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CORRESPONDENCE/MEMORANDUM

DATE:
T10:
FROM:

STATE OF WISCONSIN

February 27, 1987 FILE REF: 4530-3

Files

Joseph G. Brehm - Am/3 %/% B

SUBJECT: Review of Stack Test Performed at Northland Food Cooperative, Shawano

I.

IT1.

111.

SOURCE

Northland Food Cooperative
116 North Main Street
Shawano, WI 54166

Facility Contact: Mr. Dick Marquardt, (715) 524-2191

FID #459040010, Stack #S513, Process #P30, khey Dryer

Test Date: April 9, 1986

SOURCE DESCRIPTION

The source tested was a Rogers whey dryer which is a two stage process.
In the first stage, whey concentrate is sprayed under pressure into a
hot air chamber, the primary dryer. The partially dehydrated powder
then passes to a secondary dryer for final drying. The end product is
pure sugar with a moisture content of about 4%, which is used as an
animal feed supplement and also in the food industry. The dryers are

fired with natural gas, or can use propane as a standby fuel. hhey
powder production rate averaged 5,549 1bs/hr for the test.

Emissions from this process are controlled by two Cyclones. HNo data was
available on the types of cyclones or their operating parameters.

SAMP LING OPERATION

A. Purpose of Test
The purpose of the test was to demonstrate compliance with the
applicable emission limit. The source was issued a Notice of
Noncompl iance on December 13, 1985 because of whey fallout on the
surrounding area.

B. Sampling Firm
Badger laboratories & Engineering Co., Inc.

J110 South Oneida Street

Appleton, W1 54915

Crew Chief: Sander E. Sundberg, PnD., {414} 739-9213
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IV.

Run

Number

W —

Ave,

iles - February 27, 1987 2.

C. The test method used was EPA Method Five as stated in the Federal
Register, Volume 42, #160, August 18, 1977. The test was done
through four ports in the rectangular steel stack (28" X 32"). The
ports were located approximately 10 1/2 feet downstream from the
last disturbance and about 2 feet from the stack exit. Twenty-four
points were sampled, six per port, for three minutes per point for
Run #. The rest of the runs were sampled for 2 1/2 minutes per
point, Five such runs were dote (see discussion section for
explanation).

D. Test Witness

Mr. Larry Weix of the Lake Michigan District office was the
Department's representative at the test.

SUMMARY OF RESULTS
The results listed are those as reported by Badger Laboratories. The

Department's results are listed for comparison. Only the first three
runs are averaged.

Emission Emission Concentration Isokinetic
Rate {1b/1000 1b gas, W.B.) Ratio
Badger DNR (%)
0.0540 0.0%8 ~98.0
0.0669 0.0656 98.5
0.0480 0.0470 98.4

0.05863 0.055 ¥8.3

APPLICABLE EMISSION LIMIT

 The emiésion 1imit that probably applies is 0.2 pounds per thousand

vI.

pounds of gas as stated in Section NR 154.11(3){b}1.m., Wisconsin
Administrative Code. Section NR 154.11(3)(a)i.1., which is based on
process weight rate, may also apply depending on the source location
and/or when it was constructed. If applicable, this }1imit would be
6.76 pounds per hour.

DISCUSSION OF RESULTS

The emission concentration of 0.0563 pounds per thousand pounds gas is
under the 1imit of 0.2 1b/1000&kgas. The isokinetic ratio of 98.3% is
within the 1imits of 90% - 110% that the Department uses to judge the
validity of stack tests. I checked all the field and laboratory data
and found it to be complete and accurate. I then ran #his data through
the Department's computer program and my results had good agreement with
those contained in the report.
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According to the report "the whey dryer emission did not 1ook normal to
Mr. Marquardt and the production was stopped after the second test." A
cyclone was found to be plugyed. After remedying the problem, testing
resumed with three more complete runs. The two extra runs were done in
case the plugged cycione had caused the results of the first two runs to
be abnormally high. The results for the first two runs were higher, but
so was production so there was no reason to discard the first two runs.
The results for runs #4 and #5 are copied in the addendums to this
review.

The report contained all necessary calibration data for the test
equipment, but 1ittle information on the process itself. The process
information was obtained from previous inspection reports. There was no
witnessing form available from the test.

JB:pl /8069R

ccC:

ban Schramm - IMD
Joe Perez - AM/3
U.S. EPA Region V
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WHEY DRYER EMISSION TEST

I. Introduction and Summary

Badger Laboratories & Engineering Co., Inc. was retained by Northland
Foods .0f Shawano, WL to determine the concentration of parcticulate
matter in the exhaust from a whey dryer. The purpose of the test was
to show compliance with State of Wisconsin particulate limitations.

Emission tests were conducted April 9 & 1G, 1986 by Sander E. Sundberg,
_°hD and Bruce Lamers. Larry Weix of the Wisconsin Depariment of Natural
Resources visited the test site. The ambient temperature during the tesc
was 45 - 55°F, wind was strong and gusty from the northwest. A total of
five test runs were performed following U.5. EPA Methods.

The whey dryer emission did not look normal te Mr. Marquardt and the pro-
duction was stopped afcer the second test, A cyclone was found to be
plugged. This situation was corrected and testing resumed, Mr. Dick
Marquardt is the company contact.,

The exhaust gas ranged in temperature from 115 - 132°F. The sampling
isokinetic rates were 98.0, 98.5, 98.4, 99.1 and 99.1 percent.

The results of the tests are as follows:

Volumetric Particulate Particulate
Test Flow Rare Emission Rate Concentration
Run Date ° scfh (dry) 1b./hr. 1b./1000 1b. Gas
1 4-9-86 1.314 x 10° 5,3119 0.0540

6 ) .

2 4L-9-86 1.323 x 10 6.6208 0.0669
3 4-9-86 1.324 x 10° 4.7507 0.0480
4 4-9-86 1.322 x 10 ' : 3,.8910 0.0393
5 4-10-86 1,324 x 10° 4.1446 0.0418

The arithmatic average of the five results is 0,0500 1b/1000 1b. gas. The
limitation on this source is 0.20 1b/1000 lb. gas.

ey R OB P e © 25 TR ettt g e e e T - ST N . .




