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Emission Test Report Review Checklist--Short Form 

Reviewer: ~ H ~ G H  
Review Date: 7/5/94 

A. Background Information 
1. Facility name: hmla FARM 1 KANO'S 

Location: N€W L O ~ U  I WfSCOhlSlhl 

2 .  Source category: J4 Em- .si O K & t b o u S S  
c 3 .  Test date: Jan.  ZI,, 1999 

4. Test sponsor: u/L.Wfl& FW?M ,f K&lbJ1s 
5 .  Testing contractor: &/w Ala I&/ WEE.&& 

6 .  Purpose of test: +w.t (i&md&Je 6 hud-rhs) 

7. Pollutants 

8. Process overview: Attach a process description and a 
block diagram. Identify processes tested with letters 
from the beginning of the alphabet (A, B, C, etc . . .  ) 
and APC systems with letters from the end of the 
alphabet (V, W, X, etc ... ) .  Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from the diagram, complete the table below. 



J ,ri 

B. Process Information ' i )  

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here. ) 



HILLSHIRE FARM & KAHN'S 
CAE Project No: 6508-1 

Hillshire Farms & Kahn's located in New London, Wisconsin operates the KSI. 
2 Smokehouse (Unit 3335) which is used to smoke sausages and other 
meats. The process runs continuously for 20 hours each day. 

Emissions are controlled by a Sonic Environmental Vortex Scrubber. The 
volumetric flow rate through the scrubber is approximately 7,000 acfm. 

The testing reported in this document was performed at the Smokehouse 
Scrubber Inlet and Smokehouse Stack. 
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C. 1. List any APCD parameters (supplied in the test report) below 

2. Include any additional information (such as capture techniques for fugitive systems) and 
descriptions of the air pollution control systems (use a separate page if necessary). 
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, 
TEST DATA FROM HILLSHIRE FARMS 1/21/93 EMISSION TEST 
FILENAME: F:\PRIVATE\BRI\AP42\SMOKEHSE\REFi DATA.WQ1 

.. .... . - - .. . 11 W M g  I 0 00247 I 0 00279 I 0.00208 IND I 000244 

D. Emission DatdMass Flux RatedEmission Factors 

TEST 1 EMISSION FACTORS--METRIC UNITS 
kglMg ]void 0.568 I 0498 I 0 471 
W M g  I 0 00247 I 0 00279 I 0 00208 IND 

AVERAGE 
0 513 

0 00244 

TEST 1 EMISSION FACTORS--METRIC UNITS 
ko/Mo lvnid I n s m  I nAQ3 I n ~ 7 i  

IAVERAGE 
I n si3 

- 
TEST 2 EMISSION FACTORS--METRIC UNITS 
kg/Mg lvoid 0200 I 0.225 I 0.261 0 229 
kglMg I 000109 I 000121 I 000153 IND 0 00128 

AVERAGE- 
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INTRODUCTION 

Clean Air Engineering was contracted by Hillshire Farm & Kahn's to determine 
the levels of formaldehyde and hydrocarbon emissions at their facility located 
in New London, Wisconsin for compliance purposes. 

The testing took place at the KSI-2 Smokehouse Scrubber on January 21, 
1993. Coordinating the field testing were: 

G. Ehrle - Hillshire Farm & Kahn's 
R. Wulk - State of Wisconsin 
J. Bojan - Clean Air Engineering 

SUMMARY OF TEST RESULTS 

The test conditions and results of analysis are presented in Tables 1 and 2 on 
pages 1-2 and 1-3. 

I 

To the best of our knowledge, the data presented in this report are accurate 
and complete. 

Respectfully submitted, 

CLEAN AIR ENGINEERING 1 )  

William Ansell 
Project Manager 

-&- 
David Perkins 
Manager, Technical Communications 

1-1 
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EPA Method 25A 
Hydrocarbons 
Smokehouse Scrubber Inlet and Smokehouse Stack 

Run No. 2 3 4. 

Date (1 993) January 21 January 21 January 21 
Start Time (approx.) 11:53 14:19 15:30 
Stop Time (approx.) 12:53 15:19 16:30 

SMOKEHOUSE SCRUBBER INLET . .  Gas Con- 
Temperature (" F) 115 115 115 
Moisture (volume "A) 5.7 8.8 7.3 
Oz(dry volume %) 20.9 20.9 20.9 
COz(dry volume %) 0.0 0.0 0.0 

Volumetric Flow R a k  
acfm 8,051 7,227 7,639 
dscfm 6,772 5,873 6,323 

P 
ppm dv 98 99 87 
lblhr 4.55 3.98 3.76 

SMOKEHOUSE STACK 
Gas Conditions 

Temperature ( O F )  119 117 118 
Moisture (volume %) 8.7 9.2 9.0 
Oddry volume %) 20.9 20.9 20.9 
COJdry volume %) 0.0 0.0 0.0 

Volumetric Flow Ra& 
acfm 6,670 6,749 6,710 
dscfm 5,428 5,470 5,449 

Total Hvdrocarbons as P r o w  
ppm dv 43 48 56 
lblhr 1.59 1 .80 2.09 

REMOVAL EFFICIENCY 
Based on Iblhr (%) 64.96 54.66 44.46 

'See  Comments on page 4-1. 

Average 

115 
7.3 

20.9 
0.0 

7,639 
6.323 

95 
4.10 

118 
9.0 

20.9 
0.0 

6,710 
5,449 

49 
1.83 

54.69 
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BIF Method 0011 
Formaldehyde 
Smokehouse Scrubber Inlet and Smokehouse Stack 

Run No. 1 

Date (1 993) January 21 
Start Time (approx.) 9:05 
Stop Time (approx.) 10:35 

SMOKEHOUSE SCRUBBER INLET 
Gas Conditiom 

. .  
Temperature (" F) 
Moisture (volume %) 
0-Jdr-y volume %) 
CO2(dry volume %) 

Volumetric Flow Rate 
acfm 
dscfm 

-... .. 
Formaldahyeg 

mgldscm 
lblhr 

Ibldscf ..- 

I SMOKEHOUSE STACK 
Gas Co nditions 

Temperature (" F) 
Moislure (volume %) 
0 ddry volume %) 
C02(dry volume %) 

acfm 
dscfm 

Volumetric Flow Rate 

d'- Formaldehv e 
-* Ib/dscf - 

mgldscm 
Iblhr 

COLLECTION EFFICIENCY 
Based on Ibhr (%) 

