
DIVISION OF ENVIRONMENTAL MANAGEMENT 
A I R  QUALITY SECTION 

November 4, 1987 

MEMORANDUM 

TO: Ken Schuster 

FROM: Robert Wooten dl 
SUBJECT: Review o f  Report o f  Par t i cu la te  and V i s i b l e  Emissions Test ing 

Performed on the Rotary Dryer Baghouse Stack a t  Cumberland 
Paving Company, Princeton, Johnston County, North Carol ina. 

The t e s t s  were performed June 29, 1987 by personnel o f  .Entropy 
Environmental ists. The repo r t  was received Ju l y  21, 1987 a t  the Raleigh 
Regional O f f i ce  and some t ime l a t e r  a t  the cen t ra l  o f f i c e .  

i This asphalt  p l a n t  i s  regulated under NSPS Subpart I. 
I 

EPA Method 9 was used t o  perform the v i s i b l e  emissions t es t .  The 
observer was proper ly  c e r t i f i e d  a t  the t ime o f  the t es t .  It appears 
t h a t  co r rec t  procedures were f o l  1 owed. No v i s i b l e  emissions were 
recorded. Subpart I permits emissions o f  l ess  than 20% opacity. 

EPA Method 5 was used t o  determine p a r t i c u l a t e  emissions. The on ly  . 

problem noted was t h a t  Run 1 was 84.8% i s o k i n e t i c  whereas 90% i s  the 
acceptable lower l i m i t .  The l i k e l y  r e s u l t  o f  t h i s  i s  t h a t  the reported 
emissions o f  Run 1 are somewhat greater  than the  actual  emissions. The 
average emission concentrat ion o f  the three runs was .0108 grains per 
DSCF whereas Subpart I al lows up t o  .04 gra ins  per DSCF. Compliance i s  
we l l  demonstrated. 

cc: Mike Aldr idge 
Central F i l e  

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.




NORTH CAROLINA DIVISION OF ENVIRONMENTAL MANAGEMENT 

Air' Quality Action Request 
Computer 

Name Location Reg/Co. /Prem. No. 

CUMBERLAND PAVING SR 1002, Princeton 5/51 (Johnston)/0013~ 
Contact Telephone 
Bobby Narron, Hugh Smi th-foreman 936-4411 
Type Action: CI - EE XX SR - - - VE - PI - PC Other 

Stack t e s t  
Air Program Status 03 9 2 - - Class Alv Chg 

Action Requested By: Address /Phone Rec'd Date 

Last Insp. Date 00-00-00 Action Date 6m/8/ Next Insp. Date b / y  

Permit # 5447 . Issued 5/2 5 Expires 

This plant i s  a drum mix asphalt plant. Emission points are control led by a baghouse-6532 
sq.ft. o f  f i l t e r  area; Astec Super Six Pack. 

Recommendations: 

A t  the time o f  the inspection, a stack t e s t  was being conducted. Attached i s  my AQ-92, for 
your convenience. 

' Signature Date 

David Daniel 7/6/87 

NSPS information: 
The p lant  was operating a t  300 tph (black base) while burning #2 fue l  o i l  i n  the rotary 

dryer. No VEs were seen during the test.  
1. f i r s t  batch was produced 6/8/87 
2. maximum production was reached 6/22/87 
3. the p lant  stack tested f o r  particu-and VE 6/29/87. 

Await stack t e s t  results. 

Diet: Yellow (Central File) - Blue (Region) - White (0pt.V Specify ' 



SOURCE TEST 
OBSERVERS CHECKLIST 

N. C. Division of Environmental Management / Mr Quali ty Section - 
r 

Test  ing 
Firm: 

Address : 

Plant  
R r P  

Location Phone : 
Source 
Contact: 

Phone : 

A f f i l i a t i o n  

A * Hours of soot blwing during suple(e) 
B * !lours not soot blowing during sample(s) 

P ~ O C M S  ~l l te:  dm/r/t  containing soot blowing 
Burner Sizes  
( I n c h )  P i :  nA see: 4- R - Average hours of operation per 24 hours 

S * Average hours of soot blowing per 24 hours 

rf ' I 
TEST PARAMETERS 

Duct 1 
Size  : 2 9 5 3  4s 
Distance en'/ E. P. A. 
Before Ports:  0 ( 
Die tance 
After  Ports:  
Number of 

/?,'I 
nj 

I f  method d i f f e r s  from E. P. A. method, 
explain : 

Test  Points:  d w  
Number , 
of Runs: r AI 

Sampling Time 
Per Run (min. ) : Y, 

I For Method 5 sampling t r a i n  record AH@ .M 
Leakage Rate (f t3/min.) 

Run #I Run #2 

(0.02 f t3/min. o r  l e s s )  

Time. Sta r ted  24 h r .  

Time Ended Clock 

Test  Date(e) 

See Graph on Reverse Side eport  
For Number of Tes t  Points .  
Use Reverse Side  f o r  Co~mrants. O B S E I C ~ ~ ~ S  S I G N A ~  



i c  
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) 

- 

H 
w Minimum number of traverse points 
V) 

5 for particulate traverses. 
> 3 0 -  s - 
C 

8 
24 OR 2sa 

a 

g 20- 
3 

- 
z 
I 
------I------ 

. STACK DIAMETER > 0.61 m 124 in.) 

3 
. Z 

42 

E l o -  
I Minimum number of traverse points 

for velocity (nonparticulatel traverses. 
STACK DIAMETER = 0.30 TO 0.61 m (12-24 in1 

' HIGHER NUMBER IS FOR 
RECTANGULAR STACKS OR DUCTS 

7" 
COMMENTS; 



