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INTRODUCTION 

Twin City Testing Corporation (TCT) was contracted by Kraft Foods, Inc. to perform a 
source emission test on the Parmesan cheese dryer at the Kraft Foods facility located in 
Wausau, Wisconsin. The inlet and outlet exhaust gases from the air scrubber for this process 
was tested for particulate emissions on March 30, 1993. This report presents the results of 
the test program along with all substantiating documentation. 

The TCT sampling team consisted of Messrs. AI Trowbridge, Jim Tryba, Jerry Wallenus 
and Brad Lavold. The test proceedings were witnessed by Rhonda O'Leary, Environmental 
Engineer for the Wisconsin Department of Natural Resources. 

TEST RESULTS 

The results of the particulate emission tests are summarized in  Table 1 .  The data indicates 
an average particulate emission rate for the inlet gases of 2.46 pounds per hour and a rate of 
2.04 pounds per hour for the outlet gases. 

Opacity observations could not be made due to adverse meteorological conditions. There 
were no problems encountered during the test proceedings. 
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I 

Table 1 
Summary of emission test results 

Kraft Foods, Inc., Wausau Wisconsin 
Air Scrubber for Parmesan Cheese Dryer 

March 30, 1993 

INLET OUTLET 
Parameter Averaee Average 

Effluent Temperature, "F 79 76 

Effluent Moisture Content, % v/v 3.50 2.95 

Effluent Composition, % v/v dry; 
Carbon Dioxide 0.23 0.23 
Oxygen 20.30 20.30 

Effluent Volumetric Flow Rate; 
Actual Conditions, acfm 13950 14457 
Dry Standard Conditions, dscfm 12441 13293 

Isokinetic Variation, % 101.8 99.2 

Effluent Particulate Concentration; 
Pounds/Hour 2.46 2.04 
Pounds/1000 pounds stack gas 0.0423 0.0331 

Standard Conditions: 68"F, 29.92 in. Hg. 
are based on analysis of the sampling train front and back catches. 

Particulate concentration and emission rates 

. .  

. .  
. .  

..... . .... . .  

... . .. .. 

. .  



May 1, 1993 Report 4232-93-225 I Page 3 

PROCESS DATA 

Kraft Foods utilizes an air scrubber to control the particulate emissions for their Parmesan 
The production records indicated an average production rate of *-& 

refer to Appendix E for process data details. /?aft?/ 2f$.750 

TEST PROCEDURES 

The EPA Methods referenced below are described in Appendix A of the Code of Federal 
Regulations, Title 40, Part 60 (40 CFR 60). 

The number of sampling points and their location with in  the source stacWduct was 
determined per EPA Method 1 which is entitled "Sample and velocity traverses for stationary 
sources". In this method the number of sampling points is based on the length of straight, 
undisturbed flow both before and after the sampling port location. The following data is 
specific to the source tested: 

Inlet 
Stack diameter, inches: 36.0 
Required number of sampling points: 24 
Number of sampling points used: 24 
Sampling point distribution; 

Number of sampling ports: 2 
Number of sampling points per port: 12 

Particulate test sampling time; 
Time at each point, minutes: 2.5 
Test run total time, minutes: 60.0 

Outlet 
33.75 
24 
24 

2 
12 

2.5 
60.0 

Effluent flow measurements were made per EPA Method 2 which is entitled "Determination 
of stack gas velocity and volumetric flow rate (Type S pitot tube)". Gas velocity pressure 
(head) and temperature data were obtained during each EPA Method 5 particulate test run by 
traversing each of the sampling points defined by EPA Method 1 .  This data along with gas 
density (EPA Method 3) and moisture content (EPA Method 4) data was used to calculate the 
gas velocity at each sampling point. The source volumetric flow rate was calculated by 
multiplying the average gas velocity by the stacklduct cross-sectional area at the point of 
measurement. Velocity pressure (head) measurements were made using a Type S pitot tube 
constructed to the design specifications detailed i n  EPA Method 2. Such pitot tubes have a 
base line coefficient of 0.84. 

.. .. . .  . .  
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The density of the effluent was determined per EPA Method 3 which is entitled "Gas 
analysis for the determination of dry molecular weight". A multi-point, integrated gas 
sample was collected simultaneously with each EPA Method 5 particulate test run. The gas 
sample was analyzed for carbon dioxide and oxygen concentrations with a standard Orsat 
analyzer using commercially prepared solutions. For calculations of gas density the balance 
of the gas was assumed to be nitrogen and carbon monoxide. 

The effluent moisture content was determined per EPA Method 4 which is entitled 
"Determination of moisture content in  stack gases". Data for making a gas moisture content 
determination was collected simultaneously with each EPA Method 5 particulate test run. 
The gas moisture content was calculated from the mass and/or volume of liquid collected in 
the Method 5 sampling train cold box impingers and the volume of gas sampled. 

The effluent particulate concentration was determined per EPA Method 5 which is entitled 
"Determination of particulate emissions from stationary sources". For each test run, 
particulate matter was with drawn from the gas stream at each of the EPA Method 1 defined 
sampling points and collected on a glass fiber filter which was maintained at 248 i25 .F .  
Water vapor, organic vapors and other matter in vapor form which passed through the filter 
was collected in an ice-cooled impinger trap who's exit temperature was maintained at less 
than 68'F. Sampling was performed using a Grasby-Nutech Model 2010 Method 5 stack 
sampling system which employed an inconel lined probe and nozzle. Particulate emissions 
included analyses of both the front and back (condensible organics) catches. 
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* SUMMARY OF TEST DATA * 

SAMPLING TRAIN DATA 

Sampling time, minutes 
Sampling nozzle diameter, inches Dn 
Sampling nozzle area, sq.ft. An 
lsokinetic variation, % I 
Sample gas volume, cubic feet Vm 
Avg.meter temperature, deg R Trn 
Avg.oriface pressure drop, in.H20 dH 
Total particulate collected, rng Mn 

VELOCITY TRAVERSE DATA 

Stack Area, sq.ft. 
Absstack gas pressure, in.Hg. 
Barometric pressure, in.Hg. 
Avg.stack temperature, deg R 
Avg. sq.rt. velocity head (Cp=.84) 
Avgstack gas velocity, ft./sec. 

STACK MOISTURE CONTENT 

Total water collected, ml 
Moisture in stack gas, % 

Run 1-1 

60 
0.281 

0.00043 1 
101.5 

46.768 
534.0 
2.34 

60.45 

A 7.0686 
Ps 29.33 

Pbar 29.18 
Ts 560.00 

0.5500 
vs 32.070 

Vic 
Bws 

EMISSIONS DATA 

Stack gas flow rate, dscf/hr. Qsd 
Particulate concentration, gr/dscf cs 
Particulate concentration, Ib./hr. E 
Particulate concentration, lb./lOOOlb.stack gas 

ORSAT DATA 

Percent C02 by volume 
Percent 0 2  by volume 
Percent CO by volume 
Percent N2 by volume 

c 0 2  
0 2  
co 
N2 

27 
2.82 

733007 
0.0207 

0.0383 
2.17 ' 

0.20 
20.30 
0.00 

79.50 

Run 1-2 

60 
0.281 

0.000431 
101.5 

49.774 
541 .O 
2.55 

74.38 

7.0686 
29.31 
29.16 

560.00 
0.5800 
33.860 

34 
3.28 

769732 
0.0243 

2.67 
0.0447 

0.30 
20.20 
0.00 

79.50 

Run 1-3 

60 
0.281 

0.000431 
102.5 

48.249 
542.0 
2.35 

71.02 

7.0686 
29.34 
29.18 

560.00 
0.5600 
32.749 

43 
4.40 

736608 
0.0240 

2.53 
0.0440 

0.20 
20.40 
0.00 

79.40 

twin citv testinq 
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Plant # & Location = Kraft Foods, Wausau, WI. 
Date of Test = March 30,1993 
Process Tested = Parmesan Drying System 
Number of SamDlina Points - 24 - 

- Pitot Tube Coefficient - 
Stack Area, sq.ft. - - 

- Y Factor - 

Dry Gas Meter Volume, cfd. 
Barometric Pressure, in.Hg. 
Stack Pressure, in.Hg. 
Total Water Collected, ml. 
% Carbon Dioxide 
% Oxygen 
% Carbon Monoxide 
% Nitrogen 
Total Particulate, gr.(see Lab 
Total Sampling Time, min. 
Nozzle Diameter, inches 
Nozzle Area, sq.ft. 

Laboratory Data: 

Front Catch : 
Front Wash = 
Filter Catch = 

0.84 
7.0686 
0.9895 

Run 1-1 
46.768 

29.18 
29.33 
27.3 
0.20 

20.30 
0.00 

79.50 
0.06045 

60 
0.281 

0.0004307 

J 

0.04330 
0.00069 

Run 1-1 

Run 1-2 
49.774 

29.16 
29.31 
33.8 
0.30 

20.20 
0.00 

79.50 

60 
0.281 

0.0004307 

0.07438 

/' 

Run 1-2 
0.06051 
0.00059 

Run 1-3 
48.249 

29.18 
29.34 

43 
0.20 

20.40 
0.00 

79.40 
0.07102 

60 
0.281 

0.0004307 

J 
Run 1-3 
0.03341 
0.00141 

Front Half Total = 0.04399 0.061 10 0.03482 

Back Catch : 
** lmpinger Catch = . 0.00332 0.00440 0.00176 

lmpinger Wash = 0.00257 0.00105 0.00262 
lmpinger Water = 0.01 057 0.00783 0.03182 

Back Half Total = 0.01646 0.01328 0.03620 
TOTAL PARTICULATE COLLECTED = 0.06045 0.07438 0.071 02 

** Chloroform/Ethyl Ether Extraction 
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Run 1-1 

Ts = 560 dH = 2.34 lmpinger Water = 10 ml 
Tm = 534 SRdP = 0.55 Silica Gel = 17.3 gr 

Meter Sq.Root 
Run 1-1 Stack Velocity Orifice Temperature Velocity 
Point # Temp. Pressure Pressure Inlet Outlet Pressure 

A1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
B1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

