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INTRODUCTION 

1.1 Outline of Teet Program. Stationary source sampling was performed for  

S. T. Wooten Company i n  Drugstore, North Carolina, on October 12, 1989. T h r e e  

t e s t  sets w e r e  conducted a t  t he  rotary dryer s tack with each t e a t  set consist ing 

of EPA Method 5 t e s t i n g  f o r  f i l t e r a b l e  and condensable pa r t i cu l a t e  emiseions, and 

EPA Method 9 t e s t i n g  fo r  plume opacity. 

1.2 Teet Part icipants.  Table 1-1 lists  t h e  personnel involved i n  t h e  test 

program. 

TABLE 1-1 

TEST PARTICIPANTS 

S. T. Wooten Company Tim Mooney 
T e s t  Coordinator 

Greg Martin . 
Plant Manager 

North Carolina Department of Environment, Mark Fel tner  
Health, and Natural Resources T e s t  Observer 

Entropy Environmentalists Inc. Barry F. Rudd 
Project  Manager 

Leslie C. Murray 
Sampling Team Leader 

Patr ick F. Daley 
Engineering Technician 

J a w s  B. Winegar 
V i s i b l e  Emissions Obaerver 



SUMMARY OF RESULTS 

Table 2-1 preeenta t h e  run-by-run p a r t i c u l a t e  tests summary. Due t o  t h e  

absence of a v i s i b l e  plume during rune M9-2 and M9-3, only t h e  plume opaci ty  

obeervations f o r  run M9-1 a r e  summarized i n  t h i s  sec t ion ;  r e f e r  t o  Table 2-2. 

Detai led r e s u l t e  of a l l  t h e  t e s t i n g  can be found i n  Appendix A; f i e l d  and 

a n a l y t i c a l  d a t a  a r e  provided i n  Appendix B. 



TABLE 2-1 

PARTICULATE TESTS SUMMARY 

Run D a t e  

Run Start Time 

Run Finish Time 

Teat Train Paramatus: 

Volume O f  Dry Gas Sample, SCP 

\ Percent Isokinetic 

Flue Gas Paramatnrs: 

Rotary Dryer Stack 

Air P l o w  Rate, D r y  SCFM * 25,784 23,941 

Air Flor Rate, W e t  ACFM 48,179 47,454 

Filtarable Particulate: 

Concentration, graina/DSCP * 0.00963 0.00558 

Filterable f Condennabla Particuhte: 

Concentration, grains/DSCP 0.0337 0.0275 

Emission Rate, lb/hr 7.44 5.64 



TABLE 2-2 

SIX-MINUTE AVERAGE PLUME OPACITY OBSERVATIONS SUMMARY 

R o t a r y  D r y e r  S t a c k  

Run Number  

H i g h e s t  6 - m i n u t e  A v e r a g e  O p a c i t y ,  % 

H i g h e s t  S i n g l e  O p a c i t y  R e a d i n g ,  % 

---------- R u n  M9-1 --------- 
set --- T h e  --- A v g .  % 

NO. - S t a r t  End Opacity -- 



PROCESS DESCRIPTION AND OPERATION 

3 . 1  General. The S .  T. Wooten Company opera tes  an Aztec double drum 

aspha l t  p l a n t  in Drugsto e, North Carolina. The f a c i l i t y  ~ 0 n S i S t S  of a mixing 

chamber and r o t a r y  dryer ,  ghouse, I D  fan ,  and s tack .  The t e s t i n g  covered i n  1 
t h i s  r e p o r t  w a s  performed a t  t h e  r o t a r y  d rye r  s tack.  

3 . 2  Source A i r  Flow. Figure 3-1 is an a i r  flow schematic which shows t h e  

passage of f l u e  from t h e  r o t a r y  dryer .  

The f a c i l i t y w a ~ p r o d u c i n g 3 0 0 t 0 3 1 0 t 0 n ~  

per  hour a spha l t  dur ing  t h e  t e s t i n g .  



FIGURE 3-1. ROTARY DRYER AIR FLOW SCHCWATIC. 
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ROTARY DRYER 1 



SAMPLING AM1 ANALYTICAL PROCEDURES 

4.1 General. A l l  sampling and ana ly t ica l  procedures were those recommended 

by t h e  United S t a t e s  Environmental Protection Agency and t h e  North Carolina 

Department of Environment, Health, and Natural Resources. This sect ion provides 

br ief  descriptions of t h e  sampling and ana ly t ica l  procedures. Detailed 

descriptions of t h e  procedures a r e  provided i n  Appendix D. 

4.2  Sampling Points. The number and locat ion of t h e  sampling points w e r e  

de ermined according t o  EPA Method 1. The s tack c ross  sect ion was divided in to  t 
3 0  equal areas with f i v e  sampling points on each of s i x  t raverse  axes, a s  shown 

i n  Figure 4-1. 

\ 4.3 Volumetric A i r  Flow Rates 

. 3 . 1  Flue Gas Velocity. EPA Method 2 was used t o  t ake  t h e  velocity 

measurements during t he  t raverses  of t he  s tack cross  section.  

4 .3 .2  Flue Gae Composition. During run 245-3, a multipoint ,  integrated f lue  

sample wae co l lec ted  and analyzed according t o  t h e  proceduree outl ined i n  EPA \ 
Method 3. The ana ly t ica l  r e s u l t s  w e r e  used t o  determine t h e  f l u e  gas composition 

and molecular weight fo r  each run. 

Flue Gas Moisture Content. Moisture content was determined by 

the  sampling t r a i n  impinger reagents according t o  t h e  procedures 

outl ined i n  EPA Method 5. 

