Frem To " Muitiply by

£y T A8,
]

b e aan

6.11 Isekinetic Variation:
6111 Caleulation From Raw Dste.

I- lw T.[K.V;. + (V-/T-) (Ph"" 5”113.6)]

G0oe, P 4,

Equation §-7

Equetion 5§

7. Alternative Prucedures

7.1 Dry Cas Meter as s Calibrativn
Stancerd. A dry gas meter may be used as a_
calibration stundurd for volum
measurements in place of the wel test meler

" specified in Section 3.3, provided thut it is
calibruted initially and recalibrated
- periodicslly as follows: .«
7.1.1 Standard Dry Cas Meter Calibration.
7.1.1.1  The dry gas meter 10 be calibrated
and used a3 & secondary reference meter
should be of high quality and have ap
appropriately sized capacity. e.g.. 3 liters/vev
(0.1 Nt 2/tev). A spirometer (400 liters or more
€apacity), or equivalent, may be used for this
calibration, although a wet lest meter is
usually more practical. The wet test meter
d bave a capecity of 30 liters/rev .

should be checked against & spirometerora’
liquid dhphammurheuuulh A
sccuracy of the wet tast mater. Spirometers oc
Wwet test meters of other sizes myb,uud.

procadure are maintained. :
7112 Set up the components as shown fn
Figure $.7. A spiremeter. or equivalent. may
be used in place of the wet test meter in the
. system. Run the pump for atleast S minutes
.taﬂownhohbutmlihnlnin(o.lsdml
*to condition the Interior surface of the wet

100 aum H,O (4 in. H,O) ot & flow rate of 30
Eters/min (1 cfm)}. This can be sccomplished
by wsing large diameter tubing connections
and straight pipe Ritings.

7.1.13 Collect the data as shown in the
example data sheet (see Figure $-8). Make
triplicate runs at each of the flow rates and at *
20 less than five different flow retes. The
runge of flow rates should be between 10 and
3 liters/min {0.35 and 1.2 chm) or aver the
expected operating range.

SILLING COOL $300-60-8

© THERMOMETEAS

€ONTATL >
? vaLves
4
' TNEAMOMETER

U::::a.

NP CAY SASMETEN ) WETTIST aETIA

Figuse 5.7 . Equigmen: arrangement far dry-gas maeer calibrasion.
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CIIZATING INSTRUCTIONS . . .
SRSIN STATX SAMPLINC EQUIPMENT '

1.0 INTRODUCTION ' .

. . P

In che past, an accurate ewz _::ics cf tha particulate sample collected freaz 3
stack has been difficulc be-:.se ‘the ccllection devices wvere designed miinly to X
be used exterior to the stz:i. Iz adcizion, there has been 2 lack of instruzezca-+

tion capable of giving mezti=zful partizle sizing information. . .

- Now, hovever, the Aandersen Sizck Sz=plec Is available which pro;r.id.es a reliable - -
parcticulate sample that is 2:llected 3=s sized aerodynamically in. the stack 2t
isokinetic conditions Simulizzecusly with the collection of gisedus samples. . Iso—
kinetic sampling requires z=:: tie $33cx gases are drawvan into “the’ sznpling’noz;le
at_the same velocity and i: :te size €ZTection as they occur in the $cack. This
method of stack effluen: ‘arzirsis is ezsier'az;d more economical for the si:ul:a:e_-
ous determinstion of grain l:zdizg, pa=sicle sizing, and gaseous content thzn any

e

ocher technique. - . - _ oo - . . ¢

- . -
- - - - - -
- - . . - - . - . - LY . -
. . - - . - - -
. o . .- .-, o - -

‘There are tvo types or claszas of stack Sampling Equipwent . One class (externzl

probe) .has the solids-colle::i:_s cevics mounted .outside the flue at the exic end q
the probe tube and usually -s:;uires hezting the probe tube and collection devics ¢
Preveunt concensation of wz:ra- V&rcT. 3Ine other class (internal P-obe) has tha
solids-collecting device me.=-ac =2side the flue tg provide sazple ccllection dsle
under actual stack conditiczs. The AnZavsen Stack Sampler is zd imrernmzl col c
avd differs from mote conveziizznal davizes in that it does not operzte bj__:ea of

[4 N B

és
lec
s

fileration or impingement, :.: rzzhes 7 means of inertiil impaction. . .

A brief description of geaerz. slack sa=pling procedures follows. The unigue char
acceriscics adid poinzs to :s < 4

s
sasiZerel when using the Aadarsan Scack Sampler vil}
“be covered in dacail. . : . -

voiforaly over the crea.

The particulate matter in £:3:% gases is seldonm distr{bu:.ed

- section of a flue; tedéver, - 2 FToper selection of sampling points, a represexts

tive sample can be obtaine:. 41sc, the quantity seldom -repains steady over a .
substantial period of time z:zuse of The difficulty of nait'xtziru'.ng uniforz= plante
'operatir.z conditions. - Therzizre, ic 35 necessary to knaow the operating cycles zad
cycle conditions in order t: s3taia TezTesentative samples during’ steady plant conm
ditions. Pazk loading time:. éluTes, and humidity will a1l affect tie sazpl

(420 |

&
-~ -
e=zar

*Ic shauld be clearly unders::zd ~23 the result of a test can give only an averzge

value of eaission during ¢ ©f sampling and can be Tepresentative ozly of
~the conditions durinz tha Inzrefore, it is recomzendad that duplica:e .'
samples be taken whenever szzzling fluss. . . ) )

of the material emitced ftom a stack, iz {1
wple. This requires the selection ¢cf a2 -

Since it is not POssiblé tc z.llezz 27

necessary te oktain 2 Tepre:z:i=ialive simp
suitable sampling pasic ion, -2 ccllec:ion of several samples and the corvarsioz
of che daca obtzined inco = T:liatle estimate of total emission.

clected to avoid gas Turbulence as ceck as

5*"‘“911'-08 Poiats in the stac: s=ould
2 nerzl rule is for measurenants to ke cale

possible. tWheq selecting z siz2, ¢=

[T )

.



(

%= . i-the sampling ﬁlaﬁg §§n£é'thésg;parame§ers'
.:.cantly. ® When:makiﬁgighis’

»
.

eight to ten diameters dovnstream o-

tucbance. Disturbances ar

damzers, etc. Often, 1t is physicall
ture and compromises mus: be made.

techniques wmust be carafyl

Afcer the selection of 3 suitable

survey including gas veloc

CL I s,
.

manometer. *oif

o ~ . - oy

- . . s cefle,

The S.,pitot',.tube.:ﬁ'e'as'u‘r'eé velocity head at,

~

e usually ¢

ly applied

aused by inlects, outlets, bends, constrictions,
y impossible to '
Whenever,this occurs, all Reasurements and
to ensure ressonable accuracy.

sample in a2 uniform gas mix-

saapling site, one is ready to make 2 prelininacy

icy, temperature, and combustion efiiciency deterainztions.
A preliainary traverse is made 'with a pitot tube connected to an inclined/vertical .
. . %K. s . . . s - . PP SN .- N e .. . -

: SR
et es & -r .

