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INTRODUCTION 

This report contains the results of stack particulate emissions 
testing performed by Affiliated Environmental Services, Inc. for 
Verhoff Alfalfa, Ottawa, OH. The system tested was the exhaust 
from the bay dryer. Hay is fed from a hopper into a drum to be 
dried. The air from this process is routed to a cyclone and out 
a 3 0 x 3 0  inch square stack. This was a three repetition test 
following EPA Methods 1-5. Testing was on 6-22-95  by Don Dauch 
and Brad Pean of AES. Production during testing was monitored by 
Verhoff personnel and can be found in the Appendix. This test 
was witnessed by Mr. Tom Sattler of the OEPA. 
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DESCRIPTION OF PARTICULATE TEST 

Particulate samples were collected following EPA Methods 1-5. 
Sample port -locations were located over 2 diameters down from the 
exit of the stack (distance A) and up 3 l/2 diameters from the 
nearest disturbance (distance B). The stack is a 30"x30" square. 
A 2 0  point sampling set was selected due to the port locations as 
outlined in EPA Method 1. Each point was sampled for 3 minutes 
for a total of a 60 minute test. Three one hour test repetitions 
were performed. The equipment used for testing consisted of an 
Orsat Gas Analyzer and a Graseby Nutech Model 2010 Train Stack 
Sampler (EPA type). A RAC type "S" pitot and heated sampling 
probe was used with the sampling train. All equipment was 
calibrated in the laboratory prior to the test. The sampling 
nozzle and the pitot tubes were measured on the day of the test. 
A l l  calibrations can be found in the appendix. The dust laden 
gases are passed through a heated stainless steel probe and a 
heated glass cyclone separator followed by a four inch filter 
holder containing Whatman type 934AH fiberglass filter media. 
The gases leaving the filter were collected in a series of three 
impingers packed in ice. The first and third impingers were the 
modified Greenburg-Smith type and the second one was a standard 
Greenburg-Smith type. The first and second impingers contained 
100 ml of distilled water while the third one was used as a dry 
trap. After leaving the dry trap, the gases passed through a 
fourth impinger containing about 550 grams of silica gel 
desiccant to remove any remaining water vapor. The dry gas then 
passed through the hose portion of the umbilical cord to a 
Graseby Nutech Model 2010 "Stack Sampler" module. In the module 
the gas was moved through the system by a leakless air pump to a 
Rockwell 175-5 dry test meter. The dry test meter exhausted to a 



calibrated orifice to measure the flow rate of the gases passing 
through the sampling apparatus. A type "S" pitot tube was 
attached to the sheath of the heated probe and nozzle. The 
orifice pressure taps and the pitot tube were connected to a 
Dyer dual 10 inch combination inclined-well type manometer. - One 
half of the manometer measured the orifice differential pressure 
(^HI and the other half measured the flue gas velocity head ( * P I .  

The temperature of the flue gas was measured by a type " K "  

thermocouple connected to a Fuji P Y Z l  thermometer readout. The 
CO2 and 0 2  levels were sampled with a Bach Fyrite System. One 
Fyrite was done for each test run. 

~ - ~. ~~ ~- ~- ~- 
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PARTICULATE TEST PROCEDURES 

The probe, filter and glass ware were assembled and leak tested 
in our lab before transporting to the j o b  site. Three sets of 
equipment were used. At the job site a preliminary pitot 
traverse was performed to select the proper nozele size. The 
nozzles were measured with an inside vernier caliber. The 
impingers were filled with distilled water and the silica 
impinger was connected just prior to elevating the probe into 
position. After leak testing the apparatus the probe was 
inserted at the first sample point to start the test. The 
apparatus was leak tested after the test was completed at a 
vacuum exceeding that encountered during the test. The moisture 
content was determined from the amount of condensate collected in 
the impingers and the difference of the tare and gross weight of 
the silica impinger. The silica impinger was weighed on a Baxter 
Scientific Lab Balance to the nearest one tenth of a gram. The 
filter media was dried in an oven then desiccated at room 
temperature for 2 4  hours before tare and gross weighing on a 
Mettler H30 Analytical Balance. The probe liner, nozzle, cyclone 
and front half of the filter holder were washed with acetone and 
brush after testing and evaporated to dryness on a steam bath in 
2 5 0  ml beakers. The beakers were dried and tare weighed prior to 
sample evaporation and gross weighed after allowing the samples 
to desiccate for 2 4  hours. These weights were accomplished with 
the Mettler Balance. The contents of the impingers were measured 
in a 100 ml .graduate and poured into a 2 5 0  ml beaker. The 
impingers and graduate were washed with distilled water and brush 
with the washings added to the beaker. The beakers were placed 
in a desiccator to cool and dry for at least 2 4  hours before 
weighing. The tare and gross weights were accomplished in the 
same manner as the probe washings. The weight of the material ~01- 
lected in the impingers was not used in the calculations to obtain 
the weight of the particulate catch. 



