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1. REPORT TEXT 

1.1 Purpose 

Emission Technologies, Inc. (ETI) was contracted by Sierra Pacific Industries (SPI) to perform 

emissions tests on the exhaust stack of the pilot kiln located at the Chemco facility in Ferndale, 

Washington. SPI is using the pilot kiln to obtain emissions factors for particulate matter while 

drying hemlock lumber. The pilot kiln was used because all emissions from the unit could be 

vented out a single stack.  

 

1.2 Background 

The following excerpts are taken from a memorandum dated April 11, 2012 from Environ (on 

behalf of SPI) to NWCAA: 

SPI operates a lumber manufacturing facility in Burlington, Washington that, from an air 

emissions perspective, primarily consists of a cogeneration unit, a sawmill and planer mill, and six 

double-track steam-heated lumber dry kilns. Air pollutant emissions attributable to the facility are 

governed by permits issued by the Washington Department of Ecology (Ecology) and NWCAA. 

The Prevention of Significant Deterioration (PSD) permit issued by Ecology (PSD 05- 04, 

Amendment 1) limits the quantity of lumber dried in the kilns to 804 thousand board feet per day 

(Mbf/day) if only hemlock is dried, or 1,608 Mbf/day – a total day’s load – if hemlock and other 

wood species are dried. The air permit application submitted on June 10, 2008 included PM 

emission rates for the kiln, which were calculated using the maximum expected kiln throughput 

and emission factors for the two principal wood species processed by the facility: hemlock and 

Douglas fir. Typically, emission factors for a proposed emission unit are obtained from source 

tests performed by stack testing companies or manufacturers on similar existing emission units. 

For some emission unit categories, multiple source tests have been compiled into databases, and 

representative emission factors have been calculated by the U.S. EPA or state agencies (e.g., U.S. 

EPA’s AP- 42) using the database information. Steam-heated lumber dry kilns began receiving 

attention from an air pollution perspective approximately 15 or 20 years ago, and the majority of 

that interest has been focused on volatile organic compounds (VOCs) and hazardous air pollutants 

(HAPs), not PM. Source testing of in-use production kilns is extremely difficult, so most emission 

factor studies have been done in laboratories on scaled-down versions of production kilns. The 

few studies that have produced PM emission factors for kilns were done in the 1990s, and all 
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confirm that steam-heated kilns do not produce non-condensable (i.e., filterable) PM of any size. 

This is not surprising, because kilns heated by steam do not feature either of the primary 

mechanisms for producing filterable PM: fuel combustion or mechanical generation (e.g., cutting, 

grinding). Source tests conducted on kilns indicate that the PM emitted by kilns is comprised of 

VOCs that condense and coagulate to form small particles, the vast majority of which are less than 

2.5 microns in diameter. This, in addition to a widely accepted understanding of the processes that 

generate PM2.5, is the basis for the assumption that all PM from kilns is condensable PM2.5. In 

fact, the PSD permit essentially equates PM10 and PM2.5 with respect to kiln emissions, in that 

the criterion for terminating the PM2.5 monitoring required by the permit is a kiln PM10 emission 

rate threshold. The only instances of agency-endorsed PM emission factors for steam-heated kilns 

that ENVIRON was been able to identify during the preparation of the PSD permit application 

were the emission factors provided in Oregon Department Environmental Quality (ODEQ) Forms 

AQEF02,2 AQGP-110,3 and AQGP-010.4 Among other things, these forms provide PM emission 

factors for both Douglas fir and hemlock lumber dried by a steam-heated kiln. Because there is 

some variability in the PM emission factor for hemlock within the forms, ENVIRON requested the 

source test results upon which the emission factors were based. ODEQ staff provided the results of 

the underlying tests, which were conducted using a 16-foot-long, laboratory-scale version of a 

Wellons production kiln5 in the Forest Research Lab at Oregon State University in Corvallis, 

Oregon. Two hemlock tests were conducted in November 1998, and two Douglas fir tests were 

conducted in December 1998. The tests, which used ODEQ Method 7 to measure condensable 

PM, resulted in emission factors of 0.022 lb/Mbf for Douglas fir, and 0.051 lb/Mbf for hemlock. 