4 .4  Par t icu la te  Emissions. Sampling was conducted using an EPA Method 5 

sampling t r a i  Each of t h e  3 0  points was sampled f o r  two minutee, remulting in 

net  run times \ o o minutes. 

EPA Method 5 ana ly t ica l  procedures w e r e  used t o  determine t h e  f i l t e r a b l e  

par t i cu la te  emissions. The sampling t r a i n  d i s t i l l e d  water reagent and acetone 

r inses  w e r e  analyzed t o  determine t h e  condensable pa r t i cu l a t e  emissions. For 

each run, t he  impingerat water was extracted th ree  times with chloroform and then 

extracted th ree  times with e ther .  The acetone r inses  and t h e  pooled chloroform 

and ether  phases w e r e  evaporated t o  dryness a t  room temperature and desiccated. 





After extract ion,  t h e  water phase was evaporated t o  dryness on a steam bath and 

desiccated. Following desiccation,  a gravimetric analysis  was performed on each 

phase t o  determine t h e  weight of t he  residue. 

4.5 Plume Opacity. EPA Method 9 procedures were used t o  determine t h e  

plume opacity. 

4.6 Equipment Calibration. Per t inent  ca l i b r a t i on  da ta  a r e  provided in  

Appendix C. 



APPENDIX A . l  

A. TEST RESULTS 

1. Part iculate  



FIH9 DATA AND RESULTS TABULATION 

PLhNT: 9. T. WWW Company, Drugatom, North Carolina 

R W  I D m  SAllPLINa LOCATION OPPRATOB -----_------ _----I_ ....................................... --------------------- 
M-1 10/12/89 Ro+iry D r y e r  Stack LwliO C. Murray 

nS-2 10/12/89 Rotary Dryer Stack L w l i o  C. Murray 

PU-3 10/12/89 RO- Dryer s t w k  L w l i o  C. Uurray 

Run Start T i w  
Run Finish Time 

\ \  Net Traversing Points 

Net RRun T-, n i n ~ t ~  

Nozzle Diamrter, Inches 

CP P i t o t  Tube Coefficient 

Y Dry Gas Mote Calibration Factor 

Delta-H Avg. Prenauro Different ial  of 

\ Orif ice Mator, Inches E20 

\ \ m  voluma of notered oas sample, ~ r y  ACF 

tm ~ r y  cas ~ e t e r  Tempsrature, D e g r s s m  F 

Vmmtd Voluma Of Motored Gas Sample, Dry SQ* 

Vlc Total V 0 1 u w  of Liquid Collected 
in Impingers 4 S i l i c a  G e l ,  m l  

VO~UIP. of Water Vapor, SCP* 

Moistwe Contont, P e r c ~ t  by Volurr 

Dry Hole Fraction 

Carbon Dioxide, Percent By Volwm, Dry 

K'2 Oxygen, ~ e r c o n t , ~ y  volume, ~ r y  

Gan Molecular Woight, lb/lb-Mole, Dry 

Gar, Molecular Weight, lb/lb-Mole, W e t  

pg Flue Gaa Sta t ic  Pres.ure, Inches 5 0  

Ps Absoluta Plum Gas Prmsaure, Inches Eg 

ts Flue G 8 m  Taqmraturo, Dogroes F 

Dolta-p Avorag. Voloeity Head, Inches E20 

vs Plum Gas Velocity, Feot/Saond 

A st.ck/Duet zum, square Inches 

Volumetric Air Flar  Rate, Dry SCPnrr 

V 0 l U Q O t r i ~  Air Flar  Rate, W e t  ACFM 

Isokinet ic  Sampling Rate, Percoat 

* 68' F -- 29.92 Inches of Mercury (Eg) 



FIgU) DATA AUD RsaULTS TABuLlrrIOU 

(Continued) 

pLIIlST: S .  T. Wwtrn Company, Dmgmtore, North Carolina 

Filterable Particulate 

mg Catch Waight, Milligram 
gr/DSCP Concontration, grainm/DSCP 

lb/hr Emission Rate, lb/hr 

Filterable L Condensable Particulate 

mg Catch Weight, l4illigrium 
Concentration, graIns/DSCP * 
W a s i o n  Rate, lb/hr 



APPENDIX A.2 

A. TEST RESULTS 

2.  Plume Opacity 



Name of Source: S, T. WOOTEN - CLAYTON 
Observer: JAMES B .  WINEGAR 

F i l e  Name: STW-1 Slant Angle: 22.0 

Start Time: 0850 Stop Time: 0950 Date of Test: 10-12-1989 

_-____--_-------_---------------------------------.--------------------.------- 
- O R I G I N A L  D A T A -  

Set>> 00 15 3 0 4 5 
Min 

1 0 0 0 5 
2 0 5 0 0 
3 0 0 5 0 
4 5 0 0 0 
5 5 5 5 5 
6 0 0 0 0 
7 5 5 5 0 
8 5 5 0 5 
9 5 5 0 0 
10 10 0 5 10 
11 10 10 0 0 
12 5 0 10 15 
13 5 0 0 5 
14 10 5 2 0 0 
15 0 0 10 0 
16 0 5 0 0 
17 0 0 0 5 
18 5 0 0 10 
19 0 10 0 5 
2 0 5 0 0 0 
21 0 5 5 0 
2 2 0 5 10 0 
2 3 0 0 0 0 
2 4 0 10 0 5 
2 5 10 5 5 5 
2 6 0 0 15 5 
2 7 15 0 0 0 
2 8 5 5 10 0 
2 9 0 0 0 0 
3 0 0 0 0 0 