.2:_?placegzfzzemfefiqﬁfif*ﬁressurg,*and humidicy dete

T

- - 4 Y

the ‘point

Craverse, the proc ess cycl

" e~ an Ovsdt Analyzér ‘is norzsally used to de
._--,'-.‘acce'ptable."level. of 07" is

(

r

N

" 2.0 EQUIPMENT

cussed requirements.” Wirh

AP E 11 R A T
R LTt

.to select ‘a nozzle and_flow rate that will be Tequir

" The Qihﬁliaé ?i;;fgeiaécéa
taking of “veloéity;™ tedper
the samples. A probe tube
the stack head, “probe " tube

pipe thread for exsy inser

Al 12 percent.:1c Bay be pecessary to make severs] prelini- .
nary'trhbersis'in'dfder.totfind an ‘area which will coaform to the Previously dis- > - -

ter‘gine. ‘thg

S - -

“s ., .- .-

.. "o 3

2terninations must also be made op :.. :.°
“‘Y"ffSCt:tbe_Stagk:ga;fdensiti signifi-_";

T et ‘.".- S . S - o7 e .
:- 'E“"ﬂ::.-.- ":.!::- I tew - . ,'J...; - . :
in ‘the gas Siream vhere it is - :-e

. te,
- -
o e ..
* e
.

e must be kept-In mind because:.: %, -

. - the ‘stack gas w;elocic:y is "dependent *upon ‘the “cycle’ fluctuations. < Also),~at this_tize,” -

efficiency 'of.coabus:.ion'. ~The ;. .-,

- -
- L

the velocicy information obtained, it ‘is now possible . % -

L P 'a-'_‘-';..’;-. N

'qusE‘be'iple'
ature;-'and hunm
clamp is prov
»- and condense

2 tion into the access hole
particulaces only, the probe tube may

ealrapped water. In this mauner, the im

sampling apparatus. “Whnene
Creenburg-Smich {mpingers
mzde 3o that the impinger
support the impinger case,

-+ be maintained above the de
.-.case.. The impinger case vill replace the con
vith collecting gondensible.p;rticulgtes.‘ . 3

ver sazpling f
in an ice bath

ot e, J% g & -

tb;éﬁfélfwéc
idity measur

ed fgi_;ib?inetic'sam;liug.=;;3;~'35
T a3 el s .. .

S el S VT, L .‘__. b g T S

-

cé:ﬂodate tvo meén duridg':he e T

ements-in 2ddition tocollecting™ +. .
ided in the Andersen Sampliag Train to holé - T

r ia placei.-Ihe'cla:p has 2 standard 3 icch ..

pinger may b
OT pzrticula
will replac

-".Wnen sampling for zon-concensible
be screwed into the condanser for the rezoval of . -

e eliminated entirely fron the ‘= -
tes and gz2ses simultzieously, four .
e the concenser. ~Previsions are .

case may be ‘used with a2 raij. If a rail is not used to .- .o,
2 teflon-lined heated hose connecting the probe tube to -
- the inlet part of the impinger.case so that the case

or ground could be used. :In this manner,-the temperature of the sample gases would ...

v point to prevent

(SEE DRA

WING 10048) ° . |.;

NG ‘HEap

"2.1 ANDERSEN STACK SAMPLI

The Andersen Scack‘Saa§lid

pPipe ficcings. Ic is designed to be inser
inch apening) vhere high temperature and/o

The Szzpler ccn:aiﬁs.niné jet plates each

orifices. Thz nine plates

g8 Head comsist

» Separated by

.€2n be placed on the placforz ... .

condensation upstream from the izpinger . :°. .
denser also wvhenever ore is conceraed . -, -

S of a stainless steel case and 1/2" femzle

2.5 milline

ted directly into the stack (standard 3
r corrosive conditions may exis:. -

having a p;ttern of precision-drilled

ter stainless steel spacers,

divida the sample into eizht fractions or Particle size Tranges. The jets on ezch
entric circles vhich are offset on each Succeeding place.

place ave arranged in conc
The size of the orifices {
succesding dowvnstrean plac

s the same on
2. Therefore,

a given plac
as the samp

e, but is szaller for each .
le is drawm through tie Sampler

Y

RS



a.!:! REIY S aantt O AAd A
' . L
. . R . ‘ i .
’ .n... ... " :
. . ¢ . “« ._.. .“.c . - ; . - . i
* * * -- --.. St -7 * [N .“ »
P..Y.v(-_—.“-.—o-& -.\Nn..*.-!..ﬁr.-a .-.-.W:R.QSS—OC-. e ﬂ * . * . . m
I 40 v 13gns | | a~on 3wvos TR DTSR HOU YWY ! R \
4 . 9O "dole]] . . m ) - — CWIYILYI NO u3sn ASSY Axan e
2y 299 _|on 11301 3009 | auis frtawize wois0 "eanumsev ——w . vy o
L RSBy | JLEL) obbiodl A0 SURTTY ] RIS et
MIVESL :U/\_!U Lm_mc 2< Rl [ o P TINTSR T,
Al Nz ' e UMD | nnrany 1 vy .
.. ' , .... ' ...:r. L .f e 10!....‘“:. .:.. r.m._.::a: ,:| -
, AN v o , NI T R YPT  e
! . _ ' . ¢ ’ ' v
e ettt Ll e et T o o g
, Y * ; ’ CRLLIPT,
A¥vd Hi 015012510 YO '9IIN00UJIN T s
'QIH0I 30 0N ASPI GNY Jundvi W ., Y FIGISNIINOD YO STAVIAILYVy
A¥TITNGOUd $1 ONY O3LYNOIN0DIH SRR \</m_\/ OUOOJQX.W R th S3SVO Ruﬁcu UOY ONMUINVS
000L JO ALHIJOUW WL SI 10JWINL ) X ] »
HOIYIUOINI VIV VY SHAYYd SHiL v A . .2&..:5 (Or$-00) ‘ASSV LHUDN I
¢§°00)31220N HI3INIS00D . .. .‘.... e ! ?Nmm%n.ov.).uww : ,.., ?. NOUDITIOD S$VvO HUM 3OVIigie <Jj
. o0 . ! N3O . (%4 . . . .
1§°00) ¥T7Z0N xuuZuaooo.a. .“......"....L.: 5 ...;...u.. By 2 Voo *ILON
126:00) 31220N H53N3SC0D + P o ¥ . M
0t 00) IT220N HIINF00D ¥ 4 TR IR IR N T
—— . . » R . FLALIN TV T
| -
§ Tk =a{

__(s2¢-00), ._. :wm.oov :
3UNLITOLd” |, 71+ 3sOM 2::u<>m e el =
Am - 8v . ..... -, - ... ... u".....:... .. ........" . .. . qlll.lu
Q}J\_U Umawﬁog .... «.r..w.. v . ......... et )

(0o0-053)
AvIH Movis

.