These four laboratory source tests, conducted over 13 years ago in a laboratory, constitute the 

basis for the emission factors used to calculate PM emission rates for steam-heated kilns drying 

Douglas fir and hemlock in the PSD permit application (the “calculated kiln emissions rates”). 

SPI, with this test desires to use the results of the kiln testing as further specified with the intent 

that the data will support a decrease in the emission factor used for Hemlock during kiln drying 

operations.  This emission factor change is ultimately intended to modify the PSD permit for the 

facility to allow increase in Hemlock throughput at the kiln based on the anticipated lower 

emission factors. 
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1.3 Test Overview 

Testing was conducted from May 29-June 1, 2013 on the outlet stack of the pilot kiln. 

Environmental Protection Agency (EPA), Code of Federal Regulations, Title 40, Part 60 (40 CFR 

60) Appendix A Methods 1, 2, 3, 4 and 5 were used to perform the filterable particulate matter 

(PM) test. Title 40, Part 60 (40 CFR 51) Appendix A Method 202 was used for condensable 

particulate matter.  For Quality Assurance precision determination, ETI sampled the test kiln 

simultaneously using two Method 5/202 trains.  Table 1.1 presents the test protocol used. 

Table 1.1 Test Protocol 
 

Parameter Test Method 
Number of Runs 
(Simultaneous) Run Time 

Traverse Points EPA 1 2 - 
Stack Gas Velocity EPA 2 2 53 hr 

O2 and CO2  *EPA 3 2 53 hr 
Moisture EPA 4 2 53 hr 

Filterable PM EPA 5 2 53 hr 
Condensable PM EPA 202 2 53 hr 

*Molecular weight is assumed to be that of ambient air 

The entire kiln was encapsulated in an enclosure made of new polyethylene sheeting. A sheet 

metal exhaust stack extended above the enclosure and had a single sample port for measuring the 

particulates. Two inlets allowed ambient air to enter the kiln on the back of the enclosure. 

 

Due to the extremely low exhaust gas velocity, all particulates were assumed to be less than 2.5 

microns. The velocity pressure was measured using an Air Data electronic micromanometer. 
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1.4 Overview of the Sampling Methods 

EPA Method 1 – Sample and Velocity Traverses 

EPA Method 1 was used to aid in the representative measurement of pollutant emissions and/or 

total volumetric flow rate from the source.  A measurement site where the effluent stream was 

flowing in a known direction was selected, and the cross-section of the stack was divided into a 

number of equal areas. A traverse point was then located within each of these equal areas.  This 

method includes the procedure for cyclonic flow check. 
 

EPA Method 2 - Determination of Stack Gas Velocity and Volumetric Flow Rate 

This method is applicable for the determination of the average velocity and volumetric flow rate of 

a gas stream. The average gas velocity in a stack was determined from the gas density and from 

measurement of the average velocity head with a Type S (Stausscheibe or reverse type) pitot tube.  

 
Figure 1.1 Pitot Tube Manometer Assembly 

 
EPA Method 4 - Moisture Content in Stack Gas 

This method is applicable for the determination of the moisture content of stack gas.  A sample of 

the gas stream was extracted at a constant rate and then condensed and metered using an EPA 

Method 5 sample train.  The weight gain of moisture condensed was determined gravimetrically 

by measuring the weight change of the impingers.   
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EPA Method 5 - Determination of Filterable Particulate Matter 

Particulate matter was withdrawn from the source and collected on a quartz fiber filter maintained 

at a temperature in the range of 248 ± 25°F (120 ± 14°C).  Particulate matter that was deposited on 

the nozzle, probe and front half of the filer holder were rinsed with acetone and collected in 

sample bottles.  The acetone was then evaporated off at the laboratory and desiccated for 24 hours.  

The particulate mass from the rinse and filter were determined gravimetrically after removal of 

uncombined water.  The impinger contents were weighed to determine moisture content of the 

exhaust stream. 