RAME OF SOURCE: NORTHLAND FOOD CO-0P
LOCATION OF SOURCE: SHAWANO WI
ms TESTED: WHEY DRYER

DATE OF TEST: 4-9-86

RUN NUMBER: 1

N NUMBER OF SAMPLING POINTS= 24

VM DG VOL,METER COND DRY= 48.903 CFD

PB BAR PRESS,STATION= 29.1 IN HG

VL TOTAL VOL OF WATER COLLECTED= 69.4 ML

%CO2 % CARBON DIOXIDE BY VOL,DRY BASIS= .5 %

%02 % OXYGEN BY VOL,DRY BASIS= 20 %

%CO % CARBON MONOXIDE BY VOL, DRY BASIS= 0 %

¥N2 % NITROGEN BY VOL,DRY BASIS= 79.5 %
\cp PITOT TUBE COEFFICIENT= .83

PS STACK PRESS= 29.12 IN HG

AS AREA OF THE SAMPLING SITE= 5.906 SQ FEET

MT TOTAL DRY PARTICULATE= 0844 GM

T TOTAL SAMPLING TIME= 72 MIN

AN AREA OF THE ROZZLE= .0001761 SQ FEET




NORTHLAND FOOD CO-OF,WHEY DRYER,RUN: 1

PARTICULATE FIELD DATA

SAMPLING STACK VELOCITY SQ ROOT ORIFICE METER DRY GAS METER

POINT  TEMP  PRESS  VEL PRESS DROP TRMP DEG F
NUMBER DEGF IN H20  PRESS  IN H20 INLET ~ OUTLET
1 117.0  2.250  1.50000  2.050 80.0  68.0
2 118.0  1.850  1.36015  1.690 82.0  68.0
3 118.0  1.700  1.3038% 1,550 84.0  67.0
4 116.0  1.550  1.24499  1.420 86.0  67.0
5 116.0  1.600  1.26491  1.470 88.0  66.0
6 115.0  1.550  1.24499  1.430 90.0  66.0
7 116.0  1.900  1.37840  1.750 88.0  66.0
8 115.0  1.900  1.37840  1.890 9.0  66.0
9 115.0  1.750  1.32288  1.750 96.0  66.0
10 116.0  1.500  1.22474 1,500 98.0  66.0
1 116.0  1.400  1.18322  1.400 97.0  67.0
12 115.0  1.550  1.24499 1,550 97.0  67.0
13 115.0 1.800 1.34164 1.790 90.0 70.0
14 115.0  1.800  1.3416%  1.800 96.0  70.0
15 115.0  1.650  1.28452  1.660 98.0  70.0
16 116.0  1.500  1.22474  1.500 98.0  70.0
17 115.0  1.400  1.18322  1.410 9.0  70.0
18 115.0  1.500  1.22474  1.510 100.0  70.0
19 115.0  1.650  1.28452  1.660 96.0  72.0
20 115.0  1.450  1.20416  1.460 - 100.0  72.0
21 116.0  1.350  1.16190  1.360 100.0 72,0
22 115.0  1.250  1.11803  1.260 100.0  72.0
23 117.0 1.300  1.14018  1.310 100.0  72.0
2 116.0  1.050  1.02470  1.060 100.0  72.0

AVERAGE  TS= SR(VP)= oP= ™=
VALUES  575.75 1.257729  1.55125 541.4375

DEG R IN H20 DEG R




NORTHLAND FOOD CO-OP,WHEY DRYER,RUN: 1
CALCULATED RESULTS

VMSTD DGM VOL,STD COND DRY= 46.56413 SCFD

VWSTD VOL OF WATER VAPOR,SID COND= 3.266658 SCF
\(ac % MOISTURE IN STACK GAS BY VOL,STD COND= 6.555502 %

MD MOLE FRACTION OF DRY GAS= .934445

MWD MOLECULAR WI OF STACK GAS,DRY BASIS= 28.88 LB/LB~MOLE
\NS MOLECULAR WT OF STACK GAS,WET BASIS= 28.16676 LB/LB-MOLE

VS AVE STACK GAS VELOCITY,STACK corm; 74.77104 FPS

QSID AVE STACK GAS FLOW RATE,STD COND DRY= 22098.44 SCFMD

%XEA AVE % EXCESS AIR= 2024.294 %

PMRA AVE PMR BY RATIO OF AREAS METHOD= S5.200341 LB/HR

PMRC AVE PMR BY CONC METHOD= 5.298347 LB/HR

PMR(AVE) AVE PMR,STD COND DRY= 5.249344 LB/HR

C EMISSION CONC,STD COND DRY= 2.796771E-02 GR/SCFD

DGR AVE STACK GAS RATE,STD COND DRY= 99399.45 LB/HR

LB/MLBE EMISSION CONC,SID COND DRY= 5.281059E-02 LB/MLB OF DRY GAS

AVE STACK GAS RATE,STD CORD WET= 103745.7 LB/HR

LBYMLB EMISSION CONC,STD COND WET= .0505982 LB/MLB OF WET GAS

%I % ISOKINETIC RATIC= 98.15025 %




NAME OF SOURCE: NORTHLAND FOOD CO-OP
LOCATION QF SOURCE: SHAWANO WI
PROCESS TESTED: WHEY DRYER

DATE OF TEST: 4-9-86

N NUMBER OF SAHPLING POINTS= 24

VM DGM VOL,METER COND DRY= 41.6%1 CFD

PBE BAR PRESS,STATION= 29.1 IN HG

VL. TOTAL VOL OF WATER COLLECIED= 54.9 ML
%C02 % CARBON DIOXIDE BY VOL,DRY BASIS= .5 %
%02 % ONYGEN BY VOL,DRY BASIS= 20 %