(925-00)
umoz me..S.ca

LT K . .... AL TP . ‘ 7
e T aoov&\'\ ——
T T >.mm< u..omzou TOLLNOD

Wi A Lt R riey 5{3&\ "4

bu\“xw /" wx:..h“u v Fro e “yry.- —_—l ‘e :
(AQILIIY vy HOILNUIS IO . (]} uz.: LRV T <. . .. T
- * e . - . N . . LI
SHOISWIY
. ’ . . .
_ u_ __ £ ,N. r, _
- LN . . . . . o o . : * * : .
.{ . ., . .. . /, \ . . g - .
. \' e N ....."..c..h...x.u,....-..a.“...t.l. . ¢ (G .~ .




| &

RO ;i wich ;bc'.s‘:iin.i‘e'g's" steel plat

L - Figure 1 :[.s".'a"plc'f “of D; versus flow rate ‘through the..S:;ck Sar‘ap.]-.ef ac 700 F¥ps vl

-
.

at 3 constant flov race, the jets of air flowing through ary parcicluar plate direct

. the particulates toward the colleztion arca on the downstream plate directly below
(- - the circles of jels on the plate above. Since the Jet ‘diameters decrease from place
( to plate, the velocities {ncrsasz such that whenever the velocity impartad to a

parcicle 1s sufficiently greaz, i:s dnertfa ‘'will overcome the aerodynamic draz of

the turning airstream and the particle vill be impacted on the collection su-face.

“Ocheruise, the particle resmzins 1= the airstreazm and proceeds to the next plate.
Since the particle deposit areas zre directly below the jets, seven of the plates
) act as both a jet stage and 2 collection Plate. Thus, No. 0 plate is only 2z jet .
- . stage and No. 8 place 1s only a2 collection plate. -The types of plates available xre .
T stainless_steel and nickel-plzted brass. The case -is made “of 304 stainless steel. " .

. The temperature limitation of the Sampler '1s” app
es .t i

wtdy 0T A

roximately 1500
R (L e e

degrees fahrenheic "
e 2OV S:z- .

LR P+

&

RCT AR \..,..:.‘ 3'-"7?:”.‘./2-'.5-1-’. R

95
e

Sty P TR <,

. - N
RPN AT ] "‘:\:".‘. e

R 5Ihe.lndéffs\éﬁ.'suck.«.sﬁgpl'er'b'a§ ’b;en"'calib_r.:ated by several 'independent laboratories: T
...+ . in order to“arrive at Lhe current respective size .cuts’ for ‘each Stage.: The caljbra-%
i7" . tions vere referenced to unit density (1 g/cc), ‘spherical particles so_that the FIsTe
‘% .- aerodynamically equivalent sized particles collected on each stige are alwiys identi- "
.i. i-cal for any given flow rate. ' For this reason, ‘a stack ‘sample “containing a’ mixture 2
~ v of shapes and densities is fracticnated and collected according to its ‘aeredynamic X

. . . characterfstics™and 1s aerodynamically equivalent in size 'to'the"ugiit_@eus:_tt'y'_sphéréi o
L collected on each specific stage during”calibration.a¥or exazple “consider*a golf v
7T e ball and ping-pong ‘ball of identiczl shape and physical ','s_iz.é.;-_-,I!ndou'bc_edly,':they’?'i}l
) “* not behave ‘similarly -in ‘any envirooment because of the ‘large differences in density.’
In other words, the a€rodynacic size of a particle gives informztion relating to the - '¢ -
physical size, shzpe, ané cansity of .the particle and indicates how the ariicle 37

,_{,',' will behave in zny environzenz.: "I the 2erodynzmic size ‘distribution of the pasti-3is -

.| culates in 3 stack’sample is know=, then the following pertinent information can'be’=-’
~ " deterrined: _;”s;-j._"' "-_.{'.‘:o AT ' T e TPiiil ":-_ I TR - :
\ R SR BRI ) s

B e e ) R LT e o, e '.‘..s'..'"
-+ 1.° -Particle bekravior after leaving the st

LTeT 2. SApproximate acez of ezvironmental deposigiop-'.'vj:é'.':‘sq;
T I : Probzble point of respiratory deposition.iizfaind

- Yy . - - . ey

..-'4'.‘::;Iype Of control equipzent needed to collect the p;rticles. b

CR e
A

. - W <t Nty (A LT I .. - o e - v & soffe oan a5 e mem o < -
P e T e - Pk o el Bt MER AR e Nl S 5 T X PR Y E R 41 By LI Rt it e e °
A 5 ™ 3 . PORER I TR e N, * - ——— S 0 P o ~tX oo} o
LORE TR XY ‘\r.‘ 3 -i#-, !—q..,:d-‘.:-;‘.;_-‘.%._“_ ...:_.-_-._-..? Twiete . :,;.?.v_’:_,«. < Rl ST 2,5 ISk :

. This type of information is i_:zpd.séibl.e to obtain umtit:o;iy}hysi:al "siz:lngqu_iz e
. . “.which is normzlly obcaiqe_d by meazts of microscopi_c sizing or"_}_:eé and/or dry screening. " -

- .
e

- * - ! SN Y - t iy p “
: A T LSRN L

. wve

1s the effective 2erodynamic diameter of a spherica}.,"tm;f.t _dens!.ti'ﬁargg’.&}e:‘_“];he -
efficiency of collection for polycisperse material .2s encountered under actuzl stack -
sampling conditions for any given effective cutoff diaine:gr (ECD) 1is 95 plus percent.*

. —.

-
.. —

- . T R .. - A Y Gl .. . e el ’
Figure 2 shovs the correcticn factor for determining the physical diaceter of spheri- -
cal particles hzving other thza u-mic density. Extreme caution should be exsrcised

*In Figure 1 it can be sesn that the ECD for Stage 4 at 0.8 cfm 1is 2.0 micro-s G).

For data preszntazion purpcses, this means that essentially all of the 2.0 particles
2re separated by Stage 4 and colls:zted on Scage 5. 1In realicy, houever, a szz11 zmount
of the 2.1 u pacrticles that shoulé be on Stage 5 pass on through to Stags 6. Likevise, -

2 compensating smzll amoun: of tha 1.9 & parcicles that should be on Staze 6 land on"Scage

5. The same correlacion azzlies to the 2.2 4 and 1.8 » particles, etc.

In ather words,
the amount of overlapping oa each Stagz 1s self-compensating.
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Figure 2 Ocnsity Correczion Factar for Ph
Pucticles Captured in Andersen Stack Sampler
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viaen using Figure 2 bucause ic is valil ealy if the 3.\sumpt10n is n-ade I:h the
A patticles are spherical ia shape. Worzcliy this assuzpcion is no: valid. Mulciply
:'1; mn.cc:wc actodynamic_diameter as calerained fro= Figure 1 by the correction :

. [factor from Figure 2 to éecermxne the shrsical ¢izzeter for that deasity.

..
.
N - o @ el e oo mem

e 3 shous the _cotr ec:ion facco.. £

S eT éeteraiz =ing the effective aerodynazic
pa.ciclc “diaccter for ‘elevated Cemperzzus

SluTes. Hu;uply the effective aerodynaaic . .
.. ='dfamecer as dcteTmined from TFigure'l br the correct oa fac:or f"ou Fisure 3 to -
N {_Seceraine: _the d:‘.um:er foz thac .Lemperaius

<

-l

e. = g e = — :

..-a-—«—-.... -




E 3.3 END-To-ENO CALIBRATION - ... = °- . - : )
/."/ e ° . . e .. . HA . " N e - * . . ’ i
( : Before actual Sampling' is begun, ic is stronzly Tecozeaded that an ead-to-end cali-
. braction be performed at ambient conditions wvith a dry 83s reter which has already
- been calibraced against a Primary standard. As is, the flovzeter provides 952

accuracy for full szale reading; hovever, this dccuracy vwill decresse at lower flow
.rates. For ‘this reison, an -end-to-end calibration at 3 or 4 points wich a dry gas
mecer will provide ’extremely accuTate flov information as .any desired flov rate ‘.
-"+and can be “accomplished in 10 = 15 minutes. “-Sioply plot Flow Rate (as decerained . -
“wich the d-y gas meter and sfop watch) vs. flovmeter reading.-. Drav 3 Iine through ., . :
;2. the points and in this manher accurafe,- inétant_an.eoin.s‘_now Beasurecents at any. Tate .