 
Figure 1.2 EPA Method 5 Diagram 

 
EPA Method 202 - Dry Impinger Method for Determining Condensable Particulate Matter  

The condensable particulate matter (CPM), back half fraction, is the material that condenses after 

passing through the filter and was analyzed using Method 202 (OTM28). The method uses a 

Method 5 sampling train with the addition of a condenser, a water dropout impinger and a 

modified Greenburg Smith impinger (both dry) followed by a Teflon CPM filter. The impinger 

contents are immediately purged after the run for one hour with nitrogen to remove dissolved 

sulfur dioxide gases. The CPM filter is extracted with water and hexane. The impingers are 
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recovered, rinsed and the organic and aqueous fractions are separated using hexane. The organic 

and aqueous fractions are then taken to dryness and residues weighed. The total of both fractions 

represents the CPM. 
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1.5 Results 

The results of the particulate emission tests are summarized below in Table 1.2 and presented in 

the Summary section of the report (Table 2.1). The units of reporting for the particulates are grains 

per dry standard cubic foot (gr/dscf), pounds per hour (lb/hr) and pounds per thousand board feet 

(lb/Mbf). 
 

Table 1.2 Performance Test Results 
 

Unit Parameter Test Average 

Dry Kiln PM2.5 0.00029 gr/dscf 

Dry Kiln PM2.5 0.00065 lb/hr 

Dry Kiln PM2.5 0.0197 lb/Mbf 
 

 

The emission rates presented in the summaries are referenced to EPA standard conditions of 29.92 

inches of mercury (“Hg) and 68 oF. The pollutant concentration (gr/dscf) multiplied by the stack 

gas velocity, a conversion factor and the cross-sectional area of the stack give the emission rate in 

pounds per hour.   

 
1.6 As Found 

During the drying process the impingers were changed out once and the silica gel impingers were 

changed out several times to keep from becoming saturated.  The sample probe was positioned in 

the center of the exhaust stack throughout the test program.  This provided the highest flow 

measurement throughout the test program. 

 

The kiln was loaded with 2,267 board feet of 2”x10” Western Hemlock lumber from Sierra 

Pacific’s Burlington sawmill.  The kiln was operated for 69 hours and the boards were dried to 

10.3 % moisture content with a standard deviation of 3.1%.  

 

1.7 Process Overview 

The Wellons Dry kiln is heated with steam from a 25MMBtu/hr boiler.  The heating cycle for the 

unit is controlled by a computer that monitors wet bulb and dry bulb temperatures with the kiln. 
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There are two inlet vents and two outlet vents that maintain temperature within the kiln. A single 

fan circulates air flow within the kiln. 

 
Figure 1.3 below presents the kiln sample arrangement (site photos in Section 7). 

Dry Kiln

Sample 
ProbeExhaust 

Stack

Inlet Vents

110"

122"

Stack Diameter 12"
Kiln Depth 70"

 
Figure 1.3 SPI Stack Diagram 

1.8 Participants 
 
• Mr. Robert Rusi, Project Manager, QSTI 2012-656 

• Mr. Robert Wilson, Field Technician 

• Mr. Dave Worgum, Field Technician, QSTI 2012-657 

• Mr. Dave Wagner, Field Technician QSTI 2012-658 

• Ms. Wendy Pounds, Quality Assurance Supervisor QSTI 2012-654 

 

Mr. Don Lee served as Kiln Operator for SPI. 

Mr. Curt Adcock served as Project Manager for SPI 
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2. SUMMARY 

Table 2.1  Method 5 Particulate Summary 
 

Client: Sierra Pacific Bd-Ft Dried: 2267 Date: 05/29/13 -

Test Hours: 69 06/01/13

Unit: Dry Kiln Lbf (Mbf/hr): 0.0329 ETI Job Number: 13-2476

HF I HFK Average

     mg 3.8 3.4 3.6

     gr/dscf  0.00004 0.00003 0.00004

     lb/hr 0.00010 0.00006 0.00008

HF I HFK Average

     mg 6.4 11.1 8.8

     gr/dscf  0.00007 0.00009 0.00008

     lb/hr 0.00016 0.00020 0.00018

     mg 15.0 21.0 18.0

     gr/dscf  0.00017 0.00018 0.00017

     lb/hr 0.00038 0.00038 0.00038

     gr/dscf  0.00025 0.00027 0.00026

     lb/hr 0.00054 0.00059 0.00056

HF I HFK Average

     mg 25.2 35.5 30.4

     gr/scf 0.00028 0.00028 0.00028

     gr/dscf 0.00029 0.00030 0.00029

     lb/hr 0.00064 0.00065 0.00064

     lb/Mbf 0.0194 0.0198 0.0196

Condensable Catch Run Number

Total Particulate Run Number

Inorganic Fraction

Total Condensable 

Filterable Catch Run Number

Organic Fraction

 



