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INTRODUCTION

On Tuesday, February 16, 1988, Air Systems Testing, Inc.
(AST), of Marietta, Georgia, performed compliance emission
testing on the Simonds Model 750B pathological waste
incinerator located at the HCA North Park Hospital, Hixson,
Tennessee. The testing was performed to determine if
particulate and opacity emission levels were within the
allowable rates defined by the Chattanooga-Hamilton County
Air Pollution Control Bureau and per the incinerator permit
number 4850-50200101-01. Testing was also perfromed for HC1
and 012 emissions, although there is presently no emission
limits for those pollutants. AST field test personnel were
Bruce Lawrie and Tom Soulsby. Opacity data was taken by Tom

Yaroch.

AST would like to thank Mr. Teddy Burns and his associates
at the North Park Hospital, Mr. Bob Ashworth and Mr. Mike
Cooper, both with Simonds Manufacturing Company,. for their
assistance and cooperation throughout the testing program.
We would also 1like to thank Mr. Jim Weyler with the
Chattanooga Air Pollution Control Bureau for his review of

the test procedures and incinerator operation.



SUMMARY OF TEST RESULTS

Particulates:

The summary of the results of the testing can be found below
and on the following page. Below is shown the results of
each of the three test repetitions and the total of the
three (which is used to determine compliance with the
applicable regulations). The results are shown in pounds of
particulate emissions based on three, one hour test
repetitions. The allowable emission rate is based upon 0.1
pounds of emissions per 100 pounds of incinerator charge. On
the day it was tested, the incinerator was charged with 323

pounds of waste.

Particulate Allowable
Emission Rate Emission Rate
Test No. (pounds) {pounds)
1 0.020
2 0.029
3 0.025
TOTAL: 0.074 0.323

Thus, from the above table, the Simonds Model 750B
incinerator located at the HCA North Park Hospital, Hixson,
Tennessee is within allowable standards for particulate

emissions.



Opacity:

Opacity emissions were determined during each particulate

test. All readings were zero. Thus, the incinerator is also

with allowable standards for opacity emissions.



SUMMARY OF TEST RESULTS

North Park Hospital

Volume @ Meter (Vm):

Sgrt Delta P:

Sampling Time (min):
Barometric Pressure (Pb):
Delta H (H):

Volume in Impingers (mls):
Static Pressure (in. wc.):
Stack Pressure (Ps):

Stack Temperature (Ts):
Meter Coefflcient (Y):
Pitot Coefficient (Cp):
Meter Temperature (Tm):
Area Stack (As):

Area Nozzle (An):

Percent CO2 (%):

Percent 02 (%):

Percent N2 (%):
Milligrams:

Molecular Weight Dry (Md4):
Volume Water (Vwstd):
Volume Gas Sampled (Vmstd):
Stack Gas Moisture (%):
Molecular Weight Wet (Ms):
Volume Gas Sampled (Vma):
Stack Gas Velocity, (Vs):
Volumetric Flowrate (Qs):
Volumetric Flowrate (Qa).:
Grainloading, gr/dscf (cs):
Grainloading, gr/ACF (csi):
Grainloading @ 12% CO2:

Grainloading @ 12% CO2 - Fuel:

Emission Rate, #/Hour (E):
HCl Concentration, PPM:

HC1l Emission Rate, #/Hour:
Cl2 Concentration, PPM:

Cl2 Emission Rate, #/Hour:
Percent Isokinetic Sampling:

Test #1

35.086
0.304
60
29.30
1.23
99.0
0.0
29.30
1448
1.008
0.84
500
0.60
0.001124
3.4
i56.8
80.8
17.0

29.18
4.66
36.67
11.3
27.92
1156.75
29.05
331
1,046
0.0072
0.0023
0.0252
0.1010
0.020
323.8
0.618
1.7
0.006
98.55

Test #2

35.447
0.305
. 60
29.30
1.27
88.5
0.0
29.30
1507
1.008
0.84
512
0.60
0.001104
3.0
16.3
80.17
24.1

29.13
4.17
36.18
10.3
27.98
117.60
29.69
329
1,069
0.0103
0.0032
0.0411
0.1602
0.029
534.0
1.012
2.5
0.009
99.71

Test #3

33.487
0.282
60
29.30
1.11
93.5
0.0
29.30
1407
1.008
0.84
516
0.60
0.001124
2.8
16.4
80.8
20.2

29.10
4.40
33.90
11.5
27.83
104.24
26.60
312
958
.0092
.0030
.0394
.1622
0.025
275.8
0.495
1.6
0.006
96.90

0OO0OO0O0



E.P.A. TEST PROCEDURES

The testing procedures followed during the program were
according to methods 1, 2, 3, 5, and 9 for location of
sampling points; measuring of stack gas velocity and

volumetric flow rate; determination of C02’ 02' and dry
molecular weight; determination of particulate matter
concentratjions; and determination of opacity emissions.
These methods can be found in the Code of Federal
Regulations, Title 40, Parts 53-60, revised as of July 1,

1986.

Method 1, determination of number and location of sampling
points, was used to calculate the location of the six points
used on each traverse. The exact location cof each point,
along with the distance of the upstream and downstream

disturbances, can be found in detail in Appendix C.

EPA Method 2 was used to calculate the stack gas velocity
and volumetric flow rate. The S-type pitot tube on the
pitot-probe assembly was fabricated according to design
criteria in Method 2 that allows a pitot coefficient of 0.84
to be used in the calculations. The pre-test and post-test
measurements on each pitot-probe assembly can be found in
Appendix E. Stack gas tenperatures used in the velocity
calculations were obtained with a type "K" thermocouple and
Omega digital thermometer. Leak checks were performed on the

pitot-manometer assembly after each test and showed no leai:.



Method 3 was used to determine dry molecular weight,

including CO, ang O, concentrations. The sampling train used
to collect the gas samples consisted of 1/4" stainless steel
tubing attached to the sample probe, 1/4" polyethylene
tubing, vacuum gauge, peristaltic pump, and 44 liter sample
bag. The samples were analyzed after the testing with an
orsat analyzer. Leak checks on the sampling train and the
orsat analyzer were performed before and after each test

according to procedures outlined in Method 3.

Method 5, Determination of Particulate Matter from
Stationary Sources, was used to determine particulate
emission concentrations. The sampling train consisted of a
1/2" diameter calibrated nozzle and liner, both manufactured
from quartz, glass fiber filter and filter holder, five
impingers, umbilical cord, pump, and control console. Filter
box, impinger outlet, and dry gas meter temperatures were
monitored throughout the test with bimetallic thermometers.
The dry gas meter in the control console was calibrated
against a Rockwell S-415 test meter that had ©been
standardized with a Rockwell #1464 Bell Prover. The S-415

meter had a calibration cofficient (Y) of 0.999.

EPA Method 9 was used to determine the opacity of emissions
during the testing. The readings were taken by Tom Yaroch.

Mr. Yaroch was certified on October 21, 1988 by



Tepresentatives of the Georgia Department of Natural

Resources. A copy of his certification is included in

Appendix E.



Sampling Procedures

The sampling area for the testing was located on scaffolding
around the incinerator exhaust stack. A‘four foot monorail
system was used on each of the two test ports to support the
probe - ice bath - filter box assembly. The schematic of the

incinerator and sampling location can be found in Appendix

c.

Prior to each test, the sampling train was assembled for
testing. 100 milliliters (ml) of distilled water was placed
in each of the first two impingers, 100 ml of 5% sodium
hydroxide (NaOH) was placed in impingers three and four,
and 200.0 grams (g) of silica gel was p;aced in impingeg
number five. The probe was secured in the sampling box, the
filter holder assembly was installed, and the system was

ready for pre-test leak checks.

After each test, leak checks were performed on the sampling
train, Method 3 train, and each side of the pitot tubes. In
each of the three test repetitions, all 1leak checks were
within the allowable limitations. Next, the train was
disassembled. The filter holder was removed and sealed to
prevent loss of particulate matter. The probe and nozzle
were cleaned with reagent grade acetone, with all sample
exposed surfaces brushed and rinsed until all particulate
matter was removed. This rinse was saved in a 500 ml
polyethylene bottle. Next, the contents cf each of the first

four impingers were measured separately with a graduated



cylinder, and the silica gel was returned to its container
and sealed. The contents of the first two impingers and
rinse of those impingers were saved in one bottle, while the
contents of impingers three and four (and the rinse of those

two impingers) were saved in another sample bottle.