NOTE : 

DATE PRINT: 10-19-1989 TIME PRINT: 14:49:13 



Name of Source: S. T. WOOTEN - CLAYTON 
Observer: JAMES B. WINEGAR 

File Name: STW-1 

Start Time: 0850 

Slant Angle: 22.0 

Stop Time: 0950 Date of Test: 10-12-1989 

_--___-----_-__---_--------------.--------------------------------------------- 
- R O L L I N G  A V E R A G E S -  _-_-__-------__---_----------------------------------------.------------------- 

Set>> 00 15 3 0 4 5 Set>> 00 15 30 4 5 
Min MLn 

1 - - - - 3 1  3 3 2 2 
2 - - - - 3 2 2 2 2 1 
3 - - - - 3 3 1 1 1 1 
4 - - - - 3 4 1 1 0 0 
5 - - - - 3 5 0 0 0 0 
6 - - - 2 3 6 0 1 1 1 
7 2 2 2 2 3 7 1 1 1 1 
8 2 2 2 3 38 1 1 1 1 
9 3 3 3 3 3 9 1 1 1 1 
10 3 3 3 4 4 0 1 1 1 1 
11 4 4 4 4 4 1  1 1 1 1 
12 4 4 4 5 4 2 1 1 2 2 
13 5 5 4 5 43  2 2 2 2 
14 5 5 6 5 4 4 2 2 2 2 
15 5 5 5 5 4 5 3 3 3 3 
16 5 5 5 5 4 6 4 4 4 4 
17 4 4 4 4 47 4 4 4 4 
18 4 4 4 3 48  3 3 3 3 
19 3 4 4 4 4 9 3 2 3 3 
2 0 3 3 2 2 5 0 3 4 3 3 
2 1  , 2  2 2 2 51 3 3 3 3 
2 2 2 2 3 3 5 2 4 4 4 4 
2 3 3 3 3 2 5 3 4 4 4 5 

- - 

BLOCK SIZE (for Rolling Averages) = 24 READINGS 

*The highest BLOCK in this ROLLING AVERAGE is at 14 Min and 30  Sec 

*>> OPERATION WAS PERFORMED ON THE: original DATA. <<* 

NOTE : 

DATE PRINT: 10-19-1989 TIME PRINT: 14:49:34 



Name of Source: S. T. WOOTEN - CLAYTON 
Observer: JAMES B .  WINEGAR 

File Name: STW-1 Slant Angle: 22.0 , .  

Start Time: 0850 Stop Time: 0950 Date of Test: 10-12-1989 

- B L O C K  A V E R A G E S -  

Set>> 00 15 30 4 5 Set>> 00 15 30 45 

Min Min 
31 - - - 

1 - - - - 
32 - - - - 

2 - - - - 
3 3 - - - 

3 - - - - 
34 - - 

4 - - - - 
35 - - 9 - 

5 - - - - 
36 - - - 1 

6 - - - 2 
3 7 - - - - 

7 - - - - 
3 8 - - - - 

8 - - - - 
3 9 - - - - 

9 - - - - 
40 - - - - 

10 - - - - 
41 - - - 

11 - - - - 
4 2 - - - 

12 - - 2 - 5 
43 - 0 0 

13 - - - - 
4 4 - - - 9 

14 - - - - 
45 - - - - 

15 - - - - 
46 - - 

16 - - - - 
4 7 - - 9 

17 - - - - 
48 - - 18 -- - 3 3 - 
49 - 9 

19 - - - - 
50 - - 0 - 

2 0 - - - - 
51 - - - 

21 - - - - 
2 2 52 - - - - - - - - 

5 3 - - 9 

2 3 - - - - 
2 4 5 4 - - - - - 3 5 - 
2 5 5 5 - - - - - - - - 
2 6 5 6 - - - - - - - - 
2 7 57 - - - - - - - 
2 8 5 8 - - - - - - - - 
2 9 5 9 - - - - - - - - 
3 0 60 - - - - - 3 1 - 

j ~ ~ _ ~ ~ ~ ~ ~ _ ~ _ _ _ u _ ~ ~ _ ~ P ~ I ~ ~ P _ P ~ ~ r ~ ~ ~ _ ~ p ~ ~ _ ~ ~ ~ ~ ~ ~ I ~ ~ 3 ~ ~ ~ p ~ _ P _ r : P 3 1 _ 3 ~ ~ n 3 1 ~ ~ I I I 3 1 ~ ~ ~ = ~ ~  

BLOCK SIZE = 24 FLEADINGS 

*>> OPERATION WAS PERFORMED ON THE: original DATA. <<* 

NOTE : 

DATE PRINT: 10-19-1989 TIME PRIWT: 14:49t48 



APPENDIX A. 3 

A. TEST RESULTS 

3. Example Calculationa 

ENTROPY 



EXAMPLE TEST CALCULATIONS RUN M5-1 

R o t a r y  D r y e r  Stack 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

P b a r  + ( D e l t a  ~ / 1 3 . 6 )  
V m s t d  = 17.64 * Y * Vm * ..................... 

