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State of Ohio Envimnmental Protection Agency 

Northwest DlstrlCt Office 
347 Nwth Dunbridge Road 
P.O. Box 466 
Bowling Green. Ohio 43402-0466 
f419)352-8461 FAX 14191 352-8468 

(-j .... GeorgQ V. Voinovich 
Governor 

Re: Sandusky County 
Great Lakes Sugar Company 

Stack Test 
0372030103 

February 5, 1993 

Mr. Joe Flynn 
Great Lakes Sugar Company 
P.O. BOX 1348 
Saginaw, Michigan 48605 

Dear Mr. Flynn: 

The stack test done on Ohio EPA Source No. PO03 on December 2, 
1992, has been reviewed and found to be in conformance with Ohio 
EPA methods and procedures. 

Our test review confirms the following reported data as accurate: 

Crit ica l  T e s t  D a t a  
(In Three Run Averacres1 

1. mission R a t e :  

2 .  Bource Operating Rate: 4 5  TPH 

3 .  Isokiniaity R a t e :  105.1% 

All test information will be used by Ohio EPA personnel for 
permit processing and review. Thank you for your cooperation in 
this matter, and please call me if you have questions or 
comments. 

Sincerely, 

& Curtis Eldridge 1- 
Division of Air Pollution Control 

/jlm 
pc: Bob Henn, DAPC, NWDO 

Sarah Kirsh, DAPC, NWDO 
Stack file 
NWDO file 
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INTRODUCTION 

This report contains the results of stack particulate emissions 
testing performed by Affiliated Environmental Services, Inc. for 
Great Lakes Sugar at Fremont, OH. Testing was performed on 
12-2-92 on the pulp drier. Beet pulp is dried in direct fired 
rotary drum dryers and the exhaust is cleaned by cyclones and 
vented out a 6' diameter stack. Production during the emissions 
test were monitored by Great Lakes Sugar. The times for testing 
can be found on the field data sheets. This was a 3 repetition 
test. 



DESCRIPTION OF TEST 

All tests were performed in accordance with EPA methods 1,2,3,4, 

5 and 8 as described in the Federal Register. A twenty point 
sampling traverse was selected with sampling at three minutes 
per point. The equipment used for testing consisted of a fyrite 
gas analyzer and a RAC Stack Train Sampler (EPA type). A RAC 
type "S" pitot and heated glass sampling probe was used with the 
sampling train. All equipment was calibrated in the laboratory 
prior to the test. The calculations for the stack sampling 
parameters were performed on a computer. A description of the 
method 1-5 test follows on the next few pages. The data sheets 
can be found in the appendix. 



METHOD 1 
Sample and Velocity Traverses for Stationary Sources. 
The lowtion of the sampling site and uavem points are determined based on 
stack diametas and length of the stack 

-HOD 2 
Determination of Stack Gas Velocity and Volumetric Flow Rate. 
Velocities are. measured with a type "S" pitot tube. Temperatures are. measured 
with thermocouples. 

METHOD 3 
Gas Analysis for Carbon Dioxide, Oxygen, Ex- Air, and Dry Molecular 
Weight. 
A gas sample is extracted by using a bag simultaneously with the particulate tests. 
Analyses are performed using an Orsat and/or Fyrite Analyzer. 

METHOD 4 
Determination of Moisture Content. 
A gas sample is extracted at a constant rate from the some. Moism is deter- 
mined either volumetrically or gravimetrically. 

METHOD 5 
Determination of Particulate Emissions from Stationary Sources. 
Particulate matter is withdrawn isokinetically from the so- and collected on a 
glass fiber filter maintained at 248 f 25' F. A schematic of the sampling train is 
shown in Figure 1. 

P- 3 
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TEMPERATURE SENSOR IMPINGERTAAIN 0PTIONAL.MAY BE REPLACED 
BY AN EQUIVALENT CONDENSER 

----- 

DRY GASMETER AIR.?ICHT 
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c.: LOCATION OF SAMPLING POINTS DURING PARTICULATE 
EMISSIONS TESTING 

Distance A= 74 *(&, h d & t L  

Distance B= 

Distance from Inside Distance from -.s e 
Sarnole Point # of Stack Wall (inches) Samole Point # of Stack Wall (inches) 

I / 9 ” 6 Y7. Y ’/ 

3 (I 
1. .. 