116 
10.5 
20.9 
0.0 

7.800 
6,213 

5.29E-08 
0.85 

0.020 

119 
9.3 

20.9 
0.0 

6,691 
5,407 

2.69E-08 
0.43 

0.009 

55.7 

2 

January 21 
11:35 
1 2 4 5  

115 
5.7 

20.9 
0.0 

8,051 
6,772 

5.49E-08 
0.88 

0.022 

119 
8.7 

20.9 
0.0 

6,670 
5,428 

2.98E-08 
0.48 

0.010 

56.4 

3 

January 21 
14:OO 
15:19 

115 
8.8 

20.9 
0.0 

7,227 
5,873 

4.72E-08 
0.76 

0.017 

117 
9.2 

20.9 
0.0 

6,749 
5,470 

3.72E-08 
0.60 

0.012 

26.6 

Average 

115 
8.3 

20.9 
0.0 

7,693 
6,286 

5.16E-08 
,- 0.83 
0.020 

118 
9.1 

20.9 
0 . 0  

6,703 
5,435 

3.13E-08 
-0.50 r -- , O . O l O ,  
I_ 

G62, --..~ 

1-3 
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Hillshire Farms & Kahn's located in New London, Wisconsin operates the KSI- 
2 Smokehouse (Unit 3335) which is used to smoke sausages and other 
meats. The process runs continuously for 20 hours each day. 

Emissions are controlled by a Sonic Environmental Vortex Scrubber. The 
volumetric flow rate through the scrubber is approximately 7,000 acfm. 

The testing reported in this document was performed at the Smokehouse 
Scrubber Inlet and Smokehouse Stack. 

A schematic of the process is shown below. 
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SAMPLING PROCEDURES 

The sampling followed procedures as detailed in US. Environmental Protection 
Agency (EPA) Methods 1, 2, 3, 4 and 25A. These methods are titled: 

Method 1 - “Sample and Velocity Traverses for Stationary Sources;” 
Method 2 - “Determination of Stack Gas Velocity and Volumetric Flow Rate 

Method 3 - “Gas Analysis for the Determination of Dry Molecular Weight;” 
Method 4 - “Determination of Moisture Content in Stack Gases;’’ 
Method 25A - “Determination of Total Gaseous Organic Concentrations using 

These methods appear in detail in Title 40 of the Code of Federal Regulations 
(CFR), Part 60, Appendix A. 

In addition to the above methods, the following was referenced: 

EPN530-SW-91-010, “Methods for Determining Compliance with the BIF 
Regulations.” This method is titled: 

BIF Method 001 1 - “Sampling for Aldehyde and Ketone Emissions from 

The sampling apparatus is shown in Figures 1 and 2 on pages 3-2 and 3-3. All 
equipment was calibrated at the Clean Air Engineering laboratory prior to 
shipment to the job site. 

SamDlina Locations 

The Smokehouse Scrubber Inlet has four ports. For formaldehyde testing, five 
points were tested in each port. The sampling time per point was 3.5 minutes 
for a total sampling time of 70 minutes.The sampling point locations are shown 
in Figure 3 on page 3-4. For hydrocarbon testing, a single point in the center of 
the duct was sampled for 60 minutes. 

The Smokehouse Stack has two ports. For formaldehyde testing, 12 points 
were tested in each port. The sampling time per point was three minutes for a 
total sampling time of 72 minutes.The sampling point locations are shown in 
Figure 4 on page 3-5. For hydrocarbon testing, a single point in the center of 
the duct was sampled for 60 minutes. 

(Type S Pitot Tube);” 

a Flame Ionization Analyzer (FIA).” 
I 

Stationary Sources.” 
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The EPA Method 25A sampling apparatus is shown. 

STACK 
WALL CALIBRITION 

VALVE PARTICUUTE 
FILTER 

W P L E  PUMP 
I 

r 

I O R U I C  
ANALYZER 
AND 

U I 4 
a CALIBRATION GhS \F HEATED SAMPLE LINE RECORDER 
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The BIF Method 0011 sampling apparatus is shown. 

NOZZLE 

STACK 

HEATED TEWEIUTURE OF 
MSL€AyINO 

f i q ' f  PROBE USTIMPNGER 

THERMOCOUPLE 

TEMPEWTURE 
1 2 3 . 

I I I 

PUMP METER 

JrnDinaer Contents 
1) 100 ml 2,4-dinitrophenyl-hydrazine, (DNPH) 
2) 100 ml2,4-dinitrophenyl-hydrazine, (DNPH) 

4) 3009 silica gel 
3) empty 



HILLSHIRE FARM & KAHN'S 
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The cross section of the Smokehouse Scrubber Inlet shows sampling point 
locations. 

21 IN 

i i t 

+ i + 

+ + + 

1 

+ i + 

+ f 

+ + 

i + 

5 

+ + 

SAMPL ING PO INT 
1 
2 
3 
4 
5 

PORT 4 P 

PORT 1 ,i 
PORT TO POINT DISTANCF 

18.9 
14.7 
10.5 
6.3 
2.1 

3-4 
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The cross section of the Smokehouse Stack shows traverse point locations. 

GAS FLOW 
ni I T  nc n n r r  

PORT 2 

TRAVERSE POINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

PORT TO POINT DISTANCE (IN) 
23.0 
21.9 
20.7 
19.3 
17.6 
15.1 
8.4 
5.9 
4.2 
2.8 
1.6 
0.5 

I 
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ANALYTICAL PROCEDURES 

Formaldehvde 

Gaseous emissions are drawn through a glass sampling probe in a series of 
two impingers in series, each impinger containing an aqueous acidic soiution of 
2,4-dinitrophenyl-hydrazine, (DNPH). An aldehyde reacts with the DNPH by 
nucleophilic addition on the carbonyl followed by 1, 2-elimination of water and 
the formation of 2,4-dinitrophenylhydrazone. 

After organic solvent extraction, the sample is analyzed using reverse phase 
HPLC with an ultraviolet (UV) absorption detector operated at 360 nm. The 
formaldehyd in the sample is identified and quantified by comparison of 
retention times and area counts of sample extracts with those of standards. 

Continuous Emiss ions  Monitoring 

Total Hvdrocarbons 

The total hydrocarbons emission rate was determined using procedures 
detailed in EPA Method 25A. A sample was extracted continuously from the 
flue gas stream, and a portion was conveyed to a flame ionization analyzer. 