(460 + t m )  

30.00 + (2.000/13.6) 
V m s t d  = 17.64 * 1.0202 * 48.397 * - - - ------------  = 46.804 DSCF 

(460 + 101)  

VOLUME O F  WATER VAPOR AT STANDARD CONDITIONS 

V w s t d  = 0.04707 * V l c  

V w s t d  = 0.04707 * 341.5 = 16.074 S C F  

PERCENT MOISTURE, BY VOLUME, AS MEASURED I N  FLUE GAS 

ABSOLUTE FLUE GAS PRESSURE 

Ps  = Pbar + ( P g  / 13.6) 

Ps  = 30.00 + (-0.51/13.6) = 29.96 inches Hg 

DRY MOLE FRACTION O F  FLUE GAS 

M f d  = 1 - %H20 / 100 

M f d  = 1 - 25.6/100 = 0.744 

DRY MOLECULAR WEIGHT OF FLUE GAS 

WET MOLECULAR WEIGHT O F  FLUE GAS 

MS = (Md * M f d )  + (0 .18 * %H20) 



1 0  
AVERAGE FLUE GAS VELOCITY [Note: (Delta p)avg is square of average square root] 

(Delta P)avg * (460 + ts) 
vs P 85.49 * Cp * SQUARE ROOT ......................... 

PS * ME 1 
1.0400 * (460 + 275) ] 

vo = 85.49 * 0.840 * SQUARE = 70.42 ~ ~ / E B C  

DRY VOLUMETRIC FLUE GAS now RATE AT STANDARD CONDITIONS 

6 0 Tstd Ps 
Qsd = ----- * Mfd * vs * A * -------- * ------ 

144 460 + ts Pstd 

Qsd = 25,784 SCFM 

WET VOLUMETRIC FLUE GAS FLOW PATE AT STANDARD CONDITIONS 

Qaw = 60 / 144 * vs * A 
Qaw = 60 / 144 * 70.42 * 1,642.0 = 48,179 ACFM 

PERCENT ISOKINETIC' OF SAMPLING RATE 
- - - - - - - - - - - - - 

Petd 100 (ts + 460) * Vmstd 
$1 r ---- * --- * .......................................... 

Tstd 2""- 60 Ps * vs * Mfd * Theta * ( n  * (~ozzleDia/2) /144) 

CONCENTRATIONI GRAINS PER DRY STANDARD CUBIC FOOT, FILTERABLE PARTICULATE 

7,000 (mg / lo3) 
~ ~ / D S C F  = ------- * ---------- 

453.592 Vmstd 

EMISSION RATE, POUNDS PER HOUR, FILTERABLE PARTICULATE 

6 0 (mg / lo3) 
lb/hr = ------- * ---------- * QSd 

453.592 Vmatd 



APPENDIX B . 1 

B. FIELD AND ANALYTICAL DATA 

1. Particulate 



Preliminary Field Data . - 
~ ~ K ~ E T H R O U C P I Q ~  

l t r n o n t t m n 8 u d 2 d i m ~ ~ d U Q  
dia u kss uun 24'. us# 8  or 9 

VELOcm P A W E  
D U M m R S  
UP DQHnr 

PORTS TO NEAREST 
FLOW DISTURBANCE 

LOCATlON ff ' T R A m  H CI#XIIAR m m  

1 
2 
3 

S 
8 
7 
1 
B 

1 0  
1 1  
1 2  
1 3  
1 4  
1 S 
1 6  
1 7  
1 1  
1 @ 
2 0 
2 1 
2 l 
2 a 
2 4 

4 6 8 1 0  1 2  1 4  l @  1 8  2 0  2 2  2 4  
6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1 

25.0 14.6 10.5 8.2 6.7 5.7 4.9 4.4 3.9 3.5 3.2 
75.0 29.6 19.4 14.6 11.8 9.9 1.5 7.5 6.7 6.0 s.5 
g3.3 70.4 32.3 22.6 17.7 14.8 12.5 10.0 9.7 8.7 7.9 

85.4 67.7 34.2 25.0 20.1 18.9 14.6 12.9 11.8 10-5 
95.6 80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2 

89.6 77.4 64.4 38.6 28.3 23.8 20.4 18.0 18.1 
96.8 85.4 75.0 63.4 37.5 29.8 25.0 21.8 19.4 

91.8 82.3 73.1 62.5 31.2 30.6 21.2 2a.a 
97.4 88.2 79.9 71.7 61.8 38.8 31.5 27.2 

93.3 B5.4 78.0 70.4 61.2 39.3 32.3 
97.9 90.1 63.1 76.4 69.4 60.7 39.8 

04.3 87.5 81.2 75.0 68.5 60.2 
98.2 91.5 85.4 79.6 73.8 67.7 

05.1 89.1 83.5 78.2 72.8 
96.4 92.5 87.1 82.0 77.0 

95.6 90.3 65.4 80.6 
96.8 93.3 88.4 83.9 

96.1 91.3 88.8 
91.7 94.0 89.5 

96.6 92.1 
98.9 94.6 

W.8 
Q8.q 

OF TRAERSE Poucsw RECTAMUUR SAQcS 

7 8 9 1 0  1 1  1 2  

-3 7.1 6.3 5.6 5.0 4.5 4.2 
.o 21.4 18.8 16.7 15.0 13.8 lPe5 
.7 35.7 31.3 27.8 25.0 22.7 20.8 
.3 50.0 43.8 38.9 35.0 31.8 29.2 
.O 64.3 58.3 50.0 45.0 40.9 37.5 

91.7 78.6 61.1 61.1 55.0 50.0 45.8 
7 92.9 81.3 72.2 65.0 59.1 54.2 

8 
B 

1 0  
1 1  
1 2  

93.8 83.3 75.0 68.2 62.5 
94.4 85.0 77.3 70.8 

95.0 86.4 79.2 
95.5 87.5 

95.8 



ORSXT FIELD DATA 

P l a n t  Yame S -7 UGlotc.c /  Co . 
Sa.;l?l in ;  Locat  ioi;- Ro+al Dh.l cr s+d< r u e 1  Ty?e 

n ~ n d / o r  Sample So.  3 --q Leak T e s t e ?  Datejui 7 -%?"erator LC W ,  

R~ln a n d / o r  Sample S O .  Lesk Te 

Run and /o r  Sample No. Leak T e s t ?  Date  O p e r a t o r  

Xvg. I 

%N2 I 

100-C 

f? 1.7 

%CO 

C-B 

-C- 

-.--- 

X ti2 

100-C 

*.02 

B-A 

0 .a 

1 3.0 

12.0 

12.0 

X O  

C-8 

CO 
Read! ng 

C - 

Avg. d .4vg . 