CUMEERLRND PRVING 
PRINCETON 
ROTRRY DRYER BRGHOUSE 
29 JUNE 1'387 

.- d 

ERR 

RUN NUMBER 

WET MOLECULRR WT.. #/#-MDLE Ms 

Fas t  a t  ic 

Ps 

TsF  

SSR DP 

GRS STQTIC PRESS,. IN .  HZU 

FIBSOLUTE GQS PRESS, IN .  HG. la. lrlllzl 

STRCK GQS TEMP.. REG. F 

SUM OF SQURRE ROOTS OF 
VELOCITY PRESS. VQLUES 

FLUE GRS VELOCITY. FT/SEC ERR ERR 

DLlCT DIRMETER. INCHES 

DUCT RREQ. SQUQRE INCHES 8.8 

8.888 

ERR 

ERR 

G3. 8 

8.888 

ERR 

ERR 

DUCT QREQ. SCJURRE FEET 

GQS FLOW RQTE. WET RCFM 

GRS FLOW RRTE, DRY SCFM 

SQMFtLE WEIGHT, GRQMS 

FaRAT. CONCENTRRTION GR/DSCF ERR 

ERR 

ERR 

ERR POLLUTRNT MRSS RQTE CRLC. 
FROM CONCENTRQTION. #/HR 

POLLUTQNT MRSS RQTE CRLC. 
FROM RREQ RRTIO, #/HR 

ERR ERR 

%I 

w r n r  avo 

%En 

F 

a 

e 

% ISOKINETIC ERR 

ERR 

ERR 

ERR 

ERR 

ERR 

QVEHQGE OF pr11v-a & prnrc 

% EXCESS R I R  

"F" FQCTOR. CU F T / M I L  BTU 

HEQT INPUT RQTE. M I L  E{TU/HR ERR 

ERR 

ERR 

ERR 

ERR 

ERR EMISSION RQTE, # / M I L  ETU 



CUMEERLRI\IU P R V I  I\IG 
FIR I NCETOI\I 
R O T A R Y  D R Y E R  BQGHOUSE 
23 JUNE 1'387 

RUN NUMBER 1 

RUN DQTE ' zS3JUNE 87 

RUN STRRT T I M E  
RUN F I N I S H  T I M E  

3:43 FSM 
1 &- .AS '=' = - -. P M  

N NUMBER OF SGMFILE P O I N T S  24 

T h e t a  T E S T  RUN T I M E ,  M I N U T E S  68 

D r~ N O Z Z L E  DIQMETER. I N C H E S  8.188 

fl  r~ N O Z Z L E  FSRER. SQ. I N .  8. 8278 8.8888 8. 8@88 

CP P I T O T  TUBE C O E F F I C I E N T  8.848 

Y GQS METER CFIL. FQCTOR 8. 397 

P b a r  ERROPIETHIC PRESSURE. I N .  HG 2 '3 .98  

Delta H RVG. PRESS. D I F F E R E N T I Q L  OF 8.903 
O R I F I C E  METER. I N .  H 2 0  

Vm FICTUQL METERED GFSS VOL. C F  32.757 

TrnF GQS METER TEMP,. DEG. F '36 

V r n t s t d )  METERED GRS VOLUME RT DRY 31.856 8. 888 C3.881i3 
STRNDQRD C O N D I T I O N S ,  DSCF 

V w c  VOLUME OF WRTER COLLECTED 181.5 
I N  I M P I N G E R S  8. DESICCFINT, M L  

V w c  ( s t d )  VOLUME O F  WQTER VRFIOR, S C F  4.776 8.888 8.888 

%M MOISTURE,  % BY VOLUME 13.3 ERR E R R  

f m  MOLE F R Q C T I O N  O F  DRY GRS 8.667 ERR ERR 

%OS 0 % B Y  VOLUME, DRY 15.8 

%CO CI7, % B Y  VOLUME. DRY 8.8 

%N? N '=a I-. % B Y  VOLUME, DRY 81.8 

M d  DRY MOLECULQR WT., #/#-MOLE 2'3. 24 



SOURCE c I 

RUN START TIME 
RUN FINISH TIME 

STATIONIUNIT I . ;,"- 

N NUMBER OF SAMPLE POINTS 

RUN DATE 

Theta TEST RUN TIME, MINUTES I . : *  

NOZZLE DIAMETER, INCHES I - '- I 

1 J 

- 2 

PITOT TUBE COEFFICIENT 

Delta H AVG. PRESS. DIFFERENTIAL OF 
ORIFICE METER, IN. HZ0 

3 

F 

> 
I 

r 
Y GAS METER CAL. FACTOR 

Pbar BAROMETRIC PRESSURE, IN. HG 

C - - 1  

I 

, 4 9 

vuc 

t 

ACTUAL METERED GAS VOL. CF 

GAS METER TEMP,. DEG. F 

XC02 

202 

XCO 

XN2 

Pstatic 

TsF 

SSR DP 

' I  

.cj 

AsF 

VOLUME OF WATER COUECTED 
IN IMPINGERS & DESICCANT, MI 

C02, X BY VOLUME, DRY 

02, X BY VOLUME, DRY 

CO, X BY VOLUME, DRY 

N2, Z BY VOLUME, DRY 

GAS STATIC PRESS,. IN. HZ0 

STACK GAS TEMP., DEG. F 

SUM OF SQUARE ROOTS OF 
VELOCITY PRESS. VALUES 

DUCT DIAMETER, INCHES 

DUCT AREA, SQUARE INCIIES 

DUCT AREA, SQUARE FEET 

SAMPLE WEIGHT, GRAMS 

"F" FACTOR, CU FT/MIL BTU u 



DIVISION OF ENVIRONMENTAL MANAGEMENT 
RALEIGH REGIONAL OFFICE 

M E M O R A N D U M  ---------- 
TO: Mike Aldridge 

FROM: Kenneth Schuster/D. 

SUBJECT: Request f o r  Source Test Review 
Company : @ . , ~ r \ o J .  %JS- ?c*&- 
County: d o L n A n  

It i s  requested t h a t  the attached subject source t e s t  dated _l,,tqI1q07 

be reviewed. It i s  \ of C ~ P Y ( ~ ) *  

Addit ional Cornmen& t 

2- - 
1 - ti-13-37 

KS: 

Attachment 



ENTROPY ENvlRoNMENTALlsTs INc 

POST OFFICE BOX 12291 
RESEARCH TRIANGLE PARK 
NORTH CAROLINA 27709-2291 

919-781-3550 

STATIONARY SOURCE SAMPLING REPORT RALE, GH REGIONAL OFFICE 
EEI REF. NO. 5569 -.. 

CUMBERLAND PAVING COMPANY 

CONTINUOUS MIX ASPHALT PLANT 

PRINCETON, NORTH CAROLINA 

PARTICULATE EMISSIONS AND PLUME OPACITY COMPLIANCE TESTING 

ROTARY DRYER BAGHOUSE STACK 

JUNE 29, 1987 



REPORT CERTIFICATION 

The sampling and analysis performed for this report was carried out 

under my direction and supervision. 

Date July 14, 1987 Signature 

Arthur T. McDonald 

I have reviewed a l l  testing detai ls  and results i n  this  tes t  report 

and hereby certify that the tes t  report is authentic and 1 accurate. .i 

Date July 14, 1987 Signature $!?&Jkl 

4 
D. James Grove, P.  R 
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INTRODUCTION 

1.1 Outline of Test  Program. Stationary source sampling was performed 

f o r  Cumberland Paving Company a t  the  continuous mix asphalt  p lan t  i n  

Princeton, North Carolina on June 29, 1987. Three EPA Method 5 runs were 

performed a t  the  rotary dryer baghouse s tack t o  determine the  pa r t i cu l a t e  

emissions. EPA Method 9 plume opacity determinations were conducted 

concurrently with the pa r t i cu l a t e  emissions tes t ing .  

1.2 Test  Par t ic ipants .  Table 1-1 lists the  personnel present during 

the  test program. 

TABLE 1-1 

TEST PARTICIPANTS 

Cumberland Paving Company Bobby Narron 
Test  Coordinator 

North Carolina Department of David Daniel 
Natural Resources and Test Observer 
Community Development 

Entropy Inc. Arthur T. McDonald 
Project  Supervisor 

Michael L.  Kirkman 
Sampling Team Leader & 
Visible  Emissions Observer 

Mark K. Owens 
Engineering Technician 



SUMMARY OF RESULTS 

2.1 Presentation. Table 2-1 summarizes the  r e s u l t s  of the  par t i cu la te  

emissions t e s t i ng  performed June 30, 1987, a t  the baghouse stack.  Detailed 

t e s t  r e s u l t s  a r e  given i n  Appendix A ;  f i e l d  and ana ly t ica l  da ta  a re  presented 

i n  Appendix 8. 

