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INTRODUCTION 

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

S.T. Wooten Company in Princeton, Nqrth Carolina, on November 1, 1990. Testing 

was conducted at the rotary dryer stack to determine the particulate emissions 

and plume opacity. Table 1-1 is a test log which shows the test parameters, 

sampling methods, and run numbers for the test program. 

TABLE 1-1 

TEST LOG 

Test 
Parameter 

Particulate 

Plume Opacity 

Run Numbers 
Sampling - - - - - -  Repetition - - - - - - 
Met hod 1 2 9 

EPA 3 M3-2 ---- ---- 
EPA 5 M5-1 MS-2 MS-3 

EPA 9 M9-1 M9-2 H9-3 

1.2 Test Participants. Table 1-2 lists the personnel involved in tha test 

program. 

TABLE 1-2 

TEST PARTICIPANTS 

S.T. Wooten Company 

Entropy Environmentalists Inc. 

Tim Mooney 
Test Coordinator 

Billy Ray Windburn 
Plant Contact 

Neil1 M. Harden 
Project Manager 

Andrew L. Carpenter 
Engineering Technician 

Tan Le 
Visible Emiesions Observer 



SUMMARY OF RESULTS 

Tables 2-1 and 2-2 summarize t h e  r e e u l t e  o f  t h e  par t i cu la te  emissions and 

plume opaci ty  t e s t i n g ,  r eepec t ive ly .  Deta i led  test reau l t e  are  presented i n  

Appendix A; f i e l d  and a n a l y t i c a l  data are  g iven  i n  Appendix B .  



TABLE 2-1 

PARTICULATE TESTS SUMMARY 

Rotary Dryer Stack 

Run Date 

Run Star t  Tim 
Run Finish Tim 

Test Train Parameters: 

Volune Of Dry Gas Saple, SCF 

Percent Isokinet ic  

Flue Gas Parameters: 

C02, Percent By V o l w ,  Dry 

02, Percent By Volunc, Dry 

A i r  Flou Rate, Dry SCFM 

A i r  F l~ Rate, Mt ACFM 

F i  l terable Particulate: 

Concentration, grains/DSCF * 

Emission Rate, lb/hr 

Fi l terable + Condensable Part iculate: 

Concentrat ion, grains/DSCF * 

Emission Rate, Lb/hr 

Average 
---.--. 

68' F (20" C) - -  29.92 Inches of Mercury (Hg). 

ENTRcmv 



TABLE 2-2 

SIX-MINUTE AVERAGE PLUME OPACITY OBSERVATIONS SUMMARY 

Rotary Dryer Stack 

Run Number 

Highest 6-minute Average Opacity, % 

Highest Single Opacity Reading, % 

----------- Run M9-1 ---------- ----------- Run M9-2 ---------- 
Set --- Time --- Avg. % Set --- Time --- Avg. % 
No. Start End O~acitv - No. - Start End O~acitv 

----------- Run M9-3 ---------- 
Set --- Time --- Avg. % 
No. Start End O~acitv - 



PROCESS DESCRIPTION AND OPERATION 

3.1 General. The S.T. Wooten Company operates an Aztec double drum asphalt 

plant in Princeton, North Carolina. The unit consist of a mixing chamber and 

rotary dryer, baghouse, ID fan, and stack. 

3.2 Source Air Flow. Figure 3-1 is an air flow schematic which shows the 

passage of flue gases exhausted from the rotary dryer. .- 
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SAMPLING AND ANALYTICAL PROCEDURES 

4.1 General. All sampling and analytical procedurea were those recommended 

by the United States Environmental Protection Agency and the North Carolina 

Department of Environment, Health, and Natural Resources. This section provides 

brief descriptions of the sampling and analytical proceduree. Detailed 

descriptions of the procedures are provided in Appendix D. 

4.2 Sampling Points. The number and location of the eampling pointo were 

determined according to EPA Method 1. The stack cross aection waa divided into 

30 equal areaa with five eampling points on each of eix traverae axee, ae ehown 

in Figure.4-1. 

4.3 Volumetric Air Plow Rates 

4.3.1 Flue Gas Velocity. EPA Method 2 was used to take the velocity 

measurements during the traveraea of the stack croes aection. 

4.3.2 Flue Gae Composition. During run M5-2, a multipoint, integrated flue 

gas sample waa collected and analyzed according to the procedure8 outlined in EPA 

Method 3. The analytical results were used to determine the flue gas coarpoaition 

and molecular weight. 

4.3.3 Flue Gas Moisture Content. Moisture content was determined according 

to the procedures outlined in EPA Method 5. 

4.4 Emissions Determinations 

4.4.1 Particulate. Emissions were withdrawn iaokinetically from the aource 

using an EPA Method 5 sampling train. The sampling train consisted of a nozzle, 

heated glass probe, filter, four chilled impingera, and a metering console. 

Filterable particulate was collected on Whatman EPMZOOO glaas fiber filter.. 

Condensable particulate waa captured in a chilled impinger syetem. The first two 

impingers each contained 100 mL of distilled, deionized (DI) water, the third 

remained empty, and the fourth contained preweighed eilica gel. Each of the 30 

points was sampled for two minutes resulting in net run timea of 60 minutea. 

(continued on page 4-3) 

CuTmnUv 



TRAVERSE POINTS 

6 AXES 
5 POINTS/AXIS 

30 TOTAL POINTS 

SECTION K-K  



Sample Recoverv. The filter was removed and placed in a glass jar. The 

reagents were returned to the original quart jars, weighed, and the weight. were 

recorded on the label. The silica gel was returned to the original container, 

weighed, and the weight was recorded on the label. All fronthalf component. of 

the sampling train including the nozzle, probe, and fronthalf of the filter 

holder were rinsed with acetone into a pint jar. The backhalf of the filter 

holder and the impingere were rinsed with acetone into a pint jar. 

Sam~le Analvses. EPA Method 5 analytical procedures were used to analyze 

the filter and fronthalf acetone rinse for filterable particulate. The DI water 

reagent and acetone rinses were analyzed to determine the condensable 

particulate. The DI water reagent was extracted three times with chlotofom and 

then extracted three times with ether. The acetone rinsee and the pooled 

chloroform and ether phases were evaporated to dryness at room temperature and 

desiccated. After extraction, the.water phase was evaporated to dryneoe on a 

steam bath and desiccated. Following desiccation, a gravimetric analyeie wae 

performed on each phase to determine the weight of the residue. 

4.4.2 Plume Opacity. The procedures outlined in EPA Method 9 wero followed 

in determining the plume opacity. 

4.5 Equipment Calibration. Pertinent calibration data are provided in 

Appendix C. 



QUALITY ASSURANCE/QUALITY CONTROL 

5.1 General. Entropy Environmentaliete Inc. (EEI) is committed to the 

continued implementation of a Quality Aeeurance Program to aaeure the quality of 

eampling and analytical procedures of environmental measurement data. The 

Quality Aeeurance meaeuree taken during thia teet project equals or exceeds the 

minimum QA/QC recommendations as eet forth by the U.S. Environmental Protection 

Agency (EPA) for a particular method. 

The following section8 outline the QA program implemented by EEI to justify 

the validity of test proceduree. As applicable, the QA system for the varioua 

teet program8 addreseee the following areae: 

Project Organization 

r Preventive Maintenance & Equipment Calibration 

r QA Sample Proceeeing 

m Analytical Inetrument Calibration 

r Blanks and Spiked Samples 

Internal/External System Checks 

Data Reduction & Validation 

D Continuous Emissions Monitoring 

QA/QC Summary 

5.2 Project Organization. The organization of the project team, including 

QA functione, are ehown in Figure 5-1. Note that the QA etructure Lo independent 

of the organizational group8 which generate meaeurement data during the teet 

program. 

5.3 preventive Maintenance and Equip~ent Calibration. An effective 

preventive maintenance program decreaeee downtime and thue increase. data 

completeneea and quality. Preteet and poettest equipment calibration. are 

conducted in a manner and at a frequency which meets or exceeds U.S. EPA 

specifications. 

Each item transported to the field is inspected to detect equipment problems 

which may originate during periode of storage. All equipment returning from the 

field are cleaned, repaired, reconditioned, and recalibrated ae necessary. 