",* 
0 -A  

6 $ 1  

O 2 
Readlng 

B 

1 % .  I 

( % . I  
1 % .  I 

C 

co 
Read1 ng 

C 

co2 
Reading 

A 

L .  l 
6.1  
6 ,  1 

Time of Ti me 
Sample o f 

Collection Analysis 

/C1 I L Y  r- 

02 
Read1 B ng 

i 

CO2 
Read1 A ng 

~ i m e  of 
Sampl e 

Collection 

I L  6' 

[705' 

~i me 
o f 

Analysis 



X S O X X N E T I C  TYPE FIELD DATA S-ET . , 
5.7:  ~ l m t m  6 RUN NVMBERfl5 1 - 

COMPANY NAME 
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M O I S T U R E  SfiMPLINLS LAHOHATORV RESULTS 

Plant  Name; s 'r WOOTEN EEI He+# 6476 

Sampirng Location: Rotary Dryer Stack 

Run Number 
Run Date 

ANULYSIS OF MOISTURE CATCH 

Reagent 1 ( H20 1 
F l n a l  Welght, q. 906.0 
Tared Welqht, g. 577.5 ---------- ---------- 

Water C a t ~ ? ,  q. 328.5 

Reagent 2 ( 1 
F i n a i  Weight, g .  
Tared Weight, g. 

\ Water Catch, g. 

\ Reagent 3 ( 

F i n a l  Welght. g. 
Tared Welqht, y. 

Water Catcn,g. 

\ CONDENSED WhTER, 2. 

\ S r l l c a  Gel: 
Final Welghr. 9. 
Tared Welght, g. 

ADSORBED WATER, g. 

TOTAL WhTER COLLECTED, q. 



- 21 
F'&UTICULATE SAMPLING LFIBORATOHY RESULTS 

-- - 

P l  ant Name: S T WOOTEN EEI Ref# 6476 

Samplinq Locat ion: Rotary Dryer Stack 

Date Hecelved: 10/16 Date Analyzed: 10/19 Reagent Boe(es1: 0566 

Hun Number 
Hun Date 

Sample ID/Container # 

Tare Welght., g. 

SAMPLE WT , g *  

Sample ID/Container 8 

Tare W t . .  g. 

SAMPLE W I m  3 g a  

Sum af P a r t i c u l a t e ,  mg. 535.7 518.2 512.7 
Total  F i l t e r  'Tare, mg. 506. 1 502.2 503.8 

Blank Resldue, mg. ( 175 m l )  0.4 ( 175 ml) 0.4 ( 125 m l )  0.3 
=========I ===='===PI PP===zI=== 

TOTAL PARTICULATE CATCH, mg . 29.2 15.6 8.6 

EIiankEeaker # 2003 ---Legend--- Nates and Comments 
F i n a l  w t .  , mq. 99946.3 / = F i n a l  Weight 

Tare w t .  , mg. 99545.9 L = Loose P a r t i c u l a t e  ,Run 1 f i l t e r  darker k 
Reslaue, mg. 0 . 4 F = $1 l t e r  D = Dish r l n s e  v i s i b l y  h igher  
Volume, m i ,  2cl0 H = ~ i n s e  ? = P a n  

ENTROPY 



SUMMARY UF I M P I N G E R S "  W A T E R  A N A L Y S I S  
--- 

P lan t  Name: S T WOOTEN 
" "  2 2  

EEI Ref# 6476 

Run Number 
Hun Date 

Sample ID/Container # 

Tare Weight., g. 

SAMPLE WT., g. 

Sample iD/Container # 2 332 
===a====== 

Tare W t . ,  g. 

SAMPLE WT., g. 

Samole ID/Contalner t 

Tare A t . ,  a. 

SAMPLE AT. , q . 

&I. 5710 42.5486 105.4908 
96.5712 102.5489 &QS. 4907 
Yb. 56603 102.5425 1 05.4807 ---------- 

----me---- 
--"="..'- ---- ----- =PaS.)PIP== 

0 . U 1 0'7 I.) . 006 1 0.0100 

1 Organic F r a c t i o n  Catch, mq. 9.3 2.0 3.7 
2 Inorganic F r a c t i o n  Catch,mg C 7 ~ c r .  4 53.7 54.1 
4 k e t o n e  So lub le  Catch, mg. 10.7 6.1 10.0 

Acetone Residue, mq.  (250 m l )  0.5 (250ml) 0.5 (250 m l )  0. 5 
Water Residue, mg. (200 m l )  0.0 (20Oml)  0.0 (200 m l )  0.0 

T O T R  IMPINGEKS~CTCH. mg. 72. Y 61.3 67.3 

TOTAL TRAIN-  CATCH, mq, 102.1 

Blank Beaker # 
Pcaceours Exolanat ion F i n a l  wt.,mg. 89234.6 

4 - Ex t rac tab le  w l t h  t reon  (trlehloro-tri+luoro-ethane) Tare wt,, mg. 89234.6 
- Water catch a f t e r  e x t r a c t i o n  and heat ing  t o  210 F Residue, mg. 0.0 

5 - Water catch a f t e r  heat lng  t o  F Volume, m l .  200 
A- Acetone r l n s l  ngs of  i mplnqers and connect ing glassware Conc., mq/ml 0. 0 



0 S b b  
CUSTODY SHEET FOR REAGENT BOX # . 

Date of m e u p  S \987 I n i t i a l s  

IndivigqaI Tare of Reagenk: 7 ' n  
," 

Ingividual  Tare of Reagent: mls. of 

Individual S i l i c a  Gel Tare Weight 22- g m s  . 