%CO % CARBON MONOXIDE BY VOL, DRY BASIS= 0 %
%N?2 % NITROGEN BY VOL,DRY BASIS= 79.5 %

CP PITOT TUBE COEFFICIENT= .83

PS STACK PRESS= 29.12 IN HG

AS AREA OF THE SAMPLING SITE= 5.906 5Q FEET
MT TOTAL DRY PARTICULATE= .0881 GM

T TOTAL SAMPLING TIME= &0 MIN

AN AREA OF THE NOZZLE= .0001761 SQ FEET




NORTHLAND FOOD CO-OP ,WHEY DRYER,RUN: 2

PARTICULATE FIELD DATA

SAMPLING STACK VELOCITY SQ ROOT ORIFICE METER DRY GAS MEIER

POINT TEMP PRESS VEL PRESS DROP TEMP DEG F
NUMBER DEG F IN H20 PRESS IN H20 INLET OUTLET
1 122.0 2.250 1.50000 2.220 86.0 78.0
2 123.0 1.900 1.37840 1.880 92.0 78.0
3 123.0 1.730 1.32288 1.740 97.0 17.0
Lb 123.0 1.600 1.26491 1.590 965.0 76.0
5 i24.0 1.600 1.26491 1.590 98.0 716.0
6 123.0 1.600 1.26491 1.590 . 98.0 76.0
7 123.0 1.850 1.36015 1.840 96.0 16.0
8 124.0 1.900 1.37840 1.890 98.0 76.0
9 123.0 1.850 1.36015 1.850 100.0 6.0
10 121.0 1.650 1.28452 1.650 102.0 76.0
11 124.0 1.500 1.22474 1.500 102.0 76.0
12 124.0 1.600 1.26491 1.600 102.0 76.0
13 118.0 1.800 1.34164 1.800 100.0 76.0
14 122.0 1.800 1.34164 1.800 102.0 16.0
15 125.0 1.650 1.28452 1.650 103.0 716.0
16 127.0 1.500 1.22474 1.490 102.0 76.0
17 118.0 1.450 1.20416 1.460 102.0 76.0
i8 120.0 1.400 1.18322 1.410 102.0 716.0
19 120.0 1.650 1.28452 1.650 98.0 76.0
20 121.0 1.450 1.20416 1.450 102.0 76.0
s 2l 124.0 1.300 1.14018 1.290 102.0 76.0
22 - 125.0 1.300 1.14018 1.290 102.0 76.0
23 124.0 1.400 1.18322 1.400 102.0 76.0
4 122.0 1.100 1.04881 1.100 102.0 76.0

AVERAGE Ts-= SR(VP)= op= ™=
VALUES 582.625 1.268745 1.61375 547.8125

DEG R IN H20 DEG R




RORTHLAND FOOD GO~OP,WHEY DRYER,RUN: 2
CALCULATED RESULTS

VMSTD DGM VOL,STD COND DRY= | 9.24126 SCFD

VWSTD VOL OF WATER VAPOR,STD COND= 2.584143 SCF

%M % MOISTURE IN STACK GAS BY VOL,STD COND= 6.178405 %

MD MOLE FRACTION OF DRY GAS= .938216

MWD MOLECULAR WT OF STACK GAS,DRY BASIS= 28.88 LB/LB-MOLE
MWS MOLECULAR WT OF STACK GAS,WET BASIS= 28.20779 LB/LB-MOLE
VS AVE STACK GAS VELOCITY,STACK COND= 75.81969 FFPS
-QSTD AVE STACK GAS FLOW RATE,STD COND DRY= 22233.31 SCPMD
%EA AVE % EXCESS ATR= 2024.2%4 %

PMRA AVE PMR BY RATIO OF AREAS METHOD= 6.513983 LB/HR

PMRC AVE PMR BY CONC METHOD= 6.60275 LB/HR

PMR(AVE) AVE PMR,STD COND DRY= 6.558366 LB/HR

¢ EMISSION CONC,STD COND DRY= 3.464167E-02 GR/SCFD

DGR AVE STACK GAS RATE,STD COND DRY= 100006.1 LB/HR

LB/MLB EMISSION CONC,STD COND DRY= 6.557967E-02 LB/MLB OF DRY GAS
WGR AVE STACK GAS RATE,STD COND WET= 104110.7 LB/HR

LB/MLE EMISSION CONC,STD COND WET= 6.299415E-G2 LB/MLB OF WET GAS

%I % ISOKINETIC RATIO= 98.6556 %




NAME OF SOURCE: NORTHLAND FOOD CO-OP
LOCATION OF SOURCE: SHAWANO WI
PROCESS TESTED: WHEY DRYER

DATE OF TEST: 4-9-86

RUN NUMBER: 3

.__N NUMBER OF SAMPLING POINIS= 24
VM DGM VOL,METER COND DRY= 41.528 CFD
PE BAR PRE.SS,STA:L‘IONa 29.1 IN HG
VL TOTAL VOL OF WATER COLLECTED= 54.9 ML
%C02 % CARBON DIOXIDE BY VOL,DRY BASIS= .6 %
%02 % OXYGEN BY VOL,DRY BASIS= 19.8 %
%CO % CARBON MONOXIDE BY VOL, DRY BASIS= 0 %
%N2 % NITROGEN BY VOL,ﬁRY BASIS= 79.6 %
CP PITOT TUBE COEFFICIENT= .83
PS STACK PRESS= 29.13 IN HG
AS AREA OF THE SAMPLING SITE= 5.906 SQ FEET
MT TOTAL pRY PARTICULATE= .0632 M
T TOTAL SAMPLING TIME= 60 MIN