Y 
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QUALITY CONTROL/QUALITY ASSURANCE 

All equipment was fully calibrated at our laborarory prior to the test The sampling nozzles 
wae measured using a vernier caliper. The pitots were measlrred for proper alignment and 
dimensions. All thermometers and thermocouples were calibrated against ASTM glass 
thenmneters. The RAC base units are checked in the field by comparison of a 10 minute 
run at 0.75 cfm (AH) to dry gas meter integration and single point check against critical 
orifice. Blank solutions (acetone, distilled water) are taken and analyzed at the laboratoly to 
see if they are within specifications. A chain of custody was maintained by the field 
supenisor from the start of the test program to its completion. When the samples were 
remed to the laboratory they were placed under the control of the laboratoxy supervisor 
until analysis is completed. 



FORMULAS USED IN CALCULATIONS 

17.64 x (vm) x (v) x (. Pbar T m c 6 )  + - 

e of Water Vaoor - feet - - Vwc 

Vlc x ( E;) x (F) = (0.0471 Wml) x Vlc 

t - Bm 
BWS = vwc 

Vwc + Vmc 
I 

Md = 0.44 x (O/oC02) + 0.32 X (0/002) + 0.28 x (O/oCO+N2) 

\ .  Gas B r  Weight - rvIs 
MS = 18 x (Bws) + Md x (1-BWS) 

ItV - vs 

vs = 85.48 x (Cp) x (AP) x Ts + 460 
Ps x Ms 

Gas V o l m c  Flow Rate - SCFIJ 

(?E ). ( ;id ) 3600 x (1-BWS) x VS x A x 

TS x (1.667) x (Vw + Vmc) 
(min.) x (17.64) x Ps x Vs x Atip 

Y = Calibration factor of sarqlirg train 

Pbar = Barometric pressure 

R TSd = 460 + 68 = 528 

Psld = 29.92 in Hg 

Q = Pitot lube coefficient 

R = Sack static pressure + Pbar 

A = Area of stack - sq fl 

mln = Minutes of test 

Atlp = Area of sanpiing nozzle sq fl 

= Weight gain of finer + probe wash 

V k  = Volume of licplid and silica collected 

I 
n - P m  d cu & 

( E s t d  ) SCFH P-9 o'0154 ( V p 9 d )  
2.205 x lo8 
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Filter 
3 0 5 . 0  

/OS 888,B 
Probe wash 

PLANT NAME: c:PgA). 1 .4k c5 SuGFte 

SOURCE I.D.: t?A I p d(ep 2 6c*+kS DATE: / a  - 2 - 92 - 

STACK PARTICULATE SAMPLE LABORATORY DATA SHEET 

Run # L Lab Analysis by: / 

Date: /J - 8- 92 

cp33.c) 31. 

/o 3 830.0 59,P 

~~ 

Filter 8 Wash mg 

- Acetone blank mg 

Net Particulate 
WeigM mg 

I I 
I 

1 1 9 . 9  

- * 1 5  

/a?.  75- 

* lmpingers m 
Initial 
WegM =c-co 

Initial 
Volume = 200 

Total Gain 

f / O  

I /29,c1 Total gain mg 

Total Gain 

+25< 

Net particulate weight refers to the 
filter and wash minus the acetone blank. 



PLANT NAME: Get-;?+ 1 ~ ~ x 5  -s.J. RE 

- 
SOURCE I.D.: -- DATE: --? -92 

STACK PARTICULATE SAMPLE LABORATORY DATA SHEET 

SILICA 

Run # 2 

IMPINGER 

. . . . .  . . . . . . . . . .  ,: . . . . .  
.,.,: . . . . .  //, :,.;!i.:::~:..':::: , :::: 

.~ . . . .  . . .  ...... . .  . . . . .  ..> il . . .  . . . . . . . . . . . . . . .  

Final 
Weight = sbo 

Filler 

Final 
Volume = s/30 

Probe wash 

Initial 
Weight = ss-0 

lmpingers 
& 

Initial 
Volume = J 0 0 

7-19.2 

/03 908. I 

Total Gain Total Gain 7, 

Lab Analysis by: . 4 

Date: / a  - C? - 94 

., . .  