2.2 Discussion 

2.2.1 Par t icu la te  Emissions. The average pa r t i cu l a t e  concentration was 

0.011 grains  per dry standard cubic foot  (gr/DSCF). The maximum 

concentration of pa r t i cu l a t e  allowed by the  United S t a t e s  EPA New Source 

Performance Standards f o r  Asphalt Concrete Plants  is  0.04 gr/DSCF. 

2.2.2 Plume Opacity. A l l  s tack plume opacity readings were zero. 

Fie ld  da ta  and observer c e r t i f i c a t i o n  documentation a r e  given i n  

Appendix B.2. 

2.2.3 Run 1 Sampling Rate. Run 1 was performed a t  an i sok ine t ic  

sampling r a t e  which is s l i g h t l y  lower than the  EPA minimum l i m i t  of 90%. Due 

t o  an overestimate of the  moisture content while s e t t i n g  the  sampling 

parameters, run 1 was performed with a sampling r a t e  at  85% isokinet ic .  

Assuming worst case condition ( a l l  p a r t i c l e s  being grea te r  than 50 

microns i n  diameter), the  maximum e r r o r  would r e s u l t  i n  the  measured 

concentration f o r  run 1 being 15% higher than r ea l .  I f  the  reported 

concentration f o r  run 1 of 0.014 grains  per  dry standard cubic foot  (gr/DSCF) 

is reduced f o r  the  worst case e r ro r ,  the  adjusted concentration would be 

0.012 gr/DSCF. The average concentration would decrease from 0.011 gr/DSCF 

t o  0.010 gr/DSCF, a decrease of 10%. 



TABLE 2-1 

PARTICULATE TESTS SUMMARY OF RESULTS 

Dryer Baghouse Stack 

Run Date 6/29/87 6/29/87 6/29/87 

Test Train Parameters: 

Volume of Dry Gas 31.056 37 057 35.974 
Sampled, SCF* 

Percent Isokinetic 84.8 102.0 99.4 

Flue Gas Parameters: 

Temperature, Degrees F 275 270 259 

Volumetric Air Flow Rates 
SCFM*, Dry 29,162 28,920 28,818 

ACFM , Wet 46,900 46,502 45.113 

Excess Air, Percent 235 0 235 0 235 0 

Method 5 Results: 
Catch, Milligrams 

Concentration, Grains/DSCF* 0.01376 0.01074 0.007850 

Emission Rate, Lbs/Hour 3.441 2.663 1 939 

* 68 Degrees F -- 29.92 Inches of Mercury (Hg) 



PROCESS DESCRIPTION AND OPERATION 

3.1 General. Cumberland Paving Company, i n  Princeton, North Carolina, 

operates a continuous mix process t o  produce asphalt .  An ASTEC rotary dryer,  

ra ted at  325 tons per hour, is used i n  the production process. The aggregate 

is  dropped i n t o  the rotary dryer,  where i t  is mixed, d r ied ,  and heated; 

l iqu id  asphalt  is then added t o  the  aggregate and the  product is transferred 

t o  a holding s i l o .  The rotary dryer is f i r e d  with natural  gas. 

3.2 Process Emissions. Par t icu la tes  a r e  emitted from the  process 

during drying and mixing due t o  the  re lease  of dust  from the surface of the 

aggregate mix. The exhaust gases from the rotary dryer pass through a 

coater ,  baghouse, and a fan before ex i t i ng  the s tack t o  the  atmosphere, as  

shown schematically i n  Figure 3-1. 

3 . 3  Operation During Testing. Approximately 300 tons per hour of 

asphalt  were produced during tes t ing .  



ATNOSPHERE 

TEST 

STACK 
LOCATION 

BAGHOUSE Lrl 

FIGURE 3-1. ROTARY DRYER AIR FLOW SCHEMATIC S W I N G  TEST LOCATION 
. 

r%?-I RAW -ATE 

- 



SAMPLING AND ANALYTICAL PROCEDURES 

4 .I General. A l l  sampling and ana ly t ica l  procedures were those 

recommended by the  United S t a t e s  Environmental Protection Agency and the North 

Carolina Department of Natural Resources and Community Development. 

Descriptions of the  sampling equipment and procedures (extracted from 40 

CFR 60) a r e  provided i n  Appendix D. 

4.2 Sampling Points. The number and locat ion of the sampling points 

were determined according t o  EPA Method 1. The s tack cross  sect ion was 

divided i n t o  24 equal areas ,  i .e . ,  four sample points  on each of the s i x  

t raverse  axes labeled A through F, as shown i n  Figure 4-1. 

4.3 Volumetric A i r  Flow Rates 

4.3.1 Flue G a s  Velocity. EPA Method 2 w a s  used t o  take the  veloci ty  

measurements during the t raverses  of the  s tack cross  sect ion.  

4.3.2 Flue Gas Composition. During run 2,  a multipoint ,  integrated f l ue  

gas sample was col lected and analyzed using EPA Method 3; the  ana ly t ica l  

r e s u l t s  were used t o  determine the  f l u e  gas composition and molecular weight 

f o r  each run. 

4.3.3 Flue Gas Moisture. Moisture content w a s  determined by analyzing 

the  sampling t r a i n  impinger reagents according t o  the  procedures outl ined i n  

EPA Method 5. 

4.4 Pa r t i cu l a t e  Emissions. EPA Method 5 sampling and ana ly t ica l  

procedures were used t o  determine the  pa r t i cu l a t e  emissions. The centroid of 

each of the  24 equal areas  was sampled f o r  2.5 minutes, r e su l t i ng  i n  a net  run 

time of 60 minutes. 

4.5 Plume Opacity. The procedures out l ined i n  EPA Method 9 were 

followed i n  determining the  plume opacity. 

4.6 Sampling Equipment. A l l  sampling equipment was manufactured by 

Nutech Corporation o r  Entropy. Per t inent  ca l ib ra t ion  da ta  a r e  provided i n  

Appendix C. 



TRAVERSE POINTS 
6 AXES 
4 WwTS/AXIS 

24 TOTAL POYSTS 

* 1 * 1 * 1 * 1 + 1 .  
- * - 4 - f - 4 - 4 -  
o l + l o l * l * l *  
- 4 - + - t - 4 - 4 -  
o ~ * ~ o ~ * l o l *  
- 4 - 4 - t - t - t -  
* l * l * l * l * l *  m. A B C D E F  

SECTION R-R 



APPENDIX A 

TEST RESULTS AND EXAMPLE CALCULATIONS 



ISOKINETIC SAMPLING TRAIN FIELD DATA 6 RESULTS TABULATION 

PLANT: Cumberland Paving Princeton. NC 

RUN # DATE SAMPLING LOCATION ----- ------- ----------------- 
1 6/29/87 Dryer Baghouse Stack 
2 6/29/87 Dryer Baghouse Stack 
3 6/29/87 Dryer Baghouse Stack 