AN AREA OF THE NOZZLE= .0001761 5Q FEET




NORTHLAND FOOD CO-OF,WHEY DRYER,RUN: 3
PARTICULATE FIELD DATA

SAMPLING STACK VELOCITY SQ ROOT ORIFICE METER DRY GAS METER

POINT TEMP  PRESS VEL PRESS DROP TEMP DEG F
NUMBER DEG F 1IN H20  PRESS IN H20 INLET  OUTLET
1 123.0 2,250  1.50000  2.190 74.0 74.0
2 127.0  1.950  1.39642 1,900 84.0 74.0
3 127.0  1.750  1.32288  1.710 90.0 4.0
b 127.0 1.600  1.26491  1.570 92.0 4.0
5 126.0  1.650  1.28452  1.630 94,0 74.0
6 127.0  1.750  1.32288  1.720 96.0 4.0
7 127.0  1.950  1.39642  1.920 96.0 72.0
8 126.0 2.000  1.41421  1.970 98.0 72.0
9 126.0  1.500  1.37840  1.880 100.0 72.0
10 125.0  1.700  1.30384  1.680 100.0 72.0
11 126.0  1.550  1.24499 1,530 102.0 72.0
12 127.0  1.550  1.26499  1.530 102.0 72.0
13 125.0  1.850  1.36015  1.830 98.0 72.0
14 127.0 1.850  1.36015  1.830 102.0 72.0
15 126.0  1.650  1.28452  1.630 102.0 72.0
16 126.0  1.450  1.20416  1.430 102.0  72.0
17 126.0  1.400  1.18322  1.390 103.0 73.0
18 127.0 1.400  1.18322 1,390 103.0 73.0
19 126.0  1.750  1.32288  1.720 96.0 72.0
20 127.0  1.450  1.20416  1.440 102.0Q 74.0
71 127.0  1.250  1.11803  1.240 102.0 74.0
22 124.0  1.200  1.09545 1.190 102.0 74.0
23 125.0  1.350  1.16190  1.340 102.0 74.0
2 127.0  1.050  1.02470  1.040 102.0 74.0

AVERAGE  TS= SR{VP)= OP= ™=
VALUES  586.125 1.274041 1.6125 545.3333

DEG R IN H20 DEG R




NORTHLAND FOOD CO-OP,WHEY DRYER,RUN: 3
CALCULATED RESULTS

VMSTD DGM VOL,STD COND DRY= 33.26542 SCFD

VWSTD VOL OF WATER VAPOR,STD COND= 2.584143 SCF

%M % MOISTURE IN STACK GAS BY VOL,STD COND= 6.174839 %

MD MOLE FRACTION OF DRY GAS= .9382517

MWD MOLECULAR WT OF STACK GAS,DRY BASIS= 28.888 LB/LB-MOLE
Mw; MOLECULAR WT OF STACK GAS,WET BASIS= 28.21568 LB/LB-MOLE
VS AVE STACK GAS VELOCITY,STACK COND= 76.34075 FPS |

QSTD AVE STACK GAS FLOW RATE,STD COND DRY= 22260.92 SCFMD
%XEA AVE % EXCESS AIR= 1630.436 %

PMRA AVE PMR BY RATIO OF ARFAS METHOD= 4.672913 LB/HR

PMRC AVE PMR BY CONC METHOD= 4.7395536 LB/HR

PMR(AVE) AVE PMR,STD COND DRY= 4.706235 LB/HR

C EMISSION CONC,STD COND DRY= 2.4535495-02 GR/SCFD

DGR AVE STACK GAS RATE,STD COND DRY= 100158 LB/HR

LB/MLE EMISSION CONC,SID COND DRY= .0469881 LB/MLB OF DRY GAS
WGR AVE STACK GAS RATE,STD COND WET= 104265.2 LB/HR

1B/MLB EMISSION CONC,STD COND WET= 4,513715E-02 LB/MLB OF WEL GAS

%] % ISOKINETIC RATIO= 98.5939 %
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WHEY DRYER EMISSIQN TEST

I, Introduction and Summary

Badger Laboratories & Engineering Co., Inc. was retained by Northland
Foods .of Shawano, WI to determine the concentration of particulate
matter in the exhaust from a whey dryer. The purpose of the test was
to show compliance with State of Wisconsin particulate limitatiens.

Emission tests were conducted April 9 & 10, 1986 by Sander E. Sundberg,
.PhD and Bruce Lamers. Larry Weix of the Wisconsin Department of Natural
Resources visited the test site, The ambient temperature during the test
was 45 - 559F, wind was strong and gusty from the northwest. A total of
five test runs were performed following U.5. EPA Methods.

The whey dryer emission did not look normal to Mr. Marquardt and the pro-
duction was stopped after the second test. A cyclone was found to be
plugged. This situation was corrected and testing resumed. Mr, Dick
Marquardt is the company contact.

The exhaust gas ranged in temperature from 115 - 132°F. The sampling
isokinetic rates were 98,0, 95.5, 98.4, 99.! and 99.1 percent.

The results of the tests are as follows:

Volumetric Partviculate Parcticulate
Test Flow Rate Emission Rate Concencration
Run Date - scfh_(dry) 1b./hr. 1b./1000 1b. Gas
1 4-9-86 1.314 x 10 5.3119 0.0540
6 .
2 4-9-86 1,323 x 10 6.6208 0.0669
3 4-9-86 1.324 x 100 4.7507 0.0480
4 4=u-86 1.322 x 10° 3.8910 0.0393
5 4= 10-86 1,324 x 10° 41446 0.0418

The arichmatic average of the five results is 0.0500 1b/1000 1b. gas. The
limicacion on this source is 0.20 1b/1C30 1b. gas.
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IT. Process Data

The stack carries exhaust gases from a whey dryer. The production rates
measured by Northland Foods are as follows:

Whe Powder
Production Throughput Rate
Test Run 1b/hr.
1 5732
2 5602
3 5313 5549
el
4 5594
5 ' 5595

The normal average production rate is 5500 1lb./hr.

" The process uses natural gas as a fuel with propane as a standby fuel.
The whey is sprayed into the primary dryer. The powder passes into a
secondary dryer and is then bagged. The emission source tested is the
exhaust from the primary dryer. There are two cyclones in place for
collecting particulate fines.
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IITI. Stack Testing and Analvtical Procedures

The procedure for sampling, testing, instrumeg;atioﬁ and analysis as
described by the U.S. EPA were followed. The EPA reference methods
used in the testing program are summarized below.