.; ..:INITIk':WElGHT mg 
. . . . . . . . . .  

6 3 1 . )  

/0334'J1.5 

NET WEIGHT GAIN mg 

98. I 

Total gain n-g I /Io3.7 
I 

Finer & Wash mg I /L73#7 

1 - , I S  Acetone blank mg 

Net Particulate 
WeigM mg 

Net particulate. weight refers to the 
filter and wash minus the acetone blank. 

x. x-7P;dy€a "AIy2t -J  $&z so, 
p-11 



PLANT NAME: 7R6dj  LQkt-3 >UGfi,\Z 

- F 

SOURCE I.D.: p e\lkz oLi+Itt DATE: 12 -2 -92 

STACK PARTICULATE SAMPLE LABORATORY DATA SHEET 
. .  

k n  # 3 Lab Analysis by: 
4 

Date: /2 - p- 92 

lmpingers 
* - 7 

Final 
Weight = ,&.3 

Final 
Volume = V/Z. 

I Total Gain I Total Gain 

Initial 
Weight =<so 

I Total gain mg 

Initial 
Volume = Jo 

Filter & Wash mg 

- Acetone blank mg 

Net Particulate 
Weight mg 

- ,/5 

/ z  L/. 25 

Net particulate weight refers to the 
filter and wash minus the acetone blank. 

* Z ) ~ ~ , D , ~ I ~ F F P ~  P H J C ~ ) ~ Z L ' ~  S C ~ L  502 
p-12 
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AFFILIATED ENVIRONMENTAL SERVICES, INC. 
3606 VENICE RD. 

SANDUSKY, OHIO 44870 

PLANT NAME: Great Lakes Sugar Pulp Dryer 

DATE OF TEST: 12-2-92 

STACK SAMPLING PARAMETERS 

.TEST RUN NUMBER 1 

MINUTES OF TEST 
VOLUME OF GAS COLLECTED cubic feet 
METER CALIBRATION FACTOR Y 
BAROMETRIC PRESSURE 
PRESSURE DIFFERENTIAL ACROSS ORIFICE DELTA n 
METER TEMPERATURE (+460) 
STACK STATIC PRESSURE (HG) 
STACK TEMPERATURE (+460) 
AVERAGE SQUARE ROOT OF VELOCITY HEAD 
VOLUME OF IMPINGER WATER COLLECTED ml 
WEIGHT OF SILICA COLLECTED gme 
AREA OF SAMPLING NOZZLE square feet 
PITOT TUBE COEFFICIENT 
AREA OF STACK equare feet 
CARBON DIOXIDE (DRY FRACTION) 
CARBON MONOXIDE (DRY FRACTION) 
OXYGEN (DRY FRACTION) 
NITROGEN (DRY FRACTION) 

STACK PARTICULATE DATA 

GAS VOLUME STANDARD CONDITIONS DSCF 

PERCENT MOISTURE IN STACK GAS 
DRY GAS MOLECULAR WEIGHT 
STACK GAS MOLECULAR WEIGHT 
VELOCITY OF STACK GAS feet per second 
FLOW RATE OF STACK GAS DSCFH 
FLOW RATE OF STACK GAS DSCFM 
ISOKINICITY X 

VOLUME OF WATER VAPOR cubic feet 

WEIGHT GAIN OF IMPINGERS mg 
WEIGHT GAIN OF FILTER mg 
WEIGHT GAIN OF PROBE WASH mg 
PARTICULATES COLLECTED POUNDS/HOUR 
PARTICULATES COLLECTED GRAINSIDSCF 
PARTICULATES COLLECTED POUNDS/DSCF 

p-13 

60 
44.646 
.93 
30.12 
1.48 
559 
.0029 
727 
.855 
455 
10 
.0003436 
.84 
28.27 
5.5 
0 
15.5 
79 

39.607 
21.902 
35.6 
29.5 
25.406 

2867553 
47793 
113.7 
0 
71.1 
58.8 
20.71 
.0504 
7.2234E-06 

59. a36 



AFFILIATED ENVIRONMENTAL SERVICES, INC. 
3606 VENICE RD. 