Routine maintenance on equipment (dry gaa meters, pumps, magnehelics/manometera, 

pitot tubee, and nozzles) is carried out periodically for leaks, corrosion, 

dents, or any other damage. Table 5-1 shows the activitiee for equipnent 

calibration. 
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TABLE 5-1 

IN-HOUSE EQUIPMENT CALIBRATION 

C . l i b r a t i o n  t b t b o d  
A p ~ r a t u a  And Preuunncy 

Correct ivm 
Action -- 

I h w s  S t m d u d m  conta ined  i n  
P l t o t  Tub.. IIPA t b t h d  2. 

C o e f f i c i e n t  of  0.84 
t 0.02 

Visua l  i n s p e c t i o n  p r i o r  
to s h i p a t  to t o o t  site 
m d  aga in  p r i o r  to each  
&y of testAng. 

M a n o m e ~ r a  L& checked befor. and 
a f t e r  ucb  f i e l d  usm. 

Magnehml i c  I n i t i a l l y  c a l i b r a t a d  
Ccrugea war f u l l  rang.. 

0-10. w a t a r  -1- 

Within t 5% After each f i e l d  u u ,  
chocked &gainst i n c l i n e d  
wnomtu a t  averago 
w t t i n g m  oncounterad 
dur ing  too t ing .  

Ropair  and 
Rncalibratm. 

Imp = t 2'P 
Dcn - t 5.4.P 
Pn - t 5 . 4 * p  

M j u m t ,  d e t e r p i n e  
cor rec l t ioa  f a c t o r ,  
o r  reject. 

T h e r s m t e r m  
-1mping.r 
-Dry GAS 

M e t u  
- P i l t o r  

Af te r  purehaw and p r i o r  t o  
each f i e l d  uem, us ing  
ASM mercury-in-glum 
tharmolmt.2. 

After p u r c b a u .  3 -poin t  
( l a  bath, b o i l i n g  v a t u ,  
and hot o i l )  uaing ASZU 
r r c u r y - l a - g l a a a  themata t - .  

M j u a t ,  de taminm 
c o r r o c t i w  f a c t o r ,  
or r o j e t .  

Thermocouple/ 
Poten t iometer  

b f o r o  .Id s f t a r  each  f i e l d  
w, ccrparsd to ASl?4 mercury- 
in-g la.. thermmotu a t  
u b i e n t  condi t ions ,  

~ r y  mm mter 
and Orif icm 

DQI - f 0.02 
f r m  a v g . c w f f .  
f o r  ucb run. 
Q& - t 0.15. 820 
w u  d a l t .  6 rang. 
of 0.4- to 4.0.. 

mli c a i i b r a t i o a  ( w q  13 
m t h a )  w u  wid. rango  
of o r i f i m  mmttiaga to 
o b t a i n  c r l i b r a t l o a  f a c t o r .  

10-minute q u i c k  c a l i b r a t i o n  
b o r o r r  ..Pding to tort mite 
and aga in  p r i o r  ta e a c h  
d.y of f imld u u .  

t 3% o f  f u l l .  
t 5% o f  f u l l .  

U s e  i f  no brckup. 
Do n o t  u n .  

~ o m t t o s t  ( a t  average  dmlt .  B 
and h i g b r t  vacuum) to 
d o t a w  i f  #tU g a m v  
has ch-. 

t 5% o f  f u l l  cali- 
bra t ion .  ?ac tor  
( i n i t i a l  o r  mli- 
b r a t i o n )  t h a t  yimldm 
t h o  l o w r a t  m a r p l .  
v o l u m  f o r  t h o  t e s t i n g  
is u . d .  

~ r y  m a  tba r  
T r a n s f e r  
Standard 

Annual CAlibratiaam 
c o a d u c t d  in triplicate 
ming =A wt tost 
-tar. U i b r a t i o l u  
o o a d u c t d  a t  7 f low ratem 
I r a  0.25 to 1.40 of.. 

M j u s t  and recall- 
brat.. 

Before .ad a f t e r  aach  
f i e l d  uam &gainst  .a 
m u o i d  h r o n t u .  

t 0.1- mercury. M j u s t  t o  
agreo. 

P a f a r o m  b a r o m t a r  
d j u s t e d  f o r  e lmvat ion  
diffuoncr.. 

Probo 
Nozzle 

Average of  5 I .D.  
m u r r t .  u s i n g .  
dcramtu.  V i s u a l  
l n r p e c t i a  b e f o r e  and 
a f t e r  each f i e l d  uso. 

D i f f u e n n  b o m  
high and la# 
m S U K m t  < 0.004. 

Repair and 
mCa1ibr.t.. 



5.4 Sample Processing. Entropy employe systems which ensure the integrity 

of an environmental sample from the time of acquieition, through analysis, and 

ultimately to proper disposal. These systems are neceseary to allow valid 

conclusione to be drawn from analytical results separated in time and apace from 

the sampling operation. In addition, these systems recognize that samples are 

occasionally of value even after analytical results have been reported. 

Samples are collected, transported, and stored in clean containerr which are 

constructed of materials inert to the analytical matrix. Containers are used 

which allow air tight seals. When necessary, containers are employed which 

prevent photochemical reactions. All sample containers are labeled with the 

following information: 

Unique source identifier 

r sample run identifier 

r Analyte identifier 

Sample matrix identifier 

r Sample analyst identifier 

Additional information relating to the sample is recorded on tha data eheet 

for the sampling run that afforded the eubject sample. Accordingly, the sampling 

data sheet contains all the information listed above, plus the date and time the 

sample was acquired and eupplemental information such am obeervationr pertinent 

to the quality of the sample. For condensed samples, e.g., samples in liquid 

media, the sample levela are marked on the outside of the container; this mark i8 

used to indicate sample lose, and as such, may serve as a reference in adjusting 

results accordingly. 

For traneport from the field to the laboratory, eamplea are stored in locked 

boxes and secured in a fashion which minhizee movement and thus prevent8 

breakage of containerr. Boxes used for transporting glaea containers are packed 

with foam. 

Samples remain in the cuetody of the sampler from acquieition until 

conveyance to the laboratory analyet, if the analyst is different from the 

sampler. The eampler initiates a sample chain of custody record at the time of 

sample collection in the field. All custody transfers are documented on the 

chain of custody form, which remains with the sample at all thee. 



Ana ly t i ca l  d a t a  a r e  i d e n t i f i e d  i n  a manner i d e n t i c a l  t o  t h a t  of  t h e  sampling 

da ta .  Accordingly, a l l  d a t a  genera ted  from t h e  a n a l y s i e  of samples a r e  

documented wi th  t h e  fo l lowing  information:  

a Source i d e n t i f i e r  

a Sample run  i d e n t i f i e r  

a Analyte  i d e n t i f i e r  

a Sample mat r ix  i d e n t i f i e r  

a Analyst i d e n t i f i e r  

a Analys is  d a t e  

Po r t ions  of samples remaining a f t e r  a n a l y s i s  a r e  r e tu rned  t o  t h e i r  o r i g i n a l  

sample con ta ine r s .  Theee samples a r e  s t o r e d  i n  des igna ted  s t o r a g e  areas u n t i l  

t h e i r  d e s t r u c t i o n  is author ized .  

5.5 Instrument  C a l i b r a t i o n .  Instrument c a l i b r a t i o n  i s  one of  t h e  most 

important func t ions  i n  gene ra t ing  p r e c i s e  and a c c u r a t e  q u a l i t y  data. A l i s t i n g  

of major in-house in s t rumen ta t ion  and t h e  corresponding Q u a l i t y  Assurance program 

is given i n  Table 5-2. 

A l l  of t h e  c o n t r a c t  l a b o r a t o r i e s  involved i n  t h e  a n a l y t i c a l  t e n t i n g  f o r  t h e  

test program maintained r igo rous  QA programs f o r  ins t rument  c a l i b r a t i o n .  

5.6 Blanks and Spikes.  F i e l d  blanke, method blanke,  t r i p  blanke,  lab-proof 

blanks and f i l t e r  blanke are obta ined ,  d iges t ed  and analyzed when app l i cab le .  

The blanke r e f l e c t  t h e  background contamination ob ta ined  from t h e  va r ious  source8 

dur ing  t h e  sampling and ana lye ie .  Thus, d a t a  adjustment  o r  c o r r e c t i o n  can be 

made accordingly.  

In  most casee ,  it is not  necessary  t o  d i g e s t  and ana lyze  t h e  method blanke, 

reagent  b lanks  o r  t h e  lab-proof b lanks  unlese  t h e  f i e l d  b lank  shows a high l e v e l  

of contamination. I f  a high l e v e l  of contaminat ion is p r e s e n t ,  it is imperative 

t o  i n d i v i d u a l l y  ana lyze  t h e  above b lanks  t o  h e l p  determine t h e  cause  of  

contaminat ion .  