Method: Sample and Velocity Traverse Locations

The sampling site lies in a straight section of 28 x 32 inch rectangular
steel stack. The sampling site is appreoximately 4.2 equivalent diameters
downstream from the last disturbance and 0.8 equivalent diameters upstream
from the stack top (equivalent diameters 29.8"). Twenty-four points were
sampled, six on each traverse. Sampling time was 3 minutes per point. The
location of the traverse points is shown in Table #1 below, There are
four ports located equidistant on the 32" side of the duct.

Table il

Location of Traverse Points from Stack Wall

Stack Di;szfions = 28 x 32 inches.

Traverse Point No. . Inches from Back Wall

1 4
2 8
3 | 12
4 : 16
57 20
6 24

Method 2: Stack Gas Velocity and Volumetric Flow Rate

For each test run, a velocity traverse was made with a calibrated Type "S"
pitot tube having a co-efficient of 0.845. The velocity head was read ou
an inclined manometer to the nearest 0.0l inches of water. Temperature
was measured wicth a chromel-alumel thermocouple.

Sampling site barometric pressure was obtained from National Weather Service
daca.
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;;:RBG‘B: Component Gas Analysis

Analyses for Carbon Dioxide (CO,), Oxygen.( ), and Nitrogen plus Carbon
Monoxide (N, + CO) were performéd in the flefd using an Orsat type
analyzer. rior"to testing, the Orsat apparatus was checked for leaks
and the activity of the absorbing solution was determined to be adequate.
Results were read and recorded to the nearest 0.2 percent volume, dry
basis.

Method 4: Moisture Content

The moisture content of the stack gas was determined by condensing
in three impingers in an ice bath and absorbing any remaining moisture
in a\fourth impinger containing silica gel.

Method S: Particulate Emission

Particuldte material is withdrawn isokinetically from the stack and
collected\on a glass fiber filter maintained in the temperature range
of 223°F o 273'F. The sample gas stream is dried as in Method 4 above.
The sample gas is then passed through a metering system which measures
both the cumulative volume of gas sampled and the instantanecus sampling
rate.

Sampling Train

A schematic of the sampling train used in this method is shown in Figure
1. The sampling train consists of the following components:

1. Stainless steel, buttonhook-type nozzle.
2. Asbestos gasket.
3. Stainless steel probe.
5. Fritted glass filter holder.
6. Electrically heated enclosed sample box.
7. Ice-water bath.
8. Modified Greenburg-Smith impinger.
9. Greenburg-Smith impinger.
10. Modified Greenburg-Smith impinger.
11. Meodified Greenburg-Smith impinger.
12. Check valve.
13. Vacuum tube.
14. Vacuum gauge.
15. Vacuum valve,
16. Leak-free vacuum pump.
17. By-pass valve.
18. Dry gas meter.
19. Calibrated orifice.
20. Dual mancmeter. (Dwyer Mlcro Manometer. )
21. Type "S" pitot tube.
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A more detailed description of the sampling train components follows:

\
\
\
\

A

7.

Probe Nozzle: Stainless steel with sharp, tapered leading edge.
A 0.1797 inch diameter (as measured on site with a caliper) nozzle
was used in all cests,

Probe Liner: Stainless steel Qith a heating system is used to main-
tain a gas temperature at the exit during sampling of 223°F - 273YF,

Pitot Tube: A Type "S'" pitot tube attached te the probe allowed
conscant monitoring of the stack gas velocity. The pitot tube
co-efficient was determined by comparison wich a standard pitot
tube on April 8, 1986. AP was read from an inclined mancmeter.

Differential Pressure Gauge: A Dwyer magalhelic gauge with a
range of 0 - 10 inches water was used to obtain A H,

Filvrer Holder: Borosilicate glass, with a glass frit filcer
support and a silicone rubber gasket, :

Filter Heating Sysctem: Thermostat controlled electrical resistance
type heater capable of maintaining a temperature of 223°F - 273°F
around the filcer holder,

Impingers: Four pyrex glass impingers connected in series wich a
leak-iree ground glass fitting. The firsc, cthird, and fourth impingers
were Greenburg-Smith design with a modified (straight) tip. The sec-
ond impinger was a Greenburg-Smith design with a standard tip. A
thermometer was in place to measure che temperature at the outlec

of the fourth impinger.

Metering System: The vacuum gauge, leak-free pump, thermometer,
temperature compensated dry gas meter, and related equipmentc ure
shown in Figure 1 (as shown in Page #5). The sampler is a LSI
Model 31.
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Sampling Procedures

Prior to testing, the sampling train is cleaned and set-up as follows:

A four-inch diamecter glass fiber filter was dried in a 1059C

oven overnight. The filter was then placed in a desiccator for two
hours and weighed on an analytical balance to the necarest 0.1 milli-
gram (mg.)., One hundred milliliters (ml.) of distilled water was
placed in each of the first two impingers. Two hundres grams dry
silica gel (indicating) was.placed in the fourth impinger. The

third impinger was left dry amd empty., The sampling train was assem-
bled as shown in Figure 1 (PageN\y#5) Based on the preliminary velocity
and temperature traverse, an ap iace nozzle size was selected to
provide an adequate sampling race. '

After assembly, the sampling train wasNeak-checked at the inlet to
the filcer holder at 15 inches mercury vacuum, If a leak rate of
greacer chan 0.02 fr. 3/min., was observed, the system was checked
and leaks corrected. The leak check procedure was repeated until
the ledkage rate was less than 0.02 ft. 2/min.

Approximately one half hour before the starc of the test, the probe
and filcer box heaters were turned on and allowed to warm up to
sampling temperatures, Ice was placed arcund the impingers.