1 EERE e accog; ed with Gnly the £lowmeceér during actual stack saopling. - The above . :°.
e e a performed as quickly as possible to ‘avoid any-collection 4n stack - .-
) .. --. ::' YRR e .:\.-.. KN cw \.‘_..... ..:..:‘,-.. - . 1 e ’0:, R .-..-..; _..’.{_ -?- - __:!d.-: s .:__\-7_-:‘_::‘:-'-."2.;. '-.-_. !"..‘.}g: \:-; :_' .
A SO b R SR T g e ’ K - A coot
. o - 2t ' a - o .t . '7 Y " N Ps -
- .5 4.0 STACK SAN PROCEDURE % 47%: 7' '3~ e ) ST
TR S R MR S e BTTm R AR P IR R LR
bt Ulscack Sampling is simple in“principle, bue in® ractice it.1s complicated by the peed --
SRR in°p omplica .

.- * ' - to ensure that the collected ﬁarticuj.'ates are Trepreseatative of - the particulates,:.-.;’-;'
"+l floving at any one sampling point zng also at i1l possible Points In the cross RS e

.4 o+ section of the flue at the Sampling pPosicion. = The first requirement is .'satigfie.yl by -

..d: isokinetic, 3azpling in vhich the inlet sampling noizle velacity 1sequal and: in the .57

e “..same’direction as the flue gas velocicy. *The \riigh:"_i_:f ‘particulaces collected is

PR 2

». then equal .to the veighe of Particulates flowing through an area in the flue equ;l-._",_ e

!
L]

- .to the area of the sampling nozzle. . 1= sampling is st isokinetic,. the gas flow °:

lines are disturbed.by the pPrasence of the nozzle

~‘.

-and either too few or too mary

. . Particles ace collected.~: - ... . T i PSSy : :
- S e, ORI S o) ool ERR TR, g
/ U E R A : st YL “rar
"The seco

T I R, LIRS S T - T e T - L L R e
nd requirezent;“ensuTing that the sample is regTesentative of the average SR
par:icle_flo'.:_pas:,.the sa=pling Pcsicion, ‘preseats pc ptoble:yhen the dis:r_ibu:io.-. ot e 8
" of solids flou.is"..ixf:j.forq; over the area of the flue "% Satples taken ac 211 poinss - © g
s+ will be identical -and any ‘chosen point will give a represeztative ‘sa'nple..;a‘.l:'ne veighe -
T~ of solids E Passing’ through the flue Per unit tice is thea found by multiplying the seelh.
PR weight v/t collected per unit time at the sampling 'iséi.n:;_(w Deing the weighc collected
2:is ey during the tize t) byt'he ™%
= ire o gt e

t
e

; e £ T
) et . Lo the area a of the nozzle: . _ ..
- P L H ° o gt b LS Rt e e e
".4 2. - :. -.\-..~'n": ‘:‘:':sg :".’J .n;‘."i X R -.',g,".""‘ LR =3 PR NN " oL AT .
o N bl L™ - :

’

LR

: e 38 " RS S PO S T N < il Sie . RO I e
Lt e Lo sepe Tty ete e et TR L I R B T o TR e e Y oM 22T .
~"»- - Hovever, the parcticulates are ROt usvally distributed vnifer=l Toss- ;. .,

¥ over 'the c =
Tt -sectional area 6f the flue aad it 1s NECesSsSaTry to collec: the “sample in increzents .
: :akcn,separa:ely ‘at each point and the average veizht calculated from the separate - ot

- observatiocs, vhich.is called -increzental sappling. »0T_a single 8ross sacple may

- ..  be collected by moving the sampling nozzle froa pein: to_point vhich s called cuzu=~
e lacive sanpling. .The increzencal rethod 4s Tecocended for the beginner becausa ic
is easier to Spot mistakes. “Also, 4t is preferred by research Investigators and is
© Tecommendad for those vho require the best accuracy because it gives information on

( " the reliabilicy of the average, The cuzvlative tethod riy be sligh:ly quicker and .

ray be preferred by those doing routine testing rot reguiring the hizhest dazres
of accuracy. Increszental simpling is recommended vhes tsing the Aandersen Scack

Saapler. The Cumulatfve method may be used oq occasion and will pe discussed lacer.

o~
LN
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H The accuracy of the measurements is dependent upon the zw=r2s choice of sampling :
(( ' polats. " The area of the flue is divided into a nuszder z® izsgizary equal areas -

,and che sanple is made up of increments taken from l:..e 2z=227 point of each area. :
) “The greater the number of avraas (greater mmber of sa_,-'.:' solxts) the rore accu-
rate the measurement wxll be. .. . o s Lo . . .
.- In a circular’ duc:, a :*averse 1s plade by dxvidi-\g the iz  1zto egual concentric .Y
. . areas and sampling in the center of_ each area on fc:-" Siiss cf center. - No sacple .
X is take‘t in the exact center. -‘Ihe m.nber .o equal avear tsen deper.cs on the size- - -
’ K-H :he d\.ct end r.he accuracy desired. .':In a :ectang--"a £, 3 sa=;le traverse oL

e el “is wmade by dividing the duc: into equal area; and saoplizg ot 2he ceater of each e
CeaSe e, area. . The nuaber .9f areas 9sed depem!s on. she g}o-- atses ::d size of the auc TaTle e
RS _Se.e }'igure lt far dta"in_;s and tables.. el -

. . T The Ardersen S:ac’k Head s‘nou"d be kept clem ;nd ,as;e..b"' =:en not i.. use - '
“ .« . .. using, exanine the jec plates by holding “them wp tq the T:iz=:.~: ATy hole’ 1s_ P pEYTL
. - > -plugged, blow dut with air or wash with a detergent—irate se."ticn and sponge.‘::-‘.j. o
S ’. -Rudbbing back and forth across the holes usually suffice.-‘~,-= guickest and mdst Wt i L. 7
.- keconon* cal vey for cleening the jet plates is to place === :lztes’ "3z zm ine:gpensive P
oot e ul crasanic cleener with'a_solven: for a f.ew seconés afte 222 se to ‘insure that --i‘ P
L g :the orifiees ate.clean. .‘,:.-.'_"._..} AN CEZE T ibe g
Rk A Y TR S WP St T
- -j: -Under .norma.l condicions, the prifiees do’ na: heco...e _plt.g;v i p o-e. saopling and -
< <+handling" tech'xiques are_ follm-ed. .Aft:er the Plates are zi::med, 2woid touching t}-e %
:.orifices to prevent 61l and/or d.'.n ‘from plugging the je: "‘-_a_s. T.I: this precau~ Fni- . N
tion is tiken, .there are oaly :a'e other causes of hcle 3- g2: (1) collectiag -
. ' - toe much s:.:nple and . (2) collecting a sample vhen the stec: Ze:d tesperature is =yi- ..
C// : below the ‘dew poxn: “of the flue gases so that corcazsatiz cccuzs.’ These prodlens . R
, are easily elininated by tazking a sample of prope-' Size =I e=suTing that the stack -37w7
N head _temperature is majintained a‘bcve the dev poiatz’ duriz <=2 34—:1-..5 pe*zod.. . R
e TR amdEEETa e T L RN AR E e MR w2t i