Spiked samples are used t o  check on t h e  performance of  a r o u t i n e  a n a l y s i s  o r  

t h e  recovery e f f i c i e n c y  of a method. During ep ik ing ,  a known anrount of  s tock  

s o l u t i o n s  of t h e  subs tance  of i n t e r e s t  i e  added t o  t h e  sample p r i o r  t o  aample 

e x t r a c t i o n ,  d i g e s t i o n ,  and a n a l y s i s .  



TABLE 5-2 

h l ~ l y t i c a l  & 
Top Loading 
Balanca 

ca. 
Chromatograph 

HPLC/Ion 
Chromatograph 

P i m h u  
Accument 92s 
p E / s a 1 c t i v a  
Ion  -tar 

IN-HOUSE INSTRUMENT CALIBRATION 

c a l i b r a t i o n  mtbad 
And Prer runcy  

D a i l y  and m n t h l y  chec lu  
with a muio. of  cl... a 
wight.. 

Balance r r v i c a d  a n n u a l l y  
by a q u a l i f i a d  r u v i c o  
r e p r e s e n t a t i v a  and 
checked w i t h  a mulam o f  
NBS wight.. 

3-point  c a l i b r a t i o a  
curva  a t  t h e  expctd 
rang*. 

Dupl ica to  injection of tha 
sample u n t i l  t 5% v a r i a t i o n  
i m  achieved. 

C a l i b r a t i o n  r a p u t d  a t  t b a  
and o f  . rch t m 8 t  maria8. 

C a l i b r a t i o n 8  conducted a t  
t h a  beginning, a f t u  t h a  
f i r m t  i n j e c t i o n ,  and a f t u  
t h o  u c o n d  i n j e c t i o n .  

5- p o i n t  c a l i b r a t i o n  
p r i o r  to ana lyz ing  tb. 
samples f o r  t h e  ~ ~ p . ~ i i l c  
10- 

M j u m t  o r  
repair. 



5.7 ~nternal/External System Audit Checke. System and performance audits 

are routine elements of all Entropy QA/QC programs. 

Internal Syetems Audit: The following sampling equipnent checke were 

conducted prior to sample collection. 

n All sampling equipment was thoroughly checked to ensure clean and 

operable componente. 

n Equipment wae inspected for possible damage from shipment. 

n The oil manometers or Magnehelic gaugee were leveled and zeroed. 

n The temperature measurement eysteme were checked for damage and 

operability by measuring the ambient temperature. 

Performance Audits: Performance audits of the laboratory are conducted 

prior to the processing of any compliance samplee for analysie. Audit materials 

typically include samples available from the EPA prior to new source teeting. 

Also, samplee of known concentration are specially prepared in-house or obtained 

from the EPA for Internal QA checks. 

External Syteme Audits: Entropy is eubject to a system audit each time a 

teat is conducted for any Air Pollution Control agency. Thie procedure entails 

an EPA observer on-mite to do qualitative evaluation of performance to 

demonstrate compliance with the applicable regulatione. 

5.8 Data Reduction and Validation. The teat team leader ie reeponeible for 

reviewing and validating data ae they are acquired. Each team leader ha8 

exteneive knowledge of sampling methodology and the characteristics of the 

proceee being measured and ie capable of evaluating the accuracy, 

representativeness, and completenese of raw data on-site, where action to replace 

inadequate data can be taken immediately. 

Data obtained during calibratione and test rune are recorded on etandardized 

forms which are checked twice for completeneee and accuracy by the QA Director or 

hie designated repreeentative. Data reduction and consistency are achieved by 

using the standardized forms and ueing Entropy'e in-house computer facilities. 



5.9 QA/QC Summary. All chemicals used were American Chemical Society 

(ACs), High Purity Liquid Chromatography (HPLC), or pesticide grade. The 

distilled, deionized water utilized met or exceeded the American Society for 

Testing and Materials (ASTM) specifications for Type-I reagent water. Pretest 

and posttest leak checks were conducted on each sampling train. 



APPENDIX A . 1  

A. TEST RESULTS 

1. Particulate 



FIELD DATA AND RESULTS TABULATION 

PLANT: S.T. Uooten Ccmpany, Princeton, North Carolina 

RUN # DATE SAMPLING LOCATION OPERATOR ...----.---. - - - - - - - -  ___-------._---.-------.-------.-------- - - - - . - - - - -1111 .1 . - - . - - - - -  

MS-1 11/01/90 Rotary Dryer Stack N e i i l  M. Harden 
M5-2 11/01/90 Rotary Dryer Stack Nei 11 M. Harden 
M5-3 11/01/90 Rotary Dryer Stack Neil1 M. Harden 

Run Start  Tim 
Rm Finish Time 

Net Traversing Points 30 30 30 

Theta Net Run Time, Minutes 

D i a Nozzle Diameter, Inches 

CP P i  t o t  Tube Coefficient 0.840 0.810 0.840 

Y Dry Gas Meter Calibration Factor 0.9921 0.9921 0.9921 

Pbar Barmetr ic  Pressure, Inches Hg 29.70 29.70 29.70 

Delta-H Avg. Pressure D i f fe rent ia l  of 
Or i f i ce  Meter, Inches H20 

Vrn V o l w  Of Metered Gas Sample, Dry ACF 40.012 44.328 43.730 

trn Dry Gas Meter Tnnpcrature, Degrees F 78 92 102 

Vmtd Volune Of Metered Gas Sanple, Dry SCF* 38.817 41.945 40.638 

Vlc Total V o l w  of Liquid Collected 
i n  lmpingers 8 Si l i ca  Gel, m l  

Vwstd Volune of Uater Vapor, SCF* 13.933 14.262 16.663 

XH20 Moisture Content, Percent by Volum 26.4 25.4 29.1 

Mfd Dry Mole Fraction 0.736 0.746 0.709 

a 0 2  Carbon Dioxide, Percent By Volune, Dry 5.7 5.7 5.7 

X"2 Oxygen, Percent By Volune, Dry 12.8 12.8 12.8 

Md Gas Molecular Weight, Lbltb-Mole, Dry 29.42 29.42 29.42 

Ms Gas Molecular Weight, Lb/lb-Mole, Uet 26.41 26.52 26.10 

pg FLue Gas Stat ic  Pressure, Inches H20 -0.25 -0.25 -0.35 

Ps Absolute Flue Gas Pressure, Inches Hg 29.68 29.68 29.67 

t s Flue Gas Tnrphrature, Degrees F 204 216 258 

Delta-p Average Velocity Head, Inches H20 

vs Flue Gas Velocity, Feet/Second 

A Stack/Dwt Area, Square Inches 

Qsd Volunetric A i r  Flow Rate, Dry SCFM* 

Paw V o l w t r i c  A i r  Flow Rate, Wet ACFM 39,709 39,476 44,820 

XI Isokinet ic  Sanpling Rate, Percent 99.4 98.5 103.5 

* 68' F (20' C)  - -  29.92 Inches of Mercury (Hg) (Continued next page) 



FIELD DATA AND RESULTS TABULATION 
(Continued) 

PLANT: S.T. Uooten Company, Princeton, North Carolina 

Fi l terable Particulate 

m9 Catch Weight, M i  lligrsnrr 
gr/DSCF Concentration, greins/DSCF 
lb/hr Emission Rate, lb/hr 

Fi l terable + Condensable Particulate 

ma Catch Ueight, M i  l l i g r m  
gr/DSCF Concentration, grains/DSCF 
Lb/hr Emission Rate, lb/hr 

* 68' F (20' C) - -  29.92 lnches of Mercury (Hg) 



APPENDIX A.2 

A. TEST RESULTS 

2. Plume Opacity 



:Jame of Source: S.T. Wooten Asphalt Plant, Princeton, NC ~sphalt Dryer 

Observer: Tan Le - .  5 
File Name: M9-1 

Start Time: 0850 Stop Time: 0950 Date of Test: 11-01-1990 

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

Set>> 00 15 30 45 
Min 

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

Sea> 00 15 3 0 4 5 
Min 
3 1 0 0 0 0 
32 0 0 0 0 
3 3 0 5 0 0 
3 4 0 0 0 0 
3 5 0 0 0 0 
36 0 0 0 0 
37 0 0 5 0 
38 0 0 0 0 
3 9 0 0 0 0 
40 0 0 0 0 
4 1 10 0 0 0 
4 2 0 0 0 0 
4 3 0 0 0 0 
44 0 0 0 0 
4 5 0 0 0 0 
46 0 0 0 0 
47 0 0 0 0 
4 8 0 10 0 0 
4 9 0 0 0 0 
5 0 0 0 0 0 
5 1 0 0 0 0 
5 2 0 0 0 5 
5 3 0 0 0 5 
5 4 0 0 0 0 
5 5 0 0 0 0 
5 6 0 0 0 0 
5 7 0 0 0 0 
5 8 0 0 0 0 
59 5 0 0 0 
60 0 0 0 0 