At the start of a test run, the dry gas meter reading was recorded

on the data sheet, the probe was placed in the stack at the firstc
sampling point, and the velocity pressure was read, Using an iso-
kinectic flow rate calculator, the desired orifice meter pressure

was determined. The sample pump was than turned on and the time

was recorded. The main and by-pass valves were immediately adjusted

to give the desired sampling rate. For each point the following

data was recorded: traverse point number, sampling time, stack
temperature, velocity head, orifice meter reading, dry gas meter
volume, meter temperature, box temperature, and pump vacuum. Near

the end of the sampling time (approximately 10 seconds remaining),

the nozzle was moved to the next peoint and exactly at the start of the
next sampling period, the dry gas meter volume was recorded. The point
by point sampling procedures were then repeated until the test run was
completed. While moving between ports, the pump was turned-off. Atr
the completion of the test tun, the pump was turned-off, the dry gas meter
volume recorded, and the probe was removed from the stack. The sample
train was leak-checked from the sample nozzle at two inches mercury
vacuum and at 15 inches mercury wvacuum from the filter inlet to verify
the leak-free integrity of che system.

Sample Recovery

Sample recovery was accomplished near the sampling site. While the probe
and filter holder were cocling, the contents of the first three impingers
were measured volumetrically and discarded. The silica gel in the fourcth
impinger was transferred to a clean, dry container. This was weighed in
the lab at a later time,
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Sample Recovery Cont...

The filter was carefully transferred to a pectri dish. Any filter material
nstuck to the gasket was scraped loose and transferred to the petri

IThe upstram portion of the filter holder was washed with acetone,
collected in a clean glass container labelled to identify the

test run.\ The probe nozzle was then removed and the inner surfaces rinsed
with acet along with cleaning by a brush until no visible particulate

was present in the rinse, The probe liner was washed wich acetone and brush-
ing. Both the probe liner and nozzle washes were collected in the same con-
tainer as the filter holder washings. '

Sample Analysis

In the laboratory, the filter and any loose particulate were placed in a
105°C overn overnight. The material was then transferred to a desiccator
for two hours and weighed on an analytical balance to the nearest 0.1 mg.

e volume of the upstream acetone wash was measured and transferred to a
tared beaker. The acetone was evaporated without boiling. After desiccation,
the beaker was reweighed. Simultaneously, a 100 ml, acetone blank was evap-
orated and the residue weight was determined. The net residue weight of the
sample washes has been adjusted for the acetone blank.

The total particulate collected was taken as the net residue weight of the
acetone wash plus the weight gain of the filcger.

The silica gel from each run was weighed to the nearest 0.1 gm. The weight

gain of the. silica gel was added to the volume of liquid water collected in
the first three impingers to obtain the total amount of water colleccted,.

Data Handling and Calculations

All machemacical calculatcions were made according to accepted techniques
using U.S. EPA equations. Standard condicions of 29.92 inches mercury
pressure and 70YF cemperature were used., Field calculatgions were re-
checxed, and the final results for each test run and presented in detail
in the Appendix.
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CONVERSION CALCULATIONS

To convert the results for sach test run to lbs. particulate/1000 lbs.
gas (dry), the following calculation was made:

1000

cll‘
s

e

r
0|
[o}]

- cs (l-Bwo)

where...
C"s = Concentration of particulate, lbs./1000 lbs. gas {dry).
CS =  Concentration of particulate, lbs./scf (dry).
- o - Proportion of water vapor in gas stream.
S ' _ 1 lb. - mole

R = Ideal gas constant = 386 scT
M = Moleculéf weight of stack gas, d =P

d - g 988, Ar¥ 5.~ mole

To convert the results to a 12% CO2 corrected basis, the following
calculation was made:

c = 12 C0
12 % C02
Where. ..
C12 = Concentration of particulate corrected to 12% COZ'
B C“S = Concentration of particulate, lbs./1000 gas (Cry).
% CO = 'Percent CO, as measured by Method 3.

2 2
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LABORATORY DATA

L ] a Py ' !
COMPANY e T L

LOCATIOH L
DA'L'E T O

TEST RUN # "

PILTEN NUMBEDR ﬁ

AMOUNT OF ﬁIQUiD LOSYT DURING TRANSPORT

ACEHTONE ZLAME VOLUM4, ml e

ACE'TONE WASH VOLUME, md /e

ACETONE DBLANY CONCEHTRATION, me/m g

TOTAL ACEHTONE WASH BLANKE, mg RS

‘WEICHT O PARTICULA™E COLLECTED

FILTER PINAL WETCHT PR
TARE wwIcnt o -

~d
P

WEICHY GAYN S

- ACETQONE WasH

FINAL WETIoue e T
TARE WETEHY = T

WEICHT CAIN R

ACETCNE RLANK ~ cooud

NET GATN T

YOTAL WEIGHT OF PARTICULATES R
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LABORATORY DATA Page #27

COMPANY Lrpdd st =

LOCATION e e

DATE ) 4§ G-y«
) l'

TEST RUN # g

PILYTER NUMBER . -

 AMOUNT OF LIQUID LOST DURING TRANSPORT -

~ ACETONE DLANK VOLUME, ml i
LCETONE WASH VOLUME, ml

ACZYONE GLANK CONCENTRATION, mg/ml a. <

" TOTAL ACETONE WASH BLANK, ng O

WETGHT OF PARTICULATE COLLECTED

FILTRR FINAL WEIGHT AN

TARE WEIGHT - /%2

WEIGHT GAIN

2.3
~d
~
o

ACETONE WASH
FINAL WEIGHT AL,

TARE WEIGHY - 7.1 /7

WEIGHT CAIN Fo0

ACETONE BLANK — SR

NET GAIN 35.3

TOTAL WZICGHT OF PARTICULATSS é 3-3\
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LABORATORY DATA

COMPANY e

LOCATION O C

DATE PG o

TEST RUN i/
PILTER NUMBER !