. . ‘v:. H the jet, plases in’ prope- sequence, the s;nple—' s rs:.:v <o ;:pe-z on’ t‘.e end N ALTON

‘ . of the probe .tube ""Ihe approprizte nozzle is ;t.,zc"\ed__:: T=s falet e=d of the AR
L.y L sam plec to. achieve the ‘desire isokinetic sampling Tate.  T=s zeso '-.:'.:’sefed plate =3 T

c, -..-,,';-;-.'- is on the ups:teem end of the stack head followed by plaza< th-ov.;n 8 respectively. ni:" . *°

T e Downs..rean af"‘i:n Scage 8 a beckup filter and filter bolde =7 be ‘insestedodf Lthere ’-=-,.-::
e -"‘ -1s su‘o-aicron mter:.zl in the stack sample belcw r.he lo';s.: ‘-°-‘t of -::.e last couec- TacTt
RN E tion s;zge.‘_" C’ass ‘fiber webs are recomended as 'be kup 3 ¢ ups
e gas tezgeratures are encounte"ed. TR L W, 2 PR
P - . -'_4..- e _'-?_-vj-_-':’v'.:a";‘. '-"v,l.,_-. ..\:"..;3-' '.7 "'.'_’.'.:-r: i . : i . o
ios 0. The sa:pl*ng head vz.ll operate efficiencly j.n any posit‘.:“. £i2h 25 vertieal or hon-
f . ' zoatal. Ideally, "the collection head should be used wi:: : a:z*z... izlet nozzle .
§ and an elbow on the downstreza end connec:ing to the priiz Iude. -.This _arrangeaeat
i . *will vork with any thin-walled stack” (such as metal) an¢ ;_'."',z'es the poss:.bxlicy
! v ol particles being iopinged in any bends or probe lines. 2% Z: 45 zecessary to "~
¢ - ample 2 thick-walled .stack {such as brick) ic will be izszzzizle t: Insert the .
’ rxght argled elbow :htox.,."t a three jinch sampling hole. I: :-:Is case, "the stack head

{ - vill have to be connacted in 111e wvith the probe tt.ae I LEa --3&-&3:; gooseneck .
nozzle used. .

fter dacermining the averaga velocity pressuza alang ti: -==-:11q iizs, the stack
. e— - - n
iz tae gas daasity is caler :-:2 177Rs stach <s
conlain an apnrecjable amoupr cfiiacer vapor, a significiz:z sczor ©fll rasule 1f )

——— -
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(- not taken into consideratfon. “Wich this daca, the flue ;as velgriry determined

'( Vhich also is the required inle: nn*zlwm_f—;m
. 31°¢ to give the aoproximate velocicy required for the flov r-zce =3 ;Ilab"e.

“Then calcuzace the needed flow rate through the stack cad at stack conditions

(cemperature and pressure) to g*ve the correct noz-le velocity. Q- AV

.
-

. Vhere: |, Q = accu:l flcn-’ rate in cubic.feet per uinute. -

. -, < *ines ‘v : A = Area of the no"zle 1n square £eet.- I P R .
S SRR SRS R ’_,V = Velocity in feet per’ minute. .. ._5:;',._.‘:'__._-.. S P
T el manasyoncdoade '-:"‘::5". -\~°"r Ca el TRy 1zs. :‘--.!".:."'--;:'-'. BERRL LI

e, -Nexc deteraine \-hac flow rate is needed th'ough the flova

<o .'.' -to g:‘.ve the required ﬂow rat_etthrough the stack head at’ Slek condi:ions. 2 ;-; 7

T,
e .-

Scack gas ‘density at 339 F and 29. 92 Eg -
+.0.0807 lbs/cu. fe IR D e tTm STU e o v

" Stack gases -are’ dry.. - .

- Seets .
AR L4 LI

- V2 = .velocicy pressure in inches 6f water
'V - stack gas density 1n 1bs/f.t3 'j-" th

» -

AP, - ds0x 32" S AR SR
s:zck gas de'\sity - 0 0807 x 29.9 x 460 + 1115 - O 0310 lbslcu. f: Do

.. Scack gas vel ociq - 18 27 7/ P = 18.27 ; /.230 i- 49 8 feet per secon d
' . . ¥ .0310 =

= 49 8 x.60 = 2983 feet per mim. e (Epm) .' N : )
‘Inerefore ve need 2938 fpn 1..-et no*zle velocitj.. - :

1/4 1inch nozzle area = 0.0003%1 fr2- T
Q = AV = (0.000341) (2588) ='1.02 cfa - - .

He need 1.02 cfn through the s:ack head ac

meter tha pressure is 26.0" Eg since it 1is dowvnstrean froa the vacuunm pu=p and
exposed to the atcosphere. Ths floumeter tenperature 1is 859 F

.
- -

eter at ﬂ.ovne:er ecnd:lciens -

1115° F and 26.0 inches EBz. At the flow-

- Therefore ve need



N

460 + 85 - . i -

i Qx 450 + 1115 = 0.353 cfm at the “--=sz:r 20
'(' give the des:.red dnlet -no:z Ie veloc:.ty for isokinet:.c satrplmg. . -
\ s Ry ".‘.’ .-:.:t.: ; : ' "..-"- RLIE b -.—? -:.'. y . N

If the velccltv p.of-:.le along t‘\e sav-ple line is relatively fla_ (=152} er if all :

ety W

of the particulates are-S microns or -less dn : size then cudulatis sz=zliaz may

be performed. vichout introducing ‘significant errors (see Figure = ::: carrecting

to isokinetic rate) However, if the velocity profile is not w=Ii:zx cr if the

part:cle size spectrum goesa'bove 5 ma.crons 5then, incremental saz:_izg Is recon-
. mended. -This requires-a: c’lean’ set of 'plates at each point with z &ifZarent flow .
S, Tate to maintain isokinetic saﬂpllﬂz. “¥An alternate -technique 1= Iz ctaage nozzle
PR : diameters at Lhe various samplins points vhile keep:l.ng the flow cemsta=t to adjuse
) ".the inlet’ nozzle ‘velocity. e’ is imperative'thet' et
g .'__..siznificantlv Vhile ‘dalvacty

PR t o
i3 0etwl < the particle size range’ collécted on'’ shifc: an u:_z--e:..zaly large S -
"o 2%, = amount wich cnanging X169 Tace. == -.’.'.-. v g ere e ses s

-

e v Sx AN . -':'.~~- -

E ey e o A - 28
. -t .'o!'a <_ el
- .