PLANT NAME s ,‘lc, D L / a o P t e -  

SAMPLING LOCATION 
- - 

ZT7"m-T R o k h  b-4,- 
I r / I 
2 8 4  

Sampling Method: f%'c Filter ' Tare '-Used. 
# Weight - on 

(graMY? Test 

Locked? 

/ 

1 

rill 

Remarks : 

I n i t i a l s  

P e  
$fib 

@El> 

% S .  G e l  
Spent 

40 
4 0  

40 

I n i t i a l s  ~o f ; pB?  
Received i n  Lab 

Zero c Span Balance 
I n i t i a l s  Je\ 

Date 
Cleanup 

/&12-aq 

A d d - 8  9 

&-jZd? 

Run I 
Number 

NS-I 

5 -  

~ 5 - 3  

I n i t i a l s  

PC4 
PCb 

PF'b 

Date 
Used 

/0*-84 

/0@-89 

Id-A-89 

Locked? 

/ 

H 

/ 

I 
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CALIBRATION DATA 

ENTROPY 



QUALITY ASSURANCE PROCEDURES 

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

Entropy is assigned a unique, permanent i den t i f i ca t i on  number. New items for  

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

Equipment with the  p o s s i b i l i t y  of the ca l i b r a t i on  s t a t u s  changing with use or 

with time is inspected i n  the  f i e l d  before t e s t i n g  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 

cal ibrat 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 iod ica l ly  recal ibrated i n  f u l l ,  regardless of the  outcome of 

these. regular inspections.  

Calibrations a r e  conducted i n  a manner and a t  a frequency which meet or 

exceed U. S. EPA spec i f ica t ions .  Entropy Environmentalists Inc. (EEI) 

follows the ca l i b r a t i on  procedures outl ined i n  EPA Reference Methods, and 

those recommended within the Qual i ty  Assurance Handbook f o r  A i r  Pollution 

!Jeasurement Sys tems : Volume 111 (~~A-600/4-77-027b, August , 1977) . When the 

Reference Methods a r e  inapplicable,  EEI uses methods such a s  those prescribed 

by the  American Society f o r  Testing and Materials (ASTM). 

Data obtained during ca l ib ra t ions  a r e  recorded on standardized forms, 

which are  checked f o r  completeness and accuracy by the  Qua l i t y  Assurance 

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

calculat ions  a r e  performed using E E I ' 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 f o r  accuracy. 

Copies of ca l i b r a t i on  da ta  a re  included i n  the  t e s t  o r  p ro jec t  reports.  

Inspection and Maintenance. An e f f ec t i ve  preventive maintenance program 

i s  necessary t o  ensure da t a  qua l i ty .  Each item of equipment returning from 

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

of these inspections,  items a re  cleaned, repaired,  reconditioned, and 

recal ibrated when necessary. 

Each item of equipment used f o r  t h i s  t e s t  program was inspected again 

before being packed and transported to  the job s i t e .  The majority of the 

equipment needs a v i sua l  inspection only. In  the  case of the  meter consoles, 

a 10-minute quick ca l i b r a t i on  check is conducted. EEI performs these qual i ty  

assurance a c t i v i t i e s  p r i o r  t o  departure t o  de tec t  equipment problems which 

nay or ig ina te  during periods of storage.  This minimizes on-s i te 'delays  due 

to  equipment f a i l u r e .  



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

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

makes every e f f o r t  t o  transport  s u f f i c i e n t  backup equipment t o  the  job site 

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

Calibration.  Equipment t h a t  require  ca l ib ra t ion  include the nozzle, 

p i t o t  tube, pressure gauges, thermometers, flow meters, dry gaa meters, and 

barometers. The following sect ions  e laborate  on the ca l ib ra t ion  procedures 

followed by EEI f o r  these items of equipment. Calibration d a t a  f o r  the  

spec i f i c  items of equipment used f o r  t h i s  test program follow the  tex t .  

Nozzles. Each probe nozzle is uniquely and permanently i den t i f i ed  a t  

the t i m e  of purchase, cal ibrated before i n i t i a l  f i e l d  use, and v isua l ly  

inspected on-s i te  p r io r  t o  tes t ing .  Each time a nozzle is ca l ibra ted ,  the 

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

micrometer. Five measurements a r e  made using d i f fe ren t  diameters each time. 

I f  the dif ference between the high and the low numbers does no t  exceed 0.004 

inch, the  average of the  f i v e  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 EEI, whether separate  o r  

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

Corporation. Each p i t o t  is ca l ib ra ted  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 coef f ic ien t  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 v isua l ly  before it is transported t o  the 

f i e l d  and again on-site p r io r  t o  tes t ing .  If e i t h e r  of these v i sua l  

inspections indicate  damage o r  raise doubt t ha t  the p i t o t  remains in 

accordance with the EPA geometry standards, the p i t o t  tube is not used u n t i l  

it has been refurbished and recal ibrated.  