Run Start Time 
Run Finish Time 

Net Sampling Points 

Theta Net Run Time. Minutes 

Dia Nozzle Diameter. Inches 

OPERATOR ---------------- 
Arthur T. McDonald 
Arthur T. McDonald 
Arthur T. McDonald 

c P Pitot Tube Coefficient 0.840 0.840 0.840 

Y Dry Gas Meter Calibration Pactor 0.997 0.997 0.997 

Pbar Barometric Pressure, Inches Hg 29 - 90 29.90 29 90 

Delta H Avg. Pressure Differential of 
Orifice Meter. Inche8 H20 

Vm Volume of Metered Gas Sample. Dry ACP 32 757 39.604 38.934 

t m Dry Gao Meter Temperature. Degrees P 96 104 111 

Vm(std) Volume of Metered Gas Sample, Dry SCP* 31.056 37. 057 35.974 

Vlc Total Volume of Liquid Collected 
in Impingers 6 Silica Gel, mL 

Vw(std) Volume of Water Vapor, SCP* 4.778 5.884 5.225 

XH20 Moisture Content, Percent by Volume 13.3 13.7 12.7 

Mfd Dry Mole Fraction 0.867 0.863 0.873 

XC02 Carbon Dioxide, Percent by Volume, Dry 4.0 4.0 4.0 

%02 Oxygen. Percent by Volume. Dry 15.0 15.0 15.0 

%CO+N2 CO + N2, Percent by Volume, Dry 81.0 81.0 81 .O 

Md Dry Molecular Weight, Lb/Lb-Mole 29.24 29.24 29.24 

Ms Wet Molecular Weight, Lb/Lb-Mole 27-74 27-70 27.81 

p g Plue Gas Static Pressure. Inches H20 -0.10 -1.05 -1.10 

P s Absolute Flue Gas Press.. Inches HG 29-89 29.82 29.82 

to Plue Gas Temperature, Degrees P 275 270 2 59 

Delta p Average Velocity Head, Inches H20 1 5730 1.5510 1.4880 

vs Flue Gas Velocity, Peet/Second 84.79 84.07 81.56 

A Stack/Duct Area. Square Inches 1,328 1,328 1,328 

Qsd Volumetric Air Plow Rate, Dry SCFM* 29,162 28.920 28,818 

Qaw Volumetric Air Plow Rate, Wet ACPM 46,900 46.502 45,113 ,, 

/---\,,, 

XI Isokinetic Sampling Rate, Percent 3 102.0 J' 99.4 

XEA Excess Air, Percent 235.0 235 0 235.0 

* 68 Degree8 P -- 29.92 Inches of Mercury (Hg) 
(continued next page) 



Method 5 Results: 

mg Catch, Milligrams 

gr/DSCP Concentration. Grains per DSCP* 0.01376 0.01074 0.007850 

Lb/Hr Emission Rate, Lbs/Hour (PMRc) 3.441 2.663 1.939 

68 Degrees F -- 29.92 Inches of Mercury (Hg) 



EXAMPLE PARTICULATE TEST CALCULATIONS NO. 1 

Dryer Baghouse Stack 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS ................................................ 
(Pbar + Delta ~/13.6) 

vm(std) = 17-64 * Y * Vm * ..................... 
(460 + tm) 

(29.90 + 0.983113.6) 
Vm(std) = 17.64 * 0.997 * 32.757 f .................... = 31.056 DSCF 

(460 + 96) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS ............................................ 
Vw(std) = 0.04707 * Vlc 

Vw(std) = 0.04707 * 101.5 = 4.778 SCF 

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS .................................................... 

DRY MOLE FRACTION OF FLUE GAS ............................. 
Mfd = 1 - %H20/100 
Mfd = 1 - 13.3/100 = 0.867 

DRY MOLECULAR WEIGHT OF FLUE GAS ................................ 

WET MOLECULAR WEIGHT OF FLUE GAS ................................ 
Ms = (Md * Mfd) + (0.18 * %H20) 



ABSOLUTE FLUE GAS PRESSURE .......................... 
Ps = Pbar + Pg / 13.6 

Ps = 29.90 + ( -0.0 / 13.6) = 29.89 IN. HG. 

AVERAGE FLUE GAS VELOCITY [Note: (Delta p)avg is square of avg sq. root] ........................................................................ 
(Delta p)avg * (460 + ts) 

vs = 85.49 * cp * SQRT[------------------------- 1 
Ps * Ms 

DRY VOLUMETRIC FLUE GAS now RATE @ STANDARD CONDITIONS ....................................................... 
60 Tstd Ps 

Qsd = ---- * Mfd * vs * A * -------- * ------ 
144 ts + 460 Pstd 

Qsd = 29,162 SCFM 

WET VOLUMETRIC STACK GAS FLOW RATE @ FLUE GAS CONDITIONS ........................................................ 
Qaw = 60 / 144 * vs A 

Qaw = 60 / 144 * 84.8 * 1,327.5 = 46,900 ACFM 

PERCENT ISOKINETIC OF SAMPLING RATE ................................... 
Pstd 100 (ts + 460) * Vm(std) 

%I ---- * --- * ........................................... 
Tstd 60 Ps * vs * Mfd * Theta * Area-nozzle, sq.ft. 



GRAINS PER DRY STANDARD CUBIC FOOT .................................. 

POUNDS PER HOUR --------------- 
L b / H r  = 60 / 7000 * g r / D S C F  * Qsd 

PERCENT EXCESS A I R  ------------------ 



APPENDIX B 

FIELD AND ANALYTICAL DATA 



APPENDIX B 

1. PARTICULATE 



Preliminary Field 

' 
LOC ATlOfi A .*ur +- Ad' . I 

' SAMPLING LOCATiON ~$Lu*  ~ g ~ k :  I 
1 GUCT DEPTH 

FROM INSIDE FAR WALL TO OUTSIDE OF PORT I ' 1 
NIPPLE LENGTH ' I 

I 

I 
I DEPTH OF DUCT 9 ' I 
i WIDTH ( RECTANGULAR DUCT) u 5 " 

EQUIVALENT DIAMETER: 
1 , 2~ DEPTH x WIDTH , 2 ( d  4s- )-y~j % " 
1 DE- DEPTHrWQTH - (a;/!+ qg ) -  

I DISTANCE FROM 1 PORTS TO NEAREST YSTRFM umNs;y 1 / FLOW DISTURBANCE 
1 DIAMETERS .A v //e , I  

--- 

I STACK AREA= J 9Y;d 4 S 
4' - ,.3w*r .2 I - 

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 

LOCATION OF TRAVERSE POINTS IN RECTANGULAR STACKS 
A 

Data 
DRAW HORIZOSTAL L l S E  THROUGH D1:WTERS 

If more than 8 and 2 diameters rind 1f duct 
d l a .  1s 1 e s b  t h a n  2 $ " ,  use 8 or 9 polnts. 

O , * M E ~ * S  
PART1 CULATE 

\ UP D O W N  

\ 

, 12 1 2  

16 

20 

16 

2 4  or 2 5  



ORSAT FIELD DATA 

' ++',A .,& 
1 

P l a n t  Name UJJ Lk - c- 
Salnpl i n g  Locatioi; ~ u e l  ' T ~ ? & ~ O  ( 

Run and/or  Sample No. Leak T e s t ?  Date Operator  

n ?nd/or  Sample No. -- 7 Leak T e s t ?  L / ~ a t e  &JI/p A e r a t o y  

Run and/or  Sample No. Leak Test? Date Opera tor  

%CO 

C-B 

, s -  

%02 

B-A 

15-. a 
I s ,  b 

/fa 

- 
Time o f  
Sampl e 

Col lect ion 

13.4 
@ 

; 

5 ' 4 2  

1 00-C 

1 

810 

%N2 

1 00-C 

I 

'3 

Time o f  
Sample 

Col lect ion 

co 
Reading 

C 

d 

C 

- 
A,,. 