APPENDIX A
LABORATORY RESULTS



PARTICULATE LABORATORY DATA SHKEET

Test No.: / Source: Aoarw %&x r%sﬂlrnL

Acetone Blank: Volume: /39O ml. Net Wt.: 0.002 1 g.
Acetone Density: 0.785 g/ml. Residue: Q.QQ/3 ig/ml.

Filter
Filter No.: A
Final Weight: ©.3989 g. & 399/ 4. ave: 0. 3990 g.

Tare Weight: 0.3309 g. O.3%3 g. avG: ©.33/; g.
Net Weight: ave: 0,0079 g4.

Probe Wash

Probe Wash Beaker No. : y Volunme: ZZ.S ml.

Flnal Weight: /27 7/33 g. 127.7/35 g. AVG: /27.7/3 % g.
Tare Weight: /27 7042 g. /27. 70*2g. AVG: /27 7042 _g.

Net Weight: AVG: Q. 0022 g.
Less Acetone Blank Residue: 0.000/7 4.

TOTAL PARTICULATE MATTER COLLECTED: C.0170 g.



PARTICULATE LABORATORY DATA SHEET

Test No.: Z Source: Aoarrw /,quk A/OSPN'“"
Acetone Blank: Volume: /OO ml. Net wt.: O. Q09 g.
Acetone Density: 0.-783 g/ml. Residue: Q. 00/ mg/ml.

Filter

Filter No.: //5 '
Final Weight: 0. 405/ g. 0. 4056 g. avG: O. $0S5¢ g.
Tare Weight: 0.3236 g. 0.3932 g. AvG: 0.3934¢ .

Net Weight: AVG: 0.0/2-0 g.
Probe Wash
Probe Wash Beaker No.: 6 Volume: //0 ml.

Final Weight: /22 9#33 g,  /27.9¢304. ave: /27. 943 4.
Tare Weight: /27 9308 g. /27.93//g. avG: /27.93/0 g.

Net Weight: AvG: 0. .0/22Z gq.
Less Acetone Blank Residue: Q. 00Co / 4.

TOTAL PARTICULATE MATTER COLLECTED: O.oz4/ g.



PARTICULATE LABORATORY DATA SHEET

Test No.: 53 Source: Adoers /Dpoozz %}’PIM‘-
Acetone Blank: Volume: /QQ ml. Net Wt.: 0. 000! g.

. Acetone Density: 0. 785 g/ml. Residue: 0.00/3 mg/ml.

Filter

Filter No.: / /é

Final Weight: O. 4025 g. 0. %028 4. avs: O.4027 g.
Tare Weight: 0.3227 g. 0.3330 g. AvG: 0.3229g.

Net Weight: AVG: 8 g.

Probe Wash

Probe Wash Beaker No.: \3 Volume: /00O ml.

Final Weight: /28 626/ g. /28.62¢40q. AvG: /28 624/ g.
Tare Weight: /28 . 6/#8 g. /28.6/44 g. AVG: /28.6/#¢ g.

Net Weight: AVG: 0.0!15 g.
Less Acetone Blank Residue: 0.000 / g.

TOTAL PARTICULATE MATTER COLLECTED: 0. 0202 g.



MOISTURE LABORATORY DATA

IMPINGERS 1, 2, 3, & 4:

Test No. Final Tare Net

| 4388 400 _ 88 ..
_Z 47279 4$00 79 g
3 +85S 400 S .

IMPINGER NO. 5 (Silica Gel):

Test No. Final Tare Net

- 21l 0 _<0v°.9 _17. 0 4.
2 209.5 200.0 9.5 4.
_ 3 208 S _<o90. 0 .S .

MOISTURE SUMMARY :

Test No. Imp. 1-4 Imp. 5 TOTAL
| 23 //. 0 99.0 q.
T 72 9. S 88.5 4.

A £S5 8.5 735 .




E'E APPLIED TECHNICAL SERVICES, INCORPORATED

Main Offuce
1190 Atlanta Industrial Drive
Marietta, Georgia 30066

Branch Office

1218 Donaldson Road
Greenvitle, S.C. 29605

(404) 423-1400 (803) 289-0525
Fax ¥ 424.6415
CERTIFIED TEST REPORT
REF. c8_2941 PATE  February 24, 1988 PAGE , ofF ,

CHEMICAL ANALYSIS

CUSTOMER. Alr Systems Testing, Inc., P. 0. Box 6278, Marietta, Georgia 30065

Attention: Bruce Lawrie

ORDER NO - Verbal

PART NO ‘NAME North Park Hospital Samples

MATERIAL DESIGNATION

Absorbing solutions

SPECIAL REQUIREMENT N/A

LAB COMMENT Procedure Supplied by AST, Inc.

TEST RESULTS

COMPOSITION

CAT Equati%n 5.52 Equati¢n 5.54
IDENTIFICATION Numerator Numerator

ALLOY a1 “uc1

OR SPEC 2

REQ V)

Test 1 62 11,874

Test 2 89 19,322

Test 3 54 9,352

**¥* LAST|ITEM #f*#

(1

™, -
’ [N . \J 2
NoQa%Pu\t‘ali&c. ﬂ'ot}b Co\unty aprgia

My Commission Expires Jan. 29,1992

” 1
: W. M. Katter
Piepareo hy /,//%ﬁ{é\‘ Chemist

L ' / P. E. Kogers
Approved by {? g Qaé}’v/ Manager

APPLIED TECHNICAL SERVICES. INC

A-B




LAB DATA SHEET
v\’/
JCC - C//L

TEST: ATS JOB NO.:

Cy

P/N: = 2._ /@Lé;J

DATE:

CUSTOMER : /ﬁr ST__

SPECIFICATION:

77/ 2.3 /?‘a) |

C/r‘/\

TEST PROCEDURE: T/« / jz A M/

TEST EQUIPMENT: TYPE

WITNESSED BY /;

PREPARED BY ///ﬁ. 7>

S/N
s .,/r,,'f ) =
CAL. @; ATk~ o/ o mig Sy L el ij 51T A v
(EXAMPLE HARDNESS - TEST BLOCK CAL *I‘EST READING) ~*- i‘ v
IL,\
TEST RESULTS: k" (} e
g%’/’\ ’7/6,_ TES T /97/;[_(1‘,(‘(/;&;} /L//_‘/é),( - Lf ui:(.;f vel, e ///’/;</r/u, B
———————t/\ﬁ___ e -’~{_ SR T
¥ - - ST S ar /Y6
‘%Mr\/z%a [ e LG © i’ _ 250 7772 -
FRIER e e 2 He O Fis /5 PV [a.,36s
- Jho9v A2 [
VAo 3 - F70 | Sl /// 5-5%
- D ¥Fo 2
PA TR 0E £‘_7L He o 3 Ao , / /V v G / ) »77‘/4
ACTHEDRY, ) e zws—  JO.F0 o i
49(‘4{ . g g 2 /\\,\,‘ Nz /7/ AR
Moty Gatk_ o e Zr5 /6 3 - G35
/’vo\"f'/\ V’Ef(/z" / /—\[(,L_ -3/'3 C/’/ o e /H'(/ o
J | - v—,f’l/fh /R~ <,
: c REf )
e (|, 25 S aie 1o
. ) — , F T CAed st /
%/nf}f(ﬂw,‘éﬁ 2- (s 235 < 7;&) . “f) /--/ V
apﬁ (Lriv6e > e 2G5 T b v(-» e
ppcbegc) Ci aps—  Ome amep 91
T R e B S T N SIE S éﬁ T
Moth  F /T ez Clq.  R¢ e (D A E ol ’ ]
— .
B > ) <, ’{‘L?T « J‘
foth Pk S 2 ols” smey 5
' D50

7
Vv .
DATE /}//'; f/;g

/]
/]

APPROVED BY

DATE




CHAIN OF CUSTODY FORM

Plant: /*/Cﬁ A Fark ;‘/cspfrnt— Source: _I;c/uemrom
Date Sampled: Z‘//6 /8(3 Run No.: /— 3

SAMPLE RECOVERY

Container No. Description (if filter, give filter No.)
Az me-bed Fiires 4' 11%, 175, 174

As mackaed ;?{_OJEVCJA ‘ﬁ-:*/: [Z,J ’Y’I /~’<e2‘£rj/zné
Ar rmaovked Lrp /)(7- cRTCH for Al - Cle

A5 mavked Zong 348 cobd £ Her-cl,

Person Engaged in Sample Recovery:

Signature & Title: CZ;;“‘~ ;;z:—_.