Di f fe ren t ia l  Pressure Gauges. Some meter consoles used by EEI are 
equipped with 10-in. W.C. incl ined-ver t ical  manometers. Fluid manometers 



do not requi re  ca l ib ra t ion  other  than leak  checks. Manometers a r e  leak 

checked i n  t h e  f i e l d  p r io r  t o  each t e s t  s e r i e s ,  and again upon re turn from 

the f i e l d .  

Most of EEI ' s meter consoles a r e  equipped with ~ e g n e h e l i c ~  d i f f e r e n t i a l  

pressure gauges. Each s e t  of gauges is ca l ib ra ted  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  ca l ib ra t ion  of the  gauge 

set is checked against  an incl ined manometer a t  the  average d e l t a  p 

encountered during the  t e s t .  I f  the  agreement is within - + 5 %, the  

ca l ib ra t ion  is acceptable. 

Thermometers 

Impinger Thermometer. On-site, p r i o r  t o  the  s t a r t  of t e s t i ng ,  the  

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

h p i n g e r  is compared with a mercury-in-glass thermometer which meets ASTM E-1 

spe i f i c a t i o n s .  I f  necessary, the impinger thermometer is adjusted u n t i l  i t  

agree within  + 2 ' ~  of the reference thermometer. (If the  thermometer is not a - adjus t  l e ,  it is labeled with a correct ion f ac to r . )  

Dry Gas Meter Thermometer. P r io r  t o  each f i e l d  use,  the  thermometer 

used t o  measure the  temperature of the  metered gas sample is checked against  

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

acceptable i f  the values agree within - + 5.4'~. Thermometers not meeting t h i s  

requirement a r e  adjusted o r  labeled with a correct ion fac tor .  

Flue Gas Temperature Sensor. A l l  thermocouples employed by EEI f o r  the 

measurement of f l u e  gas temperatures a r e  ca l ib ra ted  upon receipt .  Each 

receives an i n i t i a l ,  3-point ca l i b r a t i on  ( i c e  bath, bo i l ing  water, and hot 

o i l )  using an ASTM mercury-in-glass thermometer a s  a reference. The 

thermocouple is acceptable i f  the  agreement is within - + 1.5 % (absolute) a t  

each of t he  th ree  ca l ib ra t ion  points.  

On-site, p r io r  t o  the start of t e s t i ng ,  the  reading from the  s tack  gas 

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

reference thermometer. If the two agree within + 1.5 % (abso lu te ) ,  the  - 
thermocouple and potentiometer a r e  considered t o  be i n  proper working order 

fo r  the t e s t  series. 



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

compared with an ASTM mercury-in-glass reference.  If the  absolute 

temperatures agree within - + 1.5 $, the  temperature da t a  a re  considered valid.  

Dry Gas Meter and Ori f ice  

General. The dry gas meter and o r i f i c e  a r e  typ ica l ly  i n s t a l l ed  i n  a 

common console and a r e  cal ibrated simultaneously. As a t ransfe r  standard, 

EEI uses a dry gas meter t h a t  is ca l ib ra ted  annually against  a spirometer. 

During the  annual t r ans fe r  standard ca l ib ra t ion ,  th ree  ca l ib ra t ion  runs a re  

performed a t  each of seven flow r a t e s  ranging from approximately 0.2 t o  

1.25 cfm. 

EEI uses th ree  ca l ib ra t ion  procedures: 1) f u l l  ca l ib ra t ion ,  2) 10-minute 

quick ca l i b r a t i on ,  and 3)  pos t t e s t  ca l ib ra t ion .  

Ful l  Cal ibrat ion.  The f u l l  ca l ib ra t ion  is  a complete ca l ib ra t ion  

procedure used t o  obtain  the  ca l ib ra t ion  f ac to r  of the  dry gas meter and 

o r i f i c e  before t h e i r  f i r s t  use and, a t  a minimum, every s i x  months 

thereaf ter .  Two ca l ib ra t ions  a r e  performed a t  each of three  d i f f e r en t  

o r i f i c e  s e t t i n g s  (flow r a t e s )  : 0.5, 2.1, and 4.8 in .  HZO, and a t  zero vacuum. 

EPA Reference Method 5 c a l l s  f o r  another f u l l  c a l i b r a t i on  anytime a 

pos t tes t  meter ca l i b r a t i on  indicates  t h a t  the  average meter coeff ic ient  

(Yd) had changed by more than 5 1. Standard p rac t i ce  a t  EEI is t o  

reca l ib ra te  the  meter anytime Y is found t o  be ou ts ide  the  range 
d 

0.97 - < Yd  - < 1.03. o r  deviates more than the 5 %. 
An o r i f i c e  ca l i b r a t i on  fac tor  (delta-He) is calculated f o r  each of the 

s i x  flow s e t t i n g s  during the  f u l l  ca l ib ra t ion .  If  the  range of values does 

not vary by more than 0.15 in .  H20, the  ar i themtic  average of the s i x  values 

obtained during the  ca l ib ra t ion  is used. Standard p rac t i ce  a t  EEI is t o  

reca l ib ra te  i f  the  average delta-H@ is found t o  be outs ide  the  range 1.6 t o  

2.0 i n .  H20. 

Ten-Minute Quick Calibration.  The 10-minute quick ca l ib ra t ion  is 

conducted p r i o r  t o  repor t ing t o  the t e s t  s i t e  and again p r io r  t o  each day of 

tes t ing.  The meter console is not used i f  Yd is not  within - + 3 % of t h a t  of 

t h e  f u l l  t e s t .  