T i  me 
o f 

Analysis 

1 
47 

/k,03 

X02 

B -A 

- 

F-1009 
8/86 - --=WALmu llYC 

*02 

B- A 

%CO 

C-I3 

qd 

Co2 Read1 ng 
A,---- 

41 
,!a 
Y.0 

CO 
Reading 

C 

-- -- 

%CO 

C - B  

CO 
Reading 

C 

A v ~  . 

T i  me 
of 

Analysis 

A V ~  . 

02 Reading 
B 

f l ~  
/go 
lQ.5 

A v ~ .  

OZ Read1 ng 
B 

-- 

A v ~  . 
b 

C o ~  Read1 ng 
A 

Time o f  
Sampl e 

Col lect ion 

4 

cOf Read ng 
A 

%N2 

100-C 

I 

A 

T i  me 
o f 

Analysis 

A v ~  . 

02 
Reading 

B 

+ 

.. 



PARTICULATE FIELD DATA 

R U d  NWBER 

ADDRESS c T I ME START 
8 

SAkERlNO LOCATION TIME FINISH- 
mrn 6 -a3 TEAM L TEcl+llClANS I I L ~  
~ A R O M ~ T R I C  PF&SSUF~~, IN. HG a S  T~%ATIC -SLYRE. IN. W*O - e* 9 b  
-[no TFUIN L ~ A K  TEST VACULM, IN. HGLL - - -- 
SAMPllNG TRAIN LEAK RATE, CU. FT./MIN. -0.0b0-- 

I 

DRY QAgl PITOT ORIFICE QA8 PClMP FILTER IMP. 
CLOCK READ l NO SCTT l NO ( AH ) , JWZTER VACULlM BOX EX1 T STACK LK. CHECK 

-E TIME, W I N O ,  ( A P ) ,  IN. H20 TEMP. IN. HG TEMP. T W .  I-. -1- 

L 

32.757 1,573 
F-1010 
8 /86 "M (G2 AH T~ 

EWIPkaNT OBCKS - TS, --=ST 
I T S  -ST - TEST - - 0-T SMPL 1 NO SYSTEM - - TgWIR BAG 
I c / ~ ) i g ~ 0 u P L ~  @ 

FILTER # 
- 

*Jl*L 

-. ~ 

ENTROPY 

IDhNTIFICATION m E R S  

USAGENT BOX NOZZLE DIAMETER & 
METER BOX 2 TIC READOUT-- 

TIC PROBE 44-3 UmILICAL I j A  
S-E BOX f ORSAT PCIMP 

PROBE 
m TEDLAR BAG - 

-GRAPH SET-UP NOMOGRAPH #= 

A'+@ /. 3 - t  
METER T w  -/rO STACK TEMP s b b  
% MOISTURE b REF. AP 3 . -  



PARTICULATE FIELD DATA 

ENTROPY 

LK. 9.ECK 
FIEADIN06 

FKnv N W R  .- 
T lME START 

SAMPLING LOCATION TI= FINISH 

M T d d  - e TECkWlICIANS 4 STAT l C PRESSURE, I N. Hz, - 
-1NO TRAIN LEAK TEST VACILU. IN. H O ~ -  k - - - - 
s-1~ TRAIN LEAK RATE, CU. FT. /MlN, 6.601 -- - 
EQUI PMEM UQC)(ZS 

~ T O T S .  PRE-TEST fl - #TOTS, POST-TEST 
RSAT -1- SYSTEM 

TEDUR BAG 9 
_Jm-ounc @ =OF 

FILTER # TE!EE 
tX?sq * 3-bk3- 

lDSNTIFlCATlON W E -  

-GENT BOX NOZZLE %, D r  
METER BOX dfJ L) TIC READOVT H 4  
ClkglLICAL d A  T/C PROBE 
SAMPLE BOX- ORSAT PUMP 
mom Y -5  rrDLAR BAG 

N0MOORAR.I SET-UP 

- - # m e  
he ,% C FACTOR O * A ~  
M-R TEMP STACK TEMP J s v  
% MOISTURE )J REF. AP dm 1 

a Z X  2 - 3 6  i + ~ '  b.94 O*E9 103 ;sS;~/ A S  a6 6 
3 c C r n  I U  - 0  I . O (  I - 0 1  14 3 3, aS4 6 3  Q 
c, $k / 0 0  ~ . l r r s  o.crr /O 3 A A s $  G I  a?/ 

G *  f S  3 

F-1010 
8/86 "I# AH T~ 

aw .+a 
a60 uZ, 

S T W K  
T W .  
OF 

a36 

a 1 b G s g  ( 4 C ' l a r  4 
3 I - 6  / 4 
LI 

a t 1 . ~ 3  I .  2% . I e3  3 C 

ior  
/a% 
I&& 

10% 

lo* 
/OS- 

I 3 ci - 6 g  

ass 
4 
3r4 
ar& 

3 W  
a n  - 

ass 

S 
3 
cC 

Y P 
s 
4 
9 

l . S n  
I 
a-10 
P.&O 
4 60 
I 

Y 
a r 
a 

FILTER 
BOX 

W .  
OF 

,& 1 

6 A ~ ' ) n  

6 /  
C 3  
c 3 
6 4  
6s- 
6s' 
tAk 
44 

a<< a 

IMP. 
EX1 T 
T W .  
OF 

L / 

GAS 
hETER 
TEMP. 
OF 

/ad 

W E  

a q u r  
3 
I * ? ?  
3134 
a.19 
1.- 

3 
Y 

- 
9 VL 

I 

irk 
&3 
d t b  
374 
a?r 
a +( 

~ G P  
~ S ' A  
asq 

PLMP 
VACUUM 
IN. HG 
GA- 

L 
a 

PITOT 
ReAD 1 NO 

(AP), 
CU.FT.IN.IDWIACTUAL 

3 -  yd 

a.uc 
l . 31  

1.73 
4 -36  
a . 1 4 1 ~ ~  
(*s'iTi 

3.b> 

SE3 * 7  G 
78s. b? 
%?* G O  

/a/ 
$1) J a h  4%.31)1 

CLOCK 
TIME. 