90 
98 
98 
99 
99 
99 

100 
101 
102 
101 
102 
102 
99 
99 

100 
100 
101 
101 
100 
100 
99 
99 
99 
99 

0.1 
0.14 
0.22 
0.26 
0.26 
0.3 
0.3 
0.3 

0.31 
0.34 
0.35 
0.34 
0.00 
0.36 
0.45 
0.30 
0.37 
0.37 

0.4 
0.4 

0.38 
0.38 

0.36 
0.36 

0.75 
1.1 
1.7 
1.9 
1.9 
2.2 
2.2 
2.2 
2.3 
2.5 
2.6 
2.5 
0.6 
2.7 
3.4 
2.9 
2.8 
2.0 

3 
3 

2.9 
2.9 
2.7 
2.7 

70 
69 
60 
69 
70 
71 
72 
74 
75 
76 
77 
79 
74 
76 
77 
79 
80 
81 
02 
83 
04 
04 
04 
05 

69 0.31623 
69 0.37417 
69 0.46904 
68 0.50990 
60 0.50990 
68 0.54772 
60 0.54772 
69 0.54772 
69 0.55670 
70 0.50310 
70 0.59161 
70 0.50310 
71 0.28204 
71 0.60000 
72 0.67002 
72 0.61644 
72 0.60020 
72 0.60020 
73 0.63246 
73 0.63246 
74 0.61644 
74 0.61644 
74 0,60000 
75 0,60000 
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Run 1-2 

TS = 560 dH = 2.55 lmpinger Water = 16 ml 
Tm = 541 SRdP= 0.58 Silica Gel = 17.8 gr 

Meter Sq.Root 
Run 1-2 Stack Velocity Orifice Temperature Velocity 
Point # Temp. Pressure Pressure Inlet Outlet Pressure -- ---- 

A1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
B1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

97 
97 
97 
97 
97 
97 
99 
99 

100 
100 
100 
99 

100 
101 
102 
102 
103 
102 
102 
101 
101 
101 
101 
102 

0.22 
0.26 
0.3 

0.34 
0.35 
0.38 
0.38 
0.4 

0.35 
0.37 
0.36 
0.36 
0.27 
0.27 
0.28 
0.29 
0.3 

0.34 
0.38 
0.45 
0.36 
0.38 
0.39 
0.39 

1.6 
1.9 
2.2 
2.6 
2.6 
2.9 
2.9 

3 
2.6 
2.8 
2.7 
2.7 

2 
2 

2.1 
2.1 
2.2 
2.6 
2.9 
3.3 
2.7 
2.9 
2.9 
2.9 

76 
76 
77 
79 
80 
82 
83 
85 
85 
86 
86 
87 
84 
84 
85 
85 
86 
87 
88 
89 
89 
89 
89 
90 

75 0.46904 
75 0.50990 
75 0.54772 
75 0.58310 
75 0.59161 
76 0.61644 
76 0.61644 
77 0.63246 
76 0.59161 
77 0.60828 
77 0.60000 
77 0.60000 
78 0.51962 
78 0.51962 
78 0.52915 
78 0.53852 
79 0.54772 
79 0.58310 
79 0.61644 
79 0.67082 
80 0.60000 
00 0.61644 
80 0.62450 
80 0.62450 
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Run 1-3 

TS = 560 dH = 2.35 lmpinger Water = 29 rnl 
Tm = 542 SRdP= 0.56 Silica Gel = 14 gr 

Meter Sq.Root 
Run 1-3 Stack Velocity Orifice Temperature Velocity 
Point # Temp. Pressure Pressure Inlet Outlet Pressure 

A1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
51 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

98 
99 
99 
98 
99 
99 

100 
101 
101 
101 
101 
101 
100 
100 
100 
100 
101 
101 
100 
99 

100 
100 
101 
100 

0.26 1.9 
0.29 2.2 
0.3 2.2 

0.34 2.6 
0.32 2.4 
0.34 2.6 
0.35 2.6 
0.36 2.7 
0.34 2.6 
0.38 2.8 
0.32 2.4 
0.32 2.4 
0.24 1.8 
0.28 2.1 
0.25 1.9 
0.26 1.9 
0.28 2.1 
0.3 2.2 

0.36 2.7 
0.32 2.4 
0.33 2.5 
0.32 2.4 
0.32 2.4 
0.34 2.6 

79 
80 
81 
82 
84 
84 
85 
86 
86 
86 
87 
86 
81 
82 
83 
83 
84 
85 
85 
86 
86 
87 
87 
88 

79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
78 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 

0.50990 
0.53852 
0.54772 
0.58310 
0.56569 
0.58310 
0.59161 
0.60000 
0.58310 
0.61644 
0.56569 
0.56569 
0.48990 
0.52915 
0.50000 
0.50990 
0.52915 
0.54772 
0.60000 
0.56569 
0.57446 
0.56569 
0.56569 
0.58310 

twin citv testinq 
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* DRY GAS VOLUME * 

Vm(std) = Vm [i(std) / Tm] [(Pbar + (dHP3.6)) / P(std)] 

Where: 
Vm(std) = Dry Gas Volume through meter at standard conditions 
Vm 
Pbar 
Pstd = Standard absolute pressure 
Tm 
Tstd 
dH 
Y 
13.6 

Run 1-1 

Vm(std)=17.64x 0.9895 x 46.768 [( 29.18 +( 2.34 / 13.6))/ 534 

Run 1-2 

Vm(std)=17.64 x 0.9895 x 49.774 [( 29.16 + (  2.55 / 13.6 ))/ 541 

Run 1-3 

Vm(std)=17.64 x 0.9895 x 48.249 [( 29.18 + (  2.35 / 

= 17.64 x [degR / in.Hg.1 x Y x Vm [(Pbar + (dH/13.6))/Tm] 

= Dry Gas Volume measured by meter 
= Barometric pressure at oriface meter 

= Absolute temperature at meter degR. 
= Standard absolute temperature (528 degR). 
= Average pressure drop across oriface meter 
= Dry gas meter calibration factor. 
= Inches water per inches Hg. 

13.6 ))/ 542 

. .  

.. 

. .  . :... . . . .. 
. .  



TOTALCONTAMINANTS by WEIGHT: GRAIN LOADING * 

c's = 10.0154 gr/mg] [Mn/Vm(std)] 

Where: 
C'S 

Mn 
Vm(std) = Dry gas volume through meter at standard conditions 

Run 1-1 

C's = 0.0154 x [ 0.0605 x lOOO] / 44.870 = 

Run 1-2 

C's = 0.0154 x [ 0.0744 x 1000 ] / 47.129 = 

Run 1-3 

C's = 0 .0154~ [ 0 . 0 7 1 0 ~  lOOO] / 45.609 = 

= Concentration of particulate matter in stack gas 

= Total amount of particulate matter collected 
corrected to standard conditions 

0.0207 gr/dscf _ _ _ - - - _ - _ _ _ _ _ _ _  _ _ _ - - - _ - _ _ _ _ _ _ _  

0.0243 gr/dscf - _ _ _ - - _ - _ _ _ _ _ _ _  _ _ _ _ - - _ _ _ _ _ _ _ _ _  

0.0240 gr/dscf _ _ - - - - - - _ - - - _ _ -  _ _ - - - - - - _ _ - - _ _ -  

..  
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DRY MOLECULAR WEIGHT 

Md = 0.44 (% COP) + 0.32 (“Yo 02) + 0.28 (% CO + % N2) 

Where: 
Md = Dry molecular weight 
% C02 = Percent carbon dioxide by volume (dry basis). 
% 0 2  = Percent oxygen by volume (dry basis). 
% N2 = Percent nitrogen by volume (dry basis). 
% CO = Percent carbon monoxide by volume (dry basis) 
0.264 = Ratio of 0 2  to N2 in air 
0.28 = Molecular wieght of N2 or CO 
0.32 = Molecular wieght of 0 2  divided by 100. 
0.44 = Molecular weight of C02 divided by 100. 

Run 1-1 

Md = 0.44 ( 0.20 ) + 0.32 (20.30 ) + 0.28 ( 79.50 ) = 28.844 Ib/lb-mole 

Run 1-2 

Md = 0.44 

Run 1-3 

Md = 0.44 

0.30 ) + 0.32 (20.20 

0.20 ) + 0.32 (20.40 + 0.28 ( 79.40) = 28.848 Ib/lb-mole _ _ _ _ _ _ _ _ _ _ _ _ - _  _ _ _ _ _ _ _ _ - - - - - -  

twin citw testinq 
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* WATER VAPOR CONDENSED * 

Vwc(std) = (Vf - Vi) [Pw R T(std)/ Mw P(std)] = 0.04707 (Vf - Vi) 

VWsg(std) = (Wf -Wi) [R T(std)/ MW P(std)] = 0.04715 (Wf - Wi) 

Where: 
0.04707 = Conversion factor 
0.0471 5 = Conversion factor 
Vwc(std) = Volume of water vapor condensed (standard conditions) 
Vwsg(std) = Volume of water vapor collected in silica gel (standard 

Vf - Vi 
W - Wi 
Pw = Density of water 
R = Ideal gas constant 
Mw 
T(std) 
P(std) 

conditions) 
= Final volume of impinger contents less initial volume 
= Final weight of silica gel less initial weight 

= Molecular weight of water vapor 
= Absolute temperature at standard conditions 
= Absolute pressure at standard conditions 

Run 1-1 

Vwc(std) = 0.04707 x 10 rnl = 0.5 cu.ft. 

Vwsg(std) = 0.04715) 17.3 gr = 0.8 cu.ft. 
_ _ _ _ _ _ _ _ _ _ - -  _ _ _ _ _ _ _ _ _ _ _ -  

_ _ _ _ _ _ _ _ _ _ = =  _ _ _ _ _ _ - - - -  

Run 1-2 

Vwc(std) = 0.04707 x 16 rnl = 0.8 cu.ft. 