Before and after each run, the monitors were zeroed and calibrated with a 
certified calibration gas. These calibrations were used to correct the raw data 
for zero and calibration drift occurring during the test runs. 

QUALITY CONTROL PROCEDURES 

Quality control procedures for all aspects of field sampling; sample 
preservation and holding time; reagent quality; analytical method; analyst 
training and safety; and instrument cleaning, calibration and safety were 
followed. These procedures are generally consistent with EPA guidelines 

I 

3-6 
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The hydrocarbons parameter sheets show Runs 2,3 and 4. Because of data 
acquisition system problems experienced during Run 1, a fourth run was 
performed. Gas flow and composition data for the hydrocarbon sampling was 
taken from the formaldehyde sampling. No formaldehyde sample run was 
made during the fourth hydrocarbon sample run. For this run the gas flow and 
composition used is the average of the data obtained during the two preceding 
runs. 

No other deviations from standard US. EPA testing procedures were noted. 

4-1 
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A 
An 
AS 

Bwo 
Bws 

CP 
Df 

FC 
GCV 
DH 

Fd 

- 
- m 
DH@ 
%I 

KP 

Kc 
Md 
M S  

Mn 
N 
pb 
Pf 
Pi 
PS 

Qa 
Qstd 
std 
Tf 
Ti 
Tm i 

Nomenclature 

absorbance 
cross sectional area of nozzle ( ~ 2 )  
cross sectional area of stack (@) 
proportion of water vapor in the gas stream by volume 
proportion of water vapor in the gas stream by volume 

at saturated conditions 
pitot tube coefficient (dimensionless) 
dilution factor 
ratio of dry gas generated to gross calories (dscf/MBtu) 
ratio of gas generated 
gross calorific value of fuel (&Ab) 
average pressure drop across meter box orifice (in. H20) 

average square roots of velocity heads of stack gas ( d m )  
meter orifice calibration coefficient (in. H20) 
percent of isokinetic sampling (acceptable: 90 5 %I 5 110%) 

pitot tube constant: 85.49 (Wsec) '( 

spectrophotometer calibration factor 
dry molecular weight of stack gas (Ib/lb-mole) 
molecular weight of stack gas, wet basis (Ibllb-mole) 
total amount of particulate matter collected (gm) 

normality of titrant (meq/ml) 
barometric pressure (in. Hg) 
final absolute pressure of flask (in. Hg) 
initial absolute pressure of flask (in. Hg) 
absolute stack gas pressure (in. Hg) 
volumetric flow rate, actual conditions 
volumetric flow rate, standard conditions, dry basis 
standard conditions, 29.92 in. Hg, 68 
final absolute temperature of flask ( 
initial temperature of flask ( ' R) 
average dry gas meter temperature ( O F) 

I b/l b -mo I e )  (i n . HgZ 

$( R)(in. H20)  
4 

F 
R) 



average stack temperature ( F) 
absolute temperature, standard conditions (528 
total sampling time (rnin) 
volume of aliquot (ml) 
volume of flask (ml) 
total volume of liquid collected in impingers and silica gel (ml) 

volume of gas sample through the dry gas meter at meter 

conditions (R3) 
volume of gas sample through the dry gas meter, standard 
conditions (fl3) 
volume of flask sample, standard conditions (rnl) 
total volume of solution (ml) 
volume of tilrant used'to titrate aliquot (ml) 
volume of titrant used io titrate blank (ml) 
volume of water collected, standard conditions (fl3) 
stack gas velocity (Wsec) 
gas meter correction factor (dimensionless) 

R) 
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SAMPLE CALCULATIONS - RUN #1, SMOKEHOUSE SCRUBBER INLET 
(Note : results are taken from computer analysis) 

1. Volume of water collected 
v%ld = (0.04707ft3/ml) (V,) 

= (0.04707) (1 24.7) 
= 5.87 W S C ~  

2. Volume of gas metered, standard conditions 
- (17.64'R/in. Hg) (Vm)[Pb +%](yd) 

(460 + T,) 
Vmrtd - 

- - (17.64) (54151) [29.-18+ %](0,9923) 

(460 + 101) 
= 49.86 dscf 

3. Moisture content 
- vwstd 6, - 

vmsld + vwsld 
- 5.87 

= 0.1054 
= l 0 . 5 %  

- 
49. a3 + 5.87 

4. Molecular weight of dry gas stream 
Md = 0.44(%COZ) +O.32(%02) + 0.28(%CO +%NZ) 

=0.44(0.0)+0.32(20.9)+0.28(79.1) 
=28.84 

5. Molecular weight of stack gas 
M, = Md (1 - 6,) + 18(B,) 

= 28.84 (1 - 0.1054) + 18(0.1054) 
= 27.69 

6. Stack pressure (in. Hg) 

STATIC P 
13.6 

= 29.09 
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SAMPLE CALCULATIONS (Continued) 

7. Velocity of stack gas 

[ 11 6 + 46Oli 

[(27.69) (29.09)li 
= 85.49 (0.840) (0.699) 

=42.49 ftlsec 

8. Total flow of stack gas 

Qa = (60) (As) (Vs)  

= (60) (3.06) (42.49) 
= 7,800 acfm 

- Qa P, (17.64'Win. Hg) (1 -Bw) 
T+460  

QS!d - 
- (7,800) (29.09) (1 7.64) (1 - 0.1054) 

= 6,213 dscfm 

- 
116+460 

9. Percent lsokinetic 
(0.09450) (T + 460) vms,d % I  = 

P. V. A, 0 (1 - B,) _ _  
- (0:09450) (lis + 460) (49.83) - 

(29.09) (42.49) (0.000341) (70.0) (1 - 0.1054) 
= 102.9% 

10. Formaldehyde 

Pggross - Pgblank Ib/dscf = 
(vms!d) (453,590)(1,000Wmg) 

(49.83) (453,590)(1,000) 
- 1,200-5.2 

= 5 . 2 ~  lo-' 

- 

Ib/hr = (Ib/dscf) (dscfm) (60) 
= ( 5 . 2 ~  10-')(6,213)(60) 
=0.0197 
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SAMPLE CALCULATIONS (Continued) 
RUN #2 

11. Total Hydrocarbons (as propane) 

ppmwel, driH calbfaled =(caq c o )  C,. 
(Cm - CO) 

250.9 ~(108.38-2.5) 
(290 - 2.5) 

= 92 

Cavg = 
Co = 

C, = 

Cma = 

Average gas concentration indicated by gas analyzer, wet basis, ppm. 
Average of initial and final system calibration bias check responses for 
the zero gas, ppm. 
Average of initial and final system calibration bias check responses for 
the upscale calibration gas, pprn. 
Actual concentration of the upscale calibration gas, ppm. 