SANDUSKY. OHIO 44870 

PLANT NAME: Great Lakes Sugar 

DATE OF TEST: 12-2-92 

STACK SAMPLING PARAMETERS 

TEST RUN NUMBER 2 

MINUTES OF TEST 
VOLUME OF GAS COLLECTED cubic feet 
METER CALIBRATION FACTOR Y 
BAROMETRIC PRESSURE 
PRESSURE DIFFERENTIAL ACROSS ORIFICE DELTA H 
METER TEMPERATURE (+460) 
STACK STATIC PRESSURE (HG) 
STACK TEMPERATURE (+460) 
AVERAGE SQUARE ROOT OF VELOCITY HEAD 
VOLUME OF IMPINGER WATER COLLECTED m l  
WEIGHT OF SILICA COLLECTED gms 
AREA OF SAMPLING NOZZLE square feet 
PITOT TUBE COEFFICIENT 
AREA OF STACK square feet 
CARBON DIOXIDE (DRY FRACTION) 
CARBON MONOXIDE (DRY FRACTION) 
OXYGEN (DRY FRACTION) 
NITROGEN (DRY FRACTION) 

STACK PARTICULATE DATA 

GAS VOLUME STANDARD CONDITIONS DSCF 
VOLUME OF WATER VAPOR cubic feet 
PERCENT MOISTURE IN STACK GAS 
DRY GAS MOLECULAR WEIGHT 
STACK GAS MOLECULAR WEIGHT 
VELOCITY OF STACK GAS feet per second 
FLOW RATE OF STACK GAS DSCFH 
FLOW RATE OF STACK GAS DSCFM 
ISOKINICITY X 
WEIGHT GAIN OF IMPINGERS mg 
WEIGHT GAIN OF FILTER mg 
WEIGHT GAIN OF PROBE WASH mg 
PARTICULATES COLLECTED POUNDS/HOUR 

I PARTICULATES COLLECTED GRAINS/DSCF 
PARTICULATES COLLECTED POUNDS/DSCF 

p-14  

60 
43.251 
.93 
30.12 
1 . 4 1  
563 
.0029 
733 
.864 
430 
10 
.0003409 
.84 
28.27 
5.5 
0 
15.5 
79 

38.09 
20.724 
35.2 
29.5 
25.452 
60.66 
2901155 
48353 
109 
0 
98.1 
65.6 
27.47 
.0661 
9.4678E-06 



AFFILIATED ENVIRONMENTAL SERVICES, INC. 
3606 VENICE RD. 

SANDUSKY, OHIO 44870 

PLANT NAME: Great Lakes Sugar 

DATE OF TEST: 12-2-92 

STACK SAMPLING PARAMETERS 

TEST RUN NUMBER 3 

MINUTES OF TEST 
VOLUME OF GAS COLLECTED cubic feet 
METER CALIBRATION FACTOR Y 
BAROMETRIC PRESSURE 
PRESSURE DIFFERENTIAL ACROSS ORIFICE DELTA H 
METER TEMPERATURE (+460) 
STACK STATIC PRESSURE (HG) 
STACK TEMPERATURE <+460) 
AVERAGE SOUARE ROOT OF VELOCITY HEAD 
VOLUME OF IMPINGER WATER COLLECTED m l  
WEIGHT OF SILICA COLLECTED gms 
AREA OF SAMPLING NOZZLE square feet 
PITOT TUBE COEFFICIENT 
AREA OF STACK square feet 
CARBON DIOXIDE (DRY FRACTION) 
CARBON MONOXIDE (DRY FRACTION) 
OXYGEN (DRY FRACTION) 
NITROGEN (DRY FRACTION) 

STACK PARTICULATE 'DATA 

GAS VOLUME STANDARD CONDITIONS DSCF 
VOLUME OF WATER VAPOR cubic feet 
PERCENT MOISTURE IN STACK GAS 
DRY GAS MOLECULAR WEIGHT 
STACK GAS MOLECULAR WEIGHT 
VELOCITY OF STACK GAS feet per second 
FLOW RATE OF STACK GAS DSCFH 
FLOW RATE OF STACK GAS DSCFM 
ISOKINICITY X 
WEIGHT GAIN OF IMPINGERS mg 
WEIGHT GAIN OF FILTER mg 
WEIGHT GAIN OF PROBE WASH mg 
PARTICULATES COLLECTED POUNDS/HOUR 
PARTICULATES COLLECTED GRAINS/DSCF 
PARTICULATES COLLECTED POUNDS/DSCF 

p-15 

60 
39.961 
.93 
30.12 
1.12 
565 
.0029 
741 
.856 
412 
13 
.0083409 
.84 
28.27 
6.5 
0 
13.5 
80 