Vwsg(std) = 0.04715) 17.8 gr = 0.8 cu.ft. 
_ _ _ _ _ _ _ _ _ _ = =  _ _ _ _ _ _ _ - - -  
_ _ _ _ _ _ _ _ _ _ - -  _ _ _ _ _ _ _ _ _ _ _ -  

Run 1-3 

Vwc(std) = 0.04707 x 29 ml = 1.4 cu.ft. 
============ 

Vwsg(std) = 0.04715) 14 gr = 0.7 tuft _ _ _ _ _ - - - - - - -  _ _ _ _ _ - - - - - - -  

twin citv testina 
c o r m i o n  

. .  
.. 

.. . .  
. .  . .  



* MOISTURE CONTENT OF STACK GASES 

Bws = [Vwc(std) + Vwsg(std)] / [Vwc(std) + Vwsg(std) + Vm(std)] x 100 

Where: 
Bws 
Vm 
Vwc(std) = Volume of water vapor condensed corrected to standard 

Vwsg(std) = Volume of water vapor collected in silica gel corrected to 

= Proportion of water vapor 
= Dry gas volume measured by dry gas meter 

conditions 

standard conditions 

Run 1-1 

BWS = ( 0.5 + 0.8 ) / ( 0.5 t 0.8 t 44.870 ) X 100 = 2.82 % 
- - - - - - - - - - - - - - - - - - 

Run 1-2 

B w s = (  0 .8+  0 . 8 ) / (  0 . 8 t  0 . 8 t  4 7 . 1 2 9 ) ~ 1 0 0 =  3.28 % 
- - - - - - - - - - - - - - - - - - 

Run 1-3 

B w s = (  1 . 4 t  0 . 7 ) / (  1 . 4 t  0 . 7 t  45.609)xlOO= 4.40 % 
- - - - - - - - - - - - - - - - - - 

. .  
... . .  
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* MOLECULAR WEIGHT of STACK GASES * 

MS = Md (1 - BWS) + 18 (Bws) 

Where: 
Ms = Molecular weight of stack gas 
Md = Molecular weight of stack gas 
Bws = Proportion of water vapor 

Run 1-1 

Ms = 29.28 (1 - 

Run 1-2 

MS = 29.28 (1 - 

Run 1-3 

Ms = 29.28 (1 - 

2.82 % ) + 18 ( 

3.28 % ) + 18 ( 

4.4 % ) + 18 ( 

2.82 % ) = 

3.28 % ) = 

4.4 % ) = 28.78 Ib/lb-mole 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = =  _ _ _ _ - - - _ _ - - - - - -  

twin citw testina 
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STACK GAS VELOCITY * 

Vs = Kp Cp [sq.rt.dP] x avg. [sq.rt.(Ts(avg.)/Ps Ms)] 

Where : 
Vs = Average velocity of gas stream in stack 

Kp = 85.49 ft/sec [(g/g-mole) - (mm Hg) / (degK) (mm H20)I  112 
Cp = Pitot tube coefficient 
dP = Velocity head of stack gas 
Pbar = Barometric pressure at measurement site 
Pg = Stack static pressure 
Ps = Absolute stack gas pressure 
Pstd = Standard absolute pressure 
ts = stack temperature 
Ts = Absolute stack temperature 
Ms = Molecular weight of stack gas 

Run 1-1 

VS = 85.49 x 

Run 1-2 

vs = 85.49 x 

Run 1-3 

vs  = 85.49 x 

0.84 x 0.550 x Sq,Rt.[ 

0.84 x 0.580 x Sq.Rt.[ 

0.84 x 0.560 x Sq.Rt.[ 

560 /( 29.33 x 28.96 ) = 32.070 ftlsec. _ - _ _ _ - - - - =  _ - - _ _ - - - - 

560 /( 29.31 x 28.91 ) = 33.860ft/sec. _ - _ - - _ _ _ - -  _ _ _ - - _ _ _ - -  

560 I( 29.34 x 28.78 ) = 32.749 ftlsec. _ _ _ _ _ _ _ _ - -  _ _ _ _ _ _ _ _ - -  

...... 



* STACK GAS FLOW FATE * 

Qstd = 3600 (1 - BWS) VS A (TStd / Ts) (Ps / PStd) 

Where : 
Qstd = Dry volumetric stack gas flow rate corrected to std.conditions 
A = Cross sectional area of stack 
3600 = Conversion factor 
ts = Stack temperature 
Ts = Absolute stack temperature 
Tstd = Standard absolute temperature 
Pbar = Barometric pressure at measurement site 
Pg = Stack static pressure 
Ps = Absolute stack gas pressure 
Pstd = Standard absolute pressure 

Run 1-1 

Q (std) = 3600( 1 - 0.0282 )(  32.07 )( 7.0686 )(528/ 560 ) (  29.33 /29.92) 

Q (std) = 733,007 dscflhr _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  

Run 1-2 

Q(std) = 3600( 1 - 0.0328 )( 33.86 )( 7.0686 )(528/ 560 ) (  29.31 /29.92) 

Q (std) = 769,732 dscf/hr 
================= 

Run 1-3 

Q(std) = 3600( 1 - 0.044)( 32.749 )(  7.0686 )(528/ 560 ) (  29.34 /29.92) 

Q (std) = 736,608 dscflhr 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ = = =  _ _ _ _ _ _ - _ _ _ _ _ _ _  

.. ..... ...... 

tun citw testinq 



EMISSIONS FATE FROM STACK * 

E = [Cs Qstd] / 7000 gr./lb. = Ib. / hr. 

Where : 
E = Emissions rate 
CS = Concentration of particulate matter corrected to std.conditions. 
Qstd = Dry volumetric stack gas flow rate corrected to stdconditions. 

Run 1-1 

E = [ 0 . 0 2 0 7 ~  

Run 1-2 

E = [ 0 . 0 2 4 3 ~  

Run 1-3 

E = [ 0.024 x 

2.17 Ib./hr. _ _ _ _ _ _ _ _ _ - - - - -  _ _ _ _ _ _ _ _ _ - - - - -  733,007 ] / 7000 = 

769,732 

736,600 

tun ci tw  testinq 
cormoration 
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* ALLOWABLE EMISSIONS: LBS./1000 LBS. GAS 

--- --- 
I Qstd x Msx29.92 I 
I Md x 528dF x 21.85 I 

Lbs./Mlbs.Gas = E x  1000/ I - - - - - - - - - - - - - - - - - - - - I  
_ _ -  _ - -  

Where: 
Ms = Wet molecular weight 
Mdry = Dry molecular weight of stack gas = 1 - % rnoisture/100. 
Qstd = Dry volumetric stack gas flow rate corrected to stdconditions 
E = Emissions in pounds per hour. 
528 dF= Standard Temperature 
29.92 = Standard Pressure 
21.85 = Unit Conversion 

Run 1-1 _ _ _ _  - - _ _  
I 733,007 x 28.96 x 29.92 I 

Lb./Mlb. = 2,17x1000/ I 1 
I ( 1 -  0.0282 ) x 528 x 21.85 I 

_ _ - -  _ _ _ _  Run 1 -'2 
I 769,732 x 28.91 x 29.92 I 

I l ( 1 -  
Lb./Mlb. = 2,67x1000/ I 

0.0328 ) x 528 x 21.85 _ - - -  _ - _ _  

_ _ - -  _ - _ _  Run 1-3 
I 736,608 x 28.78 x 29.92 I 

I l ( 1 -  
Lb./Mlb. = 2,53x1000/ I 1 

0.044 ) x 528 x 21.85 - _ _ _  - - _ -  

tun cttv testtnta 
cortaoracion 
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* ISOKINETIC VARIATION * 

I = 100 Ts [0.002669 Vic + (vm / Tm) (Pbar + dH / 13.6)J / 60 e Vs Ps An 

Where : 
I = Percent isokinetic sampling. 
100 = Conversion to percent. 
Ts = Absolute average stack gas temperature 
0.002669 = Conversion factor 
Vic = Total volume of liquid collected in impingers and silica gel 
Tm = Absolute average dry gas meter temperature 
Pbar = Barometric pressure at sampling site 
dH = Average pressure differential across the oriface meter 
13.6 = Specific gravity of mercury. 
60 = Conversion seconds to minutes. 
e = Total sampling time 
Vs = Stack gas velocity 
Ps 
An 

Run 1-1 

= Absolute stack gas pressure 
= Cross sectional area of nozzle 

[( 0.002669 x 27.3)+( 46.768 / 534)[ 29.18 +(  2.34/13.6)] 
560 -_ - -  I = loo  x 

60x 60x 32.070 x 29.33 x 0.000431 

I =  101.5% - - - - - - - - - - - - - - 

Run 1-2 

[( 0.002669~ 33.8)+( 49.774 / 541 ) [  29.16 ( 2.55 /13.6)] 

60x 60x 33.860 x 29.31 x 
560 __________-____ - - - - - ' I  =1oox 

0.000431 

I =  101.5% - - - - - - - _ - - - - - - 
Run 1-3 

[( 0.002669 x 43 )+( 48.249 / 542)[ 29.18 +(  2.35 /13.6)] 
560 _________--____ - - - - - I =1oox 

60x 60x 32.749 x 29.34 x 0.000431 

I =  102.5 % - - - - - - - - - - - - - - 

, .. 

.. .. . .  
~. . 
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APPEh'DIX A - 2 

AIR SCRUBBER OUTLET 



SUMMARY OF TEST DATA * 

SAMPLING TRAIN DATA 

Sampling time, minutes 
Sampling nozzle diameter, inches 
Sampling nozzle area, sq.ft. 
lsokinetic variation, % 
Sample gas volume, cubic feet 
Avgmeter temperature, deg R 
Avg.oriface pressure drop, in.H20 
Total particulate collected, mg 

VELOCITY TRAVERSE DATA 

Stack Area, sq.ft. 
Abs.stack gas pressure, in.Hg. 
Barometric pressure, in.Hg. 
Avgstack temperature, deg R 
Avg. sq.rt. velocity head (Cp=.84) 
Avg.stack gas velocity, ft./sec. 