: Whenever collec ting a smple,-alcays turn the }.nle't‘nazzle away T e o&é'a'ing
.' gas’ stream until the vecuum sox.tce is epplie:’. -1: the sene :l Tz=: ‘-e e=p is -

. turned on, “the sample nozzle ray be tumed :lnto the _.oncoung fl:;e gzses. TAlso” ""

- turn the inlet nozzle .avay froa the onconu.ng geses as the pump s tom=es off. 3 If -

e .-

the pump is tu’ned on or o;.f wi th the inlet mzzle facing the oz:z=izg pas iculetes, .

——a——

an ‘error ‘in co_lleqtgd gizes_ on each stage vill .be 1ntroduced --;=_:::e €3 ﬁ‘inz S

_o houever, ‘the pump shou].d ‘be. turned on with the sta.ck head out ©f z:s f*:”a evd_tl:-e
flov: rate adjv..sted to the des ei valve as read on t‘xe flot-...e"e.- ST

- < e I N
) _ . N .. . e C e ----..-~. -5 «l. -._ R - . R I
. LR P ...- ---e - < [ PR . -

L 2 -A unlque featt.-e of the Ande—se'x Stack Sanaler 1s’ that “thers is Zwars 1 c:.ms.t_zr;‘.:..;‘.‘_
7. _pressure drop’ across the eatire systen. "~ Therefore,"once the prerac levrate’ds T -
'( L7 adjusted, it 1:111 not change during the sampling period. Tais e samtict rlv o .
~X - useful vhen sa...pling vel plumes. The Andersen Stack Sampler may :: izcaFred +.73l: :;,;

: ‘directly into pluzes satur ated with water. - “The only pcint to k ‘;r:.:c is tl‘e" =g f

. f_,:'.:‘the stack head temperature must be maintained above the dew poirs :- allew collec-" i

- #tion of dty Sa'\plts ‘on the plates with the vzporized vater conde=<i-z <t io:.:s::ez’-
ol e ,:»'...‘:.‘in the condenser or impingers. -An’ easy way to effect ‘this“is tec e cc..s..znt i U
g _-}'t.eu-perature ‘heat® tepe .around the stizk- ‘head ;nd probe line. ~?It S el tzze 5 -'10 S
.- minutes for tl'-e stack head temperzture to reach equilibritm 20f cowse, the’ ges ;‘ :

temperature :’.n the stacx head rust be n-on:.tored fot flou rate de-s—'-"’.c..s N

'....‘ Tt . atie 2 eew Ve "b 2. . . ..l _'_-,,

- .. . '..-. - l’ .-

.." -‘.o. 7-"

Cule , Good ve:.gh:.ng accutacy is of pr:ﬁary concern during gravime-.ric a:z_*rfes z::d is Rl
RN detemlned by the ratio of the quantity of ;sample callected to 'tz semeitiviey of -

1
: ..+ i the belance being used.-..A balance wlth fou* decima.l place readizz z=2 sexsitivicy
' " of 0.10 milligram is tecomrer‘de:’.. Normal samﬁles vary from ore :: 12 =illigrzas
; .3 . . -per plate. .Stage load:.ngs"in e<cess of 10 mlligrams are not re”::e:_:e: beczuse .
¢ ’ - of re—entra:.nnent problems. ™" < - B L AP
) Only wlth e*cpe'le"ce c€an an operzlor determine the optimun sa"lp-;:: tize for 2
( . specific grain loading sitvatjon. The deposit areas should be ¢:c:-s-s 3-d there

should be no mzterial deposited between the sanple p11es which wv=uli Z=Zizate
ovetsampllng.

It is also suggested thac tare veights be made on the plates af:s— the=iczl a=d/or
Physical 2nalyses and the p"ates hive besn cleaned. This elimirz-e: =-s pessibilicy

, of a change 1in tace veighe taking p‘ate durlng the sampling periz: i=e-cver szapling
{ in hot and corrosive gases.

A



RATIC OF SAMPLING VELOCITY TO DUCT VELOCITY:
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Some types of material become charged vhen Passing through the orifices on the
- lowver stages resulting in Part of the sazple adhering to the bottaz side of the.
( Plates. "This prodlen is easily rezedicd simply by grounding the probe line.

Wnenever sampling for grses and/or condensihle particu]ates,:‘lt is necessar} to .

rinse the sampling trajiq after the sacpling ix complete. Distilled vater way be -
used as a wish for inorganic material. Organic constituents may be rinsed vith
acetone or another suicablc organic solvent. :The rinsing waterial should be

"poured into a beaker and retained_.fg_r._ag.;]:y.g;gi..___-:_-._.__f_.,_.__;_i_-_._‘___,;-_;....:-ﬁ_ L
e [T T e SRS B SR B e Lle e s T
4.7 -t <57 - When sampling’ for -Particulates <:n_-11y,g the first tx‘o."-impingers ‘are filled vith exactly .
R M - . . < - . =

t.% V7070250 and 150 ml of deionized Fater respéc tlvely."CThe~quantity of vater “vapor dn
Voo e L1 the ‘stack can _be__de:etpine_d_ by sSubtrac ting “these initial 'yalgéeg_ from the final 3.
i-; PN ?volume! :’;I_I-'hexidsan'ﬁling for.a specific gas, ‘the first dAmpinger is lefe dry and the .

CEIN.0 . second 48 filled with ‘150 ml of the 2ppropriate ie'ag'en.t.".;'A. Precise volume is erici-
{ y 27 cal ‘since go'ngeq'satignfmai occur in this dmpinger. %2 RS SN PP N

T

e Te

-

- - & e e, ve e . T - -~ .
- - . or - LI ] : 44 Al . . N . N
. P . o o » T S, ev > ‘e -

J-‘ ..s.:.u'.-. VoL TE AT LN Loy s . 7-_,’-. e P -~ e .l -

T Se % . . .

o, -«

S J\ave to be taken intg account ; i -
Ll R ALY Ui ......;.'.‘.‘5;.__-5..,}::7:-’35-'3*.-:1,'.-;. et s -‘-:—-3—_;'-"--:',-'--_-::.-'-.:' 2 S g YL R e ~gers e
e e veight of soluble’ and.ii:solub].e"solid's:'froni ‘the 1iquid dwpingers .

Iy to i’yapcr_ate_ .the liquid in a .tai'r'e'd.‘be&ker. “Then re-weigh the ..

- 7" 77 ‘beakef 'to’ find total solids. *-If volatile organic particulate ratter is collected,. ”

- an extraction in some organic Teagent such as chloroform or carboa te:rachl_oride-{-;‘:. I

- . -.is required. “-This reagent is then evaporated with 2 stredm of dry ‘air 4n 2 pre-X. .77

,.--»’: " "7 .-weighed bezker and the difference in bezker weight hefore and after evaporation _.-
K . s ds the organic's weighe.™, . . - " ) e ey .ot v E

- . . LN R
T sEees e Teagia i =
: . . A
AR LT Y s e Sel e . e, s e L,
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» - The total wei ht of >articulate matter
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B dete'fmine":tht.;;concejztratioh of particulates for any specific size or size range -

;oD flrse calculate '._the"i:ercen:age of total particles for each Stage. * Then the cwmu- - .-

st lative Percentage is determined beginning with e'ither'end..of the _i_mpactpr._;'d:!!us., e

.. .21 Af one starts wich the firsc stage, 100% of the particles vil] be abave 0 micromns, '

S r t iU some lesser Percentage ibove the last stage, a lesser percentage yet above ‘the next
s t.o. las-t Scaze and..so..cn. . e -... . - R N -_:.. .0 T . s ° .