35.044 
20.018 
36.4 
29.58 
25.365 
60.529 
2810605 
46843 
103.4 
0 
72.5 
51.9 
21.97 
.0546 
7.8179E-06 
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SULFUR DIOXIDE ANALYTICAL DATA 

I 

Plant  (Great kPs 5 car Date 12-2-sa  

Volume and normality of barium 1 ml N 

3 - m l  N 

L/ 

Sample location p., \i) A.rv/rr Analyst Od 1-Q i- 
i 

perchlorate 2 m l  N N ,  avg 

T o t a l  
sample 
volume 

number 
Sample I (Vsoln)* Sample I iden t i f ica t ion  

number m l  

5 I 
6 I 

I I 

Blank I 1 N/A 

Sample I 
a l iquot  I Volume of t i t r a n t  (v,), b m l  
volume t-qTq-- 

m l  t i t r a t i o n  t i t r a t i o n  Average 

a Volume f o r  the blank must be the same as  tha t  of the  sample a l i q u o t .  

lst t i t r a t i o n  <0.2 ml. = 0.99 I- 
b 

2nd t i t r a t i o n  

Signature of analyst 

C 

Signature of reviewer o r  supervisor 

Q u a l i t y  Assurance Handbook M6-5.2 

! 
' !  

. . . . . . . , .. . 



Equation 6-2 

a C a l c u l a t i o n  form f o r  d a t a  c o l l e c t e d  us ing  Nethod 6 
t y p e  equipment. The a l t e r n a t i v e  u s e  of Method 5 o r  
Method 8 equipment W i l 3  change Vm and Vm(std) t o  
Vm(std) = 32-hQ3f' . 

i i .t . .  R - 2  - - 
SO2 Concen t ra t ion  

i 

a C a l c u l a t i o n  form f o r  d a t a  c o l l e c t e d  us ing  Method 6 
t y p e  equipment. The a l t e r n a t i v e  u s e  of Method 5 o r  
Method 8 
vm ( s t d )  

change -Vm and Vm(std) t o  

a- 
= 



SULFUR D I O X I D E  CALCULATION FORM 
(Engl i sh  units) 

Sample Volumea  c 
Q-3 

So Concen t ra t ion  2 

a C a l c u l a t i o n  form f o r  d a t a  collected us ing  Xethod 6 
t ype  equipment. The a l t e r n a t i v e  use  of Method 5 o r  

and 'm(std) t o  

SO2 Concent ra t ion  

. .  Equation 6-2 
..;.I ' 

I 
. .  

:.. 

a C a l c u l a t i a n  form f o r  d a t a  collected us ing  Method 6 
t y p e  equipment. The a l t e r n a t i v e  u s e  of Method 5 o r  

" m ( s t d )  - -*- - - 
Method 8 equipment w i l 3  change'Vm and Vm(std) t o  

ft . P 



NOZZLE CALIBRATION DATA FORM 

Nozzle 
ident i f ica t ion  

- .  number 

a 
c 

C 
Da"g 

= three di f fe ren t  nozzles diameters, mm ( i n : ) ;  each aD1f2t 

b 

diameter must be within (0.025 mm) 0.001 in. 

AD = maximum difference between any two diameters, mm ( i n . ) ,  
AD - <(0.10 mm) 0.004 in .  

C = average of D1, D2,  and D3- Davg 

Quality Assurance Handbook M5-2.6 
.. . 

( .  . : '  
'. 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

*,I. ) 1- 17.. 7 7 Thermocouple number k,q('. ! v l l f e L x  h X t ;  5 
I 

Date 

Ambient 

Reference 
po in ta  

number 

3, 
.. 