STACK MOISTURE CONTENT 

Total water collected, ml 
Moisture in stack gas, % 

EMISSIONS DATA 

Stack gas flow rate, dscf/hr. 
Particulate concentration, gr/dscf 
Particulate concentration, Ib./hr. 
Particulate concentration, IbJl OOOlb 

ORSAT DATA 

Percent C02 by volume 
Percent 0 2  by volume 
Percent CO by volume 
Percent N2 by volume 

Dn 
An 

I 
Vm 
Trn 
dH 
Mn 

Run 2-1 

60 
0.250 

0.000341 
100.4 

46.817 
533.0 
2.19 

48.81 

A 6.2126 
Ps 29.02 

Pbar 29.18 
Ts 539.00 

0.7000 
vs 40.319 

Vic 
Bws 

Qsd 
c s  

E 
stack gas 

37 
3.60 

825931 
0.0165 

1.95 
0.0304 

c 0 2  0.20 
0 2  20.30 
co 0.00 
N2 79.50 

Run 2-2 

60 
0.250 

0.000341 
99.9 

44.243 
538.0 

1.93 
53.73 

6.2126 
29.00 
29.16 

541 .OO 
0.6600 
38.099 

35 
3.63 

776791 
0.0195 

2.16 
0.0358 

0.30 
20.20 
0.00 

79.50 

Run 2-3 

60 
0.250 

0.000341 
97.4 

43.926 
538.0 

1.92 
48.04 

6.2126 
29.02 
29.18 

541 .OO 
0.6600 
37.935 

15 
1.63 

790044 
0.01 78 

2.01 
0.0332 

0.20 
20.40 
0.00 

79.40 

. ........ 



Plant # & Location 
Date of Test 
Process Tested 
Number of Sampling Points 
Pitot Tube Coefficient 
Stack Area, sq.ft. 
Y Factor 

Dry Gas Meter Volume, cfd. 
Barometric Pressure, in.Hg. 
Stack Pressure, in.Hg. 
Total Water Collected. rnl. 

= Kraft Foods, Wausau, WI. 
= March 30,1993 
= Parmesan Drying System 

24 
0.84 

6.2126 
1.0001 

- - 
- - 
- - 
- - 

Run 2-1 Run 2-2 Run 2-3 
- - 46.817 44.243 43.926 
- - 29.18 29.16 29.18 
- - 29.02 29.00 29.02 

36.7 35.4 14.8 - - 
0.20 % Carbon Dioxide - 

20.30 % Oxygen - 
0.00 % Carbon Monoxide - 

79.50 % Nitrogen - 
Total Particulate, gr.(see Lab Data) = 0.04881 

60 Total Sampling Time, min. - 
0.250 Nozzle Diameter, inches - 

0.0003409 Nozzle Area, sq.ft. - 

Laboratory Data: 

- 
- 
- 
- 

- 
- 

- 

J 
Front Catch : Run 2-1 

Front Wash = 0.02785 
Filter Catch = 0.00059 

0.30 
20.20 
0.00 

79.50 
0.05373 

60 
0.250 

0.0003409 

J 
Run 2-2 
0.01 496 ' 
0.00027 

0.20 
20.40 
0.00 

79.40 
0.04884 

60 
0.250 

0.0003409 

J 
Run 2-3 
0.00893 
0.001 13 

Front Half Total = 0.02844 0.01523 0.01006 

Back Catch : 
** lmpinger Catch = 0.00316 0.00200 0,001 36 

lrnpinger Water = 0.01528 0.03459 0.03559 
lmpinger Wash = 0.001 93 0.00191 0.001 83 

Back Half Total = 0.02037 0.03850 0.03878 
0.04881 0.05373 0.04884 TOTAL PARTICULATE COLLECTED = 

** Chloroform/Ethyl Ether Extraction 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

twin citv testina T ,  CWDoRKlOn 

... . ... 
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Run 2- 1 

TS = 539 dH = 2.19 lrnpinger Water = 22 ml 
Tm = 533 SRdP= 0.70 Silica Gel = 14.7 gr 

Meter Sq.Root 
Run 2-1 Stack Velocity Orifice Ternperadure Velocity 
Point # Temp, Pressure Pressure Inlet Outlet Pressure 

A1 74 
2 76 
3 77 
4 77 
5 78 
6 78 
7 78 
8 79 
9 79 

10 80 ~ 

11 80 
12 80 
B1 79 
2 80 
3 80 
4 80 
5 81 
6 81 
7 80 
8 81 
9 81 

10 81 
11 81 
12 81 

0.34 
0.3 
0.4 

0.44 
0.51 
0.55 
0.6 
0.6 

0.55 
0.5 

0.46 
0.42 
0.4 

0.38 
0.44 
0.49 
0.53 
0.55 
0.58 
0.62 
0.62 
0.58 
0.52 
0.52 

1.4 
1.3 
1 .8 
1.9 
2.3 
2.4 
2.6 
2.6 
2.4 
2.2 

2 
1.9 
1.8 
1.7 
1.9 
2.1 
2.4 
2.4 
2.6 
2.8 
2.8 
2.6 
2.3 
2.3 

68 
68 
69 
69 
70 
71 
72 
74 
74 
75 
76 
76 
73 
74 
75 
76 
77 

79 
79 
80 
80 
81 
81 

7a 

68 0.58310 
68 0.54772 
68 0.63246 
68 0.66332 
69 0.71414 
69 0.74162 
69 0.77460 
69 0.77460 
70 0.74162 
70 0.70711 
70 0.67823 
71 0.64807 
71 0.63246 
71 0.61644 
72 0.66332 
72 0.70000 
72 0.72801 
73 0.74162 
73 0.76158 
73 0.78740 
74 0.78740 
74 0.76158 
75 0.72111 
75 0.72111 

.... . 
. .  
. .  .. 

. .  . ... .. . . .  
. .  
.. ... 

. .  
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Run 2-2 

TS = 541 dH = 1.93 lmpinger Water = 26 ml 
Tm = 538 SRdP = 0.66 Silica Gel = 9.4 gr 

Meter Sq.Root 
Run 2-2 Stack Velocity Orifice Temperature Velocity 
Point # Temp. Pressure Pressure Inlet Outlet Pressure 

B1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
A1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

80 
80 
80 
81 
81 
81 
81 
81 
81 
82 
81 
82 
72 
80 
81 
82 
82 
82 
82 
82 
82 
82 
82 
82 

0.33 
0.37 
0.42 
0.46 
0.5 
0.5 

0.51 
0.54 
0.54 
0.5 

0.46 
0.43 
0.24 
0.32 
0.36 
0.42 
0.45 
0.49 
0.52 
0.52 
0.48 
0.4 

0.38 
0.36 

1.4 
1.6 
1.9 

2 
2.2 
2.2 
2.3 
2.4 
2.4 
2.2 

2 
1.9 

1 
1.4 
1.6 
1.9 

2 
2.1 
2.3 
2.3 
2.1 
1.0 
1.7 
1.6 

74 
75 
76 
77 
78 
79 
80 
81 
02 
82 
03 
83 
77 
78 
78 
78 
78 
78 
78 
78 
79 
79 
79 
79 

74 0.57446 
74 0.60828 
75 0.64007 
75 0.67823 
75 0.70711 
75 0.70711 
76 0.71414 
76 0.73405 
76 0.73485 
76 0.70711 
77 0.67823 
77 0.65574 
77 0.40990 
78 0.56569 
78 0.60000 
78 0.64007 
78 0.67082 
78 0.70000 
78 0.72111 
78 0.72111 
79 0.69282 
79 0.63246 
79 0.61644 
79 0.60000 

twin citw testinq 



Run 2-3 

TS = 541 dH = 1.92 lmpinger Water = 3 ml 
Tm = 538 SRdP= 0.66 Silica Gel = 1 1.8 gr 

Meter Sq.Root 
Run 2-3 Stack Velocity Orifice Temperature Velocity 
Point # Temp. Pressure Pressure Inlet Outlet Pressure _-_ __-_-__ ____ _ _-- ____ _ _ - ____ __  _- 

A1 81 0.34 1.5 76 76 0.5a310 
2 81 0.32 1.4 76 76 0.56569 
3 81 0.34 1.5 77 77 0.58310 
4 81 0.42 1.9 78 76 0.64807 
5 82 0.45 2 79 76 0.67082 
6 81 0.49 2.1 79 77 0.70000 
7 81 0.52 2.3 80 77 0.72111 
8 81 0.53 2.4 81 77 0.72801 
9 81 0.49 2.1 81 77 0.70000 

10 81 0.41 1.8 81 77 0.64031 
11 81 0.38 1.7 81 77 0.61644 
12 81 0.35 1.5 81 77 0.59161 
B1 81 0.38 1.7 78 77 0.61644 
2 81 0.36 1.6 78 77 0.60000 
3 81 0.4 1.8 79 77 0.63246 
4 81 0.45 2 79 77 0.67082 
5 81 0.48 2.1 80 77 0.69282 
6 81 0.49 2.1 81 77 0.70000 
7 82 0.49 2.1 81 77 0.70000 
8 82 0.52 2.3 82 77 0.72111 
9 82 0.5 2.2 a2 78 0.70711 

11 81 0.45 2 83 77 0.67082 
12 a2 0.42 1.9 83 78 0.64807 

10 81 0.48 2.1 83 78 0.692a2 

Y testina 

. ~. .~ 
. ... ~. 

. .  .. .. . .  
. ... .. . :. ...... . .  . ~ .  

. . .. . .  . .  



* DRY GAS VOLUME * 

Vm(std) = Vm [T(std) / Tm] [(Pbar + (dH/13.6)) / P(std)] 

Where: 
Vm(std) = Dry Gas Volume through meter at standard conditions 
Vm 
Pbar 
Pstd = Standard absolute pressure 
Tm 
Tstd 
dH 
Y 
13.6 

Run 2-1 

Vm(std)=17,64x 1,0001 x 46.817 [(  29.18 + (  2.19 / 13.6))/ 5331 = 

Run 2-2 

Vm(std)=17,64x 1,0001 x 44.243 [( 29.16 +(  1.931 13.6))/ 5381 = 

Run 2-3 

Vm(std)=17,64x 1.0001 x 43.926[( 29.18 +( 1.92/ 13.6))/ 5381 = 

= 17.64 x [degR / in.Hg.1 x Y x Vm [(Pbar + (dH/13.6))rTm] 

= Dry Gas Volume measured by meter 
= Barometric pressure at oriface meter 

= Absolute temperature at meter degR. 
= Standard absolute temperature (528 degR). 
= Average pressure drop across oriface meter 
= Dry gas meter calibration factor. 
= Inches water per inches Hg. 