Recovery Location: UO/;J'H )?ou: /.és‘nru.

Date & Time of Recovery: Z//4/38

Sample Recipient, upon Recovery, if not Recovery person:

Signature:

Date & Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample:

Signature & Title: %f‘[m Me 53}»\})'&( 'Zy -(, EE"\;S}.
Date & Time of Receipt: 21’6183 -FO,MS&..,h,y“ﬁ%(g -E. HCI'CH

Srmmgs

Sample Storage:




SAMPLE ANALYSIS

Beaker Number Method of Analysis Date and Time

/{5/54 \LC/%- /—b% ﬁ ,

Z, 6)-7 [Es‘iv "'3) (;-ﬂﬂw*‘t}yli Tﬂu! 2’/"’"‘/33
/ (Blank) . Floact L/zx/&?

FILTERS

Filter Analysis
Container No. Filter No. & Analysis Signature Date

Ay mze et /] ¢ \W\ Tree: 2[1483

'OJM':/ s J/Q}j /;/-Am&..' z//.?/83

A mrzskeod 1/¢ 5L/

7



APPENDIX B
FIELD DATA SHEETS & CALCULATIONS



Particulate Test Calculations

Company: North Park Hospital Source: Incinerator Test No.: 1
Date: February 16, 1988 Test Team: Bruce Lawrie / Tom Soulsby
Nozzle Diameter: 0.454 in. Nozzle Area (Sq.Ft.): 0.001124
Console No.: 1 Meter Calibration: 1.008 Km: 0.685
Stack Diameter: 10.5 in. Stack Area: 0.60 Sqg.Pt.
Assumed Moisture: 11.3% Stack Static Pressure: 0.0 " w.c.
Stack Temperature: 1200 oF Meter Temperature: 31 oF
Pressures: Barometric: 29.30 in. Hg. Stack: 29.30 in. Hg.
Probe No.: 3' #2 Filter/Impinger Box No.: 1 Cp = 0.84
Orsat/Fyrite: % C02 = 3.4 %02 = 15.8 XN2 = 80.8
Molecular Weight of Gas: Dry: 29.18 Wet: 27.91
K Factor: 12.16 Minutes/Point: 5.0 Number of Points: 12
Mls: 99.0 Mg Particulates: 17.0
Vm P Sqrt P “H Ts Tm Tm I*
498.561 0.11 0.332 1.30 1203 31 31 103.8
501.64 0.11 0.332 1.30 1200 34 31 100.4
504.63 0.11 0.332 1.30 1199 39 31 99.2
507.60 0.10 0.3186 1.20 1050 43 32 97.4
510.53 0.07 0.265 1.30 630 45 33 93.6
§13.31 0.06 0.245 1.10 600 48 34 104.2
516.23 0.11 0.332 1.30 1110 41 35 99.4
519.31 0.12 0.346 1.50 1175 48 35 97.8
522.43 0.12 0.346 1.50 1165 52 37 98.1
525,59 0.09 0.300 1.10 1075 53 39 101.0
528.50 0.08 0.283 1.00 800 54 40 89.9
531.20 0.05 0.224 0.85 650 54 40 96.7
533.647 Final
AVERAGES
35.086 0.304 1.23 988 40
1448 500
CALCULATIONS
Volume of Water Vapor Collected (cubic feet): 4.66
Dry gas volume through meter (cubic feet): 36.671
Stack gas moisture content by volume: 11.3%
Stack gas wet molecular weight: 27.92
Actual stack gas volume sampled (cubic feet): 115.75
Stack gas velocity (feet per second): 29.08
Stack gas volumetric flow rate (dscf/minute): 332
Stack gas volumetric flow rate (ACF/minute): 1049
Particulate concentration’ (graine/dscf): 0.0072
Particulate concentration (grainc "ACF): 0.0023
Emission rate (pounds per hour): 0.020
Isokinetic sampling rate (percent): 98.58

I* - Point by point isokinetic rate



Particulate Test Calculations

Company: North Park Hospital Source: Incinerator Test No.: 2
Date: February 16, 1988 Test Team: Bruce Lawrie / Tom Soulsby
Nozzle Diameter: 0.450 in. Nozzle Area (Sq.Ft.): 0.001104
Console No.: 1 Meter Calibration: 1.008 Km: 0.685
Stack Diameter: 10.5 in. Stack Area: 0.60 Sqg.Pt.
Assumed Molisture: 10.3% Stack Static Pressure: 0.0 " w.c.
Stack Temperature: 1200 oF Meter Temperature: 31 oF
Pressures: Barometric: 29.30 in. Hg. Stack: 29.30 in. Hg.
Probe No.: 3' #2 Filter/Impinger Box No.: 1 Cp = 0.8
Orsat/Fyrite: % CO2 = 3.0 X02 = 16.3 XN2 = 80.7
Molecular Weight of Gas: Dry: 29,13 Wet: 27.99
K Factor: 11.95 Minutes/Point: 5.0 Number of Points: 12
Mls: 88.5 Mg Particulates: 24.1
Vm P Sqrt P "H Ts Tm Tm I*
533.861 0.12 0.346 1.580 1250 46 43 100.1
536.98 0.13 0.361 1.60 1215 52 43 97.1
540.18 0.13 0.361 1.60 1155 56 44 93.4
543.33 0.10 0.316 1.30 1100 58 42 102.6
546.42 0.07 0.265 0.90 1000 60 46 98.8
549.01 0.05 0.224 0.90 600 61 46 95.17
551.50 0.10 0.316 1.30 1115 54 48 103.6
554.61 0.11 0.332 1.50 1235 58 48 101.5
557.70 0.10 0.316 1.30 1135 60 48 101.6
560.75 0.10 0.316 1.30 1060 61 48 99.8
563.82 0.017 0.265 1.10 900 62 49 109.2
566.80 0.06 0.245 0.95 800 62 50 95.4
569.308 Final
AVERAGES
35.447 0.305 1.27 1047 52
1507 512
CALCULATIONS
Volume of Water Vapor Collected (cubic feet): 4.17
Dry gas volume through meter (cubic feet): 36.193
Stack gas moisture content by volume: 10.3%
Stack gas wet molecular weight: 27.98
Actual stack gas volume sampled (cubic feet): 117.63
Stack gas velocity (feet per second): 29.171
Stack gas volumetric flow rate (dscf/minute): 330
Stack gas volumetric flow rate (ACF/minute): 1072
Particulate concentration'(grains/dscf): 0.0103
Particulate concentration (grains/ACF): 0.0032
Emission rate (pounds per hour): 0.029
Isokinetic sampling rate (percent): 99.80

I* - Point by point isokinetic rate



Particulate Test Calculations

Company: North Park Hospital Source: Incinerator Test No.: 3
Date: February 16, 1988 Test Team: Bruce Lawrie / Tom Soulsby
Nozzle Diameter: 0.454 in. Nozzle Area {Sq.Ft.): 0.001124
Console No.: 1 Meter Calibration: 1.008 Km: 0.685
Stack Diameter: 10.5 in. Stack Area: 0.60 sSq.Ft.
Assumed Moisture: 11.5% Stack Static Pressure: 0.0 " w.c.
Stack Temperature: 1200 oF Meter Temperature: 31 oF
Pressures: Barometric: 29.30 in. Hg. Stack: 29.30 in. Hg.
Probe No.: 3' #2 Filter/Impinger Box No.: 1 Cp = 0.8
Orsat/Fyrite: % CO2 = 2.8 %02 = 16.4 XN2 = 80.8
Molecular Weight of Gas: Dry: 29.10 Wet: 27.83
K Factor: 12.11 Minutes/Point: 5.0 Number of Points: 12
Mls: 93.5 Mg Particulates: 20.2
Vm P Sgrt P “H Ts Tm Tm I=
569,834 0.11 0.332 1.50 1085 50 49 98.0
§72.96 0.10 0.316 1.30 1103 55 49 99.3
575.98 0.11 0.332 1.50 1070 58 49 99.0
579.18 0.08 0.283 1.00 961 61 50 97.8
581.99 0.086 0.245 0.90 865 62 50 96.5
584 .48 0.04 0.200 0.60 800 64 51 100.5
586.66 0.10 0.3186 1.30 1030 61 51 96.8
589.70 0.10 0.316 1.30 1123 62 52 100.0
592.75 0.10 0.316 1.30 1090 64 52
0.08 0.283 1.00 870 65 53
598.64 0.06 0.245 0.90 670 66 53 89.2
601.15 0.04 0.200 0.70 600 66 54 91.4
603.321 Final
AVERAGES
33.487 0.282 1.11 947 56
1407 516
CALCULATIONS
Volume of Water Vapor Collected (cubic feet): 4.40
Dry gas volume through meter (cubic feet): 33.896
Stack gas moisture content by volume: 11.5%
Stack gas wet molecular weight: 27.83
Actual stack gas volume sampled (cubic feet): 104.23
Stack gas velocity (feet per second): 26.60
Stack gas volumetric flow rate (dscf/minute): 312
Stack gas volumetric flow rate (ACF/minute) : 960
Particulate concentration'(grains/dscf): 0.0092
Particulate concentration (grains/ACF) : 0.0030
Emission rate (pounds per hour): 0.025
Isokinetic sampling rate (percent): 97.02