NOTE : 

-- 

DATE PRINT: 11-07-1990 TIME PRINT: 12:26:35 



Name of Source: S.T. Wooten Asphalt Plant, Princeton, NC Asphalt Dryer 
- 6 

Observer: Tan Le 

File Name: M9-1 

Start Time: 0850 Stop Time: 0950 Date of Test: 11-01-1990 

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

Sea> 00 15 30 45 
Min 

1 - - - - 
2 - - - - 
3 - - - - 
4 - - - - 
5 - - - - 
6 - - - 0 
7 0 0 0 0 
8 0 0 0 0 
9 0 0 0 0 
10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 
13 0 0 0 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 
18 0 0 0 - 0  
19 0 0 0 0 
2 0 0 0 0 0 
2 1 0 0 0 0 
2 2 0 0 0 0 
2 3 1 1 1 1 
2 4 1 1 1 1 
2 5 1 1 1 1 
2 6 1 1 1 0 
2 7 0 1 1 1 
2 8 1 1 1 1 
2 9 0 0 0 0 
30 0 0 0 0 

Sea> 00 15 30 45 
Min 
3 1 0 0 0 0 
32 0 0 0 0 
3 3 0 0 0 0 
34 0 0 0 0 
3 5 0 0 0 0 
36 0 0 0 0 
3 7 0 0 0 0 
3 8 0 0 0 0 
3 9 0 0 0 0 
4 0 0 0 0 0 
4 1 1 1 1 1 
42 1 1 1 1 
4 3 1 1 0 0 
4 4 0 0 0 0 
4 5 0 0 0 0 
4 6 0 0 0 0 
4 7 0 0 0 0 
48 0 0 0 0 
49 0 0 0 0 
5 0 0 0 0 0 
5 1 0 0 0 0 
52 0 0 0 1 
53 1 1 1 1 
5 4 1 0 0 0 
5 5 0 0 0 0 
5 6 0 0 0 0 
5 7 0 0 0 0 
58 0 0 0 0 
59 0 0 0 0 
60 0 0 0 0 

= = 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 I I = I I I I I = I I I I I I I = I = I I = = = = = = = = = = = = = = = = = = = * = = = = ~ = = = = * = = = = = m = = =  

BLOCK SIZE (for Rolling Averagee) 24 READINGS 

*The highest BLOCK in this ROLLING AVERAGE is at 53 Min and 45 Sec 

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

NOTE : 

DATE PRINT: 11-07-1990 TIME PRINT: 12:27:10 



Name of Source: S.T. Wooten Aephalt Plant, Princeton, NC Asphalt Dryer - . 7 
Observer:   an Le 
File Name: M9-1 

Start Time: 0850 Stop Time: 0950 Date of Test: 11-01-1990 

- - - - -  - - - -  - - - - - - - - - - - - - - - - - - - - - - 

- B L O C K  A V E R A G E S -  -----------------.------------------------------------------------------------- 
S e e >  00 15 30 45 

Min 
1 . . - 0 

2 . - 0 - 

--------- - - - - - - - - - D f = ~ = l l = = = = t = = = s = 1 = t = l t = ~ t = t O P P ~ = ~ = ~ = ~ = = = % = = ~ t = = ~ ~ ~ ~ = = = = = = = = = ~ x = = x ~ = a ~  

BLOCK SIZE = 24 READINGS 

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

NOTE : 

DATE PRINT: 11-07-1990 TIME PRXNT: 12:27:54 



Name of Source: S . T .  Wooten Asphalt P lant  Pr ince ton ,  NC Rotary Dryer - 8 
Observer: Tan Le 

F i l e  Name: M9-2 

S t a r t  T i m e :  1055 S t o p  Time: 1155 Date o f  Tee t :  11-01-1990 

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

Sea> 00 15 30 45 
Min 

1 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 
6 0 0 0 0 
7 0 0 0 0 
8 5 0 0 0 
9 0 0 0 0 
10 0 0 0 ,O 
11 0 0 0 0 
12 0 0 5 0 
13 0 0 0 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
2 1 10 0 0 0 
2 2 0 0 0 0 
2 3 0 0 0 0 
2 4 0 5 0 0 
2 5 0 0 0 0 
2 6 0 0 0 0 
2 7 0 0 0 0 
2 8 0 0 0 0 
2 9 0 0 0 0 
30 0 0 10 0 

See> 00 15 30 45 
nin 
3 1 0 0 0 0 
32 0 0 0 0 
33 0 0 0 0 
3 4 0 0 0 0 
3 5 0 0 0 0 
36 0 0 0 0 
3 7 0 5 0 0 
3 8 0 0 0 0 
39 0 0 0 0 
40 0 0 0 0 
4 1 0 0 0 0 
4 2 0 0 0 0 
43 0 0 0 0 
4 4 0 0 0 0 
4 5 0 5 0 0 
4 6 0 0 0 0 
4 7 0 10 0 0 
4 8 0 0 0 0 
49 0 0 0 0 
50 0 0 0 0 
5 1 0 0 0 0 
52 0 5 0 0 
53 0 0 0 0 
54 0 0 0 0 
5 5 0 0 0 0 
56 0 0 0 0 
57 0 0 0 0 
58 0 0 0 0 
59 0 0 0 0 
60 0 0 0 0 

NOTE : 

DATE PRINT: 11-07-1990 TIME PRINT: 12:48:37 



Name of Source: S.T. Wooten Asphalt Plant Princeton, NC Rotary Dryer - 9 
Observer: Tan Le 

File Name: M9-2 

Start Time: 1055 Stop Time8 1155 Date of Teet: 11-01-1990 

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

see> 
Min 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
30 

Sea> 00 15 30 4 5 
Min 
3 1 0 0 0 0 
3 2 0 0 0 0 
33 0 0 0 0 
34 0 0 0 0 
3 5 0 0 0 0 
36 0 0 0 0 
3 7 0 0 0 0 
38 0 0 0 0 
39 0 0 0 0 
40 0 0 0 0 
4 1 0 0 0 0 
42 0 0 0 0 
43 0 0 0 0 
44 0 0 0 0 
4 5 0 0 0 0 
4 6 0 0 0 0 
47 0 1 1 1 
48 1 1 1 1 
4 9 1 1 1 1 
so 1 1 1 1 
5 1 1 0 0 0 
5 2 0 1 1 1 
53 1 0 0 0 
54 0 0 0 0 
5 5 0 0 0 0 
5 6 0 0 0 0 
5 7 0 0 0 0 
58 0 0 0 0 
59 0 0 0 0 
60 0 0 0 0 

=fDPIDP=PIPPI311111ttI1.II=I31tI.ItIaPt=I=.)===~===I~~=x=~=~=z=~~x~%==~==~=x======= 

BLOCK SIZE (for Rolling Averages) = 24 READINGS 

*The highest BLOCK in thie ROLLING AVERAGE is at 24 Min and 15 Sec 

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

NOTE : 

DATE PRINT: 11-07-1990 TIME PRINT: 12:55:13 



Name of Source: S.T. Wooten Asphalt Plant Princeton, NC Rotary Dryer 
- '  10 

Observer: Tan Le 

File Name: M9-2 

Start Time: 1055 Stop Time: 1155 Date of Test: 11-01-1990 

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

Sea> 00 15 
Min 

1 - - 
2 - - 
3 - - 
4 - - 
5 - - 
6 - - 
7 - - 
8 - - 
9 - - 
10 - - 
11 - - 
12 - - 
13 - - 
14 - - 
15 - - 
16 - - 
17 - - 
18 - - 
19 - - 
20 - - 
2 1 - - 
2 2 - - 
2 3 - - 
2 4 - - 
2 5 - - 
2 6 - - 
2 7 - - 
2 8 - - 
2 9 - - 
3 0 - - 