 

Se
ct

io
n:

 E
TI

 F
IE

LD
 T

ES
T 

D
A

TA
 

10 
 

3. ETI FIELD TEST DATA 

Table 3.1 Flows & Moisture Field Data 
 

Client: Sierra Pacific Date: 05/29/13 -
06/01/13

Site: Dry Kiln ETI Job Number: 13-2476

HF I HFK
Run Start Time:
Run Finish Time:

θ Sample Time, minutes 4140 4140
Stack Shape (Circle or Rectangle):

Vm Dry Gas Meter Reading,dcf ............. ...........INITIAL: 428.600 665.649
FINAL: 1790.165 2549.625

Vm Volume of dry gas sampled, dcf 1361.565 1883.976
Y Meter box calibration factor 0.992 0.999

Pbar Barometric pressure, inches Hg 29.65 29.65
Pstatic Stack static pressure, inches H2O 0.00 0.00
∆H Differential meter press, inches H2O 0.3217 0.6555
Tm Meter temperature, degrees F 73.0 74.3
Vlc Volume of H2O collected, ml 1562.0 2110.0

% O2 Percent of oxygen in stack gas 20.90 20.90
% CO2 Percent carbon dioxide in stack gas 0.10 0.10

Cp Type-S pitot tube coefficient 0.84 0.84

Ave. square root of pitot readings, (inches H2O)1/2 0.1045 0.1047
Ts Stack temperature, degrees F 104.1 104.1
Ds Stack diameter, feet - CIRCLE 1.00 1.00

Ls, Ws Stack dimensions, feet - RECTANGLE
Dn Nozzle diameter, inches 0.418 0.496

An Nozzle area, ft2 0.000953 0.00134

Calculated Values:
Vm(std) Meter corrected volume,dscf 1326.986 1846.112
Vw(std) Volume of water vapor,dscf 73.648 99.487

Bws Fraction of H2O vapor 0.0526 0.05113
Bws/sat Fraction of H2O vapor at saturated conditions 0.0729 0.07288
% N2 Percent nitrogen in stack gas 79.00 79.00

Md Dry molecular weight of stack gas, lb/lb-mole 28.85 28.85
Mw Wet molecular weight of stack gas, lb/lb-mole 28.28 28.30

Ad Cross sectional area of stack, ft2 0.785 0.785
Ps Absolute stack gas pressure, inches Hg 29.65 29.65
Vs Average stack gas velocity, ft/sec 6.15 6.17

Qstd Average stack volumetric flowrate, wscfm 269.03 269.47
Qstd Average stack volumetric flowrate, dscfm 254.89 255.70

I Percent isokinetic sampling 103.7 102.1

Circle

Run Number:

avgP∆
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4. LABORATORY DATA 

Table 4.1 PM Gravimetrics Data 

Client: Sierra Pacific Date: 05/29/13 -
06/01/13

Site: Dry Kiln ETI Job Number: 13-2476

PARTICULATE LABORATORY DATA:

HF I HFK

66.9431 67.2857

66.9394 67.2829

Blank acetone weight, g………………………………… 0.0001 0.0001

0.0036 0.0027

0.3885 0.3084

0.3883 0.3077

0.0002 0.0007

TOTAL FRONT HALF PARTICULATE, g: 0.0038 0.0034

HF I HFK

2.0073 2.0173 2.0094

1.9999 2.0052 2.0073

0.0074 0.0121 0.0021

2.0244 2.0392 2.0125

2.0084 2.0172 2.0104

0.0160 0.0220 0.0021

0.0020

TOTAL BACK HALF PARTICULATE, g: 0.0214 0.0321 0.0042

TOTAL  PARTICULATE, g: 0.0252 0.0355

Blank Correction, g:.....................................................……

Final weight, g:...................................................................