METHOD 1 
Sample and Velocity Traverses for Stationary Sources. 
The location of the sampling site and naverse. points are determined based on 
stack diameters and length of the stack - 

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

METHOD 3 
Gas Analysis for Carbon Dioxide, Oxygen, Excess Air, and Dry Molecular 

A gas sample is exaacted by using a bag simultaneously with the paniculate tests 
Analyses are performed using an Orsat and/or Fyrite Analyza. 

- Weight.--- __ ~ 

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

METHOD 5 
Determination of Particulate Emissions from Stationary Sources. 
Particulate matter is withdrawn isokinetically from the source and collected on a 
glass fiber filter maintained at 248 525' F. A schematic of the sampling train is 
shown in Figure 1. 

P-7 



MPINCER TRAIN 0PTIONAL.MAY BE REPL CEO TEMPERATURE SENSOR 
W AN EOUIVALENT CONDENSER 

FILTER HOLDER 

PITOT MANOMETER 

THERMOMETERS 

DRY GAS METER AIR.TICHT 
PUMP 

~ t e a u a h u -  



@ LOCATION OF SAMPLING POINTS DURING PARTICULATE 
EMISSIONS TESTING 

Distance A= >2  diameters 

Distance B= 3.5 diameters 30"x30" 

30" 

Distance kom Inside Distance kom Inside 
$mule Point # of Stack Wall (inches) Sample Point # of Suck Wall (inches) 

1 3.0" Ports 3.8" 

2 9.0"  11.3" 

3 15.0" 18.8" 

4 21.0"  26.3" 

5 27.0" 
P-9 



FORMULAS USED IN CALCULATIONS 

Gas volu me feet - Vm Y = Calibration factor of sapling train - 

17.64 x (Vm) x (Y) x ( Pbar ,m26) + - Pbar = Barometric pressure 

R Tad = 460 + 68 = 528 

pstd = 29.92 in Hg 

Volume of Water Vamr - S- feet - - Vwx 

Vlc x ( E;) x (B) = (0.0471 Wml) x Vk 

Q = Pitot tube meffiient 

R = Stack static pressure + f%ar 

A = Area of stadc - sq fl 

&sk Moisture Content - BWS 

BWS = vwc 
Vwc + Vmc 

mln = Mirules of test 

Atip = Area of sapling mnle sq fl 

= WegM gain of finer + probe wash 

Vlc = Vobme of l i ia  and silica collected 

Drv Molecular Weight - MQ 

Md = 0.44 X (%C02) + 0.32 X (“/002) + 0.28 X (%CO+N2) 

Gas Md-r Weight - MS 

MS = 18 x (Bws) + Md x (I-BWS) 

Stac k Velocitv - VS 

Vs = 85.48 x (Cp) x q P )  x Ts +, 460 
Ps x Ms 

V I  

(% )’ ( :id ) 3600 x (I-BwS) x VS x A X  

Jwkinicitv To 

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

Stack Particulate Co ncentration - Pounddhour !&iins/standard cu fi 

( Z s t d  ) SCFH p-10 O.O1% (v,..,,) 
2.205 x IO6 



VOLUME OF GAS SAMPLED AT STANDARD 

AH 
- 

V m  (std) = V m  17.64 Pbar + 13.6 

CONDITIONS 

Y - 

V m  (std) = 

V m  (std)= 

Tm 

Volume of gas collected , 
conditions, cuft 

corrected to standard 

volume of gas sampled at meter box, cuft 

standard temperature, 528 Rankine / std pressure, 29.92 

Average dry gas meter temperature, + 460 Rankine 

Barometric pressure, inches of mercury (Hg) 