Sea> 00 15 30 45 
Min 
3 1 - - - - 
32 - - - - 
33 - - - - 
3 4 - - - - 
3 5 - - - - 
36 - - - 0 
3 7 - - - - 
3 8 - - - - 
3 9 - - - - 
40 - - - - 
4 1 - - - - 
4 2 - - - 0 
43 - - - - 
4 4 - - .. - 
4 5 - - - - 
46 - - - - 
4 7 - - - - 
.48 . -  - - 1 
49 - - - - 
5 0 - - - - 
5 1 - - - - 
5 2 - - - - 
5 3 - - - - 
5 4 - - - 0 
5 5 - - - - 
56 - - - - 
57 - - - - 
58 - - - - 
59 - - - - 
60 - - - 0 

' = x ' P I I ~ P l = = t l l l l l l I I I I * I I I I I I I = I I ~ ~ t = I ~ ~ = I = ~ ~ ~ ~ t ~ ~ I = ~ = ~ ~ = ~ = ~ I 5 I = I = ~ ~ ~ = = ~ * I I I l =  

BLOCK SIZE = 24 READINGS 

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

NOTE : 

DATE PRINT: 11-07-1990 TIME PRINT: 12:55:50 



N a m e  of Source: S.T. Wooten Asphalt Plant, Princeton, NC Rotary Dryer 

Observer: Tan L e  " 11 
File Name: M9-3 

Start Time: 1245 Stop Time: 0145 Date of Test: 11-01-1990 

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

Sac>> 00 15 3 0 45 
Min 

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

. 22 0 0 0 0 
2 3 0 0 0 0 
2 4 0 0 0 0 
2 5 0 5 0 0 
2 6 0 0 0 0 
2 7 0 0 0 0 
2 8 0 0 0 0 
2 9 0 0 5 0 
3 0 0 0 0 0 

Sea> 00 15 30 4 5 
Min 
3 1 0 0 0 0 
32 0 0 0 0 
33 0 0 0 0 
34 0 0 0 0 
3 5 0 0 0 0 
36 0 0 0 0 
3 7 5 0 5 0 
38 0 0 0 0 
3 9 0 0 0 0 
40 0 0 0 0 
4 1 0 0 0 0 
4 2 0 0 0 0 
4 3 0 0 0 0 
4 4 0 0 5 0 
45 0 0 0 0 
46 0 0 0 0 
4 7 0 0 0 0 
48 0 0 0 0 
49 0 0 0 0 
50 0 0 0 0 
5 1 0 0 0 0 
5 2 5 0 10 0 
53 0 0 0 0 
54 0 0 0 0 
5 5 0 0 0 0 
5 6 0 0 0 0 
5 7 0 5 0 0 
5 8 0 0 0 0 
5 9 0 0 0 0 
60 0 0 0 0 

NOTE : 

DATE PRINT: 11-07-1990 TIME PRINT: 12:53:45 



Name of Source: S.T. Wooten Asphalt Plant, Princeton, NC Rotary Dryer 

Observer: Tan Le 

File Name: M9-3 

Start Time: 1245 Stop Time: 0145 Date of Teat: 11-01-1990 

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

Sea> 00 15 3 0 4 5 
Min 

1 - - - - 
2 - - - - 
3 - - - - 
4 - - - - 
5 - - - - 
6 - - - 0 
7 0 0 0 0 
8 0 0 0 0 
9 0 0 0 0 
10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 
13 0 0 0 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 1 1 1 
18 1 1 1 1 
19 1 0 0 0 
20 0 0 0 0 
2 1 0 0 0 0 
2 2 0 0 0 0 
2 3 0 0 0 0 
2 4 0 0 0 0 
2 5 0 0 0 0 
2 6 0 0 0 0 
2 7 0 0 0 0 
2 8 0 0 0 0 
2 9 0 0 0 0 
3 0 0 0 0 0 

Set>> 00 15 30 45 
Min 
3 1 0 0 0 0 
3 2 0 0 0 0 
33 0 0 0 0 
34 0 0 0 0 
35 0 0 0 0 
36 0 0 0 0 
37 0 0 0 0 
38 0 0 0 0 
3 9 0 0 0 0 
4 0 0 0 0 0 
4 1 0 0 0 0 
42 0 0 0 0 
43 0 0 0 0 
4 4 0 0 0 0 
4 5 0 0 0 0 
4 6 0 0 0 0 
4 7 0 0 0 0 
48 0 0 0 0 
49 0 0 0 0 
50 0 0 0 0 
5 1 0 0 0 0 
52 0 0 1 1 
5 3 1 1 1 1 
5 4 1 1 1 1 
5 5 1 1 1 1 
5 6 1 1 1 1 
57 1 1 1 1 
5 8 1 1 0 0 
59 0 0 0 0 
60 0 0 0 0 

- - 

BLOCK SIZE (for Rolling Averages) = 24 READINGS 

*The highest BLOCK in thia ROLLING AVERAGE ia at 57 Min and 15 Sec 

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

NOTE : 

DATE PRINT: 11-07-1990 TI- PRINT: 12:54:25 



Name of Source: S . T .  Wooten Aaphalt Plant ,  Princeton, NC Rotary Dryer 
- 13 

Observer: Tan L e  

File Name: M9-3 

s t a r t  Timer 1 2 4 5  Stop Time: 0 1 4 5  Date of Teat: 1 1 - 0 1 - 1 9 9 0  

----------------.---.--------------------------------------------------9------- 

- B L O C K  A V E R A C E S -  ............................................................................... 
Sea> 00 1 5  3 0  4 5 

Min 
1 - - - - 
2 - - - - 
3 - - - - 

Set>> 0 0  1 5  3 0  4 5 
Min 

3 1 - - - - 
3 2  - - 0 - 
33 - - - - 
3 4  - - - - 
3 5 - - - - 
36 - - - 0 
3 7 - - - - 
38 - - - - 
39 - - - - 
4 0 - - - - 
4 1 - - - - 
4 2  - - - 0 
4 3 - - - - 
4 4 - - - - 
4 5 - - - - 
4 6 - - - - 
47 - - 9 0 

4 8 - 0 9 0 
4 9 - - 9 - 
5 0 - - - - 
5 1 - - - - 
5 2 - - - - 
5 3 - - - - 
54 - - 1 
5 5 - - - - 
5 6 - - - - 
57 - - - 0 

5 8 - - - - 
5 9  - - - - 
6 0  - - - 0 

------- -------1=3======11==II=======I==.I===I==It=================~===================== 

BLOCK SIZE = 2 4  READINGS 

*>> OPERATION WAS PERFORMED ON THE: o r i g i n a l  DATA. <<* 

NOTE : 

DATE PRINT: 11-07-1990 TIME PRINT: 1 2 : 5 4 : 4 8  



APPENDIX A.3  

A .  TEST RESULTS 

3 .  Example Calculat ions 



EXAMPLE TEST CALCULATIONS RUN M5-1 

Rotary Dryer Stack 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

Pbar + (Delta Hl13.6) 
Vmstd 1 17.64 * Y * Vm * ..................... 

(460 + tm) 

29.70 + (1,680113.6) 
Vmstd = 17.64 * 0.9921 * 40.012 * .................... = 38.817 DSCF 

(460 + 78) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 
-- - 

Vwstd = 0.04707 * Vlc 
Vwstd = 0.04707 * 296.0 113.933 SCF 

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS 

%H20 = 100 * Vwetd / (Vwetd + Vmstd) 

ABSOLUTE FLUE GAS PRESSURE 

Ps = Pbar + (Pg / 13.6) 
Ps = 29.70 + (-0.25113.6) = 29.68 inches Hg 

DRY MOLE FRACTION OF FLUE GAS 

Mfd 1 - $H20 / 100 
Mfd = 1 - 26.41100 = 0.736 

DRY MOLECULAR WEIGHT OF FLUE GAS 

WET MOLECULAR WEIGHT OF FLUE GAS 

Ms = (Md * Mfd) + (0.18 * %H20) 



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

(Delta P)avg * (460 + te) 
ve t 85.49 41 Cp * SQUARE ROOT ......................... 

Pe Me 1 

DRY VOLUMETRIC FLUE GAS FLOW RATE AT STANDARD CONDITIONS 

6 0 Tetd Ps 
Qsd r ----- Mfd * ve * A * -------- * ------ 

144 460 + te Pstd 

Qsd = 23,053 DSCFM 

WET VOLUMETRIC FLUE GAS FLOW RATE AT ACTUAL CONDITIONS 

Qaw = 60 / 144 * vs * A 
Qaw = 60 / 144 * 58.04 * 1,642.0 = 39,709 ACFM 

PERCENT ISOKINETIC OF SAMPLING RATE 

Pstd 100 (ts + 460) * Vmstd 
$1 I ---- * --- * ................................................ 