I* - Point by point isokinetic rate



Company: N.?QU’-&QS?YY“V

PARTICULATE TEST FIELD DATA

Source: {0 Test No.: Z
Date: FEBL 1. 1933 Test Team: WAL [ Anocu
Nozzle Diameter: in. Nozzle Area (5q.Ft.): Q.00[{44
Console No.: _| Meter Calibration: _]|.299
Stack Diameter: (0.3 in. Stack Area: 0.b0 Sg. Ft.
Assumed Moisture: 1.0 % Stack Static Pressure: " w.cC.
Stack Temperature: _ oF Meter Temperature: oF
Pressures: Barometric: ’L?} in. Hg. Stack: in. Hg.
Probe No.: _ 3! 4 2. Filter/Impinger Box No.: t Cp =
Orsat/Fyrite: % C0O2 = %02 = %¥N2 =
Molecular Weight of Gas: Dry: Wet: '
K Factor: _J/t.4 Minutes/Point: _ _$. © - _
Time Start: [0 Q) Time End: /7. o3 M_/
TEMPERATURES
Meter AH Meter | Vacuum
Point Volume AP Desire| Actual]| Stack]| Box |{ Imp | In | Out
! 498.541 | 0.// [ 3 L3 17203 |25 35 13113}/ 1 5
L | S0re¢ | O-1} /.7 /[ (oo 1260 I8¢ 134 13/ 1 5
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4
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PARTICULATE TEST FIELD DATA

Company: Pm\wuoﬂ Source: . !.&lmrdgﬁ Test No.: Z-

Date: _ Test Team:

Nozzle Diameter: in. ©Nozzle Area (Sq.Ft.):

Console No.: _  Meter Calibration:

Stack Diameter: in. Stack Area: Sq. Ft.
Assumed Moisture: % Stack Static Pressure: " w.c
Stack Temperature: oF Meter Temperature:

Pressures: Barometric: 29 in. Hg. Stack 298 1n ?fg
Probe No.: Ik Filter/Impinger Box No. Cp = 8
Orsat/Fyrite: % C02 = %02 = ¥N2 =
Molecular Weight of Gas: Dry: Wet:

K Factor: Minutes/Point: J.0

Time Start: [/:2 {12 } Time End: 36 g ~-

: + TEMPERATURES
Meter AH » Meter | Vacuum
Point Volume AP Desire| Actuwal| Stack] Box [ Imp | In | Out
] :?1,34( o/l /.3 1.5 /2% 2ac| K |46 143
= |5 Lag p.-/3 [.& /. i /}_l:s__é.ﬂ_g_r:; L o) 3;
3 Sto,/ o./3 [ 6 /. f[SS (250 Je¢ |41 S5
4 $S4¢3.33 [o0./¢ /-3 /3 | [//9e (255 |5|SE 9= T~
S |Sek. 42 [0.07 | 0.90 0.9 |/ouvn |ZEF|.SC |60 4CT & |
3 S49.01 1 0.05 ]o0. 20 0.90 | oo [265 ] 62|41 4
' SToP- |[cHAnGH PoaTs _
[ S/ S50 10.]0 ] 1.2 LS 1252 1§88 S48 &
z Gl | 0.4 J2 /. /23y |2SsS(éoc |S3'4x| 5
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T I'4
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PARTICULATE TEST FIELD DATA

Company: U.fﬂlk ‘HGSPITN- Source: _fn(,lngfz‘fc/ Test No.: 3
Date: Fen /b /983 Test Team: wwdléj_ﬁ:u&)cri)'nlocn
Nozzle Diameter: _ 0. 4S5 €& in. Nozzle Area (Sq.Ft.): 7
Console No.: _/ Meter Calibration: /,00&
Stack Diameter: /6. S in. Stack Area: ©. .6 Sg. Ft.
Assumed Moisture: /0 X Stack Static Pressure: . " w.c.
Stack Temperature: oF Meter Temperature: oF
Pressures: Barometric: 23.3 in. Hg. Stack: _29.3 in. Hg.
Probe No.: Filter/Impinger Box No.: Cp = O.§¢
Orsat/Fyrite: %¥ C02 = %02 = %¥N2 =
Molecular Weight of Gas: Dry: Wet:
K Factor: Minutes/Point: __ &, Q .
Time Start: 1,44 Time End: /(; 49 J@ﬂ"’
} TEMPERATURES
Meter AH Meter | Vacuum
Point Volume AP Desire| Actual| Stack| Box Imp | In | Out
1569 834 o0.11 .5 [-S /g8 | 2350|4250 43| £
T |57:.96 | o0.ip ) /-3 (/9 |24c| oSS 49| 4
> 1525.98lo. /| 7.5 (.S |/020 2604 lSH £ 5
4 57918 008 | /. o .o 26/ * 6 [|So| 4
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source: A Poruc {*/oSPITWL—

AIR SYSTEMS TESTING,
ORSAT ANALYSIS

pate. 2[16 /33

Pre-test leak Check: fZK:

e Ya

INC.

Post-test Leak Check: !2Ei

TEST NO:

Component Run #1 Run #2 Run #3 Average %
xco, |3.4,3.4¢ 3434 3 4
* 9, 19.0,19-1,0YIL 19204 ”"/ISB
% CO
% N,

TEST NO: 2/9’&’4

Component Run #1 Run #2 Run #3 Average %
% Co, 29 29|30 70} 30 30 3.0
X 0 (9.2 9.1 |19.3,93] 194,94 7Y 1¢.3
% CO
% N2

TEST NO: _ S5 Oﬁ?{

Component Run #1 Run #2 Run #3 Average %
% co, 2.8.238 (28,28 2.8
¥ % 9.2 19.2] %2 (9L 92/ 1( 4~
X CO .
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APPENDIX C
SCHEMATIC OF SAMPLING LOCATION
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APPENDIX D
INCINERATOR DATA



PROCESS DESCRIPTION

The Simonds Model 750B natural gas fired pathological waste
incinerator located at the North Park Hospital is charged
once per day of operation. On the day of the test, it was
charged with 323 pounds of waste. The waste was of typical
hospital waste that is burned in the incinerator. The
untreated exhaust from the incinerator passes through a 10.5

inch (inside diameter) stack and out into the atmosphere.



APPENDIX E
VISUAL EMISSIONS DATA



VISIBLE EMISSIONS OBSERVATION FORM

/

Client: M‘fﬂ 9*/6 Hcmﬂé / Source: /’75/’1("}*75’
!