45.467 dscf 
- - - - - __  - - - - - - - - __  - - - 

42.511 dscf 
- - - - --- - - - - - - -- - - - 

42.234dSCf 
- - - - - _- - - - - - - - _- - - 

twin citw testinq 
cormoration 
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* TOTALCONTAMINANTS by WEIGHT: GRAIN LOADING 

C'S = [0.0154 grlmg] [Mn/Vm(std)] 

Where: 
C's 

Mn 
Vm(std) = Dry gas volume through meter at standard conditions 

= Concentration of particulate matter in stack gas 

= Total amount of particulate matter collected 
corrected to standard conditions 

Run 2- 1 

C's = 0.0154 x [ 0.0488 x 1000 ] 1 45.467 = 0.0165 grldscf 

Run 2-2 

C'S = 0.0154 x [ 0.0537 X 1000 

Run 2-3 

C'S = 0.01 54 x [ 0.0488 X 1000 

twin citv testinq 
corDoratton 
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* DRY MOLECULAR WEIGHT * 

Md = 0.44 (% C02) + 0.32 (76 02) + 0.28 (% CO + % N2) 

Where: 
Md = Dry molecular weight 
% C02 = Percent carbon dioxide by volume (dry basis). 
% 0 2  = Percent oxygen by volume (dry basis). 
% N2 = Percent nitrogen by volume (dry basis). 
% CO = Percent carbon monoxide by volume (dry basis) 
0.264 = Ratio of 0 2  to N2 in air 
0.28 = Molecular wieght of N2 or CO 
0.32 = Molecular wieght of 0 2  divided by 100. 
0.44 = Molecular weight of C02 divided by 100. 

Run 2-1 

Md = 0.44 ( 0.20 ) + 0.32 (20.30 ) + 0.28 ( 79.50 ) = 28.844 Ib/lb-mole _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ -  

Run 2-2 

28.856 Ib/lb-mole _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ - - -  Md = 0.44 ( 0.30 ) + 0.32 (20.20 ) + 0.28 ( 79.50 ) = 

Run 2-3 

Md = 0.44 ( 0.20 ) + 0.32 (20.40 ) + 0.28 ( 79.40 ) = 28.848 Ib/lb-mole - _ _ _ - - - _ _ - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I 



WATER VAPOR CONDENSED * 

Vwc(std) = (Vf - Vi) [Pw R T(std)/ Mw P(std)] = 0.04707 (Vf - Vi) 

VWSg(Std) = (Wf -W) [R T(std)/ MW P(std)] = 0.04715 (Wf - WI) 

Where: 
0.04707 = Conversion factor 
0.04715 = Conversion factor 
Vwc(std) = Volume of water vapor condensed (standard conditions) 
Vwsg(std) = Volume of water vapor collected in silica gel (standard 

Vf - Vi 
Wf - Wi 
Pw = Density of water 
R = Ideal gas constant 
MW 
T(std) 
P(std) 

Run 2- 1 

conditions) 
= Final volume of impinger contents less initial volume 
= Final weight of silica gel less initial weight 

= Molecular weight of water vapor 
= Absolute temperature at standard conditions 
= Absolute pressure at standard conditions 

Vwc(std) = 0.04707 x 22 ml = 1 cu.ft. 
============ 

Vwsg(std) = 0.0471 5 ) 14.7 gr = 0.7 cu.R. 
============ 

Run 2-2 

Vwc(std) = 0.04707 x 26 ml = 1.2 cu.ft. _ _ _ _ _ _ _ _ - - - -  _ _ _ _ _ _ _ _ - - - -  
Vwsg(std) = 0.04715 ) 9.4 gr = 0.4 cu.ft. _ _ _ _ _ - - - - - - -  _ _ _ _ _ - - - - - - -  

Run 2-3 

Vwc(std) = 0.04707 x 3 ml = 0.1 cu.ft. __-- - -_- - - - -  _ _ - _ _ _ _ _ _ _ _ _  
Vwsg(std) = 0.0471 5 ) 1 1.8 gr = 0.6 cu.ft. _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  

. .  . .  
. .  

. .  . .. 
... 

. .  .. . . 

. .  

. .  



MOISTURE CONTENT OF STACK GASES * 

Bws = [Vwc(std) + Vwsg(std)] / [Vwc(std) + Vwsg(std) + Vm(std)] x 100 

Where: 
Bws 
Vm 
Vwc(std) = Volume of water vapor condensed corrected to standard 

Vwsg(std) = Volume of water vapor collected in silica gel corrected to 

Run 2- 1 

BWS = ( 1 i 0.7 ) / ( 1 i 0.7 i 45.467 ) x 100 = 3.60 % 

= Proportion of water vapor 
= Dry gas volume measured by dry gas meter 

conditions 

standard conditions 

- - - - - - - - - - - - - - - - - - 

Run 2-2 

BWS = ( 1.2 -t 0.4 ) / ( 1.2 i 0.4 i 42.51 1 ) x 100 = 3.63 % 
- - - - - - - - - - - - - - - - - - 

Run 2-3 

BWS = ( 0.1 t 0.6 ) / ( 0.1 i 0.6 t 42.234 ) x 100 = 1.63 % 
- - - - - - - - - - - - - - - - - - 

twin citv testinq 
corD(yIIc:on 
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MOLECULAR WEIGHT of STACK GASES * 

MS = Md (1 - BWS) + 18 (Bws) 

Where: 
Ms = Molecular weight of stack gas 
Md = Molecular weight of stack gas 
Bws = Proportion of water vapor 

Run 2- 1 

MS=29.28(1 - 3 . 6 % ) + 1 8 (  3 . 6 % ) =  28.87 Ib/lb-mole 

Run 2-2 

MS = 29.28 (1 - 

Run 2-3 

MS = 29.28 (1 - 1.63 % )  + 18 ( 1.63 % )  = 29.10 Ib/lb-mole 

----------------= _ _ _ _ - _ _ _ _ _ - - - - - -  

3.63 % ) + 18 ( 3.63 % ) = 28.87 Ib/lb-mole 
================= 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ =  _ _ _ _ _ _ _ _ - - - - - - - -  

.,......-. -..... 



.- 

* STACK GAS VELOCITY * 

VS = Kp Cp [sq.rtdP] x avg. [sq.rt.(Ts(avg.)/Ps Ms)] 

Where : 
Vs 

Kp = 85.49 ft/sec [(g/g-mole) - (mm Hg) / (degK) (mm H20)] 1/2 
Cp = Pitot tube coefficient 
dP = Velocity head of stack gas 
Pbar = Barometric pressure at measurement site 
Pg = Stack static pressure 
Ps = Absolute stack gas pressure 
Pstd = Standard absolute pressure 
ts = stack temperature 
Ts = Absolute stack temperature 
Ms 

= Average velocity of gas stream in stack 

= Molecular weight of stack gas 

Run 2- 1 

VS = 85.49 x 0.84 x 

Run 2-2 

VS = 85.49 x 0.84 x 

Run 2-3 

VS = 85.49 x 0.84 x 

0.700 x Sq.Rt.[ 

0.660 x Sq.Rt.[ 

0.660 x Sq.Rt.[ 

539 /( 29.02 x 28.87 ) = 40.319 ft/sec. _ _ _ _ _ _ _ - - -  _ _ _ _ _ _ _ _ - -  

29 x 28.87 ) = 38.099 ft/sec. _ _ _ _ _ _ _ _ - -  _ _ _ _ _ _ _ _ - -  541 /( 

541 I( 29.02 x 29.1 ) = 37.935 ftlsec. _ _ _ _ _ _ _ - - -  _ _ _ _ _ _ _ _ - -  

tun citw testin9 iE CDrDDraclDn 
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STACK GAS FLOW RATE * 

QStd = 3600 (1 - BWS) VS A (Tstd / Ts) (Ps / Pstd) 

Where : 
Qstd = Dry volumetric stack gas flow rate corrected to std.conditions. 
A = Cross sectional area of stack 
3600 = Conversion factor 
ts = Stack temperature 
Ts = Absolute stack temperature 
Tstd = Standard absolute temperature 
Pbar = Barometric pressure at measurement site 
Pg = Stack static pressure 
Ps = Absolute stack gas pressure 
Pstd = Standard absolute pressure 

Run 2-1 

Q (std) = 3600( 1 - 0.036 )( 40.319 ) (  6.2126 )(528/ 539 )(  29.02 /29.92) 

Q (std) = 825,931 dscf/hr _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _  

Run 2-2 

Q(Std) = 3600( 1 - 0.0363 )( 38.099 )(  6.2126 )(528/ 541 )( 29 /29.92) 

Q (std) = 776,791 dscf/hr 
================= 

Run 2-3 

Q(std) = 3600( 1- 0.0163)( 37.935)( 6.2126)(528/ 541 ) (  29.02 /29.92) 

. .  
. .  

' ,  

. . .  ..... ...... 
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EMISSIONS RATE FROM STACK * 

E = [Cs Qstd] / 7000 gr./lb. = Ib. / hr. 

Where : 
E = Emissions rate 
CS = Concentration of particulate matter corrected to std.conditions 
Qstd = Dry volumetric stack gas flow rate corrected to std.conditions. 