92 - - 
1 - 0.0573 

= 98 

lb/hrprww = [ L ] ( d s c f m )  ppmd, (MW) (60) 

385.3 x 106ft3/Ib mole 

= 4.55 

i 
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HILLSHIRE FARMS & KAHN'S ( I  

CAE P ro jec t  No: 6508 

PARAMETERS 

SMOKEHOUSE SCRUBBER I N L E T  

R u n  No. 1 2 3 

A n  .000341 .000341 .o 

Bwo 

C P  - 
DH 

D H @  

%I 

Md 

p b  

PS 

e 

V l c  

Vm 

V m s t d  

< vs 

V w s t d  

yd 

3.06 

.lo54 

.o 

.840 

1.88 

1.867 

.699 

102.9 

28.84 

3.06 

.0573 

.o 

.E40 

2.04 

1.867 

.730 

98.6 

28.84 

27.69 

20.9 

29.18 

29.09 

70 .O 

101 

116 

124.7 

54.51 

49.83 

42.49 

5.87 

.9923 

28.22 

20.9 

29.1 8 

29.09 

70 .O 

110 

115 

67.2 

57.81 

52.04 

43 .85 

3.16 

.9923 

034 

3.06 

.0885 

.o 

.E40 

1.63 

1.867 

.651 

101.5 

28.84 

27.88 

20.9 

29.18 

29.06 

70.0 

110 

115 

95.8 

51.68 

46.46 

39.36 

4.51 

.9923 
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CAE P r o j e c t  No: 6 5 0 8  

" , 

PARAMETERS 

SNOKEHOUSE STACK 

v1 c 

Vm 

1 

. 0 0 0 3 4 1  

3 .01  

. 0 9 2 5  

.o 

.E40 

1 . 3 6  

1 . 7 5 8  

. 6 1 2  

97.6 

28 .84  

27 .83 

20.9 

2 9 . 1 8  

2 9 . 2 2  

72.0 

9 7  

11 9 

93.2 

45 .89  

2 

.000341 

3.01 

. 0 8 6 5  

.o 

.840 

1 . 3 4  

1 . 7 5 8  

. 6 1 0  

97.7 

2 8 . 8 4  

27 .90  

2 0 . 9  

2 9 . 1 8  

2 9 . 2 2  

72.0 

1 0 6  

119 

87 

46.89 

3 

. 0 0 0 3 4 1  

3 . 0 1  

. 0 9 2 1  

.o 

.840 

1 . 3 8  

1 . 7 5 8  

. 6 1 8  

97.6 

28.84 

27 .84  

20.9 

2 9 . 1 8  

2 9 . 2 2  

72.0 

1 0 8  

1 1 7  

93 .8  

47.36 

Vrnstd 43.03 43.22 43.53 

i vs 3 7 . 0 5  36.93 37 .37  

V w s t d  4 . 3 9  4.10 4.42 

yd 1 . 0 1 0 7  1 . 0 1 0 7  1 . 0 1 0 7  



HILLSHIRE FARM & KAHN'S 
CAE Project No: 6508-1 
Smokehouse Scrubber Inlet 

FORMALDEHYDE PARAMETERS 

Run No. 
Date (1 993) 
Start Time (approx.) 
Stop Time (approx.) 

Vmstd 
dscfm 

B!a!lw 

Formaldehvda 
pg, gross 
pg, net 
Ib/dscf 
mgtdscrn 
Ibhr 

field blank, pg 

1 
January 21 

9:05 
10:21 

49.83 
6,213 

5.2 

1,200 
1,195 

5.29E-08 
0.85 

0.020 "' 

2 
January 21 

11:35 
12:45 

52.04 
6,772 

5.2 

1,300 
1,294.8 

5.49E-08 
0.88 
0.022 J 

3 
January 21 

14:OO 
15:13 

46.46 
5,873 

5.2 

1,000 
994.8 

4.72E-08 
0.76 

0.017 



r1 

HILLSHIRE FARM & KAHN’S 
CAE Project No: 6508-1 
Smokehouse Stack 

FORMALDEHYDE PARAMETERS 

Run No. 
Date (1993) 
Start Time (apptox.) 
Stop Time (approx.) 

Vmstd 
dscfrn 

!3aW 

EQIm&&& 
pg, gross 
pg, net 
Ib/dscf 
mgldscm 
Ibhr 

field blank, pg 

1 
January 21 

9:05 
10:35 

43.03 
5,407 

5.2 

530 
524.8 

2.69E-08 
0.431 
0.009.- 

2 
January 21 

11:35 
12:43 

43.22 
5,428 

5.2 

590 
584.8 

2.98E-08 
0.478 
0.010 ’ 

3 
January 21 

14:OO 
15:19 

43.53 
5,470 

5.2 

740 
734.8 

3.72E-08 
0.596 
0.012 ’ 



c, 

1 

HILLSHIRE FARM & KAHN'S 
CAE Project NO: 6508-1 
Smokehouse Scrubber Inlet 

TOTAL HYDROCARBONS CONCENTRATION 
pprn as propane 

RUN NO. 

Date (1993) 
Star! Time (approx) 
Stop Time (approx) 

dscfm 
Bwo 

ZERO I 
CAL I 
ZERO F 
CAL F 

CAL GAS 
ppm, wet (drift calibrated) 
PPm, dry 
Ibldscf 
Ibhr 

ppm 

2 

January 21 
11:53 
12:53 

6,772 
0.0573 

0 
295 

5 
285 
108 

250.9 
92 
98 

1.12E-05 
4.55 ' 

3 

January 21 
14:19 
15:19 

5,873 
0.0855 

5 
285 

0 
273 
102 

250.9 
90 
99 

1.13E-05 
3.98 J 

4' 

January 21 
1530 
16:30 

6,323 
0.0714 

0 
273 

5 
271 
89 

250.9 
81 
87 

0.99E-05 
3.76 

'See Comments on page 4-1 
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HILLSHIRE FARM & KAHN'S 
CAE Project No: 6508-1 
Smokehouse Stack 

'; 

TOTAL HYDROCARBONS CONCENTRATION 
ppm as propane 

RUN NO. 