/’
Control Device: - Test Personnel: Jim >c/3/:ck

Date: 2///rr Run §#: 1 Clock Time: /(\'Cb = /] 0

Height Of Discharge Pt. <3/ pistance to Source: <uf/

secC secC
@ min O 15 30 45 |min 0 {15 {30 |45
0 gl <¢cle o |30 ol o |
Emission Point 1 clofo [0 31 ol o 1o
2 ¢ lo|ov|e 32 ol 010 |
3 - o |o ¢ {33 Clceclc lc
4 N N ¢ 134 OClc el
5 ¢ C | o 0 {35 Olo |o | ¢
6 °cloe; 9 ¢ {36 Olo19 v
7 O lolo o {37 O l10 |U o
8 o teo |0 © |38 c |0 | U W
9 Ol o] |39 Clo ¢ [«
Ambient Temp. L7 10 Qo o ¢ 140 Ccleo | u|o
e 11 cldie o 41 ClolcCjc
Wind Speed Q/‘\‘L_u;/’)f‘ 12 o |z O o |42 Ol loule
. : . 13 | oo 1 J 143 ¢ oo ¢
Wind Dlrectlcir: 14 clc < laa Clolo o
Sky Color __Hi¢ 15 clcl el ¢ 145 O191¢e |C
NI 16 | o ¢ © 146 Clolole
Plume Background _ '/ 17 o oo < |47 Clolo |c¢
Condensed H20 in Plume 18 ¢/ Q © © 148 ¢ ¢ 1< C
19 Gloe| J 0 49 ol |o o
Detached_ ~—~ Attached — 20 1o 19210 150 O JU v o
21 Cloelo | U |51 clYlolc
22 C | < c ¢ {52 Cclelole |
Comments: >3 ¢ ¢ 0 < |53 oo o ¢
24 ¢ fe | oo e |54 Clol <o
25 Cloto o |Iss Cle ||
- S g ) Glo| oo
Signature:~jf}77 (/41475< gg ((:w t ¢ o 23 ClC o | o |
Certification Da/te:_ 28 clv]e 1< 158 <. ,Q‘ < (: Wl
29, Ol vl ¢ 159 il Sl B R
Total minutes observed: (’0

Minutes exceeding 0 $ opacity @



VISIBLE EMISSIONS OBSERVATION FORM
Client: M‘Jz e‘f )L/*;’pﬂé/ Source: /’7(/’1(’;/«73’

—
Control Device: - Test Persopnel: /69’7 %/ﬁ(ﬂ
Date: 2 /K /tr. Run #: 1 Clock Time: /(‘Lb - /O

Height Of Discharge Pt. Z5 Distance to Source:_5uf/

secC secC
@ min 0O 15 30 45 |min 0 {15 130 |45
0 Ololeo o 30 glce|ce o
Emission Point 1 Clolto |O 131 Clcrjo o
2 Oolo|lo|e 32 Ol OO0 (.
3 ~ o lo e |33 Oleclc lc
4 O |cle|o |34 OClc el
5 o oo o |35 Olo o ¢
—_ > 6 1219 10 |36 Ol |0 |0
Source Layout Sketch 7 0 joj0|o |37 Ol o |o
8 91919 o |38 o o |ob
9 o e A Y O o |¢ Jo
Ambient Temp. A7 10 olo e lv lao olo ol
; ) 11 (] o o O 41 o] Clo ¢
Wind .‘Speed CJ/I\ - Llr;hk 12 0 O o o 42 O o o |le
: , . 13 |o (oo [0 Ta3 c oo e
Wind Dlrectlo: 14 oo S1C T4 o 1ol 1o
Sky Color J\/J’ 15 gf{c Ol o |45 ) Sle |o
f\‘r . 16 |6 Ol O |46 Gl |lolo
Plume Background /"~ 17 o lo o o |47 Ctolo o
Condensed H20 in Plume 18 ¢ (i) i © 148 ¢ Q < O
- 119 Olo ] 3 e 49 ofltc oo
Detached_ — Attached — 20 C O O 1o |50 o to o fC
21 O 1o o C |51 S | ¢l |~
c ts: 22 G 1< ¢ ¢ |52 C </ O ¢
onments: 23 |ojclolelss Tolelc |c
24 ¢ jo | o O |54 Gl | Cla
125 0 lclo |o |55 Clo o<
. - , 26 clG i1 ¢ 10 |s6 Clrololo
Slgnature:\j}ﬁ 5/4105{ 27 O O ¢ C 57 O G| ¢ C.
Certification Date: 28 “1°|° v |58 0. :‘/ < i
29; cle | ol ¢ |sg ¢ v le e
. 20
Total minutes observed:_ 2

Minutes exceeding__O_% opacity 8



VISIBLE EMISSIONS OBSERVATION FORM

Client: M/ﬂ }?wfé H‘;},‘I{J/

——

Control Device:

Date: ZZ/W@@ Run #:

4__%100____
Source Layout Sketch

Ambient Temp.

/ﬂ(n"ﬂ’r‘/‘—f

Source:

Test Personnel: /@ﬂ >§m¢[

Wind Speed C;An

Wind Direction

Sky Color

Plume Background Z&bf

Condensed H20 in Plume —_

Detached

Comments:

Signature :\j‘-’m [%“LUU(\

Certification Date:

Clock Time: /2 45 -
Height Of Discharge Pt. Distance to Source:_4f/
sec sec -
(:) min 0 15 30 45 |min 0|15 [30]45
0 O\C 1C {2 |30 0o lolc |o
Emission Point 1 o lo o |0 31 0 o1l Jd 1o
2 clo {c |0 [32 Ccloclofe
3 010 1¢ |0 133 01 9101C
4 o 1olo {9 |34 clclolo
5 olololo |35 o lc oo
6 Q10 o0 36 o lol|o o
7 0101|100 |37 o lcolo|c
8 oOlol| 0 {0 38 o lo o jo
9 ol 0| |39 clolcle
457 10 |0 |0 ¢ ]0 a0 6lclo]c
11 o |0 | o o 41 oo ¢ | O
12 ololo |0 (42 o oo |¢
13 (0 ¢ |o 10 |43 o | ¢ 1¢ |«
14 o o lc 1o 44 o lc [0 |v
Jgﬂ( 15 o {0 {0 |O 45 O Jo 1o c
16 O tolo |0 a6 0 |o o
17 o lo| o0 |47 olclo | o
18 olcl | o |48 Clclo]"
19 o |© | Q1c 149 o |6 10 o
Attached_ — 20 0 |¢ |00 |50 o e o [<=
21 |0 |o o {0 |51 c |© o o
22 (O |C | OO |52 Cle o ¢
23 010} o]0 |53 C oo o
24 o jo | o O |54 ol¢e |6 |
25 ORISR o6 |55 o106 |C |o |
26 c 101}l C o 156 6 |0 | ¢ |
27 vlclC |0 |87 o o G |«
28 o 10 O G 58 al|lo |1¢ |
29 o |6 o U 59 c o | & 1
Total minutes observed:___é"

Minutes exceeding 0 % opacity_él_



Georgia Department of Natural Resources
205 Butler Sireet SE . Floyd Towers East. Atlania ?ﬂ:rg.a 30334
J LelTa 1 Leubeiter Com -

Hors CF Remers Lo,

Ecvromverial €0 o

Sy Ut

November 16, 19§7

-

Thomas M. Yaroch

Knox Consultants

4015 Holcomb Bridge Road
#350 Suite 860

Norcross, GA 30092

Dear Mr. Yaroch:

Please be advised that you have successfully completed the field
certification training of the Georgia Visible Emissions Evaluation
Certification Course conducted at the Atlanta Civic Center parking

Tour plume evaluaticns were within the specifications of Federal
Reference Method "9 which qualified you as a Visible Emissions
Evaluator. Your average error on black and white smoke did

not exceed 7.5% opacity and you incurred no single error exceeding
15% cpacity during your-qualifying run.

This letter serves as your official notice of certification which is
valid for six months from the date you qualified (October 21, 1987),
subject to the following visual restriction: NONE.

if vou desire a copy of your original qualified "field test
forz" or if we may be of any further assistance, feel free to
contact our office.

-1t is our hope-that the end result of your participation in _ . _ _
“this course will help in promoting cleaner and healthier air.

Yours for gleaner air,

Arthur D. Hollis
Environmental Specialist
Air Protection Branch
Planning & Technical
Support Program

ADH:cl



VISIBLE EMISSIONS OBSERVATION FORM
Client: MM‘L Rnf H‘{"S/ Soﬁrce: //anaﬁ)’

—

Test Personnel: /om ){m‘(

Date: Zl/(’[ﬁf’ Run §: 5 Clock Time: /2 L/.S =

Height Of Discharge pPt.<%¥ Dpistance to Source:_ Wt/

Control Device:

secC secC
O min 0 15 30 45 |min 0 115 |30 /45
0 010 {C 19 {30 0 lpolo o
Bnission Point 1 Clo o110 31 ol dtu o
2 Cloleo |lo |32 OClolo]le
3 0101¢ lo ]33 0191010
4 O 1010 |0 |34 1O 10|
5 O |0 0 |o 35 C ¢ Jo |¢
T 0 T~ 6 Olo: o |0 36 o j{olo fo
Source Layout Sketch 7 Olol 00 137 o | 2]lo |c
8 O 10 |0 |0 38 O lo o |o
9 O10]01C 139 cloloTlo
Ambient Temp. _ 4S 7 10 0 |0 o |J 40 clejole
11 O |0 | o (o 41 OO ¢ o
Wind Speed (M//" 12 oleclo lo 42 O 19 |9 ¢
Wind Direction iz g) \)' CC‘} AO ::43 g Z i —
Sky Color /5/4/( 15 O ¢ 0 |0 45 O oY
16 ClJolo |0 |46 o |le | o]¢
Plume Background A/E/Vf 17 o {o o |0 47 Ololc | o
Condensed H20 in Plume — 18 °clc1ol0 148 Slolo L
19 o |0 Qle 49 a lo |0 o
Detached__ ™™ Attached — 20 0 (¢ | oo 50 o e |o <
21 © 1o 10 |0 51 ¢ | e |c
22 O |10}l O]o 52 Cl|clc (¢
Comments: 53 oc o] oo 53 ¢ c lo |
24 O le o |© |54 o IS EaN 1S
25 ClO0 o | 0 |55 © GO Te
G oo e
Signature: j/}’" K/MTL g?; % 8 ¢ OO gs g ; C | ‘
Certification Date 28 i © © 158 919 C =
-_— 29 o 8} o G 59 o o a J
Total minutes observed: 50