24% 

6 rc 9 3  

DRY QA% 
METER 
IZhADIMv 

ORIFICE 
SGTT I NO ( AH ) , 

IN. Hz0 

3 - 3 9  soar 
3 . 3 ~  3 . 3 ~  



PARTICULATE FIELD DATA 

RUN NClMBER 

ADoums D&>E~&&L) A J C  TIME START 

SAMPLING LOCATION L ~ S C  ~d.nk TIME FINISH- 

DATE ti oaf*+ TEAM LEADER-) TE-ICIANS h a  
BARoMETRlC PFIESSURE, IN. HG Ls'q STATIC PRESSURE, IN. H20 '1.10 
W I N G  TRAIN LEAK TEST VACUIM, IN. HGL 6 - - -- 
SAMPLING TRAIN L M K  RATE, CU. FT./MIN. b.60( &@f - - .-. - 

-- - 

4 - 4  O/O 14.3ao .ha a . 6 ~  l o b  G a 63 6 6  ask,  
- 4  3% rf*L?- % O f  44"' re? 6 3 L J .  t i 4   ST 

1 s d ~ . q (  & , ~ . s 3  . a6 1 

0*3U ~ ~ 2 1  0 I t r  
1 c n. rq Q * ~ G  oectr o.v/  /if A a s 3  6 t  a* 
't b-4. Q & o. kr 0.4  7 O*GC\  i f /  a a.SJ'C9 a?/ "9 s - P  r 3  q 

I 
& 

1133~ I \ 259 

EQIIPMENT CHECKS 

-TS' - PI TOTS, POST - TEST 
=RSAT SAWLING SYSTEM 
- I ~ D U R  BAG 
m R M O C O U P L E  @A- OF 

FILTER # TAFlf, 

ENTROPY 

IDENTIFICATION W E R S  

-GENT BOX- M Z P E  +. D I I Y F R  '[ 5)v 
T/C READOVT s a  

LlkBILICAL TIC PROBE L - 3 
SAMRE EIOX.L'ORSAT PUMP - 
PROBE 4 3 - TEDLAR BAG - 

NQMOORAPn SET-UP ~~ #- 

m@ -. C FACTOR 
0 . ~ 6  

METER TEMP STACK TEMP 4 *a 
~ M D I S T U R E ~  REF.AP 

LK. 
-1- 

FILTER 
EIOX 
TEMP. 
OF 

QAS 

H T E R  
TEMP. 
OF 

I-. 
EX1 T 
T W .  
OF 

PLMP 

VACUUH 
IN. HG 
GAUOE 

DRY GAS 
METER 
W I N G ,  
CU. FT. 

PI TOT 
1 NO 

( bP), 
IN. Ha0 

~ A ~ P C E  
W l N T  

STACK 
TeMP. 
Of 

ORIFICE 
SETT I NO ( AH ) . 

IN. H70 

IDEAL~ACTUAL 

CLOCK 
TIME, 
WIN. 



PARTICULATE SAMPLING LABORATORY RESULTS 
Plant Name f & ~ w r J P  PAV c EEI Ref. # ~ S b ' j  

I 

Sampling Location STRCYI 

Date Received Analyzed 7 12 Reagent Box (es 0 2 3 ~  
I 

Run Number I Z 3 

Run Date b l~?  b h  a 
SUMMARY OF PARTICULAR ANALYSES 

Sum of Par t icu la te ,  mg. s42.b 534.. 2 519.9 
Total F i l t e r  Tare mg. 514. G 500.2 501. S 

Blank Residue, mg. ( lzS mL) 0 , 3  ( loo mL) 0.2 ( so mL) 0, I 

TOTAL PARTICULATE CATCH, mg. )I [I Fl 
ANALYSIS OF MOISTURE CATCH 

Reagent 1 ( b-120 ) :  

Final Weight, g. 200.0 31 0.0 29043 

Tared Weight, g. l00.0 2Do.o 2 - 0 0 1  0 

Water Catch, g. I \ 0.0 -90.0 
Reagent 2 ( 1 : 

Final Weight, g. - - -, 

Tared Weight, g. - - - 
Water Catch, g. - - - 

CONDENSED WATER, g. 00.0 \\o.a 40~ o 

S i l i c a  G e l :  

Final  Weight, g. 7,2\. s 215.0 221 .O 
Tared Weight, g . Zoo, 0 W O ,  0 ZOO, 0 

ADSORBED WATER, g. Z\  , S  15,o 2 1  .O 

TOTAL WATER COUECTED , g. 1\25.01 1x1 
Blank Beaker # wl5 

Final  w t  . mg. 94-76? .I 
Tare w t .  mg. 747 I3 I .7 
Residue, mg. 3 .+ 
Volume, mL. o 

Concen., mg/mL 

--- Legend --- 
= Final Weight 

L = Loose Pa r t i cu l a t e  

F = F i l t e r  D = Dish 

R = Rinse P = Pan 

Notes and Comments 



LABORATORY SAMPLE WEIGHT CALCULATIONS 

Plant Name C U ~ ~ ~ ~ = ? Z C A ~ D  P ~ V I ~ C  EEI Ref. # 5569 

Run Number I z 3 

Run Date -& 6 127 &/ L? 

Sample ID/Container # FbR 384 FaR 3% F L ~ Z  &3 

133. 85% 
~ 1 3 3 . 8 5  Ji24. 5730 vu3 .7335 

133. ebOO 124. 5z30 13 . 7335 
Tare Wt., g. 133.31(00 80 

$ 
134. 2136 

SAMPLE WT., g.  1 1-1 -1 
.................................................................................... 
Sample ID/Container # 

Tare Wt., g. 

SAMPLE WT., g.  I D =  
.................................................................................... 
Sample ID/Container # 

Tare Wt., g. 

SAMPLE WT. , g . Do= .................................................................................... 
Sample ID/Container # 

Tare Wt., g. 

SAMPLE WT., g. 



CUSTODY SHEET FOR REAGENT BOX # Ouz 

Date of Makeup I n i t i a l s  Locked? i/ 
Individual  Tare of Reagent: m O  m l s .  of I49 0 

Indiv idual  Tare of Reagent: m l s .  of 

Indiv idual  S i l i c a  G e l  Tare Weight gms. 

. 
PLANT NAME 14d-f /fl 

S W L I N G  LOCATION 

Received i n  Lab 

Sampling Method: 

Remarks : 



APPENDIX B 

2. PLUME OPACITY 

ENTROPY 



VISIBLE EMISSION OBSE3VATION FORM No. 

X Emwon Point 



VlSl6LE EMISSION OBSEFIVATION FORM No. / IZ/  
END nME 

SlReET MORESS COMMEMs 

PHONE (KEY CONTACT) 

PROCESS EQUIPMENT , d l01  o l d  
CONTROL EQUIPMENT 

7 

D I D  Id I/) 

HUWT ABOVE GROUNO ma 

DMANCE FROM OBSERVER 

DESCRIBE EMISSIONS 

S M  End 
EMISSON COLOR I IF WATER OFIOPLET PLUM 

S M  End ApM.do ootamOdQ 
POINT IN THE PLUME AT WHCH OPACrrY WAS OETERMlNEO 
r .. End 

r d R I B E  PWME BACKOROUND 

S M  trd 
BACKGROUND COLOR SKY CoNMoNs 

S M  End SM End 
WIND S P E l l  WlNO D I R E m N  

S M  M Sml 'Efa 
AMBIENT TEMP I WET BULB TEMP 

S M  End 

S M (  SOURCE LAYOUT SKETCH Dnw Nonn Armr, 
wm c 
Plwn 

s"" -+ 
W i d  - 0 

X EmamonPam 

OBSERVER'S NAME (PRINT) 

t I 
' ORGANlUTlON t j  

Son Loutlon Ltcw 
I 
L 

- 
A 0 0 1 ~  INFOF1MATION 

L 

1 

C E R ~ ~ W  BY 

C m N U E D  ON VEO FORM NUMBER 

DATE I 
I 

I 



VISiBLE Z?AISSiCN CSSESVATICN FCSM NO. 7 -1 

1 
t ! 