Date (1 993) 
Start Time (approx) 
Slop Time (approx) 

dscfm 
Bwo 

ZERO I 
CAL I 
ZERO F 
CAL F 

CAL GAS 
ppm, wet (drift calibrated) 

Ibldscf 
Ibhr 

ppm 

PPm, dry 

2 

January 21 
1153 
1253 

5.428 
0.0865 

0 
26 1 
-0.9 
231 

38 
250.9 

39 
43 

4.89E-06 
1.59 ' 

3 

January 21 
14:19 
15:19 

5,470 
0.0921 

-0.9 
231 

0 
244 

41 
250.9 

44 
40 

5.50E-06 
1.80. 

4' 

January 21 
1530 
16:30 

5,449 
0.0893 

0 
244 

1 
230 

49 
250.9 

51 
56 

6.39E-06 
2.09- 

'See Comments on page 4-1. 
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- c€M 
SAMPLING SYSTEM DATA 

1 

2 
._j 

Reference Method Instrumentation 

IYRE Manufzcturer- R a n a e U s d  Zero Pot 0 Soan Pot @ 
FI D J o n ?  /-/OQO 
F I D  R,4flifl If / - m o  

5 I 

Data Aquisition by: 
File Names: 

I 

Callbratlon Material Data: Plant CEM System: 

- ! Manutacturer 
1 Extractivelln-Situ 

? Dilution Probe? 
I Dilution Factor 

4 GEM F fac:or 

PATA I Cal Drif: / NIA 

5 

7 .EM.% Units Rnoofled 

3 

3 

10 

12 

13 

4 
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C2Iibr::ion Reference information - .- . (from calibration seal  on reference) 
. . ... . .. : . .  i . .  

I Reference Used:( Digimite/Other: I -  

1 Cdibratkd By: f- / L. Date Calibrated: ? -5 <3 
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NOZZLE CALIBRATION DATA 

There: 

11, D2, D3, D4 = four nozzle diameter measurements 

AD = maximum difference between any 
two diameters ADr0.004 inches 

ADavg =average of D1, D2, D3, D4 

J O1 

c- 02 

c 03 

c D4 
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HILLSHIRE FARM 8, KAHN'S 
CAE Project No: 6508-1 



.I 

1 ) Plant 

2 ) Locatim 

Cpsrator J. PI- 
B t e  1/21/93 
RJn No. 1 
-le Eax M. 

mter mx P a .  U 

eter I+.? 1.8667 
9 )  KFactor 3.80 
10 ) Pitot Factor 0.84 
11 ) Leak Rate Before 0. Dole23 

12 ) Lek Rate Mter 0.001@24 
13 1 Static Pres., i n  WZO -1.20 
14 ) pmbient Tarpemture 70 
15 ) Earure.-ic PTessure 29.18 
16 ) Fss.x&~Bisture, % 

19 
20 
21 
22 
23 
24 

Nozzle Dimeter', 'In. 0.250 
Frcb2 Heater SettiJg 

% &  20.9 
% a  0.0 
M1. H23 80.0 
CM. Sil icaGel  44.7 

25 1 Total 124.7 
26 1 Start Tiire 9:05 AM 
27 ) FinishTim? 10:21 AM 

28 1 Yd. 0.9923 
29 StaCkArea 3.06 
30 ) Smplirg l5-e (MIN/FT) 3.5 
31 ) Initial Voiwe 402.20 
32 ) FILTER & BPAKER # ' S  

Ft. # 0 Vac.  Ts DR M m min?mutlt Tb %I 
**t***tt****t*.********tt***t**tttt***~****~*~********~***~~*****~**~***********.*~*** 

0 - 0  

1 - 1 3.5 5 
1 - 2 3.5 5 

1 - 3 3.5 4 
1 - 4 3.5 3 

1 - 5 3 . 5  3 

2 - 1 3.5 7 

2 - 2 3.5 8 
2 - 3 3.5 8 
2 - 4 3.5 7 

~ 2 - 5 3.5 5 
3 - 1 3.5 8 

3 - 2 3.5 8 

3 - 3 3.5 7 

3 - 4 3.5 5 
3 - 5 3.5 4 

116 
120 

120 

120 

115 
119 
120 

120 

117 

114 
114 
119 

120 
120 

116 

0.49 1.86 
0.45 1.71 

0.42 1.59 
0.29 1.10 
0.32 1.22 
0.57 2.16 

0.63 2.39 
0.58 2.20 
0.44 1.67 

0.37 1.40 

0.63 2.39 
0.64 2.43 

0.58 2.20 
0.42 1.59 
0.33 1.25 

402.20 

404.83 
407.45 

409.98 
412.14 
414.34 
417.25 

420.32 
423.31 
425.97 
428.42 
431.37 
434.38 

437.41 
440.07 

442.49 

80 77 

96 78 
102 79 
105 80 
107 81 

103 84 
112 86 
117 87 

118 88 
120 90 

115 91 
119 92 
122 93 

123 94 
123 95 

J. PI- 

43 250 102.2 
44 251 104.9 
43 250 104.1 

43 250 106.5 
44 250 102.5 

44 250 102.3 
44 250 101.8 
44 249 102.7 

44 250 104.3 
45 250 104.1 
45 250 96.6 
45 250 97.8 

46 249 103.1 
45 250 106.0 
46 250 108.2 



~ 

.” 4 - 1 3.5 7 1l2 0.60 2.28 445.44 119 96 47 250 98.1 

4 - 2 3.5 7 117 0.63 2.39 448.51 123 96 46 250 99.7 
4 - 3 3.5 7 117 0.60 2.28 451.60 124 97 47 250 102.6 
4 - 4 3.5 4 1Y 0.49 1.86 454.09 125 98 48 250 90.8 
4 - 5 3.5 5 99 0.44 1.67 456.71 124 98 48 250 99.7 

70 116 ,699 1.88 54.51 101 

mtal Avg. Rmt Avg. V O l W  AW. 



1 ) Plant  

2 ) Location 
3 ) -tor 

4 ) mte 
5 )  m m .  
6 i -le %x m. 
7 1 WterBaWNo. 