Tare weight, g:.................................................................

Weight gain, g:.....................................................…………

Inorganic:

Final weight, g:...................................................................

Tare weight, g:.................................................................

Weight gain, g:.....................................................………..

Organic:

Run Number:FRONT HALF OF TRAIN

Filter Wt.

Final weight, g:...................................................................

Field 
Blank

Tare weight, g:....................................................................

Weight gain, g:........................................................

Probe/Nozzle Wash Residue Wt .

Final weight, g:...................................................................

Tare weight, g:....................................................................

Weight gain, g:........................................................

BACK HALF OF TRAIN Run Number:
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5. RAW FIELD DATA SHEETS 

5.1 HFI Raw Data 

   



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

13 
 

   



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

14 
 

   



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

15 
 

  
  



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

16 
 

   



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

17 
 

   



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

18 
 

 
  



 

Se
ct

io
n:

 R
aw

 F
ie

ld
 D

at
a 

Sh
ee

ts
 

19 
 

5.2 HFK Raw Data 
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6. PROCESS DATA 
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7. SITE PHOTOS 
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8. QUALITY ASSURANCE/QUALITY CONTROL 

8.1 ETI Quality Assurance/Quality Control Document 
 

 
Emission Technologies, Inc. continued success is an example of their pride taken in quality testing. 
 
Analytical procedures and environmental measurement data are structured with a quality assurance program which equals 
or exceeds the minimum QA/QC requirements set forth by the U.S. Environmental Protection Agency (EPA) for each 
applicable method. 
 
ETI executes the following topics through every test project to ensure valid measurement data: 
 

* Preventable Maintenance  
* Pre-test and Post-test Calibration 
* Blanks and Spiked Samples 
* Field System Checks 
* QA/QC Matrix Tables 
* Employment of QA/QC Officer 

 
The following table is an activity matrix for Method 8 from the EPA Quality Assurance Handbook for Air Pollution 
Measurement Systems.  By diligently following such activity matrix tables, Emission Technologies, Inc. reports 
justifiable, valid measurement data. 
_____________________________________________________________________________________ 
 

TABLE 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS & SUPPLIES 
  
           
          ACTION IF 
      FREQUENCY AND METHOD REQUIREMENTS 
APPARATUS  ACCEPTANCE LIMITS OF  MEASUREMENT  ARE NOT MET  
Sampling 
    Sampling probe Capable of 100o C Visually check; run  Repair, return 
    with heating  (212o  F) exit air at heating system   to supplier, 
    system  flow rate of 20 L/min checkout   or reject 
             
Probe nozzle  Stainless steel (316); Visually check before  Reshape and 
   sharp, tapered, leading each test; use a   sharpen,  
   edge (angle ≤30o); micrometer to measure  return to the 
   difference between ID before field use  supplier, or 
   measured ID’s  ≤0.1 after each repair   reject 
   mm (0.004 in.); no nicks, 
   dents, or corrosion; 
   uniquely identified 
   (Meth. 5, Sec. 3.4.2) 
             
Pitot tube  Type-S (Meth. 2,  Calibrate according  Repair or 
   Sec. 3.1.2); attached to Meth. 2, Sec. 3.1.2  return to 
   to probe with impact     supplier 
   (high pressure) opening 
   plane even with or above 
   nozzle entry plane 
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TABLE 1.1 (CONTINUED) 
          ACTION IF 
      FREQUENCY AND METHOD REQUIREMENTS 
APPARATUS  ACCEPTANCE LIMITS OF  MEASUREMENT  ARE NOT MET  
Differential  Criteria in Meth. 2, Check against gauge-  As above 
pressure  Sec. 3.1.2; agree  oil manometer at a  
gauge   within 5% of gauge- minimum of three 
(manometer)  oil manometer used points: [0.64(0.025), 
   to calibrate  12.7(0.5), 25.4(1.0)] 
      mm (in.) H20 
             