6 

b Source 
( s p e c i f y )  

T4 le j -  

'7r- 
'73 

"7 r 
'7% 

71 

Reference 
thermometer 
temperature,  

O C  

0 

3 
t h e r  

Thermocouple 
potent iometer  
temperature,  

O C  

aEvery 3OoC (SOOF) f o r  each r e fe rence  p o i n t  

Temperaturec 
d i f f e rence ,  

% 

'Type of c a l i b r a t i o n  system used.  
'[lref temp, "C + 273)  - ( t e s t  thermom temp, 'c + z 7 3 ) ]  l o o ~ 1 . 5 % .  

r e f  temp, O C  + 273 

Q u a l i t y  Assurance Handbook M2-2.10 



z f k  Metering System p, Date /1-/9- 7> Identification: " 
I_. 

Barometric pressure, Pb = 30.d in. H, Calibrated by: 

y - -  7 7 3  Average 

Orifice Spirometer Dry gas 
meter 

gas volume volume 
manometer (wet meter) 

settlng 
AH V W  v m  

in. H20 113 113 

*A// -- /, ti7 

I I I 

Temperatures I 

CALCULATIONS 

Time 

min. 
To OF I :E- I 

1 I Y A H 3  

AH 
In. H,O 

Y = Ratio of reading wet test meter to dry test meter; tolerance for individual values f 0.02 from average. 

;yi.>, APJ = Orifice pressure differential that equates to 0.75 clm of air a 6 8 O F  and 29.92 inches 01 mercury, in. H,O: f:;::,. 
Y ~ '  -..:: ,. ,... tolerance for individual values * 0.20 from average. 

FIgure 5.6. Example data sheet for calibration of metering system (English units). 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

r'" 1 Date //-/7-92 Thermocouple number 7 '>/,?sS 

Ambient ~q O C  Barometric p re s su re  3 G  09 i n .  Hg 

C a l i b r a t o r  Reference: mercury-in-glass ,457m 

Reference 
poin t ,  

number 

7 P  

7 8  

i 

Reference 
thermometer 

Source temperature ,  
( s p e c i f y )  

99. 9 

0.2 

her  

Thermocouple 
potent iometer  
temperature,  

O C  

9f 

a 

97 

3 

Temperature, 
d i f f e rence ,  

% 

aEvery 3OoC (SOOF) f o r  each r e fe rence  p o i n t  
bType of  c a l i b r a t i o n  system used. 

j r e f  temp, OC + 273) - ( t e s t  thermom temp, OC + 
ref temp, ' C  + 273 1oo(1.5%. 

G u a l i t y  Assurance Handbook M2-2.10 



ANALYTICAL BALANCE CALIBRATION FORM 

H 30 Balance name ~bjt I er Number 

Classification of standard weights 
( - - >  
1?. I 

~~ 

Date I O.AOO0 g 1.0000 g 10.000 g 50.0000 g 100.0000 g 

Quality Assurance Handbook M7-2.2 
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TYPE S PITOT TUBE INSPECTION DATA FORM 

Pitot tube assembly level? L/ yes no 

Pitot tube openings damaged? - yes (explain below) T/no 

a = S (<loo), a2 = 7 .  o ( < l o o ) ,  p, = 0 ( < 5 0 ) ,  

.: 
8 . .  

a:,. a 

1 
B2 = ; ( < 5 O )  

z = A s i n y =  , + . f i l q  cm (@; c 0 . 3 2  cm (<1/8 in.), 

w = A sin 9 = f . l .d f7  cm @; c.08 cm ( < 1 / 3 2  in.) 

- 
0 . 5 5  cm (in.) Pb P . r 7  cm (in.) 

L 

Calibration required? Yes 

Quality Assurance Handbook M2-1.7 



TYPE S PITOT TUBE INSPECTION DATA FORM 

P i t o t  tube assembly l e v e l ?  V yes 

P i t o t  tube openings damaged? 

a =  1 a O ( < l o o ) ,  lY, = 3 O (<loo), p, = 2 O ( < 5 O ) ,  

y = 1 0 ,  e = 1 0 ,  A = 1.10 cm &) 

0 
- yes ( exp la in  below) 

B, = O ( < 5 O )  

z = A s i n y =  /? -01 9 cm (0); <0.32 cm (<1/8 i n . ) ,  

w = A s i n  8 = 0.039 c m  (a; <.08 cm (<1/32 i n . )  

12-5- 7? 1 

C a l i b r a t i o n  requi red?  yes  ,Y, no 

Qual i ty  Assurance Handbook M2-1.7 
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