8 )  &teK He 

9 ) KFactor 

10 ) P i t o t  Factor 

NEW IDExX. WI. 17 1 Heats E a  S e t t i r g  

SMgmcUsE INLEI 18 ) hote Lggth',' Ft. 
J. P I r n  19 ) Mwle Cimster','m. 0.250 
1/21/93 20 hote H e a t e r  Settirg 

2 21) $ 0 2  20.9 

22) %a32 0.0 
U 23 ) Mz. H20 27.0 
1.8667 24 ) a. S i l i c a  Gel 40.2 
3.80 25 ) Total 67.2 
0.84 26) S M T i r r e  11:35 AM 

11 Leak Pate Before 0.002@24 27 ) F i n i s h " e  12:45 R4 

12 ) Leak Rate A f t e r  0.002@20 28 ) Yd. 0.9923 
13 ) Static pres., in E20 -1.20 29) -Area 3.06 
14 ) Mient 'rmxrature 70 30 ) SBlplirg Tire (MIN/pT) 3.5 
15 ) Earmetric pressure 29.18 31 ) Initial V o l w  458.90 
16 ) pssa rd~ i s tu re ,  % 32 ) t?LTER & RFAYE? # ' S  

0 - 0  458.90 J. PICNIP( 

1 - 1 3.5 3 
1 - 2 3.5 3 
1 - 3 3.5 3 

1 - 4 3.5 2 

1 - 5 3.5 2 
2 - 1 3.5 5 

2 - 2 3.5 5 
2 - 3 3.5 5 
2 - 4 3.5 3 
2 - 5 3.5 3 
'3 - 1 3.5 4 

3 - 2 3.5 5 

5 - 3 3.5 5 
3 - 4 3.5 4 

3 - 5 3.5 4 

4 - 1 3.5 5 

115 
121 
122 

118 

103 
115 

120 

121 
111 
107 

118 

119 
120 

117 
101 

115 

0.50 1.90 
0.51 1.90 
0.44 1.67 

0.31 1.18 
0.32 1.22 
0.63 2.39 
0.66 2.50 
0.63 2.39 
0.44 1.67 
0.42 1.59 
0.59 2.24 
0.64 2.43 
0.65 2.47 
0.55 2.09 
0.47 1.79 
0.59 2.24 

461.60 
464.37 
466.99 

469.22 
471.47 

474.56 
477.74 

480.89 
483.59 
486.35 
489.37 

492.52 
495.71 
498.65 
501.37 
504.44 

108 
116 
118 

122 
I21 

120 

122 
124 

126 
125 
116 

124 

125 
126 
I26 

120 

96 40 

96 40 
97 41 

98 40 

98 41 

98 40 
99 40 

99 41 
99 40 
99 41 

98 40 

100 41 
100 41 

100 41 

101 42 
99 42 

249 
251 
250 

250 
250 

250 
250 
250 
250 
250 

250 

250 
250 
250 
250 

250 

95.5 

96.8 
98.3 
98.8 

97.0 
96.3 

97.0 
98.2 
99.5 
103.8 

97.8 

97.2 
97.7 
97.4 
96.0 

98.7 



.: 
, 4 - 2 3.5 5 118 0.65 2.47 507.62 123 100 42 250 97.4 

,, 4 - 3 3.5 5 118 0.65 2.47 510.81 124 100 43 250 97.6 

4 - 4 3.5 5 111 0.57 2.16 513.81 126 100 42 250 97.2 

4 - 5 3.5 4 1U 0.54 2.05 516.71 126 100 43 250 96.7 

70 115 .73 2.04 57.81 110 

mtdl Avg. RD3t Avg. V O l m  Avg. 



1 ) Plant 

2 1 Location 
3 ) -tor 
4 ) Ihte 
5 )  h N 3 .  

6 1 S=T1e Pox NO. 

7 ) wter Eox No. 
8 ) reter ii@ 

9 )  KE'actor 

10 ) Pitot Factor 
11 1 LE& Rate Before 
12 ) M Rate After 
Y ) Static pres., in F20 

14 ) Ambient Tarperatme 
15 ) m t r i c  pressure 

16 ) As& misture, % 

NEW LCMXN, WI. 17 Heater Bcoc Setting 

scxEuls ImEr 18 ) prcte Lggth',' Ft. 
J. PI= 19 ) rjozzle -tern, 'In. 0.250 
1/21/93 20 ) prate Heater Setting 
3 21) % Q  20.9 

22 ) % 032 0.0 
U 23 ML. W Z O .  50.0 
1.8667 24 ) a. Silica Gel 45.8 
3.80 25 ) Total 95.8 
0.84 26) StartTim 2:oo R.l 
0.002@24 27 ) Finish Tine 3:13 EM 
0.002823 28 ) Yd. 0.9923 

-1.60 29) Stack- 3.06 
70 30 ) Sarrplirg Tirre (MIN/pT) 3.5 
29.18 31 ) Initial V o l w  519.50 

32 ) FZI53 & BFAKER # ' S  

Ft. # 0 Vac. Ts  DPS M Wn m i n m t r r  Ib %I 
****t**********i***tttif*ttttfititttt*it***************,*****************,****** 

0 - 0  519.50 J. PICNEK 

1 - 1 3.5 4 
1 - 2 3.5 4 

1 - 3 3.5 4 

1 - 4 3.5 3 

1 - 5 3.5 3 

2 - 1 3.5 5 

2 - 2 3.5 6 
2 - 3 3.5 5 

2 - 4 3.5 3 
2 - 5 3.5 3 

3 - 1 3.5 6 
'3 - 2 3.5 6 

3 - 3 3.5 6 

'3 - 4 3.5 5 

3 - 5 3.5 4 

4 - 1 3.5 6 

4 - 2 3.5 6 

119 
121 
122 

122 
101 

117 
121 
121 

121 
117 

116 
118 
120 
1l3 
102 

115 

118 

0.42 1.60 
0.42 1.60 
0.40 1.52 

0.29 1.10 

0.26 0.99 
0.52 1.98 

0.58 2.20 
0.48 1.80 

0.29 1.10 
0.24 0.91 
0.52 1.98 
0.55 2.09 
0.52 1.98 

0.38 1.40 
0.34 1.29 
0.55 2.09 
0.55 2.09 

521.84 
524.35 
526.84 

529.18 
531.14 
533.92 

536.90 
539.68 
541.91 

543.99 
546.69 
549.58 
552.41 

554.96 
557.34 

560.22 
563.14 

111 
1U 
117 
120 

120 

119 
120 
123 

124 
123 
120 

122 
124 

124 

125 

120 

123 

98 
98 
99 
98 
99 

98 
99 

99 
100 
100 

100 
100 

101 
100 
101 

100 
100 

40 
40 
41 
42 

41 
42 

42 
43 
42 

43 
43 

42 
44 
44 
44 

46 
46 

250 92.5 
250 99.2 
250 100.4 
250 110.5 

250 95.9 
250 97.9 
250 99.6 

250 101.8 
250 104.7 
250 107.0 
250 94.8 

250 98.7 
250 99.3 
250 103.9 
250 101.4 

250 98.3 
250 99.6 



9 

, 4 - 3 3.5 6 117 0.50 1.90 566.00 125 101 47 250 101.9 

n. 4 - 4 3.5 5 105 0.40 1.52 568.57 126 101 47 250 101.2 

4 - 5 3.5 5 95 0.39 1.48 571.18 126 102 47 250 103.0 

70 115 .651 1.63 51.68 110 

Total A T .  Rcot AW. VOlUre AW. 