Run 2-1 

E = [ 0 . 0 1 6 5 ~  

Run 2-2 

E = [ 0 . 0 1 9 5 ~  

Run 2-3 

E = [ 0.0178 x 

776,791 ] / 7000 = 2.16 Ib./hr. 
_ _ _ _ _ _ _ _ _ _ _ = = =  _ _ _ _ _ _ _ _ _ _ -  

.. . .. . ... 
.~ .-.. - -  



*ALLOWABLE EMISSIONS: LBS./1000 LBS. GAS * 

--- --- 
I Qstd x Msx29.92 I 

I Md x 528dF x 21.85 I 
Lbs./Mlbs.Gas = E x  1000/ I - - - - - - - - - - - - - - - - - - - - I  

_ _ _  --- 
Where: 
Ms = Wet molecular weight 
Mdry = Dry molecular weight of stack gas = 1 - % moisture/100. 
Qstd = Dry volumetric stack gas flow rate corrected to std.conditions. 
E = Emissions in pounds per hour. 
528 dF= Standard Temperature 
29.92 = Standard Pressure 
21.85 = Unit Conversion 

Run 2- 1 _ _ _ _  _ _ _ _  
I 825,931 x 28.87 x 29.92 I 

I I ( 1 -  

Lb./Mlb. = 1,95x1000/ I 
0.036 ) x 528 x 21.85 _ _ _ _  _ _ - -  

Run 2-2 ---- _ _ _ -  
I 776,791 x 28.87 x 29.92 I 

Lb./Mlb. = 2 , 1 6 x 1 ~ ~ o /  i 
I ( 1 -  0.0363 ) x 528 x 21.85 I 

_ _ - -  _ _ _ _  Run 2-3 
I 

Lb./Mlb. = 2.01 x1000/ I I 
I 

790,044 x 29.1 x 29.92 I 
l ( 1 -  0.0163 ) x 528 x 21.85 _--- _ _ _ _  

. .. 

... 

. .  . ~. 
. .  .,.. . ... . . .  :. .... 

...... ::... . .. 

'. .I;. ... 
. .  
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ISOKINETIC VARIATION 

I = 100 Ts [0.002669 Vic + (Vm / Tm) (Pbar + dH / 13.6)] / 60 e Vs Ps An 

Where : 
I = Percent isokinetic sampling. 
100 = Conversion to percent. 
Ts = Absolute average stack gas temperature 
0.002669 = Conversion factor 
Vic = Total volume of liquid collected in impingers and silica gel 
Tm = Absolute average dry gas meter temperature 
Pbar = Barometric pressure at sampling site 
dH = Average pressure differential across the oriface meter 
13.6 = Specific gravity of mercury. 
60 = Conversion seconds to minutes. 
e = Total sampling time 
Vs = Stack gas velocity 
Ps 
An 

= Absolute stack gas pressure 
= Cross sectional area of nozzle 

Run 2- 1 

[( 0.002669 x 36.7 )+( 46.817 / 533)[ 29.18 +(  2.19 /13.6)] 
539 ___________-___ - - - - _  I =1oox 

29.02 x 0.000341 60x 60x 40.319 x 

Run 2-2 

[( 0.002669~ 35.4)+( 44.243/ 5 3 8 ) [  29.16 + (  1.93/13.6)] 

60x 60x 38.099 x 29 x 
541 _______________  - - _ _ _  

0.00034 1 
I = l O O x  

Run 2-3 

[( 0.002669 x 14.8 )+( 43.926 / 538 ) [  29.18 +(  1.92 /13.6)] 

60x 60x 37.935 x 29.02 x 
541 _______________  _ - _ _ _  

0.000341 
I =1oox 

. .  . .. . .  .. . 
.- :._ .. .. . ... 
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APPENDIX 8 

FIELD DATA FORMS 

. ... 

. .. 

. .  . 
. .  . .  , . .. 

.. ... _-... ... 
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SOURCE EMISSION TEST FIELD DATA SHEET TEST:/RUN : PAGE :/of/ 
EQUIPMENT IDENTIFICATION NOnDGRAPH SETTIYGS TEST IDENTIFlCATION - 

T C T  P r o j e c t  N h r :  yl'l - <?$ - ? s i /  C o n t r o l  U n i t  N h r :  1 oh@ L. C i  V J -  
Date: 2 ,'j~ Gas n c t e r  c o e f f i c i e n t :  C .?E GI Tm & 

I 1 &2c Sample Box Nurber :  nc 
PSlPrn ,. ';:: C o n p ~ :  /<LA r r  G C N O : ~ L  / 

source:  d~ ,?,2m,.,2,., ,b2*,-; a-JsR.m p r o b e  NO: 3 . ' Length:  

sou rce  Dimensions: 36" @ P i t o t  NO: 3 c o e f f i c i e n t :  C I E c L L r  
T S  L8 Tes t  Team: /J /G'., /A c . N o z z l e  No: tty D i a m e t e r :  3. L C I  

T e s t  Procedures:  t7.q ,- ,- F i l t e r  No: R - 7b 
Ambient Ten+. ' F :  ,;;I I B e r m t r i c  P r e s s u r e ,  in.Hg: 5. I 2  I s t a t i c  P ressu re ,  in.wc: 4 2. ! 

I 

? 

I EPA METHW 5 TRAVERSE DATA I 

. .  
. .  

.... . .  
. .  ..... ..... ... 

. .  . ....... . . ...~, . .  
, . .  
. .  
I. . . .,. ... . . .  . .  .. .. ~ 

... .. . .  .. . 
: ..:., .. . . .. . .( : . .. 
I .. : . .  .. .. 



SOURCE EMISSION TEST FIELD DATA SHEET T E S T : l R U N  :z PAGE : / C  f L  



SOURCE EMISSION TEST FIELD DATA SHEET T E S T : / R w : A  P A G E : i O f l  

I I I ,  I I I \ <  I I 

bL ---Y 
Carbon Monoxide I I I I I I 

I 
I 

Form SSTS, Revised 12128192 
,.r- . 

Y teStina / I 

.. . 

.. . .  ~. .. .... 

.- 



SOURCE EMISSION TEST FIELD DATA SHEET T E S T : - Z  -RUN- PAGE:- -of- f I 

T e s t  Procedures: ~.-fl,+ ,- - I F i l t e r  no: 
Arrbient T q . ,  'F: C L 1 B a r m t r i c  Pressure, in.Hg: 2 5. /z I S t a t i c  Pressure, in.wc: I - 1.c: 

Y 

I twin ut/ Y testtnq 

. .  

. .  

. ... 

.:..... . . ... . .  . .  
.. . 

,.... ... 
. .  . .  . .  
. .  .. 

. .  
... ... .. ... .. . . : 
:. : 
. ,  . . .  



SOURCE EMISSION TEST FIELD DATA SEEET TEST : ZRUN :A PAGE:/of- / 

EPA UETHM 5 TRAVERSE DATA 

.... 

... 

.~ ... 

...... . . .. . . . ... . 

. .  . .  



~~~ ~ 

SOURCE EMISSION TEST FIELD DATA SBEET T E S T : L R U N : A  PAGE : / O f L  

twin c Id testlnq / 
rn,m,.r?.r,n" 



Date: - Project: fL,,i,-/ :: ,- 

Technician: J-T client: 

Source/Process: < 7 

.? I 
L >  

I 
.. 

. .. 
.. . 
. .  ~ ..... 

. .  .... .. .... 

~ o r m  SSTOOOOl, General Data, Revised 10/21/92 
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I ., ,..?. Date: c I -, :,; project: ,?-/:,,,.-7 

- 
Technician: ..J 1 . Client: 

SourcejProcess: I _  . . ( ( . -  

- 
1 

I I - ~ 

~ ~ r r n  SSTOOOOl, ~enerel D a t a .  Revised 10/21/92 

Y testinq 

. .  

. .  . 

, ..,. .. .. ..... 
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APPENDIX C 

LABORATORY REPORTS 

.... .. . .. . 

twin citv teStinq 



LABORATORY ELEPORT: LPA KETBOD 5 P k g T I C T A T E  A N A L Y E 1 8  

I FRONT KASE 
'Sample Number: Measured E s t m a t e n  

Sample volume 
Volume, m l  Lost, m l  I 

f 1 I ' RUK P r o j e c t  Number: 4 2 3 2 -  q 3 . 2 y,, 
: C l i e n t :  I L ~ ~ A A  L/ )- I 

I 

I 
1 

IWeight # 4 l  I I I 
iWeiaht  f 3  1 I I I 

Sample Number: q , L , J ~ T  
Date I T i m e  I By 1 grams 

IWeight 241 I 
iweiaht #31 I I 

l N e t  Sample Weight 10 . O O O L s  1: 

~ 

.I 

'Water Blank based on 5 ;  m l l  ~ . o o o 2 r ,  

. h c e t o n e  Blank b a e d  on q? m? I o ,  o D i ~ b  

! N e t  Sample Weignt 1 0 . o  d 7 3 9  

~ 

I 
~ 

' 

I I W I N G E R  ACFTONE R I N S E  1 

3 'vaiq 
vo l tme ,  m l  L o s t ,  m l  

4 3  
Date I T i m e  1 B Y  1 grams 

iWeiaht #31 I I I 

t h 'EIGHINO PROCEDURE I 

, 
1 

I 

I 

Weighing8 s h a l l  be t o  t h e  n e a r e s t  
consean t  w e i g h t  whrch means a 

d i f f e r e n c e  of no  more t h a n  0 .5  mg 
between two c o n s e c u f i v e  we iah inge ,  
y i t h  no less t h a n  6 i x  hours-o:  
a e s i c c a t i o n  t i m e  be tween  weighings.  

IWeight of c o l l e c t e d  m a t t e r  i ~ . c c ~ ~ a  i 
I 

> I /Acetone Blank based on 7 0  m l (  0 . ~ 0 o 7 g  

[ N e t  sample Weight I o.oo:!si  j 
L 

IEs t ima ted  Volume L o s t .  m l :  I 

I H P I N C E R  CATCH ORCAXIC EXTRACTION 

;Weight of c o l l e c t e d  m a t t e ?  " I , v , r ; 9 4  ]i 
iwater  Blank b a s e d  on  j 0 o  m l  1 , ~ w y ~  !I 
!Net Sample Weight I o.o/oPJ.J; 

t u n  citv testin3 

. ~. 

. .  
. .  . .  

. .  .. , .  .. . .  

. : ....... .:. ... 



LABORATORY REPORT: EPA KETHOD 5 PARTICULATE ANALYSIB 

Weighing8 shall be to the nearest 
Weighings shall be to 

?;Anr?;nt weight which means a 
difference of no more than 0.5 m 5  
between tvo consecutive wsighlngs, 
with no lese than eix hours of 
desiccation t h e  between weiohinoe. 

LFilter Tare Weiaht I o .  3r(932 I 

, 

' 

1 I ~ . s c - 5 9  1 Net Sample Weight 

IKPINGER CATCH O R G A N I C  EXTRACTION 1 

weight 1 4 1  I I I !: 

Less Solvent Blanks 
:Ethyl Ether based on 7 5  ml 
-. 

1 WEIOEINO PROCEDURE 1 

C)D 
i Chlorof orm based on Y 7 ml/ &oJ,, 

IYPIWOLR -TU( VOLUME i 
Heaeured Sample Volume, ml: 2 6  1 

i 

[Estimated Volume Lost, ml: I 

!Weight 141 I I ! 
,Weioht 1 3  I I I I 

I based on ml I II 

I 

!I 
tde- sarrple Weignt .Ooql / ;  

I IHPINGER CATCH UASS RESIDUE 

kk'eiaht 1 5 1  I I I 

X ri I iin riru rpc;rinn 

. .  . .  . . .  

. .  ...... 
. .  



LABORATORY REPORT: ZPA KETHOD 5 PARTXCULATZ ANALYBIB 

rILTER ULTCE 1 
‘Sample Number: IFLlter Number: 

1 I Y P I H C E R  ACETONE RINSE I 
- 

Volume 

i WEIOEINO PROCEDURE t: 
Weighlngs shall be to the nearest 
cons?hnt weLght which means A 

difference of no more than 0 . 5  mg 
between two consecutive weighings, 
with no less han aix hours of 
desiccation t h e  between welghings. 

F IKPINCER ULTCB ORGANIC EXTRACTIOH 

LWeight 1 4  I I I 

IaEthvl Ether baaed on 7 5  mll ,-a 1 

INet sample Weight 

(!Weight 1 4 1  I I  

. .  
. .  .. .. . .: 
. .  .. ..-.. . . . . . . . . ~. 

Fom: S S T - U B S Z C  



- 

LABORATORY REPORT: EPA KETHOD 5 PARTICULATE M X L Y B I B  