Vacuum gauge  0-760 mm Hg range; Check against a   Adjust or 
   +25 mm (1 in.) Hg mercury U-tube manometer return to 
   accuracy at 380 mm upon receipt   supplier 
   (15 in.) Hg 
             
Vacuum pump  Capable of maintaining Check upon receipt  Repair or 
   a flow rate of 0.03- for leaks and   return to 
   0.05 m3/ min (1-1.7 ft3/ capacity    supplier 
   min) for pump inlet 
   vacuum of 380 mm (15 
   in.) Hg with pump out- 
   let at 760 mm (29.92 
   in.) Hg; leak free at 
   380 mm (15 in.) Hg 
             
Orifice meter  ∆H @ of 46.74 +6.35  Visually check upon  Repair, if 
   mm (1.84 +0.25 in.) receipt for damage;  possible; 
   (recommended)  calibrate against   otherwise,  
      wet test meter   return to 
          supplier 
             
Impingers  Standard stock glass; Visually check upon  Return to 
   pressure drop across receipt; check pressure  supplier 

  impingers not excessive drop (Method 8, Sec. 3.7.1) 
             
Filter holder  Leak free (Method 8, Visually check before  As above 
   Sec. 3.7.1)  use 
             
Filters   Glass fiber without Manufacture’s   Return to 
   organic binder   guarantee that filters  supplier and 
   designed to remove meet ASTM standard  replace 
   99.95% (≤0.05%  method D2986-71;  
   penetration) of 0.3-µm observe under light 
   dioctyl phthalate   for defects 
   smoke particles 
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TABLE 1.1  (CONTINUED) 
          ACTION IF 
      FREQUENCY AND METHOD REQUIREMENTS 
APPARATUS  ACCEPTANCE LIMITS OF  MEASUREMENT  ARE NOT MET  
Hydrogen  30% H2O2 reagent  Upon receipt, check  Replace or 
peroxide  grade or certified  label for grade or   return to supplier 
   ACS   certification      
             
Potassium  KI reagent grade or As above   As above 
iodide   certified ACS  
             
Thorin   1-(o-arsonophenylazo)- Upon receipt, check  As above 
indicator  2-naphthol-3,6 disul- label for grade or  
   fonic acid disodium certification 
   salt, reagent grade or  
   certified ACS 
             
Barium perchlor- Ba(ClO4)2 -3H20, - As above   As above 
ate trihydrate  reagent grade or 
solution   certified ACS 
             
Sulfuric acid  H2SO4, 0.0100N + Certified by manufacturer,  As above 
solution   0.0002N   or standardize against 
      0.0100N NaOH previously 
      standardized against 
      potassium acid phthalate 
      (primary standard grade) 
             
NOx    NOx to NO   Before each field test;  Repair  
Chemiluminescence  conversion efficiency  Introduce a concentration 
Analyzer    ≥ 90%    of 40-60 ppm NO2 to the 
                             analyzer in direct cal mode; 
      Calculate converter efficiency: 

      100
C
CEff

V

Dir
NO2

×=  

____________________________________________________________________________________
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8.2 Hand Calculations 
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8.3 Meter Calibration 
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8.4 Temperature Sensor Calibrations 
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Date: 9/5/2012 Operator: DJW Ref. ID#: Control Company
S/N: 90832009

Therm.     Ref. Set Point in Degrees C      Thermocouple Response Difference in %
ID # Ice Ambient Boiling                    In Degrees C Ice Ambient Boiling
3361 1 20 103 0 20 101 0.365 0.000 0.532
P-537 1 20 102 1 19 102 0.000 0.341 0.000
ETI 73 1 20 101 0 20 100 0.365 0.000 0.267
PT-1 1 20 101 0 19 101 0.365 0.341 0.000
3296 1 20 98 0 20 98 0.365 0.000 0.000
3311 1 19 98 0 20 97 0.365 -0.342 0.270
3314 1 20 104 1 20 101 0.000 0.000 0.796
3353 1 19 98 0 20 98 0.365 -0.342 0.000
PT-2 1 20 102 1 20 100 0.000 0.000 0.533