PR
. et e an
M t.. LI - .,

Plot the cunulative Percentage determined above against the corrected 'a'.erodyna.:{ic".-__
! ; diameter of the particles corresponding to the Sarce stage. Drav a smooth curve - - -
: connecting the painacs. The curve will pe hyperbolic in shape if gtandard arithzetic

ETaph paper is us.d or a straight line wil] result if probabilicy logrithmic graph

. Paper 1s used. ¢ 4¢ ROt uncodmon for the curves to contain bulges whenever® .
abnormal distributicns accur. From the graph the particle concentration for any
size rangs caa be catermined. Following ia Table No. 1 and Figure € data from an
éctual sample js shovn. Approximntely 55% of the Particles are below 0.59 microas.
100% of the Particles are helau 15.0 microas.

- -

S 1. Personal cemmunicacion, Dr. Andrey McFarlaad, Unlversicy of Notre Dame, South
Bend, Indiina - 1971, .
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APPENDIX D

CALIBRATION DATA



CALIBRATIONS

GENERAL

All measuring equipment Entropy uses is initially calibrzz2: bdefore use.
Equipment which can change calibration is both checked upor -2zzra from each
field use and is also periodically recalibrated in full. ¥Uhe: z= instrument
is found out of calibration, it is so noted in the report am: azpropriatce
adjustments are made to the final results. The equipment is —e2 repaired and
recalibraced or retired as needed. Specific equipment is hani’sf as follows:

PITOT TUBE

All pitot tubes used by Entropy, whether separate or atzac=e o a
sampling probe, are constructed in-house or by Nutech Corporzz=se. Prior to
their initial usage, they are calibrated using EPA geometry stzcards. In
general, if a type "S” pitot tube is assembled correctly, ani xcsitioned
properly in relation to the probe nozzle, it will have an aveszze Cp of 0.84.
As long as it is not damaged, it should not change its calibzzzion. The
recalibration schedule for pitot tubes is related to the phvsizil condition
and usage of the pitot tube, not a fixed time schedule. Eac> :izot tube is
inspected upon return to the laboratory from each field use.

DRY GAS METER AND ORIFICE METER

For the calibration of Entropy's dry gas metering systems. :le proctocol
proposed in the Federal Register Vol. 47 No. 195, Thursday, ic::ber 7, 1982 is
followed. Standard transfer meter number 1017057 (standard m2:2r used for
calibrating field metering systems) was calibrated with a sci-omerer at seven
different flow rates between 0.25 and 1.40 cfm. Triplicate =z :idratioa ruas
were performed at each flow rate.

NOZZLES

Each nozzle is calibrated upon purchase, and thereafter w=e—ever it
becomes apparent that the nozzle has become damaged. Each ax==le is inspected
upon return to laboratory from each field use. The diameter is neasured on
five different axes, with the high and low readings differi-~z >r 20 more than
0.004 inches as a tolerance.

TEMPERATURE MEASURING INSTRUMENTS

After each field use, the thermocouples or thermometers =2 calibrated
against an ASTM precision mercury-in-glass thermometer across: : wide range of
temperatures. If the initial reading is not within + 1.5 cI :ze absoiute
temperature reading of the standard thermoweter, the instrums-: Is adjusted
until it is in the acceptable range.

MAGNEHELIC GAUGES

After each field ude, each magnehelic gauge is calibrazs: :zzainst an
inclined manometer at three differenct settings (low, medium. =:3h) over the
range of the individual gauges. If the readings differ mors :-aa + 5% from
the manometer readings, the magnehelics are recalibrated.

RAROMETER

After each field use, each barometer is checked agains: : nercury
barometer.

ENTROPY
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CALIBRATION BY: M& METER BOX NUMBER: d 3
DATE: 2-7,]:5:’ BAROMETRIC PRESSURE (PB): ZZ'EE IN. HG
( *DATE: "EAROMETRIC PRESSURE (P_): IN. HG
STANDARD METER Numeer: 171 0] COEFFICIENT (Ypg)h: 07?41/
NOMINAL | STANDARD DRY GAS METER |METER BOX METERING SYSTEM
FLOW - - —
RATE o | TO®. TIME :::::2 V:LALSME TEME .
(a) Vs [ o) | (o) | (8w | (Vo) | (7B
CFM =<3 O¢ MIN. | IN.H,0 FT3 ol
=les| 61 lp:oo! Q.o | hadg| 49
0. 4’ =y A Q00| & | 4324 €1
0 g 3483l 69 | 000 | Kio | $TOO| XK
g4l A et 2.4 2.4z | 90
{' 2Ll &9 000 | 490 | 13007 % |
[ A ool ¢¢ | 130111 99
(
NCMINAL METER BOX METERING SYSTEM
ﬂ FLow | ORIFICE
-~ RATE FACTOR
{Q) (Qg) COEFF. | AH®@
cFM CcFM (oF) (Yp) IN. H, 0
J" D.40¢3! 3.043| [.0[0d [.S90
' 4’ Hed| 3.038 | 1.0063 | {.S4\
) | 3290] ¢.231] 09943 [62€ |
' ; 9328 | 24| 99| 1610 |
/"'L P L2gd3]| G403 | 98161 [ 634
| ‘ [2482] G429 | 904 [.é4
e e
t = !“'V“'(!‘O“!'?z
-4 Vol ¢ 460) * (P - 2 lIlE)
AVERAGE pgag | 1.6l

ENTROPY
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CALIBRATION BY: MM : METER BOX Numser: A/ (2~

TE: “-3 151: BAROMETRIC PRESSURE (P :Zﬁﬁ IN. HG
DA’ -~ ( B’ R

*DATE: - *BAROMETRIC PRESSURE (PB): IN. HG

STANDARD METER NUMBER: /0 (“1Q<S"] COEFFICIENT (Ygg)i__0-994

NOM I NAL, STANDARD DRY GAS METER METER BOX METERING SYSTEM
FLOW
RATE | votume | TEme. TIME :::-::E v:v:smz TEMP.
(a) | (Vos) | (Tog) (e) | (4w (vp! | (Tos)
CFM - FT3 Of - MIN. | IN.H,0 FT3 - Op
0.4 128! é¢ | inp < | 4yezl 79
4409 67 | /0.0 s | 43 al
D¢ E28| 61 | 0o |21 | g g0
229! €1 | 100 | 2.1 | <44 93
fp H21 €6 | )10 | 4% |/39¢4 4
‘ Rdeol 6l | 100 4% |/z.744 4
NOMINAL . METER BOX METERING SYSTEM
e B [ REE|
(Q) . (Qp) . - | coeFF. | AHE
CFM CFM {oF) {vp) IN. Hzo
‘0 ¢ Hi4] 3007 (0050 INATAR
) 0ET! 2036 ! 1.009E| Lbor
0.9 F2A2 23%| LooG3] [.6£)
- $282] €233 Lot(2 | ).odd
{ 9, [2427] 9.3e4] 10023 | 101K
) LLF[T] .40 [.0064| /GGG
R
"l * vdl * “d + 480) = ,b
Y- v-"-(t,‘ 4601 (2 s aR/13L0)
. AVERAGE /,001 /'(e‘{’