Average pressure differential across orifice 

Specific gravity of mercury 

Calibration factor of meter box 

1 

~ 
~ ~ 

1.52 
- 

40.285 17.64 29.95 + 13.6 1 

544 
V m  (std) = 39.270 

p-11 



VOLUME OF WATER VAPOR COLLECTED AT STANDARD CONDITIONS 
- 

P H20 R Tstd 
Vw(std) = Vlc = K2 Vlc 

M 1420 Pstd 

Vlc 

P n2o 

M H20 

R 

Tstd 

Pstd 

k2 

RUN NUMBER 

Vwcstd) = 

volume of water and silica collected 

density of water, 0.002201 lb/ml 

molecular weight of water , 18.0lb/lb-mole 

ideal gas constant, 21.85 in. Hg-ft3/R-lb-mole 

standard absolute temperature, 528 R 

standard absolute pressure, 29.92 in. Hg 

0.0471 ft3 / m l  

1 

125 + 7 0.0471 

Vu scf = 6.217 

p-12  



Bws 

Vw( 

STACK 

Bws = 

RUN NUMBER 

MOISTURE CONTENT 

Vw (std 1 

Vm(std) + Vw(std) 

water vapor in the gas stream. 

volume 

volume 
- 

1 

of 

of 

water vapor 

gas sampled 

6.217 

in 

at 

the g 

meter 

Bws = 

39.27 + 6.217 

proportion 

s sample, scf 

box, scf 
- ~~ 

Bws = 0.137 

p-13 



DETERMINATION OF DRY MOLECULAR WEIGHT OF STACK GAS 

dry molecular weight, lb / lb-mole - - Md - 

0.44 = molecular weight of C02 divided by 100 

0.32 = molecular weight of 02 divided by 100 

0.28 = molecular weight of N 2  or CO divided by 100 

CO2. 02. N2. and CO are in percent by volume, dry basis 

RUN NUMBER 1 

Md = .44 t 0 +.32 21 +.28 79 

Md = 28.840 

DETERMINATION OF STACK G A S  MOLECULAR WEIGHT 

Ms = Md (1 - Bus) + M H20 (Bus) 

molecular weight of gas, wet basis, lb / lb-mole - Ms - 

M H20 = molecular weight of water, 18 lb / lb-mole 

RUN NUMBER 1 

M s  = 28.84 (1 - -137 > + 18 -137 

Ms = 27.355 

p-14 



AVERAGE GAS STACK VELOCITY, ft/sec @ 
VS = 85.49 Cp ^P * sq rt Ts + 460 

Ps * Ms 

VS - - average stack gas velocity, ft / sec 

85.49 = pitot tube constant, ft / sec 

CP - - pitot tube coefficient, dimensionless 

^P - - velocity head of stack gas, avg sq rt 

TS - - temperature of stack gas, + 460 (Rankine) 

PS - 

M S  - 

absolute stack gas pressure, barometric + static 

molecular weight of stack gas, wet basis 

- 
- 

V s  = 85.49 * .84 * 1.323 * sq rt 647 

29.965 27.355 

V s  ft/sec = 84.408 

STACK GAS VOLUMETRIC FLOW RATE - s c w  

3600 (1 - Bws) VS A Tstd Ps 

Ts Pstd 

3600 = seconds per hour 

Bus - 
A - 
Tstd = standard absolute temperature, 528 R 

Pstd = standard absolute pressure, 29.92 in. Hg 

RUN NUMBER 1 

3600 (1 - .137 ) 84.408 6.25 528 29.965 

647 29.92 

water vapor in the gas stream, proportion 

area of stack in sq ft 

- 

- 

- 

0 scfh = 1339551 I p-15 



ISOKINICITY )L 

K4 t Ts Vm(std) = ISOKINICITY 

p s  vs  An * Min (l-Bws) 

K4 

Ts 

Vmcstd) 