Tstd 60 Ps * ve * Mfd * Theta * (n * (~ozzle~ia/2)~/144) 

%I = 99.4 % 

CONCENTRATION, GRAINS PER DRY STANDARD CUBIC FOOT, FILTERABLE PARTICULATE 

7,000 (mg / lo3) 
gr/DScF r ------- * ---------- 

453.592 Vmstd 



EMISSION RATE, POUNDS PER HOUR, FILTERABLE PARTICULATE 

60 (mg / lo3) 
lb/hr ------- * ---------- * Q8d 

453.592 Vmstd 



APPENDIX B.l 

B .  FIELD AND ANALYTICAL DATA 

1. P a r t i c u l a t e  



Sampling and Velocity Traverse Point Determination 
EPA Method 1 - 19 

- 
PLANT NAME $sl; m&/J 
CITY,  STATE f=M&e?id, d.C.  
SAMPLING LOCATION RM-4RY Pam 5- 

NO. O F  PORTS AVAILABLE b 
NO OF PORTS USED A n 

PORT INSIDE DIAMETER 
A 

OISTANCE FROM FAR WALL TO OUTSIDE OF PORT 37 
NIPPLE LENGTH AND/OR WALL THICKNESS 

L 
DEPTH OF STACK OR DUCT a 

STACK OR DUCT WIDTH ( I F  RECTANGULAR) A 
EQUIVALENT DIAMETER' 

2 I 0 PTH x WI T H  - 
DE- DE:TH.wIoPn 

OISTANCE UPSTREAM DOWNSTREAM 
FROM PORTS TO I 
FLOW DISTURBANCES bgr 

DIAMETERS 9 0. (0 

STACKIDUCT AREA - 3 3 k ~  49 - 1641 I S   IN^ 
A 

l O C A T l O N  OF P O I N T I N  RECTANGULAR STACKS OR DUCT 
I 2  3  4  7  8  0  10 11 1 I  

! 1 2 5 . 0  18.7 12.5 . 3  7 .1  8 .3  5.8 5 .0  4 . 5  4 .2  

LOCATION OF POINTS I N  CIRCULAR STACKS OR OUCTS 

+ 
DRAW HORIZONTAL LINE THROUGH DIAMETERS 

I f  norm than  8 and 2 dramefmrs 11 d u c t  
d l r .  3 l e s s  Inan 24 ' .  US. 6 or 9 p o l n r s  

VELOCITY P A R T I C U L A T E  

DIAMETERS 
UP DOWN 

16 
24  or 2 5  

1 

2  
2 

1 4 

7  
8  
# 

10 
11 
12 
11 
14 
15 
18 
1 7  
18 
18 
10 
2  1  
22 
2  3 
14 

SEE REVERSE FOR FIELO USE CHECKLIST 

4 8 8  10 12 14 18 18 20 22 24 
8 7  4 3 .2  2 8  2 .1  1 .8  1.8 1.4 1.3 1.1 1.1 

25 .0  14  8  1 0 5  8 . 2  8 . 7  5 .  4 . 9  4.4 3 .  3 . 5  3 . 2  
75 0  29 8  10.4 f 4  8  1 1  8  9  9  8 5  7 . 5  8 .7  8 .0  5.5 
93 .3  70.4 32.3 22.8  1 7 7  1 4  8  12.5 0  9  0.7 8.7 7 .0  

85.4 87.7 34.2  25.0  20 .1  16.9  1 4 8  12 .8  11.a 10 ,s  
85.8  80.8  88.8 3 5 . 6  28 .8  22,O 18.8 16.8 14.a 13.a  

8Q.5  77.4 84 .4  39.8 28.3  23.6  20.4 18.0 1 a . l  
98 .8  85.4  75.0  83.4  37.5 29 .8  25.0  21.8  18.4 

9 1 . 8  82.3 73.1 82 .5  38.2 3 0 9  28 .2  23.0  
97.4  8 8 . 2  79.0  71.7  81.8  38.a 31.6 2 7 , s  

93 .3  85.4  78.0  70,4  81  2 10.3 1 2 . 3  
97 Q 90 .1  83.1  78.4 89.4  80.7 39 .8  

94 3  87 5  81 2  75 0  8 8 . 5  8 0 . 2  
08.2  01 5 15.4  79 8  73.8 87.7 

95.1 88.1  13.5 78.2 72.8  
08.4 92.5 87 . t  82.0 7 7 . 0  

95.8 00.3  85.4 8 0 . 8  
98.8 93 .3  88.4 83 .9  

98.1 81 .3  8a .8  
98.7 9 4 . 0  8 9 . 5  

91.6 92.1 
98.9  04 .5  

98.8  
98 9  



ORSAT FIELD DATA - -  20 
Plant  Name 5 & ~ & d  
Sadsl ing  Locatior. & A  GGUILIx t u e l  Type fi.2 f ~ & f i I L -  

Run qndlor Sample So.  M Y - t  Leak Testq? J Date I(-/ Operator /1LL'k # 

Run and/or Sample No. Leak Test? Date Operator 

XN2 

100-C 

I 

% I ,  5- 1 

Run and/or Sample No. Leak Test? Date Operator J 

xco 
C-B 

- 

! 

a2 

8-A 

IZ, 2% 

/ z~~z‘  
/ z . d  

(2 $ 
A v ~  . 

x v g  .4v g , . 
J - 

%Hz 

1 0 0 4  

U I  6t.2 

1 00-C 

I 

CO 
Reading 

C 

-C- 

:co 
C-0 

f;co 
C - B 

- 

<,I 
A 

I 

:02 

0-A 

Avg . 

Y,O2 

B-A 

A v ~  . 

cof Read ng 
A 

6 7  

,4,1 

=. I 

Time 
o f 

Anal ysl s 

154g 

w 

CO 
Reading 

C 

s A v ~  . 

co 
Read1 ng 

C 

O ? Read ng 
8 

I S . <  

I 
/;(, 5 

T i m  o f  
Sample 

Cot 1 ection 

/0{3 

7 3  

0 ~ ~ 7  

O f  Read ng 
8 

6 

O f  Read ng 
0 

Read ng 
A 

T i m  of 
Sample 

Collection 

Read ng 
A 

Time o f  
Sample 

Collection 

I 

T i m  
of 

Analysis 

Tlme 
of 

Analysls 



I S O X X N E T X C  TYPE FIELD DATA SHEET A a 

Rrn NmJBER 
TIHE START 2 $ q L  

SAMPLING LOCATION -7ACd TIHE FINISH (~'6% 

BAR-TRIC ORISSURE. IN. HG STATIC PRESSURII IN. Ha0 -5 < 
~ I N L E A K ~ C X V A ~ I N . H G Z 9 ; ~  //fl I Z @  - -"- 
TRAIN LEAK -=I CU.PT/!~IN 3 ,002  ~ , i C 4  2,3.?(( 

I FILTER # 5 I 

1 

DELTA He /, 7Z9 - PYRITZ 
METER TEMP 05 -- 
EST. 8x20 27 -- 
C FACTOR 0. L;! -- 
STACK TEMP 304 Z W  -- 

EQUIPMsNT CHBCKS 

/' PITOTS PMTICST 
I/ PITOTS, P M ~ I S T  

143 SAMPLING SYS/TID BAG 

S THBRXOCOUPW @ I(f PRE 
- T H E m U P L B  e &POST 

REF DELTA P /,I % /.C - 
R-FACTOR /.~74 d % 4 - cpO% 

IDENTIPICATION NflElBERS LKAlt CHECK 
READINGS 

REAGENT BOX GOd NOZZLE 704 D I A H E T E R O I ~ ~ ~  332 ,  mt . 
METER EOX N / d  Y d. 9921 T/c RWhDOUT +3k 1 

,32. YS 
UHBILICAL u4.7 T/C PRO= R 194 1 
SAMPLE m X  ( 3  ORSAT PUMP 2 

PROBE 4 - 25' PITOT 
I 



ISOltINETIC TYPE FIELD DATA SHEET (continued) - 2 2  
> 

COMPANY NZLME L 7. '4- CTL,,/ RUN N[TEIBER A<- / 
SAUPLINGLOCATION jc&pl,-+/Lq dflY&/i 57.U~ DATE / / - [ - y f i  



ISOKfNETIC TYPE FIELD D A T A - S  
? 