1 1 Plant  

2 ) Laatim 

3 ) Qxrator 

4 ) mte 
5 )  h N 0 .  

6 ) sample ? a m .  
7 1 W t e r  mx No. 

8 ) W t e r  H@ 

9 ) K m o r  

10 ) Pitot  Faxor 
11 ) hak Pate &fore 

NEW m, WI. 17 ) H e a t e r  EGX Sett ing 

szaG€uJsE SPPM 18 ) m L8gth',' EY. 
J. BSSAN 19 ) Nozzle Dimeter', 'm. 
1/21/93 20 ) P r c k  Heater Settirg 

1 2 1 )  $02 

A 2 2 )  % a 2  
2 23 ) Ml. HM, 

1.7578 24 ) a. S i l i c a  Gel 

3.60 25 ) Total 

0.84 2 6 )  starrrirre 

0,005620 27 ) Finish T k  

0.250 

20.9 

0.0 

55.0 

38.2 

93.2 

9:05 AM 

10:35 AM 

12 ) LekPate After 0.005611 28 Yd. 1.0107 

13 ) Static Pres., in H20 0.50 29 ) StackArea 3.01 

14  ) Ambient Tarprature 36 30 ) Saplirg Tirre (MIN/pT) 3 

15 ) Barmetric Fressure 29.18 31 ) Initial V o l m e  458.16 

16 ) As& misture, % 32 ) FILTER & # ' S  

0 - 0  458.16 J. BSJAN 

1 - 1 3 6 119 0.40 1.45 

1 - 2 3 5 118 0.38 1.35 

1 - 3 3 6 118 0.43 1.55 

1 - 4 3 7 119 0.48 1.70 

1 - 5 3 8 119 0.51 1.85 

1 - 6 3 8 120 0.50 1.80 

1 - 7 3 7 118 0.47 1.70 

1 - 8 3 7 119 0.45 1.60 

1 - 9 3 6 118 0.38 1.35 

1 - 10 3 6 118 0.36 1.30 

r' 1 - 11 3 5 118 0.29 1.05 

1 - 12 3 5 118 0.28 1.00 

6 2  - 1 3 5 119 0.33 1.20 

2 - 2 3 6 118 0.35 1.25 

2 - 3 3 6 119 0.37 1.35 

2 - 4 3 6 117 0.37 1.35 

460.12 

461.99 

463.96 

466.05 

468.23 

470.40 

472.55 

474.62 

476.52 

478.41 

480.12 

481.76 

483.66 

485.50 

487.42 

489.40 

86 77 38 

88 78 38 

92 78 38 

96 79 38 

100 80 40 

102 81 40 

104 82 40 

106 84 40 

106 86 40 

106 88 40 

106 88 40 

106 88 40 

100 94 38 

104 94 38 

107 94 38 

108 94 38 

244 98.6 

248 96.2 

247 94.9 

246 95.0 

249 95.7 

248 96.1 

251 97.7 

251 95.8 

250 95.4 

250 97.3 

250 98.1 

250 95.7 

250 102.3 

252 95.7 

249 97.0 

249 99.8 



Z , 2 - 5 3 6 119 0.39 1.40 
' 2 - 6 3 6 120 0.46 1.65 

2 - 7 3 6 119 0.40 1.45 i 

2 - 8 3 5 119 0.33 1.20 
2 - 9 3 5 119 0.30 1.10 
2 - 10 3 5 121 0.29 1.05 
2 - 11 3 5 119 0.27 1.00 
2 - I2 3 5 121 0.27 1.00 

491.41 
493.16 
495.23 
497.31 
498.88 
500.63 
502.32 
504.05 

110 94 38 
112 96 38 
114 96 40 
112 96 40 
112 96 40 
111 96 40 
111 96 40 
1ll 96 40 

249 98.7 
253 78.9 * 
253 99.8 

250 110.6 * 
251 87.5 
250 99.4 
250 99.3 
250 101.9 

72 119 .612 1.36 45.89 97 

Totdl A-. POX AVg. v01m AVS. 

, 



1 ) Plant 

2 ) Location 

3 1 -tor 

4 1 mte 

5 )  m m .  
6 ) -le ?ox ND. 

7 ) Mter mx No. 

8 )  Mter H@ 

9 ) KFactor 

10 ) Pitot Factor 

Mw LmXN, wI .  17 ) Heater B x  Settirg 
SECK 18 ) Fn& Lggeh',' Ft. 

J. En24 19 ) Mzzle Diwter','In. 0.250 

1/21/93 20 ) F d x  Heater settirs 

2 21) %a2 20.9 

A 2 2 )  %a32 0.0 

z 23 ) Ml. Hzo 45 
1.7578 24 ) a. Silica Gel 42 

3.60 25 ) Total 87 
0.84 26) S t a r t T h  11:35 AM 

11 ) Leak Rate Before 0.005@15 27 ) Finish Tim 12:43 FM 

12 ) Leak Rate After 0.005@10 28 ) Yd. 1.0107 
13 ) Static pres., inEQ0 0.50 2 9 )  Stack- 3.01 
14 ) Ambient Tarperature 36 30 ) Sanplirg Tine (MIN/PT) 3 

15 Baroretric pressure 29.18 31 ) Initial Voltme 506.60 

16 ) &su rd  Wisture, % 32 ) FILTER & BEAKER #'S 

Ft. # 0 Vac. Ts DPs M Mn m i n m t w  m %I 
t**tt***t*t**t*tt*******~*~************~*,****..,**********~****~********.***,,* 