A+& 
T r r ~ r  ~outlon 

--.I-- ------- ++ Sun - 
A=- I N ~ M A ~  

t 



--- VISSLf Z?AISSiCN CESE3VATICN rurttvl NO. 2, 2, - 
COMPANY NAME 

6. I 
nME - - 

L %a I 
DESCi?l6E -ME -NO 

S M  w 
9ACXGFK)UNO =LOU SKY C=NcmONs 

S M  =A ! Smft E d  
WINO WlNO OIAEC3ON 

S M  End 1 S M  'urd 

A M 8 E W  TEMP I WlFT BULB TEMP AH. prcorcr 

S M  End 

Sbar SOURCE UWVf SKlSCli 

I 
OmNannAnarr  

mm c 
PlWm 

* t  
wid  - 0 

x Ernl.uonPOlm 

OBSEBVEFI'S M E  (PRINT) I 
. I 

I 

I Sun ~ w r ~  LI- i 



I 

I 5 .  TlME CSMPANY NAME 

o r  
STFIeET aDORESS COMMPrrS 

I 



No. 2 - z  

1 

21 

S W I  SOURCE LAYOUT SKEI'CH ,,,,,"Ib l o  I D @  
mm rr 
Pknr n 1 , 2 4 1 ~  I O I O I C )  

/ - 

STREK rDOR€SS C O M u e m  - 
I b1010lD /72Y 

29 310 10 l b  1 
..I'i, ID10 I I I 

1 OBSERVEA'S W E  (PRINT) ' 1 

~ : 4 ~ 1 ~ l t , l o  
PHONE (Kfl C3mAC;J I SOURCE !D N U I U a  -/ 10 101 010 i 

I d  1 B !  D l o  
?FlOCESS EZIUlPMEM . I  010 O I D I  I 
CONTROL EQUIPMENT 

1 
1010 1010 I I 

I D  Id 16 10 1 1 
9 b I O I U  I 

H ~ H T  -E GWUND @a H O Q ~ ~  AMWE ~b OBSERVER 

' 1 0  . d l d l b l d  1 
I I M  Snd 1 0  1010 ! 

DISTANCE FROM OBS%RVW OIREGWN FROM 0- 

S W  End 

DEK3illBE %ISSONS 

S M  Ed 
COLOR IC WA' ia  Om- PWME 

Em OuaumG 
I I n i o  l o  I 

S M  
?OW IN ;HE ?WME AT WMlCH O P m  WAS 0E-m , l 6 I O  l o  10 1 0  1 
. 5m - . 
OESCXBE ?WME 

s w  =a I 1 9ACXGWNO =LOR I SKY CGNOnlONS 

I ID  I(> ID 1 
1 8 1 0  16 ID  I0 1 

1 . 1  0 13 10 lo I t 





APPENDIX C 

CALIBRATION DATA 

ENTROPY 



QUALITY ASSURANCE PROCEDURES 

General. Each item of f i e l d  test equipment purchased o r  constructed by 

Entropy is assigned a unique, permanent iden t i f ica t ion  number. New items for  

which ca l ib ra t ion  is required a re  cal ibrated before i n i t i a l  f i e l d  use. 

Equipment whose ca l ib ra t ion  s t a t u s  may change with use o r  with time is 

. inspected i n  the  f i e l d  before t e s t i ng  begins, and again - upon return from each 

f i e l d  use. When an item of equipment is found t o  be out of ca l ib ra t ion ,  i t  

is adjusted and recal ibrated o r  r e t i r e d  from service.  A l l  equipment is 

per iodical ly  recal ibrated i n  f u l l ,  regardless of the outcome of these regular 

inspections. 

Calibrations are conducted i n  a manner and a t  a frequency which meet o r  

exceed U. S. EPA specif icat ions .  Entropy follows the ca l ib ra t ion  procedures 

outl ined in EPA Reference Methods, and those recommended within the Qual i ty  

Assurance Handbook f o r  A i r  Pollution Measurement Systems: Volume 111 

(~~~-600/4-77-027b,  August, 1977). When the Reference Methods a r e  

inapplicable,  Entropy uses methods such as those prescribed by the American 

Society f o r  Testing and Materials (ASTM).  

Data obtained during cal ibrat ions  a r e  recorded on standardized forms, 

which are checked f o r  completeness and accuracy by the Qual i ty  Assurance 

Manager o r  the  Qual i ty  Assurance Director. Data reduction and subsequent 

calculat ions  a r e  performed using Entropy's in-house computer f a c i l i t i e s .  

Calculations a r e  generally performed a t  l e a s t  twice a s  a check fo r  accuracy. 

Copies of ca l ib ra t ion  da ta  a r e  included i n  the test o r  project  reports.  

Inspection and Maintenance. A n  e f f ec t ive  preventive maintenance program 

is necessary t o  ensure data  qual i ty .  Eech item of equipment returning from 

the f i e l d  is inspected before i t  is returned t o  storage.  During the course 

of these inspections,  items a r e  cleaned, repaired,  reconditioned, and 

recal ibrated where necessary. 

Each item of equipment transported t o  the  f i e l d  f o r  t h i s  test program 

was inspected again before being packed. Entropy performs these qua l i ty  

assurance a c t i v i t i e s  p r io r  t o  departure f o r  the  job site t o  de tec t  equipment 

problems which may or ig ina te  during periods of storage.  This minimizes l o s t  

time on si te due t o  equipment f a i l u re .  



Occasional equipment f a i l u r e  i n  the f i e l d  is unavoidable despite the 

most rigorous inspection and maintenance procedures. For t h i s  reason, 

Entropy routinely transports su f f i c i en t  backup equipment t o  the job s i t e  t o  

have complete redundancy of all c r i t i c a l  sampling t r a i n  components. 

Calibration.  Emissions sampling equipment t ha t  requires cal ibrat ion 

includes the nozzle, p i t o t  tube, pressure gauges, thermometers, flow meters, 

dry gas meters, and barometers. The following sect ions  elaborate on the 

ca l ib ra t ion  procedures followed by Entropy f o r  these items of  equipment. 

Calibration da ta  f o r  the spec i f ic  items of equipment used fo r  t h i s  test 

program follow the tex t .  

Nozzles. Each probe nozzle is uniquely and permanently iden t i f ied  a t  

the  time of purchase, and cal ibrated before i n i t i a l  f i e l d  use. The inside 

diameter of the nozzle is measured t o  the nearest  0.001 in .  using a 

micrometer. Five measurements are made using d i f f e r en t  diameters each time. 

I f  the difference between the high and the low numbers does not exceed 0.004 

inch, the  average of the  f i ve  measurements is used. If the difference 

exceeds t h i s  amount, o r  when the nozzle becomes nicked, dented, o r  corroded, 

the  nozzle is reshaped, sharpened, and recalibrated.  

P i t o t  Tubes. A l l  Type S p i t o t  tubes used by Entropy, whether separate 

o r  attached t o  a sampling probe, are constructed in-house o r  by Nutech 

Corporation. Each p i t o t  is cal ibrated when new i n  accordance with the 

geometry standards contained i n  EPA Reference Method 2. A Type S p i t o t  tube, 

constructed and positioned according t o  these standards, w i l l  have a 

coef f ic ien t  of 0.84 - + 0.02. This coeff ic ient  should not change as long as 

the p i t o t  tube is not damaged. 