 ENTROPY



CALIBRATION BY:_ FREDOY JOWES i M=TER BOX NumBER: N - 12 1
Y. .
BAROMETRIC PRESSURC (P.,.Zc)_ss' IN. HG (

‘-

*DATE: - ) *BAROMETRIC PRESS. S (1-'}: IN. HG

STANDARD METER NBER: | O] 1067 CITTTICIENT (Yps): 0.992 4

POST-TEST MET=R 3CX CALIBRATION

STANDARD DRY GAS METI® n:?zn:ox METERING SYSTEM

N?x;g::v“ verowe | TENR. The '::_'_:;: voroe | ™.
o™ FT3 Oy KX, {IN. H 0 FT3 _OoF
1 Geal a1 c2 i14 |GJot 7&
6293 N | cc il4& | bm
- o ¢.870. N | icoi L4 - lp’lﬁT%fS

v ' | vacm = !552.,;,&; |

] METER BOX METERING SYSTEM

rLOw ;—-_;‘! | ORIFICE
RATE ™= | racror | coerr. | A H B
@ | =
cerm | =w | [oFy (Yg) IN. H0
]

17290 5030 | 1.0249G| |88

. {2727 5053 | oA |.6TD
12.:76S S.072. | |.O264 1672
AVERASZ 1.024] 1.68
2 - MBILICAL THERMOMETER
~2C0
A — d/
- : e o ~ //. "
. - et ® ccc
U X - A H By = 460) ° & - o
A ® '. . “‘.‘“, x “ onee
- T CAL IBRAT.ION .
. L . WCTER BCX
- _— Yoo~ Vae {t, = 460) * 2
L A TS R MR T R T SOEMATIC OF EQUIPMENT SET-UP FOR

FU._. ANC PCST-TEST METER BOX CALIBRATIONS

ENTROPY



CALIBRATION BY:

ME

DATE: - L - *

*DATE :

STANDARD METER NUMBER:

COEFFICIENT (Y o) 0?74”-——

METER BOX NUMBER: E'!g. I

*BAROMETRIC PRESSURE (PB] :

1917057

BAROMETRIC PRESSURE (PB): 7_29‘5 IN. HG

IN. HG

NOM [ NAL, STANDARD DRY GAS METER METER BQOX METERING SYSTEM
FLOW ——
RATE voLve | TEMP. TIME g:ﬁ vmz TEME. .
(a1 | Wos! | Tog) | (e | (aw | (vp) | (Tos)
CFM FT3 Of - MIN. | IN.H,0 Fr3 OF
04 4023 | e | 0p | 5 | 4,gql T
: d4ond | 4G o | .5 | 4\ 9
' 8 1974 | GG ol 2.t | 23K 9
100 T9er| e | 1201 20 | to0a0 ¢ |
1933 66 0.0 | 4d.x [1217€) &4
-2 (95217 46 Lo | 4¢ 221 99
NOMINAL . METER BOX METERING SYSTEM
&:: FLOW ORlFllCt '
(q) F‘(:]:l F COEFF. | AHE
CFM CFM (oF) (Yp) IN. Hz°
J 29911\ 2900 |0-948]| |- 720
4’ 2399813930 |0-9936|(-64 0
15-8 V1967|621 199930 | 1774

J- 7974

0244 \[036 4| 74

0.0117 * an
m A —————
) I. . (t‘ * 460)

. s .
2
. (t“ + 460) * o
,d.s : V“

. »
_ Y“ v“ (:‘ocm)"b

-4
" . (t“ + 440) ° (’. * ANn/13.6)

I 7 (1916 | 4-337 10-9%0 |(- B35
(11910 | 4:390 {99985 /- 8Z]

0995 [ [b

" ENTROPY



NOZZLE NUMBER: l o 4’

7-10-85 -

bate |initials| Dia. 1| Dia. 2| pia. 3| Disz Dia Average

(=309 TR |.243 [.240 |-2q| |.2¢ .42 |0-Z24]"
1-2-83| Plo | 244 |.24S | 246 | .2= i.2¢44 |0.245"
8-3-a3| S 7 243 | 294|243 | .2-2 {244 |g.243"
3-9-24 |IWC 299 | 295 | 394 | .20 | 24 |oays” |
7-5-8¢ \r1Tm L2YY L22vY 247 | 2. L2YS o,:-‘/‘-l"
3-26-95 | Jo¢ 256 1 .3€9 268 | ,2c- 1289 14356" |
NEY | 249 | .24 | 24p | 2 [ .249 [0.245 |

E NTROPY
N

VIRONMENTALISTR,INC,



NOZZLE NUMBER:

/109

Date

Initials

Dia.

1] nia. 2

Dia. 3] pia. 4| pia. 5 Average
{/)- TWf | . 307 | .30 | 304 |.305 [.308 |9-30¢ 7
§3-83| S7" 1.302| .302)| .305|.304 | .303] 0.30%
3-y-gy |TwC .307 .309 .307 | .309 -309 | C309”
2:5-5Y | rrem | .30 /2 | .32 l.309 |.3/0 |o 3¢y
| 3-26-9<| Faz 3085 | 307 | 315 | ,305 . 30L | 0. 3" |

==

QPY

NWRONMEN‘I’AUBT‘.INC



NOZZLE NUMBER:

110

Date

Initials

Dia. 1

ENTROQ
N

VIRONMENTALISTS, INC.

. Dia. 2| pia. 3| Dia. 4| Dia. 5| Avzzzge
l-30g2| TWA |.370 |.372 |.372 [.370 |.37] 671"
-31-g3) S7 | .32/ 1.372/2|.3701.3¢69 |.370 |5=77"
ﬁ?ﬁ Plo |.3A4|. 374 |.3%2 | .373[.3%5 |0-524"
y/e/ey NTVE 370 | .370 [.372 |.372 |.37/ =
75%Y | rre1 |.354 132 |.3%¢ 323 | . 37¢ |0 2797
13-4 | Jog 372 | 311 3 | 368 L] 370 £=:2"
Y



NJZZLE NUMBER:

303

Date |initials| Diz. 1| Dia. 2| Dia. 3| Dia. 4] Dia. S| Average
R-z92| ST | 124 [.1qo [.(Az .12 [-t724 |0 17L
04-02-231| H#EC o7 2 2./725 | o /74 a./22 e-/22 | 0.723
e | TTH [1°2 | 492 [,113 | \923 1 .172 (0193
PO2304 AT | 1k% | 10T | .l | WD | . 18 | 0167
1-1-85 | SSH— | . l&3 167 169 o] | . l6b 10168

NOTE:

e

NVIRONMENTALISTE,INC.

All diameters -easured in inches.



NOZZLE NUMBER: 50&

Date |Initials Dia. Average
[2-2-8L1 ST .242 0-244
04-02-3| HE C o- 244 o.245 |
£-XD3 7fo . 247 0248
5-/0-83] SN C 280 0249
7-4-3 | TTM . Q4% 0.349
1023-H] ATy 244 O 244

NOTE: All diameters measured in inches.

==

NVIRONMENTALISTS,INC.