AFOUNT OF LIQUID LOST DURING TRANSPORT
ACBTONE GLANK VOLUME, ml

ACETCHE WASH VOLUME, ml

ACKTONE DLANK CONCENTRATION, mg/ml
TOTAL ACETOHE WASH DBLANK, mp

VIETGHT OF PARTICULATE COLLECTED

FILTHR FINAL WBIGHT &Ity

TARE WSIGHT = 7%

VEIGHT GAIN
ACLTONE WASH

FINAL WZIGHT o

TARE WRIGHT - ot

WO LGHT CATN R

ACETOHE DLANK -~

HET CGATH

CPOTAL WEIGHT OF ‘PARTICULATES
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. FILTER

LABORATORY DATA

COMPANY R LA/
LOCATION N
DATE Ay ot

TEST RUN # .

FILTER NUMBER

AMOUNT OF LIQUID LOST DURING TRANSPORT
ACETONE BLANK VOLUME, ml

_ ACETONE WASH VOLUME, ml

ACETONE BLANK CONCENTRATION, mg/inl
TOTAL ACETONE WASH BLANK, mg

WEIGHT OF PARTICULATE COLLECTED

'“."- o
LNT Sy

FINAL WEIGHT

————

Page 33

VRS

TARE WEIGHT - o fu s

WEIGHT GAIN
ACETOHE VASH

SINAL WEICQHT AR

3.9

TARE WEIGHT . - 77 1y ¢

YIIGTT CAIN ) R
ACETONE BLANK - S

NET GATH

TOTAL WEICHT OF PARTICULATES

23 G

S5.5
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FITOT TUEE CALTIBRATION DATA

ek e mh e A s ML S e et she bk Bk mame et TS e ke mas bems feas e e =i rrm vare i

Date & !-/.. o% - 36 Calibrated bw S & 5 l) A D P C- @(‘\

Fitot orerine slienment OR? u//

ITriterms)l tubing dismelter DL o= L// L 5

Center—to-orening »lane distsnces s v iteres

P o= N L re s

Fitot-mozzle distarnce X = v Lrches

: v// irehes

v// irenes

s'ss

H

Fitot-rrobe sheath distance ' Y

H

Fatot-thnermocourle distarnce Z

A-Hicde (Normal) Calibraltion datas

RDG A Fetd AF(‘\ Drstd | Cres) | DEVIATION
i /H20 A N RTINS

L 04s | 135 | 7037 1.9305{ 000l

I X O IS I SN A BT
oo fogs | ogss | 7037 [szoS | oov |

| .00 L %O 7}qm ?3@7 0005

1 P LG L it itk ;s e ;e e term sare ser e s aae maee bkh S b by tees sem ser see sree seee mean seme fe mes cenn e man b i - F

Cwdla) = 30(}[ Siama 0033

8t L e i T ) i s i i £ 1 o o o o g ) i o

b remt weie 1 i et ren e

Cr(s) = 0,99 J O Fetds NFis)

Siama = tﬁw(m)"Cw(m)\ 74
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THERMOCOUPLE CALIBRATION
Room Temperature: NBS Certified Thermometer 65°F
Stack Sampler Thermocouple = 66°F
Hot Water Temperature: NBS Certifier Thermometer = 203°F
Stack Sampler Thermocouple = 203°rF
Calibrated 4-~7-86 by Stephen C. Taylor
DRY GAS METER CALIBRATION
H Meter = 1.85,
. ; ) Y ekl P - U
Aba f 17 CEGR NIGR  NUMMR LA YA ALY LACT RIPAIRS 3 hlE N T | . l . o
b D‘tjlol!ilo::
STRVICE ADDICES CUSTOATDR NAME AFCQI;rJT NUTARER L_:lm""_ R —_— - ‘=_.‘
ACLLEER IO -
READING BEFCRE - READING AFTER -
BTN FTS % : L.'..,_f‘: , TESTED &Y 2-\' T N , ! - [N
i P | L \ i
-0 oli AR 'z:?”l' ‘.".3 o
MARK: : R ‘__-‘:"__ DIIF, 5 " _): it L
1 e | ]
j i l7|7'-> -t l‘?,Z‘OsaoAf/‘QEJ'Q 17
LI e ‘.'_L e LTSI TR ’ —_
REASON i T ; ! REPAIRS AND © 0 o
FOR 1ES1 ‘ ; ' ADIUSTMENTS o/t 204
). LW _‘..-_:.".‘.-_': :.‘.h._...,q 1.0 e
2. PERIODIC 2. ADJUST GHLY
_ LDR L L S —— 3 LIGHT REAAIR
4. 0PG COMPLAINY ¢ s dhibadd ool 78 4, PARTIAL REPAIR
5. LEAK 0. OTHER 0 N I 5. GENERAL FLPAIR
& WATER P i : 6. 1. C. CONVERSION
7. DAMAGE v 5 ; 1 7. CONDLMNED
8. TAMPERING [ { 1‘ a. RETEST
TLK RE'F’LACED‘D AR s St 9. OIntR

Dry Gas Meter Ceorrection Factor 1.00.
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SOURCE TESTING

Source testing is the set of procedures by which an investigator can
estimate the emissions from a particular emission source. It involves
representative sampling of the parameters of interest., lor any given
contaminant 1t is necessary only te know the rate of gas flow and the
concentration of the contaminant to determine the emission rate.

Gas Flow

Stack gas velccity is usually determined with a device called a pitot
tube whiéh when connected to a manometer measures the velocity pressure
of the moving gas. The equation of the stack gas velocity is:

T
s
VS = 85,48 CP (Jz}p) avg.
Pg Mg
where! VS = Stack gas velocity, feet per second (ft/sec).
Cp = Pltot tube co-efficlent for actual stack conds.
( Ap) avg = Average of square roots of velocity pressures
. falso called average velocity head).
Tg. = Absolute stack gas temperature, R (°R = °F + 460).
P, = Absolute stack gas pressure, inches of Hg.
Mg . = Molecular weight of the stack gas (wet basis)

1b/1lb-mole.

The molecular weight of the stack gas 1s determined from knowledge of its
gaseous composition using the equation:

Moo= (I—Bwo) (.44 (ZCOZ) + .32 (%02) + .28 (ZCO + IN,)) = 18 B
where: B, = Proportion by volume of water vapor in the gas stream,
’ dimensionless,

%ZC0p = Percent ‘carbon dioxide by vilume, dry basis.