PS 

vs 

An 

Min 

Bws 

0.09450 for English units 

stack temperature + 460 R 

volume of gas collected, scf 

stack pressure, inches Hg 

stack velocity, ft / sec 

area of the sampling nozzle.  cuft 

minutes of test 

water vapor in the gas stream, proportion 

RUN NUMBER 1 

ISOKINICITY % = 96.1 

p-16 



STACK PARTICULATE CONCENTRATION 

2.205 t E-6 Mn scfh = pounds per hour 

Vm std - 

0.0154 Mn = grains per standard cu ft 

V m  std 

- 2.205 E-6 - 

Mn - 
scfh - 
Vm std - 

0.0154 - 

- - _. - - 

- 

- 

- 

con' fro >s 

wei-gfit gain of filter--and wash minus bl - - 

standard stack volumetric flow rate 

volume of air sampled at stp 

conversion to grains from mg 

RUN NUMBER 1 

2.205 E-6 141.85 1339551 

39.27 

Pounds per hour = 10.67 

0.0154 * 141.85 

39.27 

Grains per standard cu ft = 0.0556 

mg to 

p-17 



QUALITY CONTROWQUALITY ASSURANCE 

AI equipment was fully calibrated at our laboratory prior to the test. The sampling nozzles 
were measured using a vernier caliper. The pitos were measlned for proper alignment and 
dimensions. AU thermometers and thermocouples were calibrated againit ASTh4 glass 
thamometers. 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 p i n t  check against critical 
orifice. Blank solutions (acetone, distilled water) are taken and adyzed at the laboratory to 
see if they are within specifications. A chain of. custody was maintained by the field 
supervisor from the stan of the test program to its completion. When the samples were 
returned to the laboratory they were placed under the control of the laboratory supenisor 
until analysis is completed. 

p-18 
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2 LABORATORY DATA SHEETS 



PLANT NAME: fFR dof F A L  LFA /D 74auJR\ 

SOURCE I.D.: k)IEg /r, u t l E S  DATE: i ! ~  -22 - 9 3  

STACK PARTICULATE SAMPLE LABORATORY DATA SHEET 

rn# 1 Lab Analysis by: 

Dale: - 2 P - 9 s  

FINAL WEIGHT mg INITIAL WEEW mg NET WEIGHT W N  mg 

/ O l O Y g .  8 lmpingers 

SILICA 

/ O / 0 4 3 . 8  

Final 
Weghl = 5-37 

7 Total Gain 

. . . .  ... . .  
....... .':: IMRaER ::':::.: .. :: . . . . .  . . .  .......... . . :.. . . . .  ...... 

Final 
Volume = 32-5- 

Initial 
Volume = 2 0 0 

Total Gain /xg 

Total gain mg 

Faer 8 Wash mg 

- Acetom bhnk mg 

Net Particulate 
Weghl mg 

5.0 

I V 7 . 0  

- . /5 

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



PLANT NAME: I/%/? I-t'DFF A LF&/FA ~ O U W A )  

SOURCE ID.: De, \)EA fit,( + I d  DATE: b -22 - 9 5  

STACK PARTICULATE SAMPLE LABORATORY DATA SHEET 

Wn # a Lab Analysis by: 

Dale: A -28- 9 s  

FINAL WEIGHT mg I N W  WEW-FT mg NET WEIGHT GAIN mg 

SILICA IMPlNGER 

I 

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

Final 
Weight = r b o . 5  

. .  . 

Final 
Volume = 3 3 0  

/30 Total Gain /o, 5 Total Gain 

Initial 
Weight = T X O  

I 

Initial 
Volume = 20 0 

I 

/ 2 3 . 0  Flter 8 Wash mg 

Net Particulate 
Weghl rng 

I 

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



Filter 

Total Gain 8,  5 

Pmbe wash 

lmpingers 

SILICA 

Final 
Weight = 558. 5- 

Initial 
Weight = 550 

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

.' ,-lMpNGER::{ '.:j 
. .  . .. . .  . 

Final 
Volume = 3 33 

Initial 
Volume = 200 

Total Gain / 3 3 

3 73 

I 121.9 
Total gain mg 

I 

Net Particulate 
WegM mg 

Net particulate weight refers to the 
filter and wash minus the acetone blank. 
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3 COMPUTER CALCULATION SHEETS 



AFFILIATED ENVIRONMENTAL SERVICES, INC. 
3606 VENICE RD. 

SANDUSKY, OHIO 44870 

PLANT NAME: Verhoff Alfalfa ( Ottawa ) 

SAMPLE LOCATION: Outlet 
DATE OF TEST: 6-22-95 

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 H 
METER TEMPERATURE (+460) 
STACK STATIC -PRESSURE (Hg) 
STACK TEMPERATURE (+460) 
AVERAGE SQUARE ROOT OF VELOCITY HEAD 
VOLUME OF IMPINGER WATER COLLECTED milliliters 
WEIGHT OF SILICA COLLECTED grams 
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 minus blank, mg 
PARTICULATES COLLECTED POUNDS/HOUR 
PARTICULATES COLLECTED GRAINSIDSCF 
PARTICULATES COLLECTED POUNDS/DSCF 

39.27 
6.217 
13.7 
28.84 
27.355 
84.408 
1339551 
22326 
96.1 
5 
88.3 
53.55 
10.67 
.0556 
7.9648E-06 

66 
40.285 
1 
29.95 
1.52 
544 
.015 
647 
1.323 
125 
7 
.0001907 
-84 
6.25 
0 
0 
21 
79 



AFFILIATED ENVIRONMENTAL SERVICES, INC. 
3606 VENICE RD. 