Minutes exceeding 0 % opacity_o_



APPENDIX F
VELOCITY PROFILE
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APPENDIX G :
TURBULENT FLOW DETERMINATION



TURBULENT FLOW DETERMINATION

V*L *p
Re = e __.
u
When: Re = Reynolds Number (dimensionless)

V = Flue gas linear velocity (ft/second)
L = Channel diameter (feet)
P = Secondary chamber gas density (lb/fta)

U = Secondary chamber gas viscosity (1lb/ft*s)

Thus: Re = —-oom

Re = 12,628



APPENDIX H
SECONDARY CHAMBER RESIDENCE TIME DETERMINATION



SECONDARY CHAMBER RESIDENCE TIME DETERMINATION

The formula for determination of the secondary chamber
residence time (1n seconds) is as follows:

v
c
trz ————————————————
x
Q, * (T, X T)
When: tr = flue gas residence time (seconds)
Vc = Volume of secondary chamber ft3
Qa = Stack gas flowrate (ACF/second)
Tc = Secondary chamber temperature (OR)

Ts = Stack temperature (OR)

5.0
Thus: tr T e
17.07 * (2291/1454)
t. = 0.19 Seconds



APPENDIX I
TEST EQUIPMENT & CALIBRATION DATA



The RAC Stiaksamplr system

Re'.atie Az¢rate Conerpl

EY-EVEZ NILITINA

modular, portable

RAC
STAKSAMPLR®

this versatile, efficient,
field-proven system takes
isokinetic samples of process
& combustion effluents to
EPA sampling standards

o features

¢ Desigred & manutactured to EPA
specifications (Federal Register) for
sampiing the emissions from
statiorary sources

s Furst stack sampling system made
specifically to EPA design (19€9)

* Modular sample case features sep-
araie. interchengeable impinger ice
bath: companimen! and Lghtweight
aluminum construct:on

* With g'assware instailed. complete
2-mcdule sampling case weighs only
32 Ibs detached impinger module
weighs only 14 [bs w ‘glassware

® Aseries of slack samples can be
taken with one set-up (and with
minimum dowrlime) by using several
impinger modules equipped with
different, preassembled trains

* ASTM & Power Test Code approved
¢ Ready-to-use. fully portable system
® Easy to install & operate

e Control unit can be located up to
300 from sample collecting unit

s Stairless steel pitobe assembly
permis one-point sampling & flow
measurements

® Pyrometer unit ioptional. P/N 9927
26 takes concurrent stack temper-
ature readings

® Variety of pitobe designs & probe
tip sizes available

® Interchangeable 25°.3" & 4" dia
particulate fillers

¢ Ball-joint connections on glassware
assure flexible vacuum-tight assem-
bly mirimize the breakage experi-
enced with solid connections

® Design of glassware cennections
prevents panticle buildup at fitting
intets (i misaligned) & hang-ups if
stopcock grease is used

e Nomograph is available o permit
fast accurate on-site calculations

® Moncrail suspension-guidance
system for sample case & pitobe is
easy 1c assemble. provides secure
mounting & smooth traverse during
sampling

® Integratedumbilicalcord available
inlengthsof25.50,75, 100,200
and 300

* Optiona! accessories enhance
system’s inherent capabilities &
versatility

« application

The RAC Staksamplr System takes ac-
curate, low cost. isokinetic sampies of
the effiuents (particulates, Qases, va-
pors or mists) in the emissions from
chemical and cc mbuslion processes.
This eHicient, flesicle system samples
all gas siream e*fiuents in accordance
with Environmental Protection Agency
(EPA} standards, as specified in the
Federal Register. Introduced in 1969,
the RAC Staksamplr was the first sYs-
tem made 1o the £PA design for sta-
tionary source sampling apparatus.

Today, the RAC Staksampir is the
most widely used — and most widely
copied — system of its type. With hun-
dreds of units now in use around the
world, Research Appliance Company
has the most extensive in-the-tield op-
erating experience of any manutaciurer
of this kind of equipment. RAC's exper-
tise is reflected in progressive moditi-
cations and imprcvements 1o the basic
design. It also has produced a wide
range of accessories that have been
developed or adapted 1o meet special-
ized stack sampling requirements.

Designedio operate withits sampling
probe in a horizontal or vertical position,
the versatile RAC Staksamplir can be
used in round or rectangular stacks and
ducts with fiow velocities from 400 to
10,000 fpm andtemperaturesto approx-
imately 2000°F. (NOTE: If flows beiow
400 fpmare encountered. measurements
canbe made by anaccessory microman:
ometer {P/N 994084} that measures ve-
locities down to approx 65 tpm)

The RAC Staksamplr coliects sam-
ples of water vapor (Method 4) part-
Culates (Methods 5 & 17). sulfur dicxide
gas (Method 6)° sulfuric acid mist,
including sultur trioxde (Methogo 8).
inorgamic lead (Method 12). fluorides
(Methods 13A & Bj, mercury (Me'~ods
101 & 1021 and berylium (Methods 103
& 104) all 1 accordance wilh EPA
Methods as published in the Federa!
Reg:ster

Engineered for ease of instaliation
and operation, this advanced RAC sys-
tem meels all accepted standards for
stack sampling operations,



FIGURE 2

Stancard Meter Coniro! Case with dual-
coiumn inclined-vertical manometer for
measuring pressure differentials across
sampling orifice (2. H} and pitot (4 P) with
=1% accuracy.

o design

Available as a complete system, RAC
Staksamplr 1s comprised of four major
subsystems: 1 a pilobe assembly
(combination of a heated, fined, stain-
less steel probe and a detachable pitot
tube); I an operating/control console;
3 a lightweight, modular, two-piece
sample case; and { an inlegrated.
modutar umbilical cord that connects
the sampie case and pitobe to the con-
trol console. All subsysiems are fur-
nished assembled.

To facilitate on-site calculations, a
nomograph is available with each sys-
tem.Amonorailsuspension-guidance
assembly tor the sample case and pit-
obe also can be furnished as a standard
accessory.

Pitobes

RAC pitobes are furnished with three
interchangeable sampling nozzies (Va ",
¥ " and V2" ID), ball-joint connections,
and quick-disconnect couplings. They
are available in 3, 5 and 10" eHective
lengths The 3 and 5 standard units
can be suppiied with stainless steel or
Pyrex® g'ass-lined probes, the stand-
ard 10" unit has a stainiess stee!l lined
probe.

Glass-!ined probes can be used for
stack temperatures up 1o BOO°F. For
higher temperatures, stainless steel or
special liners {optional) — or the RAC
water-cooled pitobes (optional) — can
be used In addition, the pitot tube can

be detacheq ‘rom the probe for quick,
easy replacement It also can be used
separate from the probe for traversing
prior 1o setting the Staksampir in posi-
tion.

Control Console
STANDARC MODEL

The Stardarc Master Control Console
(Meter Control Case; for the RAC Stak-
samplr conta'ns the system’'s vacuum
pump, inclined-vertical dual-column
manometer, {otalizing dry gas meter,
thermometers, valves, and operaling
switches in a sturdy, louvered, steel
cabinet with a hinged, removable ac-
cess door. Clear plastic viewports on
top of cabinet permit visual readings
of two dial-type thermometers located
in the inlet and outiet ports of the dry
gas meter. This meter measures the
volume of air drawn through the sys-
tem during a sampling period and
provides a digital readout of the total
volume.

When the system is operating, the
dual-column manometer is used to se-
lectively monitor the pressure differen-
tials acrcss the sampling orifice (2 H)
and the pitot tube (2 P). The manom-
eter’'s vertical scale ranges from 1.1
to 10" water (0.1” minor division) and
the inclined scale from 0 to 1.0” water
(0.01" muinor division). Full scale accu-
racy is =1%.