Post tes t  Calibration. The poattest  cal ibrat ion is designed t o  check 

whether the cal ibrat ion factors  have changed. Post test  cal ibrat ions 8re 

performed a f t e r  each f i e l d  test series. Each post tes t  cal ibrat ion is 

performed a t  an average o r i f i c e  s e t t i n g  (based on the test data)  and a t  the 

m a x i m u m  vacuum reached during the testing. Three cal ibrat ions are perfomed 

a t  these set t ings.  

If the post test Yd deviates by l e s s  than 5 % from that  of the full teat 

calibration. the t e s t  data are acceptable. If Yd deviates by more th8n 5 %. 

the meter is recalibrated pr ior  t o  reuse. and the Yd ( in i t i a l  o r  post test)  

that yields the lowest sample volume is used fo r  all calculations. 

If the post test  delta-H@ deviates by more than 10 % from tha t  of the 

f u l l  t e s t .  the o r i f i c e  is recalibrated prior  t o  reuse. No adjustments are 
made for calculation purposes. 

Barometer. Each f i e l d  barometer is adjusted before each t e s t  series to 

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

barometer is checked weekly against the s ta t ion  pressure value (corrected for 

elevation difference) reported by the National Weather Service s t a t ion  a t  the 

Raleigh-Durham International Airport, approximately 2.5 miles from Eej['s 

location. 
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Standard Meter Number:  6 8 3  6 3 L3 Standard Meter Gamma: /. 0 0 6  

- 4 0  

Date: / 0- <- 87 B a r o m e t r i c  Pressure (Pb) : 2 9 . 4  6 in. Hg 

Meter BOX Number: N y  

*Barometric Pressure (Pb): in. Hg 

Calibration by: f i  C 

METERBOX CALIBRATION 

I 

1 I Standard Mator Meter Box Metering System 

'-1037 
6-88 rev 

T i m e  
( 9 )  

min . 
I 3 

& 

Gas 
Volume 
( I  

ft 

4 . 1 3 1  

+ . 1 1 3  

g.376 

Ye 1 5  + 
1 .  

L/1.z9f3 

A 52 
in. H 2 c 

l ~ 6 0 )  

613  

/ 6 ' l f  

( . L Y / *  

t r > o b  

/. 7 0  / 

Temp. 
(tdo) 

'P 

6 8  

b 8  

6 B 
> O 

6 7  

6 7  
I - ~ J - J .  

Coeft. 

(yd 1 

1 , 4 1 ~ C  

/ . o r 7 t  

I ~ O Z  td" 

I , u ~  )t 

~ . o t , f f  
( 0  O L 8 7  

Average ~ ' ~ L U L  

Temp, 
( td 1 

'F 

7 8  

B L  

8 )  

3 7  

?L 

Orifice 
Setting 
(AH I 

in. H ~ O  

0 

0 -  1' 

2, 1 

L ,  1 

4, g 

Gas 
Volume 
(vd 1 

tt3 

+.frf 

y.1~1 

p:3>1  

S+f3 

l r . 3 8 3  

- I r . + I f  5 7  



ON-SITE DRY GAS METER AUDIT 

Date )o- I -'5 
Time !v36 
Auditor RCfLl 

Meter Box Iden t i f i ca t ion  Number 121 - C/ 
Pre tes t  Gamma ( Y )  j t0262 AHa /,A55 
Barometric P r e s s u x  (Pbar) dS '7 i n  .Hg 

Readings, 

Final 767,623 

Temperatures, 

OF 

I n i t i a l  /03 

Final 

L i m i t s  f o r  

Audit Gamma 

0.97 * Y = ,q$iSSSY 

10 0.0319 (Tm + 460) ___--__-_--_-_--- 
Vm 'bar 

Audit Gamma Within Acceptable Limits? Yes /NO - 

Calculated 

Audit Gamma 

Y, = j1bV..3C l 

Run 

Time, 

min . 
10 

Dry Gas Volume 

Metered , 
f t3 

vm = 7, V 23 

Average Meter 

Temperature, 

OF 

~m = /(,a, 5 



1 
42 

Meter Box Number ~4 -.Calibration by f l o  c 

Meter Box vacuum 3 ( ~ n  Hg) - . ~ o b  No. 6 Y-) G 

Standard Meter Number 1 0  ( ) 5-7 Standerd meter Gama 1- 01 6 Y 

Date ' 0 -  "'"7 Barometric pressure (P,) L - 9 - C L  (iring) 

POST TfS7 CAL /BRR7lDN 
t 

I 

Standard Meter Meter Box Meterlng System 
I 

Coeff 

( V d  

I I O ~ L . ?  1 

Tlrne 

(8) 

min  

1 

Volume 
(Vdt 
113 

Y d s  * Vds * (t d + 4 6 0 )  * Pb y d  = - --------------------------------  
Vd * ( t  ds + 4 6 0 )  (Pb + C H / 1 3 . 6 )  - 

I 
0.0317 * CIH 

I 1 2  
I ( tds + 460 )  * 8 1 

= - -------------- * - - - - - - - - - - - - - - - - ,  

Pb (td + 460)  - 1 I 'ds * 'ds __r 

I 

AP (flegnehelic@) aP (Manometer) I % Difference 

AH @ 

~ n .  H20 
I 

( . ) / 3  

Temp. 
(1,) 

OF 

O r i f ~ c e  
Set t lng 

(AH) 
l n  H 2 0  

Temp. 

(tds) 

* F 

. LLY 

Fs" 

7 2  

9 +  

volume 
(vd 1 
f t 3  

Average 
I 

7 .%+ 

F - / o  6 

8 . o r 6  
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NOZZLE NUMBER: 506 

NOTE: A l l  diameters measured in inches. 
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