SANDUSKY, OHIO 44870 

PLANT NAME: Verhoff Alfalfa ( Ottawa ) 

SAMPLE LOCATION: Outlet 
DATE OF TEST: 6-22-95 

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 SOUARE ROOT OF VELOCITY HEAD 
VOLUME OF IMPINGER WATER COLLECTED milliliters 
WEIGHT OF SILICA COLLECTED grams 
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 % 
WEIGHT GAIN OF IMPINGERS mg 
WEIGHT GAIN OF FILTER mg 
WEIGHT GAIN OF PROBE WASH minus blank, mg 
PARTICULATES COLLECTED POUNDSIHOUR 
PARTICULATES COLLECTED GRAINSIDSCF 
PARTICULATES COLLECTED POUNDSIDSCF 

60 
41.644 
1 
29.95 
1.57 

.015 
641 
1.34 
130 
10.5 
.0001866 
.84 
6.25 
0 
0 
21 
79 

- 553- ~ - 

39.939 
6.618 
14.2 
28.84 
27.301 
85.179 
1356535 
22609 
98.7 
5.4 
79.1 
43.75 
9.2 
.0474 
6.7824E-06 



AFFILIATED ENVIRONMENTAL SERVICES, 
3606 VENICE RD. 

SANDUSKY, OHIO 44870 

PLANT NAME: Verhoff Alfalfa ( Ottawa 1 
SAMPLE LOCATION: Outlet 
DATE OF TEST: 6-22-95 

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 de 
METER TEMPERATURE (+460) 
STACK STATIC PRESSURE (Hg) 
STACK TEMPERATURE (+460) 
AVERAGE SOUARE ROOT OF VELOCITY HEAD 
VOLUME OF IMPINGER WATER COLLECTED milli 
WEIGHT OF SILICA COLLECTED grams 
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) 

ta 'H 

iters 

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 % 
WEIGHT GAIN OF IMPINGERS mg 
WEIGHT GAIN OF FILTER mg 
WEIGHT GAIN OF PROBE WASH minus blank, mg 
PARTICULATES COLLECTED POUNDS/HOUR 
PARTICULATES COLLECTED GRAINSIDSCF 
PARTICULATES COLLECTED POUNDS/DSCF 

INC. 

60 
41.521 
1 
29.95 
1.64 
560 
.015 
648 
1.35 
133 
85 
.0001968 
.84 
6.25 
0 
0 
21 
79 

39.33 
10.268 
20.7 
28.84 
26.596 
87.418 
1272824 
21214 
98.2 
4.2 
79.8 
37.75 
8.39 
-046 
6.5903E-06 



4 CALIBRATION DATA 



GRASEBY,  

A H  
in. H20 

CONTROL UNIT CALIERATION 
(English Units) 

Date -6 -73- Metering System 

Barometric pressure, P b = z x  9 4  in. Hg 

Identification: T087S. 

M.odel Number Z ~ / Q  
&@;'/3V875'fl 

Y A H@ 

VwPb (fm t 460) 0.0317 A H  [(tw t v y O ) 8 ]  2 

P t ( tw + 460) pb(to -k 460) [ 13.61 

i 
Calculations 

Y = Ratio of reading of w e t  test meter to dry test meter; tolerance 

= Orifice pressure differential that equates to 0.75 cfm of air 

for individual values 50.02 from average. 

@ 68'F and 29.92 inches of mercury, in. H20; tolerance 
f o r  individual values k0.20 from average. 