LCD MODEL

Staksamplr LCD is a Lightweight, Com-
pact. Digitai stack sampling system that
supplies a meter control console equip-
ped with a hquid crystal display (LCD)
temperature indicator for Type K Chro-
melAlume: thermocouple sensors.

FIGURE &

Two-module sample case with glassware in-
stalieg Door onthermosiat-controlied heated
compartmeni provides gquicker access to
pariculate-coliecting componenis Modules
are easily joined or separated by a slip-Iit
connection

>

e

FIGURE 3
LCD Meter Console with liquid crystal display
temperature indicator for Type K thermocouple
sensors. Circuit breaker switches and external
rotary vane pump are standard.

The LCD Meter Console cortains
the same basic components as the
Standard Meter Control Case with the
added features of a digital temperature
readout indicator, temperature-indicat-
ing thermocouples rather than dial ther-
mometers, circuil breaker switches in-
stead of fuses, and an external high
capacity rotary vane vacuum pump.

The external pump adds to the com-
pactness of the unit, reduces noise and
vibration during sampling periods. andis
easily accessible foraliservice and main-
tenance work

The LCD temperature indicator pro-
vides accurate digital readings for a mini-
mum 6 different points in the sampling
system. Individual temperature readings
can easily be obtained for the (1) stack
gas.(2) probe liner,(3) sample case heated
compartment (4) outlet of the last impin-
ger(5)drygas meterinle{, and (6)dry gas
meter outlet. The liquid crystal display
readout is equipped with a thermostat:-
cally controlled heater to preven! siug-
gish response in cold weather and a
field-selectable slide switch for conver-
sionto either Fahrenheit or Celsius tem-
perature scales. The digital display 1s
easily removed through the front of the
console for fast servicing and mainten-
ance and provides glare-free readings
even in direct sunlight.

Sample Collecting Case

The RAC Modular Sample Case is a two-
module configuration that features a ight-
weight aluminum constructionaswel!as
optimum ease and flexibility of operation.
This case contains the system's standard
all-glass sampling train {or optional stain-
less steel impingers-bubbiers, P/N 201093-
201092). and supports the pitobe in both
the normat horizontal and vertical optionat
{P/N 201015} mounting positions

A separate healed compartment con-
tains the sampling train's pamcu‘late-
collecting cyclone, flask, and filter,



*options & accessories
Digital Temperature Dispiay

Staksampir LCD 1s a complete stack
samphng system which prov:des accu-
rale digita' temperature readouts for 6
dfferent points in the system Thermo-
couples replace dia! thermometers angd
are usedtoobtantemperatyre readings
(1inthestack (2)atthe probe liner (3)1n
sample case healed compariment (4) at
outiet of last impinger 1S) at dry gas
meter irlet. and (6) at dry gas meter
outlet The meter control case 1s equip-
ped with a hquid crystat display (LCD)
temperature indicator ang external pump
and is compatible with al! existing RAC
Staksampirs

Large Filter Holders

Whenahighvolume of particulate matter
1S encountered, interchangeable 3' (80
mm. P/N 201012) and 4 (1 10mm, P/N
201013 glass units can be substituted
for 25 (E4mm, P/N 997065) particle
filter 1n sample case heated compart-
ment All sizes of RAC filter holders are
equipped with a tritred giass disc to
support the filter media.

Water-Jacketed Pitobes

These jacketed units use Circulating water
to withstand stack temps over 800 F:
available in3.5 & 10 effective fengihs.

Stainless Stee!
Impingers-Bubblers

For applications 1n which breakage of
glassware 1s a common problem. RAC
oMers optional stainless steelimpingers
iP/N 201093 & bubbler yrits (P/N 201092)
with balt-joint connections These un-
breakable all-metal unis are interchange-
able with the std glassware.

Sectionalized Pitot Tube

Three modular sections provide an S-
type pitot with effective lengths ot 10" &
15

Digital Pocket Pyrometer

Pocket-sized, battery powered thermo-
couple pyrometer provides stable. accur-
ale temperature readings. Type K ther-
mocouple (suppliedseparately) attaches
to pitobe and provides femperatures over
arangeof 50 to 1900°F (F/N 992726)or
107 t0 1100°C (P/N 992726-1).

Slide Rule Nomograph

Performs presampling and during-sam-
phng isokinetic calculations easily and
accurately. handy. standard. slide rule
body. very accurate and versalile, no
assumptions are necessary; calculates
nozzle diameter andisokinetic sampling
rate (P/N 201014): optional slide rule

RAC Staksamplr Schematic ot EPA Particulate Ssmpling Train (Method 5)

Same basic corfiguration used 1o sample Beryllium & Mercury Vapor
(Feceral Registe-. Vol. 36, Nos 234 {Be, Hg) & 247)

Heated

Thermomeler Area

Filter
Holger

Thermomeler
-

Reverse-lype \
Piter Tube ¢ '

Manometer
Onifice

»;,%-T‘ Main  Vacuum
4 )
\\ng, Valve  Gauge
O,
Aur-tighs
Pump

Configuration of Sample Case for
sampling SO,. SO, & H,50, MIST
(Method 8)

Heatec area is by-passec particulate
filter posiloned between 1et & 2nd im-
pingers al other comporentt same as
for particulate samphng

(Federal Regisier. Vol 36 No 247)

tP/N 201127, avalable if meter mors-
lure content s greater than 2 84 and’or
ary molecular weight is not 29 = 1

Special Probe Liners

In addition te the standarg Pyrex glass
and Type 304 slainless sieel liners fur-
nished as standard with RAC probes.
optional liners made of Teflon Type
316 stainless steel, Quanz, and Inconel
also are available on special order.
These liners are furnished in starcarg
lengths of 3°. 5" or 10 (except for Pyrex
glass and quartz) and special lengths
can be supplied 1o order.

Flexible Sampling Lines

For sampling operations in confined or
physically restricted areas. RAC offers
flexible, heated. sample-collecting lines
that allow the pitobe to be separated
from the sample case by distances up to
20" with no loss in sampling etficiency
Available in 5, 10" 15" & 20 lengths,
these flexible lines can be used for gas
streams with temps up 10 300 F (max!
and have std ball-joint connections at
bothends Avariable voltagedevice con-
trols temp range in the sampie Iine and
prevents bum-out of integral heating wires
Pitot extension lines may be required

Stack Interface

This instrument adapts the Staksamplr
control console for use with the RAC
Stack Gas Train sampie case. which
uses midget (30 ml) impingers for samp-
ling moisture (EPA Method 41 and SO
(EPA Method 6) in stacks or ducts. has
flowmeter to monitor the low flow rates
required. drying tube & connections for
samphng pitol & electrical lines (P'N
897503).

Andersen In-Stack
Fractionating Sampler

Precision, multi-stage, stainless steel
unit collects & automatically classifies
particles into 8 sizes (ranging from
+20.0 microns down t0 0.26 microns dia)
according to their aerodynamic charac-
teristics; isokinetic techniques car be
used for sampling in stacks wilth veloc-
ities from 100 to 12,000 tpm & temps 1o
1500 F. adapts to all RAC pitobes (P/N
201037).