Each p i t o t  tube is inspected visual ly  before i t  is transported t o  the 

f i e l d .  I f  t h i s  inspection indicates  damage o r  raises doubt t h a t  the p i t o t  

remains i n  accordance with the EPA geometry standards, the  p i t o t  tube is not 

used u n t i l  i t  has been refurbished and recal ibrated.  

Di f fe ren t ia l  Pressure Gauges. Some meter consoles used by Entropy a re  

equipped with 10 in .  W.C. incl ined-ver t ical  manometers. Fluid manometers 



do not require cal ibrat ion other than leak checks. Manometers a re  

leak-checked i n  the f i e l d  pr ior  t o  each t e s t  series, and again upon return 

from the f i e ld .  

Most of Entropy's meter consoles a re  equipped with Magnehelic 

d i f f e ren t i a l  pressure gauges. Each s e t  of gauges is calibrated i n i t i a l l y  

over its f u l l  range, 0-10 inches W.C. After each f i e l d  use, the calibration 

of the gauge s e t  is checked against an inclined manometer a t  the average 

de l t a  p encountered during the t e s t .  I f  the agreement is within - + 5 percent, 

the cal ibrat ion is acceptable. 

Thermometers 

Impinger Thermometer. On site, p r io r  t o  the start of tes t ing ,  the 

thermometer used t o  monitor the temperature of the gas leaving the last 

impinger is compared with a mercury-in-glass thermometer which meets ASTM E-1 

specifications.  The impinger thermometer is adjusted i f  necessary u n t i l  it  

agrees within 2 ' ~  of the reference thermometer. ( I f  the thermometer is not 

adjustable,  it is labeled with a correction fac tor ) .  

Dry Gas Meter Thermometer. 'The thermometer used t o  measure the 

temperature of the metered gas sample is checked p r io r  t o  each f i e l d  t r i p  . 

against an ASTM mercury-in-glass thermometer. The dry gas meter thermometer 

is acceptable i f  the values agree with 5 . 4 O ~ .  Thermometers not meeting th i s  

requirement a re  adjusted o r  labeled with a correction factor .  

Flue Gas Temperature Sensor. A l l  thermocouples employed by Entropy for  

the measurement of f lue  gas temperatures a re  calibrated upon receipt.  

I n i t i a l  cal ibrat ions are  performed a t  three points ( i c e  bath, boi l ing water, 

and hot o i l ) .  An ASTM mercury-in-glass thermometer is used a s  a reference. 

The thermocouple is acceptable i f  the agreement is within 1.5 percent 

(absolute) a t  each of the three cal ibrat ion points. 

On s i t e ,  p r io r  to  the s t a r t  of tes t ing ,  the reading from the stack gas 

thermocouple-potentiometer combination is compared with a mercury-in-glass 

reference thermometer. If the two agree within 1.5 percent (absolute) ,  the 

thermocouple and potentiometer a re  considered to  be i n  proper working order 

f o r  the test series. 



After each f i e l d  use, the thermocouple-potentiometer system is compared 

with an ASTM mercury-in-glass reference thermometer a t  a temperature within 

10 percent of the average absolute f l ue  gas temperature. If the absolute 

temperatures agree within 1.5 percent, the  temperature da ta  are considered 

valid.  

Dry Gas Meter and Orifice.  The dry gas meter and o r i f i c e  are cal ibrated 

simultaneously. There a r e  two ca l ibra t ion  procedures. The f u l l  ca l ib ra t ion  

is a complete laboratory procedure used t o  obtain the ca l ib ra t ion  fac tor  of 

the  dry gas meter before its f i r s t  use and per iodical ly  thereaf ter .  Fu l l  

cal ibrat ions  a r e  performed a t  three d i f fe ren t  o r i f i c e  s e t t i ngs  (flow r a t e s ) .  

A simpler procedure, the pos t t e s t  cal ibrat ion,  is designed t o  check whether 

the ca l ib ra t ion  fac tor  has changed. Pos t tes t  ca l ib ra t ions  a r e  performed 

a f t e r  each f i e l d  test series a t  an intermediate o r i f i c e  s e t t i n g  (based on the 

test data)  and a t  the maximum vacuum reached during the test. 

Entropy uses as a t ransfer  standard a dry gas meter t h a t  is cal ibrated 

annually against  a spirometer. During the  annual cal ibrat ion,  t r i p l i c a t e  

ca l ib ra t ion  runs a r e  performed a t  seven flow r a t e s  ranging from 0.25 t o  

1.40 cfm. 

Dry Gas Meter. Each metering system receives a f u l l  ca l ib ra t ion  a t  the 

time of purchase, and a pos t t e s t  cal ibrat ion a f t e r  each f i e l d  use. I f  the 

ca l ib ra t ion  fac tor ,  Y ,  deviates by less than f ive  percent from the i n i t i a l  

value, the  t e s t  da ta  are acceptable. If Y deviates by more than f i v e  

percent, the meter is recal ibrated and the meter coef f ic ien t  ( i n i t i a l  o r  

recal ibrated)  t h a t  yie lds  the  lowest sample volume f o r  the test runs is used. 

EPA Reference Method 5 c a l l s  f o r  another f u l l  ca l ib ra t ion  anytime the 

pos t t e s t  ca l ib ra t ion  check indicates  t h a t  Y has changed by more than f ive  

percent. Standard prac t ice  a t  Entropy is t o  reca l ibra te  the  dry gas meter 

anytime Y is found t o  be outside the range 0.98 - < Y - < 1.02. 

Orifice.  An o r i f i c e  ca l ib ra t ion  fac tor  is calculated f o r  each flow 

s e t t i n g  during a f u l l  cal ibrat ion.  I f  the  range of values does not vary by 

more than 0.15 in .  H20 over the  range of 0.4 t o  4.0 in .  H20. the arithmetic 

average of the values obtained during the ca l ib ra t ion  is  used. 

ENTROPY 



Barometer. Each field barometer is adjusted before each test series to 

agree within - + 0.1 inches of a reference aneroid barometer. The reference 

barometer is checked weekly against the station pressure value (corrected for 

elevation difference) reported by the National Weather Service station at the 

Raleigh-Durham airport, approximately 2.5 miles from Entropy's location. 
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Meter Box Number: f\14 Calibration by: 7. W ~ B -  (S( 

Standard Meter Number: l-7 057 Standard Meter Gamma: 1 .  0 1 Z 

Date: 31~7 183- Barometric m S E U Z B  (Pb)  : Zq. 4 2 in. Hg 

*Barometric pressure ( P b ) :  ~- in .  Hg *Date: 
p ? . m s T  cZJ,'I:9RP;TTON 

Average 1 * 



Meter Box Number: N 4  Calibration by: 7 .  WI s b[s 
Meter Box Vacuum: b in. Hg 

Standard Meter Number: J 0170f;F Standard Meter Gamma: \ .  DO= 

I Date: 7 1, Barometric Pressure (Pb) : 25.  S 7 in. Hg 

I POSTTEST CALIBRATION I 
I Standard Meter Meter Box Metering System 
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N O Z Z L E  NUMBER: 50 

NOTE: All diameters measured in inches. 
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