Ai-@ 

Calibrated by: -45422- 
CRASLBY ANDCRSW 

SWTLCHNOLOCY C T . . S M I R N ~ C A  YX)ILSZII.USA 

EL: 404 I19 9999 FAX: 4 0 1  I19 OJJ6 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 
- - - .-.. - 

- 
/ 

Date ~ - 2 7 -  YC Thermocouple number 3 ,<s 
Ambient tem 20 'C Barometric pres'sure 30.14 i n .  Hg 

Cal ibra tor  Reference: mercury-in-glass /f< j-/y7 

Reference Thermocouple 
'thermometer potentiometer T_emperaturec 
temperature, temperature, difference,  

O C  O C  Y 

Reference 
poin t  

numbera [ 

47 
a 

b Source 
( spec i fy)  

dater 
bo :I h 9  

0-2, 

0-3 

3 b  

3c 

a Every 30OC (SOOF) for each reference point .  
L D Type of ca l ib ra t ion  system used.  

'[(ref temp, O C  + 273) - ( t e s t  thermom temp, O C  + 27311 loo(1.5%. 
r e f  temp, 'C + 273 

Qua l i ty  Assurance Handbook Mz-2.10 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date & - 2  3 -  c/F Thermocouple number 600% uecLy 

Ambient 3 0 OC Barometric pres'sure A 9  94' i n .  Hg 

Cal ibra tor  Reference: mercury-in-glass A5 611 

Reference 
pointa  

number 
b Source 

( spec i fy)  

Reference 
thermometer 
temperature, 

OC 

77. c 

0- 3 

79.  c 

e. 3 

her  

Thermocouple 
potentiometer 
temperature, 

O C  

753, 3 

0.13 

9.9. 3 

Temperaturec 
difference,  

% 

aEvery 3OoC (SOOF) f o r  each reference point .  
bType of ca l ibra t ion  system used. 
'[(ref temp, O C  + 273) - ( t e s t  thermom temp, O C  + ,7311 loo(1.5%. 

re f  temp, O C  + 273 

Quality Assurance Handbook M2-2.10 



ANALYTICAL BALANCE CALIBRATION FORM 

I PI I.!* I e r  Number ?8 -Balance name 

classification of standard weights EJ rs7- 
Date l T G G  1.0000 I 

- 

10.000 g 50.0000 g Analyst 

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

P i f o t  tube assembly leve l?  Yes 

u1 = 2- O (<loo), 

B, = 1 O ( < s o )  

y =  2 0 ,  e =  I 0 ,  A =  )-/Om@ 

P i t o t  tube openings damaged? yes (explain below) 

- 2- O (<loo), p, - - a O ( ( 5 0 1 ,  " 2  - 

- 

z = A s in  y = & . O ? f  

w = A s i n  8 = f l - o c q  cm (@; <.08 cm (<1/32 in . )  

e); <0 .32  cm (<1/8 i n . ) ,  

Qual i ty  Assurance Handbook M2-1.7 



Y ”  

TYPE S PITOT TUBE INSPECTION DATA FORM 

P i t o t  tube assembly level? \ /  yes no 

P i t o t  tube openings damaged? yes (explain below) c/ no 

= a O (<loo), p, = I O ( < S O ) ,  a1 = 2 O (<loo), a 2  
B2 = 7- O ( < S O )  

y =  I O ,  e =  I 0 , A = 1 .  / 6  cm (@) 

z = A s i n y =  0- 0 Jy cm (a!.); <0.32 an (<1/8 i n . ) ,  

- 

w = A s i n  8 = 8-01? cm (@.); C.08 cm (<1/32 i n . )  

/ - 0. S5-0 c m  (($1 pb O.S$ cm (6.) 
= 0.39~- cm ( i n . )  Dt 

- 
Comments : 3l55 - g 4-7/-95- 

\ 

* R  4.4 
r., 

I 1.- 7 2 -q < 

Cal ibra t ion  required? Yes X no 

Quality Assurance Handbook M2-1.7 



TYPE S PITOT "BE INSPECTION DATA FORM 

P i t o t  tube assembly level? <es 

P i t o t  t ube  openings damaged? yes (explain below) 

lYl = x O ( < l o o ) ,  lY2 - - a O (<loo), 8, = . !  O ( < S O ) ,  

B, = ! O ( < s o )  

y = I 0 ,  e = I 0 ,  A = 1-10 
(@ - 

1; <0.32 m (<1/8 i n  

; C.08 cm (<1/32 in. 

z = A s i n  y = 

w = A s i n  e = 8.014 QD ( 

0.5.T- 

Quality Assurance Handbook M2-1.7 



5 PLANT DATA 
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