W A N Y  N A M  1; 7. rkCC7c~ RO# NO)IBUI A<- Z, 
ADDRESS Pd[ V L E T L . ~  , b .  (- TIME START ;L <,T 
SAMPLING LOCATION t f 7 A R Y  9 S7r iCA TXXS FINISH ,376 
DATZ t 0 TEAM LBAOER /t"l k TECHNICIANS A / 
BAROEILTRXC PRESSURE. IN. HG 2'1 a STAT1 PRESSW IN. Hz0 - C. 2 5 

TR&INLtMClPCIVACmRlIN. HG Ui; & lL& - - -  
TRAINLIMRAT8, CU.FT/HIN , L L  6,CCZ -- - 

IDENTIFICATION NUMBERS L8AK CHFJCK 
READINGS 

r RIM~ENT BOX a NOZsl. 706 DIAmt~mt8~25S sl,,urq 
t/ PITOTS, POSTTEST - HETER BOX Y ~?,YYLI T/C READOUT F W  1 

-L/ 10 SAMPLING SYS/TED BAQ UMBILICAL 0 4 7  T/C PROBE PJqq 371.?0? 
J & m t r u c a r ~ c r p ~  9 %P P- S W L I  BOX 7Ci ORSAT PUMP 4 %  LTHBRXOCOUP~ e %POST PROBE 4 -a PITOT TBDU BAO 



ISOKINETIC TYPE FIELD DATA SHEET (continued) - .  24 
COMPANY NAME ,u LCTL~ RUN NUMBER . ?C-  2. 
SAMPLING LOCATION L-7' 1 G 4  DATE i l - (  - &I@ 1 



X S O K I N E T X C  T Y d E  FIELD DATA SHEET - - - 
-ANY N- , I L(7KftJ RUN =PR ,%- 3 
ADDRESS -n~ jCk ' f ; , \~  ,t ;< TIHE START 
SAMPLING LOCATION ' I  Y j  A TIXE FINISH / 3.5'3 
D A m  I / - I - 7 ~ 7  TEMLEADBR ,-I Yd' TECHNICIANS ,4 C- 
-TRIG PRESSURE. IN. HG 2 STATIC PRESSURE IN. X20  40.35 
T R A I I ~ 6 8 ~ V A o w * I N . W 4 ; ~  2 - - - 
TRAIN  EM RATE# CU.FT/IIN b ; , j C q  b,CS; 3 c, d l  

EQUIP-NT CHECXS IDENTIFICATION NUMBERS LEAI( CHECK 

/PITOTS~ PRPTBST - 
L' PITOTSI POSTTEST - 

M3 SAMPLING sYS/TED BhQ UMBILICAL 
' I J T ~ U P W  (I P- ORSAT PUKP 
~ R P R I U X P U P W  e &POST 

FILTER # DELTA He / 7x 
XXTIR TEMP -- 

Ed7.d;~ p ,  a07 EST. 8820 27 -- 
C FACTOR hDI,&- -- 
STACK TXMR 2.30 9 Sg -- 
RE? DELTA P 
K-FACTOR 

L 
I 
I 
I 

1 

a 
3 

4 

SA1BII 
mzm 

A /  
7, 

3 
rC 

g <  

c~#l 
TI)(I 

~IIIIITU 

d 
Z- 

4 
L 
d 

3.00 

D X W -  
lllADIWQI 

CMIC ~lff 

3 9 5 . 7 9 7  
39% (6 
:/&-I L/q  

43 /& 

P I  
RUPLllQ 
IN. np 

3 . 5  ,- 

-2 ,34  
~7 

r3V 
.31- 

6,6? 5,153 

w ~ a  srrrnra 
11. B20 

47 
7% 
gLCf 
/GO 
/CE 
/p( 

C 3  
/ C 3  
3 
/07/ 
/&J& 
0 
/05 
/0< 
/PC 

94 
3 4 4  
. X  
, $g ' 

/ 
>,3C 
j(q7 

I~UL 

6 , b Y  
4,4I 
/,h3 
tL4 
,bo  

9 

l o  
11 

12 

/ I  

OAl 
mm 
7. 
Q 

9~ 
q? r 

44 
4 3  

C 

4 ,4 /  
/,6> 7 

t 

0 

VACULW 

G.0 
// 
g‘ 
C 
3 
2 

4 .C 2-32 

23 

a4 

2 s  

3 
14 

15 

.I6 
17 

18 

1s 
20 

2 1  

2 1  

7 

9 
,/ 

$ I -- 
7, 

r 
ly 
zcu 
Z<o 
Z C ; ~  
2 <5- 
Z& 

7 
4 
3 
3 

6 
3 

, 3 
3 
K 
g 
-fL 

z 
2 
7 
5 

STM 

23 / 
239 
235- 
235 

9tfi 

6 5  
bG 
d C  

260 
2-70 
2-70 
270 
270 
2-70 
2 7 ~  
~ 7 0  
z rc  
27t 

e 

L75 
t7,' 
zr C 
270 
2 7 ~  
270 

3 
-5 
4 - l.+ 

C 

-3 
4 
q- 

i", 
7, 

3 
LJC 
< 

e i 
L 

3 
6 
i( 

& 
t 7  

657 2SC 

LK 

"R I 

2& 
ZbG- 
UJ 

6< 
67 
67 
61 
67 
67 
h5T 

bK 
dS=' 

6C 
6 5  
LX 
6: 
65 
(5 < 
6, 

23G I 

4 
f 

cF 
(j 

50/0 
I -  

C f  
6 
9 

&7h 
21 

i ~ p d ~ b  
4 / $ 2 ~ /  
4 /I. $4 
d l 7  ,cGjq 
.f 14. GY 

I -3 I 
Z l q  
2-39 
?->/o 
25'7 
25.3 
245 
263 
L68 
&% 

2 k  
256 
26'1 

3-74 
2% 

429, - 3 4  
470. / 3 
p . 3  1 L3 

Y/k. 31 
417 ? I -9 

+/a .3> 
-!Li4346 
421, c4 
Lf23 / ?  
Jz3.9ii7 
4 ~ 4 ~ 7 6  
YZ, 7 g3 
~27,7+ 

/, LC 
, 

c ,  0s 
/ 05' 

44 
/-xLf 

/ / h  
385- 
/,gr 

I 

I 

7 

q7 
,:S 7 
4@ 

L , D ?  
. 
,31 

A 

i 

,/, ~ j p  
//GO 

RX 
/72- 

I 

, G 8  
, $5 

/ 

3.74 
) ~ 4  
5 
, cf'? 

7 
3,<7 
4 

M 

374 

t i  
,rfC/ 
t% 

3.31 
/,gd 
4 
I 

3 

/07 
/67 
/07 



ISOKINBTIC TYPE FIELD DATA SHEET (continued) - *  26 
COMPANY N- ,Id&, y~&:  
-LING LOCATION <TAU,: RUN -.- DATE 



r 1 ant  Name: S.T. WOOTEN EEI Ref# 8116 

Samplina Location: Rotary Dryer Stack 

Date Received: 11/2  Date Analyzed: 1;/12 ~ e a ~ e n t  Boc(es,: 0550 

Run Number 
Run Date 

Sample ID/Contai ner t F / 631 F / 623 F / 635 
i n i t .  date =r===trtr= date ==aso=rr=r date ==r==r==== 

Sample IDIContainer # f? / 632 R / 634 R / 636 
1 n l  t .  date ======a=== date ========s= date  == r te t t== r  

J C 11/6 4 9054 
ll /"::: ll /":g J C 11/5 2.9OS6 11/5 11/5 

Tare W t  . , g. 3.9020 3.8535 2.7664 ---------- ---------- - - --e==t====: ===a====== 

SAMPLE wT. , g. (-1. ~ ( ; ) 5 4  0.0025 0.0027 

Sum o+ P a r t i c u l a t e ,  mq.  509.4 500.8 509.6 
Totai F l l t e r  Tare, rng, 503.5 496.8 500.7 

a l a n k  Residue, mq. ( 100 m l )  0.2 ( 100 m l )  0.2 ( 100 m i )  0.2 
=at======= ========== ==s=t=*=== 

TOTAL PARTICULATE CATCH, mq. 5.7 2. tl 8.7 

Blank Beaker # 2003 1 ---Legend--- Sample D e s c r l ~ t l o n  
F i n a l  w t . ,  mq. 99546.3 F i n a l  We1 ght 

Tare w t . ,  m q .  99545.9 F = F ~ l t e r  R = f ? l n s e  Run # Color Load1 no 
%esidue, mq. 0.4 ..................... 