%0p = Percent oxygen by volume, dry basis.

#C0 = Percent carbon monoxide by volume, dry basis.

ZNZ = Percent nitrogen by velume, dry basis.

.44 = Molecular weight of CO, divided by 100.

.32 = Molecular weight of 0, divided by 100.
.28 =" Molecular weight of CO and N, divided by 100.

18 = Molecular weight of water.
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For stacks serving combustion processes the C0,, 0,, and CO are mecasured

with an Orsat type gas analyzer. The N, is taﬁen %o be the remaining frac-
tion. For non-combustion processes, C02 and CO are taken to be 0, 02 - 21%
and N, = 797,

The proportion of water vapor by volume may be measured using a psychrometer,
or by condensation and/or absorption by silica gel (see below) or it may be
estimated from the vapor pressure for gas streams that are saturated with
water, '

The volumetric flow rate is determined by multiplying the velocity by the
cross-sectional area of the stack. In most cases, the volumetric flow rate
is adjusted to standard conditions of temperature (70°F) and pressure
(29.92 in. Hg.) using the equation:

' Tstd Pg
Q, = 3600 (l-Bwo) VS A Tg Poed
where; Qs = Veolumetric flow rate, dry basis, standard conditions,

£t3/hour.
A = C(ross-sectional area of the stack, £el,

TStd = Absolute temperature at standard conditions, 530°R.

P.tqa = Absolute pressure at standard conditions, 29.92 in. Hg.

and other terms are as defined previously.

Contaminant Concentration

The concentration of a contaminant in a gas stream is usually determined
by isclating the contaminant present in a representative gas sample of

- known volume.

In order to obtaln a representative sample of the stack gas, a hollow probe
is -intruduced into- the stack, the nozzle opening is directed into the gas
stream, and a composite sample is removed from each of several points. For
particulates it is necessary that the velocity be equal to the velocity in
the nozzle, or in other words the sampling rate be as nearly isokinetic as
possible. This is because large particles tend to travel in a straight
line and are less likely to be affected by flow disturbances, while small
particles tend to follow the flow lines. Thus, varying too much from iso-
kinetic will tend to cause bilas with respect to certain particle sizes and
will therefore give erroneous results.. Generally, variations within the
range of 90 - 110% of isokinetic is acceptable.

Sampling for gases contaminants need not be iscokinetic by should be in
proportion to the velocity at the sampling poilnts.
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Isolation of the contaminant is accomplished in one of many ways. A
filter os some sort (ceramic or gass fiber depending on stack conditions
and particulate characteristics) 1t usually used to collect particulate
matter. Various chemical solutions are used to absorb other contaminants
{e.g. 3% hydrogen peroxide will absorb sulfer dioxide, etc.). The total
amount of the contaminant is then determined.

The total volume of the gas sample is determined using a displacement type
dry gas meter. Since metering conditicas tend to vary, it is necessary to
measure the meter temperature and pressure in order to adjust the volume
to standard conditions. To protect the metering system from moisture, the
gas sample is passed through a serles of condensers or impingers to remove
all or most of the water vapor present. Furthermore, by measuring the

“amount of water dollected, the moisture content ¢f the stack gas can

be estimated by the following equation:

w
std
Boo =V + Vi
std std
where: Bwo = Proportion by volume of water vaporlin the gas strean,
dimensionless. '
v
W .
std = Vo%ume of water In the gas sample (standard conditions)
fre, '
Vm _ .
std = Volume of gas sample through the dry gas meter (standard

conditions) £,

For the above equation:

Vin g v Tstd Pm
std = —.
m T _ Pstd
where: Vo, = Volume of gas sample through the dry gas meter (meter
conditons) [e3, :
Tn = Average absolute gas meter temperature, oR.
o~ Average absolute meter pressure, inches Hg.
and: V
W
std = 0.0474 Vl
c

. where: V

H
i

c Total volume of water collected in condensers, ml.
The concentration of material 1s calculated from the equation:
M
c¢'. = 0.0154 o

s —_— ’ I

std
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where: c's = Concentration ¢f the contaminant in the stack gas,

grains/scf, dry basis.:

M
n

1]

.Total amount of contaminant cecllected, milligrams.

The concentrations of certain gaseous components of a gas stream are most
often reported in parts per million by volume, ppm. (vol.). This then re-
ports the number of cublc feet of the contaminant present in 1,000,000
cubic feet of gas. Conversion from ppm. (vol.) to pounds made usc of the
fact that at standard conditions a pound-mole of gas occupies 385.1 fed,

Emission Rates

The emission rate of the contaminant is calculated from the equation:

: - -6 M ' <
c st (2.205 x 1079) n Qg
VlTl
std
where:
c'SQS = Emission rate, lb/hr.

NOMENCLATURE

The following 1s a partial 1list of abbreviations and nomenclature used in
preparing this report. Other terms used are defined dn the test of the
preceding Source Testing section.

ACFM = Actual cubic feet per minute at staclk conditions, wet basis.
(efm{wet)).
CU-FT = Actual cubic feet at specified condition (fc3)
DSCF = Cubic feet at standard conditions, dry (scf{dry)).
DSCFH = (Cubic feet at standard conditions, dry, per hour (scfhi{dry)).
May be written in exponential form, e.g., 543,774 - .5343774 x 107,
F = Degrees Fahrenheight °rF).
FT/SEC = Feet per second (ft/sec.).
GR = Grains (gr.) (1 pount = 7000 grains).
IN,Hg = Inches of mercury (in.Hg or inches lg}.
IN,H20 = 1Inches of water in.H,0 or inches HZO).
LB/HR = Pounds per hour (lb/%r).
MG = Milligrams (mg.).
MIN = Minutes {min.).
ML = Milliliters {ml.).
R = Degrees Rankine (°R).
SQ-FT = Square feet (££2). :
WSCFM = (Cubic feet at standard conditions, wet basils, per wminute

(scfm(wet)).
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