0 - 0  

1 - 1  3 

1 - 2  3 

1 - 3  3 

1 - 4  3 

1 - 5  3 

1 - 6  3 

1 - 7  3 

1 - 8  3 

1 - 9  3 

1 - 1 0  3 

4; - 11 3 

1 - 1 2  3 

3 - 1  3 

2 - 2  3 

2 - 3  3 

2 - 4  3 

5 

5 

6 
7 

7 

7 

7 

7 

6 

5 

5 

5 

5 

5 

5 

6 

118 

l20 

119 

119 

118 

119 
119 

119 

119 

118 

117 

119 

118 

118 

118 

119 

0.39 1.40 
0.39 1.40 

0.42 1.50 

0.46 1.65 

0.49 1.75 

0.47 1.70 
0.46 1.65 
0.43 1.55 
0.39 1.40 

0.32 1.15 

0.30 1.10 

0.29 1.05 

0.32 1.15 

0.32 1.15 

0.36 1.30 

0.38 1.35 

506.60 

508.59 

510.55 
512.60 

514.65 

516.92 

519.12 

521.30 

523.39 

525.40 

527.23 

529.00 

530.75 

532.60 

534.43 

536.24 

538.22 

J. En24 

104 98 38 251 97.2 

106 100 38 248 95.5 
114 98 38 248 95.7 

116 100 38 247 91.2 

115 100 38 242 97.8 

116 100 40 247 96.8 

116 99 40 247 97.0 
117 99 40 248 96.1 
117 100 40 244 96.9 
115 100 40 251 97.5 
114 100 40 251 97.3 
114 100 40 249 98.1 

108 99 36 249 99.2 
110 99 36 249 98.0 
110 100 36 252 91.3 

112 100 38 251 97.2 



.., 
L, 

” 2 - 5 3 8 119 0.44 1.60 
it 2 - 6 3 8 119 0.44 1.60 

2 - 7 3 7 118 0.41 1.45 
2 - 8 3 6 119 0.32 1.15 
2 - 9 3 5 118 0.30 1.00 
2 - 10 3 5 119 0.32 1.15 
2 - 11 3 5 118 0.30 1.00 
2 - 12 3 5 117 0.29 1.00 

540.36 
542.18 
544.36 
546.47 
548.22 
550.05 
551.65 
553.49 

1Y 100 38 249 
114 99 38 249 
115 99 38 250 
114 100 38 247 
114 100 38 248 
114 99 40 251 
114 100 40 247 
112 100 40 250 

97.6 
83.0 
102.7 
112.6 * 

96.3 
97.7 
88.0 * 
103.1 

72 119 .61 1.34 46.89 106 

Total A&‘. Rmf Avg. VOlrnre Avg. 



1 Plant N W  LCNUX, W I .  17 ) Wter Bm Settirg 

2 ) Location SfxEXJJsE SmX 18 FW2b raqth',' Ft. 

4 ) B t e  1/21/93 20 ) Fink W t e r  Settirg 

6 )  SapleEoxm. A 22) %a32 0.0 

7 ) wter Eca No. Z 23 ) M l .  KK) 55.0 
8 ) wter H@ 1.7578 24 ) a. Silica Gel 38.8 
9 ) K Factor 3.60 25 ) 93.8 
10 ) Pitot Factor 0.84 26) StartTim 2:OO'FM 

3 -tor J. KX?N 19 ) Mvle  Dimeter','In. 0.250 

5 )  mN0. 3 21) % &  20.9 

11 ) Leak Rate Before 0.005815 27 ) FinishTim2 3:19 €34 

I2 ) Leak Rate After 0.005@15 28 ) Yd. 1.0107 
l3 ) -tic m e . ,  in HK) 0.50 29) StadrArm 3.01 

14 ) Mbient Tmp=rature 36 30 ) Saplirg Th? (MIN/PT) 3 
15 ) Burmtric Fressure 29.18 31 ) Initial Volwire 559.00 
16 psnmed Wisture, % 32 ) FDTiR & BFAlw # ' S  

0 - 0  

1 - 1  3 

1 - 2  3 

1 - 3  3 
1 - 4  3 

1 - 5  3 
1 - 6  3 

1 - 7  3 
1 - 8  3 

1 - 9  3 
1 - 1 0  3 
1 - 1 1  3 

'$1 - 12 3 

2 - 1  3 

2 - 2  3 

2 - 3  3 

2 - 4  3 

2 - 5  3 

P 

6 

6 

6 
7 

7 

8 

8 

8 

7 

6 
5 

5 

6 

6 

7 

10 

10 

iig 

119 

119 
118 

118 

118 

118 

117 

117 

116 

117 

116 

116 

117 

118 

119 

118 

0.39 1.40 
0.40 1.45 

0.42 1.50 
0.46 1.65 
0.47 1.70 

0.46 1.65 
0.48 1.70 
0.44 1.60 

0.36 1.30 
0.33 1.20 

0.28 1.00 

0.29 1.00 

0.35 1.25 
0.34 1.20 
0.39 1.40 
0.48 1.75 

0.49 1.75 

559.00 

561.00 

563.04 

565.10 

567.23 

569.42 

571.58 

573.76 

575.92 

577.92 

579.81 

581.54 

583.30 

585.22 

587.11 

589.11 

591.32 

593.54 

116 

110 

112 

114 

115 
116 

116 

117 

118 

116 

116 

116 

108 

110 

1 U  

114 

114 

100 
100 

100 

100 

100 

100 

101 

101 

101 

102 

102 

102 

102 

101 

102 

102 

102 

J. 

36 249 97.0 

36 248 98.2 

36 245 96.6 

38 247 95.2 

38 249 96.8 

38 250 96.4 

38 251 95.2 

38 250 98.3 

40 253 100.5 

40 248 99.1 

40 252 98.6 

40 249 98.4 

36 252 98.5 

36 251 98.4 

36 247 97.0 

36 249 96.7 

38 250 96.0 



_ -  ~ 

., 
tt , 2 - 6 3 9 116 0.45 1.60 595.68 116 102 38 250 96.2 
‘(I 2 - 7 3 8 117 0.40 1.40 597.74 116 102 38 248 98.3 

2 - 8 3 7 117 0.34 1.20 599.65 116 102 38 250 98.8 
2 - 9 3 7 117 0.32 1.15 601.54 117 102 40 251 100.7 
2 - 10 3 7 117 0.30 1.10 603.33 116 102 40 250 98.5 
2 - 11 3 7 117 0.30 1.10 605.14 116 102 40 250 99.6 
2 - 12 3 7 116 0.29 1.05 606.36 116 102 40 250 68.2 * 

72 117 .618 1.38 47.36 108 

mtal Avg. Rat Avg. V o l e  Avg. 

?I 

E 
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