- ~~~~ 

Filter Tare Weight 

FRONT H A S 6  II 

Acetone Blank based on - y  ml( , . u o o l T  

I o . c . 3 7 8 ~  

 IN^ sample Weight 
Fon: SST-UBSZC 

WEIQEINO PROCEDVRE 
4 

weighings shall be to the nearaat 
0.1 m Weighings shall be to 
conszint weight which means A 

difference of no more than 0.5 mg 
between two con8ecutive weighings, 
with no less han s i x  hours Of 
desiccatlon t h e  between weiohlnqs. 

sample Number: 3 I V J  3 4  
I Date I Time I BY I qrams 

eioht of collected matter 

lNet sample Weight I O.&YI4. F 

t u n  citv testin9 

.. . .  . .  

.~..  . .  ... . .  



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I. 

I 
I 

I 

I' 

I 

P r o j a c t  Number: 4 2 3 2 -  y 3 .  2 s I I 

LABORATORY REPORT: XPA KETHOD 5 PARTICULATE ANALYBIE 

TEST RUN 

d a 

- 
lILT6R CATCE 

] F i l t e r  Number: S m p l e  Number: I - _  

le Number: 

based on JI/ m l ]  0 . 0 0 0 Y f  

P I U P I N O E R  A C E M H E  RINSE 

f e n :  SSl-UBS2C 

1 NEIOEINO PROCEDLIRE 1 
Weicrhinos s h a l l  be to t h e  n e a r e s t  k 

E IYPINOER CATCE V O L W  I 
lneaeured samole volume. m l :  7-71 1 
IEstimated Volume Lost,  m l :  

TGPINCER UTCB OROANIC EXTRACTION I 

LLess S o l v e n t  Blanks - 
,E thy l  Ether based on ? S  m l  e~ 



LABORATORY REPORTt LPX XETHOD 5 PARTICULATE ?&ALYBIB 

Project Number: 4232- y 3 . 2 s ,  t TEST I RUN 

rILTER UTCB 

sample Number: Filter Number: 
-76 ~;i'm~.'~weighin~s shall be to 

difference of no more than 0.5 mg 
between two consecutive weighings, 
with no lese han e i x  houre Of 
deeiccation t L e  between weighings. 

cons-ant weigh: which means A 

PPilter Tare Weioht I - .3sar'c I 

i 

I 

1 

U FRONT WASH II 
Sample Number: 

ime 1 BY I grams 

I 

c IKPIWCER ACETOHe RINSE 

I 'KEIOEINO PROCEDURE Y 
~ W e i a h i n m m  shall be to the nearest ! 

U~ Date I Time I BY I arms I 

, .  .. 

.... . ... . .. . - . .... 



WOBATORY REPORT: EPA XETHOD 5 PARTICULATE TEBT BOLVEliT B- 

sample Number: 

I/ DXBTIILED, DEIONIZED WA!IXR ll 

Measured Est imated]  
Sample Volume 
Volume, m l  L o s t ,  m l  I 

! 

!Sample Number: NeAsured EstFmAted 
sample volume I Volume, ml Lost, ml 

Weight 1 4  

/Weight of r e s i d u a l  ma t t e r  
~ 

I/Mass Concen t r a t ion :  - , .I" ma/mlll 

IHass Concent ra t ion :  * j . c - '  m g / m l ] j  

Number: 
Volume 

Date  I Time I Bv I 

Form: 551-LABSSC 

I 

Weight 1 4  

Weiaht 1 3  

IIHase Concen t r a t ion :  I o c  - 5  m a i m 1  i 

jHass c o n c e n t r a t i o n :  d - D  mqTA] 

li I 

twin citw testinq 
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APPEhBIX D 

CALIBRATION DATA 

. .  

.,. . .:.. 



GAS METER AND ORIFICE CALIBRATION 

Pretest calibration of TCT control unit #1 generated 
a gas meter coefficient of 0.9895. Post test calibration 
yielded a coefficient of 0.9949. 
calibration data are included on the following pages. 
All calculations for tests performed using unit # I  
were made using the lower (0.9895) calibration factor 
which produces worst case emission data. 

Both sets of 

Pretest calibration of TCT control unit #2 generated 
a gas meter coefficient of 1.0001. Post test calibration 
yielded a coefficient of 1.0065. Both sets of 
calibration data are included on the following pages. 
All calculations for tests performed using unit #2 
were made using the lower (1,0001) calibration factor 
which produces worst case emission data. 

PITOT TUBE CALIBRATION DATA 

Pitot tubes used are a Type S pitot tube which meets 
the design specifications described in EPA Method 2 
and the base line coefficient of 0.84 was assigned. 

twin citw teStinq 
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ORIFICE and DRY GAS METER CALIBRATION FORM 

Date: Mar 26, 1993 Meter # 1 Barometric Pressure, Pb: 29.83 

Orifice 
manometer 
setting 
dH,in.H20 

0.5 

1.0 

Gas Volume Temperature 
Wet test Dry gas Wet test Dry gas meter 
meter meter meter Inlet Outlet Average Time 
Vw, ft3 Vd, ft3 tw, dF tdi, dF tdo, dF td, dF e,min. 

5.000 5.105 65 69 66 67.5 13.68 

5.000 5.097 65 71 67 69.0 9.65 

2.0 I 10 .000  ~1 10.151 1 65 I 74 1 68 I 71.0 1 13.13 11 
4.0 

6.0 

10.000 10.129 65 78 68 73.0 9.78 

10.000 10.140 65 82 70 76.0 8.15 

8.0 

II Y I dH@ II 

10.000 10.132 65 85 71 78.0 7.02 

~ 

Vw Pb (td + 460) 

Vd [Pb + (dH/13.6)1 (tw + 460) 

Yi 1 = 0.9829 

~ ~~ ~ 

(tw + 460) e 2 1 0.0317 dH 

Pb (to + 460) [ vw 

dH@i 1 = 2.0842 

I r Y i  4 = 0.9925 

Yi 2 = 0.9860 

Yi 3 = 0.9915 

I dH@i 4 = 2.1224 II 

dH@i 2 = 2.0703 

dH@i 3 = 1.9127 

Yi 5 = 0.9922 

~~ ~ ~ ~ ~ 

Y = 0.9895 dH@ = 2.0945 

Definitions: 

dH@i 5 = 2.2025 

Vw = Gas volume passing through the wet test meter, ft3. 
Vd = Gas volume passing through the dry gas meter, ft3. 
tw = Temperature of the gas in the wet test meter, dF. 
tdi = Temperature of the inlet gas of the dry gas meter, dF. 
tdo = Temperature of the outlet gas of the dry gas meter, dF. 
td = Average temperature of the gas in the dry gas meter, dF. 
dH = Pressure differential across orifice, in. H20. 
Yi = Ratio of accuracy of wet test meter to dry gas meter for each run. 
Y = Average of Yi. Tolerance = + / -  0.02 
Pb = Barometric pressure, in Hg. 
e = Time of calibration run, min. 
dH@i = Orifice pressure differential for each run. 
dH@ = Average oriface pressure differential. Tolerance = + / -  0.20 

7 3 7 3  Mar 26, 1993 

- Jay8Tryba Date 
, 

tun clew testinq 
cnmorxion 
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ORIFICE and DRY GAS METER POST TEST FORM 

Orifice 
manometer 
setting 
dH,in.H2O 

2.50 

client: KRAFT FOODS, INC., Wausau, Wisconsin 
Date: Apr 2, 1993 Meter # 1 Barometric Pressure,Pb: 29.59 
Max. Vacuum Achieved (in.Hg.): 5.0 Intermediate Orifice Setting: 2.50 
dH@ Factor Used: 2.0945 Y Factor Used: .9895 

Gas Volume Temperature 
Wet test Dry gas Wet test Dry gas meter 
meter meter meter Inlet Outlet Average Time 
Vw, ft3 Vd, ft3 tw, dF tdi, dF tdo, dF td, dF e,min. 