ETI60B 1 20 99 1 20 100 0.000 0.000 -0.269
ETI40A 1 19 98 0 20 100 0.365 -0.342 -0.539
P-441 1 20 100 1 20 100 0.000 0.000 0.000

HF-E in 1 21 103 1 20 101 0.000 0.340 0.532
HF-B in 1 19 100 1 18 101 0.000 0.342 -0.268

HF-B out 1 19 100 2 18 100 -0.365 0.342 0.000
HF-D in 1 21 100 1 20 100 0.000 0.340 0.000

HF-D out 1 20 103 1 20 101 0.000 0.000 0.532
HF-E out 1 21 103 1 20 101 0.000 0.340 0.532
HF-M in 1 20 100 1 20 101 0.000 0.000 -0.268

HF-M out 1 20 100 1 21 100 0.000 -0.341 0.000
HF-I in 1 18 100 0 18 99 0.365 0.000 0.268

HF-I out 1 18 100 0 19 100 0.365 -0.344 0.000

Themocouple Calibrations
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Date: 9/5/2012 Operator: DJW Ref. ID#: Control Company
S/N: 90832009

Therm.     Ref. Set Point in Degrees C      Thermocouple Response Difference in %
ID # Ice Ambient Boiling                    In Degrees C Ice Ambient Boiling
3363 4 20 101 5 20 100 -0.36 0.00 0.27
3464 5 20 101 5 20 100 0.00 0.00 0.27
3226 4 20 100 5 20 100 -0.36 0.00 0.00
3482 5 20 100 5 20 100 0.00 0.00 0.00
3468 4 20 101 5 20 100 -0.36 0.00 0.27
3312 4 20 101 4 20 100 0.00 0.00 0.27
3377 4 20 100 5 20 100 -0.36 0.00 0.00
3474 4 20 100 3 20 100 0.36 0.00 0.00
3375 2 20 100 3 20 100 -0.36 0.00 0.00
3264 4 20 100 4 20 100 0.00 0.00 0.00
3357 5 20 100 4 19 100 0.36 0.34 0.00
3376 4 20 100 3 20 100 0.36 0.00 0.00
3074 3 20 100 3 22 100 0.00 -0.68 0.00
3122 5 21 100 5 20 100 0.00 0.34 0.00
3360 4 20 101 4 19 100 0.00 0.34 0.27
3081 5 20 100 5 20 100 0.00 0.00 0.00
3364 4 20 100 5 20 100 -0.36 0.00 0.00
3265 5 20 99 4 19 100 0.36 0.34 -0.27
3351 4 20 100 5 20 100 -0.36 0.00 0.00
3352 4 20 100 5 19 100 -0.36 0.34 0.00
3355 4 20 101 5 19 100 -0.36 0.34 0.27
3354 5 20 100 5 19 100 0.00 0.34 0.00
3069 4 20 100 5 19 100 -0.36 0.34 0.00
3358 3 20 101 4 19 100 -0.36 0.34 0.27
3436 3 20 100 4 20 100 -0.36 0.00 0.00
2032 3 19 101 2 20 99 0.36 -0.34 0.53
PR-2 2 20 100 1 21 99 0.36 -0.34 0.27

ETI 16 2 20 101 2 20 99 0.00 0.00 0.53
ETI 14 2 20 101 2 19 99 0.00 0.34 0.53
ETI 3 2 20 100 2 20 99 0.00 0.00 0.27
ETI 2 1 20 101 2 20 99 -0.36 0.00 0.53

ETI 12 2 20 99 2 19 99 0.00 0.34 0.00
ETI 4 2 20 100 2 19 99 0.00 0.34 0.27

ETI 15 2 20 99 2 19 99 0.00 0.34 0.00
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8.5 Pitot Tube Calibration 

 
  



 

Se
ct

io
n:

 Q
ua

lit
y 

A
ss

ur
an

ce
/Q

ua
lit

y 
C

on
tro

l 

61 
 

8.6 Nozzle Calibration 
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8.7 Balance and Weights Calibrations/Certifications 
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8.8 Chemical Certificates of Analysis 
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END OF TEST REPORT 