Gas Stream Hygrometer

Uses maliched (0—220°F) wet-bulb and
dry-bulb thermometers to measure
percent of water vapor in stack gas
sireams with temps below 212 F_stain
less sleel construction (P/N 19751 7)

Alundum Thimble Filter (ir.-stack)

Uses 45 x 127mm Alundum (ceramich
thimble of coarse porosity for dry collec-
tionof particles entrained in gasstreams
with temps 10 1500 F. glass-liber and



AST Meter/Orifice Calibration

Console No.: 1 Calibration Date: November 29, 1987
Gas Volume Gas Volume
Time Calibration Meter Dry Gas Meter
(min) “H “cm Initial Final Initial Final Tem T1 T
13.00 0.55 0.0 74.386 79.693 148.871 154.173 64 65 6
70 6
10.00 1.0 0.0 79.693 85.205 154.173 159.686 64 10 6
75 6
8.00 1.5 0.0 85.205 90.528 159.686 165.030 64 74 6
78 6
7.00 2.0 0.0 890.528 95.862 165.030 170.376 64 76 6
80 6
8.00 2.5 0.0 95.862 102.667 170.376 177.200 54 78 5
82 6
7.00 3.0 0.0 102.667 109.225 177.200 183.766 64 79 6
83 5
Pb = 28.85
H = 0.55 MCF = 1.004 Qm = 0.408 Km = 0.694
H= 1.0 MCF = 1.007 Qm = 0.551 Km = 0.695
H= 1.5 MCF = 1.006 Qm = 0.665 Km = 0.685
H= 2.0 MCF = 1.008 Qm = 0.762 Km = 0.679
H= 2.5 MCF = 1.009 Qm = 0.851 Km = 0.678
H= 3.0 MCF = 1.012 Qm = 0.938 Km = 0.682
AVERAGES: MCF = 1.008 Qm = 0.696 Km = 0.685
CALCULATIONS
(Cm Final - Cm Initial) (Tdgm) (Pcm)
MCF = eIl llITl-
(DGM Final - DGM Initial) (Tem) (Pdgm)
DGM Volume (T2 Avg. + 460)
Qm = e G L P X (MCF)
Time (T1+T2 Avg. + 460)

Km = (Qm) [ sSqrt (Pm * Mm / Tm / "H) ]



AST, Inc.
Post Test Meter Calibration
Console #1

“H cm Viem V2cm Vidgm V2dgm Tcm T1 T2
1.2 0.0 156.487 164.742 851.001 859.295 57 66 56
75 58
1.2 0.0 164.742 170.828 859.295 865.436 57 74 59
77 61
1.2 0.0 170.828 183.695 865.436 878.425 57 76 61
80 63
Pb = 29.30

MCF = 1.005

MCF = 1.009

MCF = 1.012

Average MCF 1.009

Calibrated by: jﬁg/a‘\-\- Date: 2—//25/35




THERMOCOUPLE/THERMOMETER CALIBRATIONS

Device Reading (oF)

3’ Peooe # 2 Swr-flc* 33° /2” °

ASTM Reference
Thermometer {oF)

Ypusce #3 smtl*  33°/21°

33’/2!:3

Ficter Rox TH& MM 5sS c'/2 07 )

33°[211°

TP, QUTLET THERMoMETER 33'/ 5¢°

METer inLET 3¢° /ZIO°

o b
METER GUTLeT 34 /uo
*

S7'/7_|l°

33" /57’

33/ 20”

33°/ZI;" |

'T/c RSSEMBLY Tncluotd OMEGA HHS9AK DiciTAL TNEtMomeTEL

Dere: 2[12/88 en
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APPENDIX J
HC1l - Cl2 PROCEDURES
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2 10 GHLGRINE AND CHLOHING CO Pl NDs

The: followvina methol has heaen used tn a

(%1}

.imized extent for analysis of hydrochloric
acii, free chlerine, ant total chlnarides in
e~1ssions frem chlorination fluxinz of molten

aluminu~ alloys.

5.4.10.1 MeTnop Summany

liyirnchlnric acid is collected by imaingers
containing water at arbien: temmarature. These
are fcllowad by impingers containing caustic,
cooled in an ice bath, for collection of free
chlorine. If only free chlorine is tobe Aeter-
rmined, collection may be made with potassium
10dile solution, snalyzing for free libarated
iodine by standard iodometric methods. Only
traces of free chlorine and hydrochloric acid,
respectively, are collected by the distilled
water anrd caustic. .

Tha hydrochloric acid and free chlorine
are determined by alkalimetric and iodometric
titrations, respectively. Total chlorine is
»termined as chloride by the Volhard methot;
wther halides, except fluorides, will be in-
cluded in the analysis. The latter determina-
ticn 1s mads for checking purposes, as well as
for other chlorides that may be present in the
sarple.

Metal chlorides, if preSent in more than
trace amounts, are removad by a paper thimble
preceding the distilled water impingers. The
thimbie collection is extractad and analyvzed
by usual chemical procedures for metal and
chlorids ions. An APCD method uses 8-hydroxy-
qeinoline rezgent for analysis of millizram

iriantaties of aluminum and ragnesium.

5.4.10.2

The absorption train consists of: (a) two

SaMPLING

irpiniers, each containing 100 ml of Adistilled
~ater (the contents are later referred to as

svlution 4), followed by (b) two impingars,

)

eich containin ING ml of 3% sodium hylroxide

solution (the contents are later referre tn

as solution b), folloved in turn by a dc-u;:m?él'

ping=r fitzed with a thermometer on the inside
stern. The firsc two impinzers are held in a
water bath at ambient terperature, and the re-
maining three are placed in an ice bath. A dry
gasmeter and vacuum punp follow the impingers.
Netails of assanbly, sampling, and recording
data are tha same as describe:!d for other con-
stituents, e.g., ammonia, organic acicds, and
sulfor Aioxide; samplinz rates should not ex-
cead 0.5 cfm.

The total volume of each of solutions &
and 3 are measured; the condensate volume, if
not neglizible, is recorded for later calcula-
tion of sampled gas volume. The impingers and
tubing for each solution are rinsed with water

5.4.10.3 ANALYTICAL PROCEDURE

To analyze for free chlorine, a few milli-
grams of solid potassium iodide are added to
an aliquot of solution \; if no iodine color
develons, the solution is then titrated for
deternination of free hydrochloric acid as
described below. If iodine is liberated, the
solution is first titrated to the starch end
point with standacd 0.1 N sodium thiosul fate

solution.

An aliquot of solution D is acidified with
sulfuric acid, about one gram of solid potas-
sium iodide added, and the liberated iodine
titrated »ith standard 0.1 N solium thiosul-
fate to the starch end point. The quantity of
soliun thiosulfate used for each of tha above
titrations 1s recorded and expressesd as milli-
equivalants.

For hvdrochlocic acid, the solutian \
aliquot from abave is titrated with standard
0.1 N sndium hydroxide solutien to the rethy)



Collertion ani {n2lysis nf Guiscous Constituents

r—-l =21 point. The vty of stendard hase
used is recorded an! expressed as milliequiva-
lents,

Inthe analysis for total free and cosbined
chlorine, separate aliquots of solution A (made
alkalin=) and solution 1 arc used. Sufficient
30% hydrogen peroxide is added toeach solution
to reduce all free chlorine to chloride ion.
The total chloride ion content of each is de-
termined by the standard Volhard titration
procedure, and expressed as milliermuivalents

of chloride 10n.

5.4.10.4 CarcuraTIiONS
Calculations of the volume of stack gas
sampled are made in the same manner as de-
scribed for other constituents collected by
sapling trains, e.g., asmonia, organic acids,
sullurdioxide. Usually little or no condensate
iscollected so only Equation 4.9 may be needed.
The concentration and emissinn rate of
free chlorine (as Cl9) in the sampled gas are

calculated using the following relatians:

c. =416

cl "_"V¥—"__— . (5.52)

and

(5.53)

1t - n o,
ot 12x 208 ¢

wvhere,

€cy = concentration of free chlorine,
parts per million bv volume

™1™y = milliemivalents of standard sodium
thiosulfate used for titration of
1odine liberated by aliquots of
solutions 4 and B, respectively

f{.f5 = aliquot factors for so'lutions A
and B, respectively

V1 = volume of stack gas sampled, stand-
ard cubic femt

“t1 = emission rate of free chlorine,

pounds per hour

2 = stach gas flos rate, standard conje
feaet per minute

The concentration an! emission rate of hy-

drochloric acid (as HCl) in the sarmpled nas

are calculated with the expressions

f1m
“ict = 838 v (5.54)
and
Yer = 576 x 106c,10 , (5.55)
vhere,

hydrochloric acid concentration,
parts per million by volume

ma = miliiequivalents of standari
solium hydroxide used for titra-

Ha

tion of aliquot of selution A
;] = emission rate of hydrochloric
acid, pounds per hour

£1.¥1.7 = as defined for Fquations 5.52

and 5,53

The milliequivalents of tntal chloride icn
found for solution A should be at least equal
to the sum of the nilliequivalents of free a,
and HCl found (i.e., fim *+ £1m3). Any greater
amount suggests that the difference is dus to
metal chlorides that may have been collacted
in the solution.

The milliequivalents of total chloride ion
found for sonlution B should be equal to fars,
the milliequivalents of free Cly found; any
slight excess may be sttributabie 0 hyiro-
chloric acid that was not absorbed in the dis-
tilled water impingers. In this case, the ad-
ditional acid is added tn that calculated from
the preceding se<tion.

5.5 STACK GAS WATIR VAPOR
CONTENT

An averag= value for water veapor content
of the stack gases over the test period is ob-
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