10.000 9.938 69 73 67 70.0 12.22 

2.50 

2.50 

10.000 10.062 69 77 69 73.0 12.27 

10.000 10.206 68 80 71 75.5 12.32 

Y 

Vw Pb (td + 460) 

Vd [Pb + (dH/13.6)] (tw + 460) 

dH @ 

(tw + 460) e 2 1 0.0317 dH 

Pb (to + 460) [ vw 

Definitions: 

Vw = Gas volume passing through the wet test meter, ft3. 
Vd = G a s  volume passing through the dry gas meter, ft3. 
tw = Temperature of the qas in the wet test meter, dF. 
tdi = Temperature of the inlet gas of the dry gas meter, dF. 
tdo = Temperature of the outlet gas of the dry gas meter, dF. 
td = Average temperature of the gas in the dry gas meter, dF. 
dH = Pressure differential across orifice, in. H20. 
Yi = Ratio of accuracy of wet test meter to dry gas meter for each run. 
Y = Average of Yi. 
Pb = Barometric pressure, in Hg. 
e = Time of calibration run, min. 
dH@i = Orifice pressure differential for each run. 
dH@ , =  Average oriface pressure differential. 

Yi 2 = 0.9952 

Yi 3 = 0.9876 

Y = 0.9949 

Difference = 0.55 % * 

n 

dH@i 2 = 2.1330 

dH@i 3 = 2.1343 

dH@ = 2.1303 

Difference = 1.71 % * 

Apr 2, 1993 v /s ~ ~ / =  #- /' 

e a t o r  - James/yba Date 

#- v /' /s ~ ~ / =  Apr 2, 1993 

e a t o r  - James/yba Date 

..... . ~ .  .. 

twin citw testinq 
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~ ~ ~ ~~~ ~ 

O R I F I C E  and DRY GAS METER CALIBRATION FORM 

Orifice 
manometer 
setting 

dH,in.H20 

0 . 5  

1.0 

Date: Mar 24. 1993 Meter # 2 - Barometric Pressure,Pb: 29.76 
Gas Volume Temperature 

Wet test Dry gas Wet test Dry gas meter 
meter meter meter Inlet Outlet Average Time 
Vw, ft3 Vd, ft3 tw, dF tdi, dF tdo, dF td, dF e,min. 

5.000 5.060 67 74 71 72.5 12,82 

5.000 5.028 6 8  77 74 7 5 . 5  9 . 2 2  

4.0 

6 . 0  

10.000 10.115 67 1 81 74 77.5 9 . 5 0  

10.000 10.113 67 88 78 83.0 7.90 
~ 

1 0 .000  
~ 

10.110 67 8 6  77 81.5 6 . 9 5  

Y 

Vw Pb (td + 460) 

Vd [Pb + (dH/13.6)1 (tw + 460) 

Yi 1 = 0.9972 

Yi 2 = 1.0061 

dH@ 

(tw + 460) e 2 I 0.0317 dH 

Pb (to + 460) [ vw 

dH@i 1 = 1.8313 

dH@i 2 = 1.8909 

twin citw testinci 
comoraoon 

Yi 3 = 0.9983 t . Yi 4 = 0.9985 

... .. 

. . . .  _. ,....... ,..- ... 

... 

dH@i 3 = 2.0892 

dH@i 4 = 1.9999 
~ 

Yi 5 = 1.0040 

Yi 6 = 0.9966 

Y = 1.0001 

dH@i 5 = 2.0630 

dh@i 6 = 2.1288 

dH@ = 2.0005 



ORIFICE and DRY GAS METER POST TEST FORM 

Orifice 
manometer 
setting 
dH,in.HZO 

2.00 

Client: KRAFT FOODS, INC., Wausau, Wisconsin 
Date: Apr 2, 1993 Meter # 2 Barometric Pressure,Pb: 29.59 
Max. Vacuum Achieved (in.Hg.): 5.0 Intermediate Orifice Setting: 2.00 
dH@ Factor Used: 2.0005 Y Factor Used: 1.0001 

Gas Volume Temperature 
Wet test Dry gas Wet test Dry gas meter 
meter meter meter Inlet Outlet Average Time 
Vw, ft3 Vd, ft3 tw, dF tdi, dF tdo, dF td, dF e,min. 

10.000 9.998 69 74 70 72.0 13.30 

2.00 

2.00 

~~ 

10.000 10.002 68 78 72 75.0 13.35 

10.000 10.015 68.5 81 74 77.5 13.30 

Vw Pb (td + 460) 
Vd [Pb + (dH/13.6)] (tw + 460) 

Yi 1 = 1.0009 

(tw + 460) e 2 1 0.0317 dH 

Pb (to + 460) [ vw 
dH@i 1 = 2.0012 

Yi 2 = 1.0080 

Yi 3 = 1.0105 

Y = 1.0065 

Difference = 0.64 % * 

Definitions: 

dH@i 2 = 2.0011 

dH@i 3 = 1.9824 

dH@ = 1.9949 

Difference = -0.28 % * 

Vw = Gas volume passing through the wet test meter, ft3. 
Vd = Gas volume passing through the dry gas meter, ft3. 
tw = Temperature of the qas in the wet test meter, dF. 
tdi = Temperature of the inlet gas of the dry gas meter, dF. 
tdo = Temperature of the outlet gas of the dry gas meter, dF. 
td = Average temperature of the gas in the dry gas meter, dF. 
dH = Pressure differential across orifice, in. H20. 
Yi = Ratio of accuracy of wet test meter to dry gas meter for each run. 
Y = Average of Yi. 
Pb = Barometric pressure, in Hg. 
e = Time of calibration run, min. 
dH@i = Orifice pressure differential for each run. 
dH@ = Average oriface pressure differential. 

. .  

... 

. .  

.. :. ..:.: 

.. . .. 
,.. 

w b r a t o r  - Date 



APPEhqIX E 

PROCESS DATA 

.:. . .  



KRAFTCENEML FOODS 

April 15, 1993 

Mr. Alan L. Trowbridge 
Twin City Testing 
662 Cromwell Avenue 
St. Paul, MN 55114 

Dear Alan: 

Enclosed you will find the production tally sheets for the air 
emissions test completed on 3/30/93. As noted, the production 
start time for the test period was 11:26 a.m. along with the weight 
of each barrel and corresponding time interval it entered the 
process. This should be sufficient data to determine an average 
thruput per hour. 

Also enclosed are sheets for lot number 5028 and random barrel 
numbers with corresponding moisture samples. The moistures can be 
used to compute an average entering cheese moisture. 

If you have any questions regarding the above data sheets, please 
advise. 

Sincerely, 
I , /:, 

?ohn W. Franke 

JWF: crg _ _  
Enc%'osure 

CC: Rhonda O'Leary 

;.I , .-,' '. .,- -" ,. c"'-..~-k..<. i 

State of Wisconsin - ' D . N . R .  
5301 Rib Mountain Drive 
Wausau, WI 54401 
Chuck Phillips - Kraft - Wausau 
Chris Fuss - Kraft - Wausau 

. .... 

, ,. .. . .  

... . ....... .. 



- 
.. . 

BARREL EVALUATION 
2. 

SYSTEM NO: 

67’3% 

PARMESAN - ITALIAN (Blended) - PAGE 9- 
v ROMANO - - 

Date: 
Shift: 1 Barrel Dump Operator Name: 4L4A.4 



- 
BARREL EVALUATION 

7 SYSTEM NO: 
67/33 ./ROMANO - PARMESAN - ITALIAN (Blended) - PAGE 9- 

Date: 7/3yB 
S h i f t : A  

Barrel Dump Operator Name: &&d 

.. . .  
:. .: . .  



B-L EVALUATI ON 
SYSTEM NO: a 

ITALIAN (Blended) - 67/33 PAGE ,T 
PARMESAN - 

Date : 3.7@ 93 
shift:  

d !  
JROMANO - 

Barrel Dump Operator NaBIe: 



. ... . .. .. . 

' m e  letorage /vat  I Bar. lTimO 'Date 3 m r  !Paat ! Loaation I Date I1lsed lnsed 

and! 9-6-92 ! 141 !30.3 ! ! I I I 
I ! ! ! ! 

! I I ! 159,30.0 I ! ! ! I I 

I ! j ! ! ! 
I I I ! 171#30.3 I 1 ! ! 1 I 

I 1 ! ! 1 I 
I 1 ! ! ! I 
I I ! I 
I ! ! ! I I 

! ! ! ! 201 131.8 ! I I 1 I 

I 1 ! ! g  !29.9 j ! ! ! ! 
I ! ! ! 1 I 
I ! ! I I I 

I 1 ! ! 27 I ,30.4 I ! ! 1 I 
1 I ! 31 !31.3 ! 1 ! ! ! 

I j j 1 ! I 
I I ! ! I 

1 I ! ! 51 129.4 ! ! ! ! 1 
I I I I I I 

I I I ! 63 !29.9 , I I I ! 
I ! ! ! 69 I ,29.7 I I I I ! I 
! j ! ! 75 129.8 ! ! I ! 

26  ! Me1 1 North1 
I I I I I 

I I I I I 
! ! 147,30.8 i Romano 

I 

I I I I 

27 

1 ! ! ! 165,30.5 
I I I I I I 

I I I I I I I 

! ! ! ! 177,31.3 
I I I I I I 

! I 1 ! 183,32.5 
I I I I I I 

! ! ! ! 189,31.1 
1 I I I I I 

I 1 I ! 195,30.6 
I I I I I I 

I I I I I 

I I I I I 

I I I I I I I 

I I I ! 15 ,30.3 
I I I I I I I 

! ! ! ! 21 ,30.9 
I I I I I I 

I I I I I I I 

I 

I 

I 

I 

I 

I 

I I 

I 

I 

I 

I 

I 

I I I I I I 

I I I I 

I 

I 

I 

I I I 

I 

I 

! ! 1 9-7-92 ! 3 130.5 ! ! ! ! I 

iNorthland! 9-7-92 ! 33 I ,31.3 ' I j 1 ! ! 
- ' iRomano I ! ! 39 .31.0 

I I I I I I 

! I 1 ! 45 ,29.9 I 

I I I I I I 

I I I I I I I 
I ! I ! 57 ,29.5 , 
I I I I 

I I I I I I 

I I I I I I 

.. . 

. .  .~ 
, ,. . ., . .. . 

. .  . .. . . .. :. . . 
. . .  
j:. _ : .  

.. . 
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,, . 
::. . : :. 
: .. .. ::. 
.. . . ..:. :. . .. : i c  
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