Volume, m l .  2 0 0  - 1 
1 - ~ . l g h t  2 = Medi~tm -2 

Concentration, rnq/ml 0.002 .J = Heavy o r  Dark -+ - J 

dotes anc comments: 
F'redoml nate c o l o r  o f  samples IS: c o l o r 1  ess 
Date of f u l l  balance span 11/5/90 



- 29 : 5 ~ w M f i R Y  i3F 3: MF' I  N G E W S - '  & A  F E R  G N A L Y S  I S 

-- -- ---- 

:>l ant  Name: S. T. WOOTEN COMPHNY EE I  He+# 8116 

Hun Number 
Run Date 

Sample ID/Container # 1 / 680 1 / 683 1 / 686 
1 n l  t, date ========== date =======x== date ========= 

J C 11/12 A . 4 3 4 5  
JC 11/12 3.4348 
J C 11/9 /3.4956 11/9 3.4362 1119 4 4 8 8 0  
J S 11/8 3.4961 11/8 3.4370 ll/8 3.4881 

Tare Weight., g. 3.4645 2.4093 3.469 1 
====t====u = = ~ a s n o a ~ a  ia==a=a== 

SAMPLE WT., g. 0.031 1 0.0252 0.0189 

Sample ID/Container # 
i n i t .  
J C 
J C 
J C  
JS 

Tare W t . ,  g. 

ShMPLE WT. , g . 
Sample ID/Container W 4 / 682 

1 n l  t, date =nnr=n=nrn 

J C 11/9 
J s 1118 4 1 . s 2 e 3  11/t3 
J S 1117 .;. 5288 11/7 

Tare W t . ,  g. .I. 5197 - -------- -J-------- 

SAMPLE W T . ,  g. 0 . (1) 086 

Organic F r a c t i o n  Catch, mq. 31.1 25.2 18. Y 
Inorganic F r a c t i o n  Catch,mg 36.6 24.8 29.4 
k e t o n e  Sol ~ ~ b l  e Catch, mq. 8.6 6.8 8.1 

k e t o n e  Heoldue, mq.(225 ml) 0. "J225ml) 0. S (225 m i )  0.5 
Water Residue, mg. (200 m l )  I .  1200ml) 0.0 1200 m l  0.0 

TOTAL IMPINGERSXCTCH, mg. 75.8 " J e  3 55.9  

TOTAL TRAIN CATCH, mq. 81.5 60.1 64.6 
..".,."------ -.. 

Blank Baa W 1-236 
Procedure t x ~ l  anat lon  F i n a l  wt.,mg. 4234.6 
1 - Ex t rac tab le  w i t h  chloro+orm and e the r  fa re  w t . ,  mg. 4234.6 
2 - Water catch a f t e r  e x t r a c t i o n  and hea t i ng  t o  210 F Residue, mg. 0.0 
4 - Acetone r i n s i n g s  o f  impingers and connect ing glassware Volume, m l .  200 

Cone., m q / m l  0. 0 



M O  X S-rUkE 'jC.jMF31,. 1. IVCY I 1 1 t-.Ck%LIIS I $4 

- 

P l  ant Name: S. T. WOOTEN EE I  Ref# 8116 

Samolinq Locat ion: Rotary Dryer Stack 

Date Received: 11/2 Date Analyzed: 11/2 Aeaqent b o x ( e s ) :  v550 

Hun Number 
t3ccn Date 

ANALYSIS OF MOISTURE CATCH 

Reagent 1 ( H20 ) 

F ina l  Weight, g. 860. O 
Tared Weight, g. 560.5 

===PaPC¶== 

Water Catch, g. 279.5  

Heaqent 2 ( 

F l n a l  Weiqht, g. 
Tared Weight, q. 

Water Catch, g. 

?agent 3 ( ) 

F i  na l  Weiqht, g. 
Tared Weight, g. 

Water Catch,g. 

CONDENSED WATER, g. 

S l l i c a  Gel: 
F ina l  Weight, g. 
Tared Weight, g. 

QDSORBED WATER, q. 

T O T A L  WATER COLLECTED, g *  



REAGENT BOX CUSTODY SHEET 

30x NO. 0 5 5 ~  Assembly Date IO/% /9c1 
- 30  

Assembled By 3C 

Plan t  Name 4.f b@7izd EEI Ref. NO. 8/16 
sampling LOC. R W ~ U E ~  5lLW S W  xethod 

Ind iv idua l  Tare of  Reagent (mL)(fl of P/ fl3b 
Ind iv idua l  Tare of Reagent (mL)(W) of  

Ind iv idua l  Tare of S i l i c a  Gel 300 m' 

Date box rece ived  back i n  l a b  a Received by ‘gvs 
A l l  l i q u i d  l e v e l s  a t  mark (check) YES NO - 
Balance zeroed and epanned ( i n i t i a l s )  

Estimate lotam if not at mark; use 'RELQUUCS- section. 

Run 
Number 

/%dl 

REAGENT BOX INTEGRITY (check i f  locked o r  e x p l a i n  i n  "RENARKS") 

Immediately a f t e r  aeeembly i n  l a b  I n  f i e l d ,  j ua f  p r i o r  t o  use  - 
Immediately a f t e r  f i e l d  sample recovery - When rece ived  back a t  lab 

Run 
Date 

/ / 

Liquid 
Tare a t  
Mark? 

d 
Sample Appearance 

1 1  1-  I ~ ( 1  /' 
Sample Appearance 

1 

1 I 1 < I  I/' hd 
Sample Appearance 

Sample 
Recov. 

Date 

I M-2 I N - (  

I hf-3. 
1 

I N - ~  

I n i t .  

h t j . f i - /  

F i l t e r  

Number 

C0753 

% S i l .  
G e l  

Spent 

75 

Tare 
(gm) 

0.9.7g 

LQ7.55 

5 0 l c O  

b.4QH 

0,5007 

Liquid 
Level 

Marked? I n i t .  

/A+-- -  



APPENDIX B.2 

B. FIELD AND ANALYTICAL DATA 

2 .  Plume Opacity 



VISIBLE EMISSION OBSERVATION FORM 

rmor s Postlion 

0.3 w- 1 1  
RANGE of OPACrn READINGS 

0 . a MINIMUM MAXIMUM 10- 0 



VISIBLE EMISSION OBSERVATION FORM L L  

WIND DIRECT ION 

srmr o - f i \krw o-r* START E/f: STOP 
AMBlEHT TEMP ' ' ' WET BULB TEMP RH. 

sTm75> srw 7q°F1 6 6 " -  , 

SOURCE LAYOUT SKETCH Orrw Nonh A t r a  

X Emnrton Po~nt 

I Sun Lout~on L l n  

COMMENTS 
2 

0AOANI;UfK)N 

I HAVE RECEIVED A COPY Of THESE OPACm OBSERVATK)F(S CERTlFlEO BY - 
SGNATURE Enf 
T m f  VERIFIED BY 

- -- I-* 



VISIBLE EMISSION OBSERVATION FORM 



APPENDIX C 

CALIBRATION DATA 



SlUMPLING EQUIPPJUENT CHECKLIST 36 

Plant Name/Addreee @fa - Job No. gllk 

Sampling Location ROTARY BMiX ST%% Team Leader w 
miu4sTm CBECK 

Date 

/@-31 - 9 

Thermometers 
Irnp~nqer Exit 

" 
Date 1 6 ~  5 1  

Filter Box 

Dry Gae Meter 

Entropy In-House 
Reference Barometer 

He d> 

Reference Thermometer Ambient Temperature, 'F ?< 

Temperature, 'F 

Y / .  

- 
Ambient ACCeDtanCe Chock 

OK? 

/' - - I 

Field 
Barometer 

Adjust thermometer until acceptable. If it cannot be adjueted, use a8 back- 
up. If no backup, record ambient temp. indicated by unadjueted thorntometer. 

I 

Check 
OK? 

Thermocouple q.3 

t 1.5% of Abeolute Temperature. 

27.9 

* *  Acceptance range ie t 2.O.F if used in saturated or water droplet-laden 
gae etream. 

L 

PITOT Ma) NOZZLB CHECA 

Vi eual 
Pitot No. 

M4- ~5~ 7 - 
q-21 /' 

e/ -25- /' 

Vimual 
Nozzle No. Ch8ck 

APiL I/ 

70 b L/ 







Heterbox No. A5 
Date 7-16-93 

Calibrated ~y 

Barometric Preeeure (Pb) 1 9 -  7 (In. Hq) 

Date Barometric Preeeure (Pb) (In. Hg)* 

standard Meter No. I 0 j r L t b t j 1  Standard Meter Coefficient f . 0 0 2  6 

1. coefficient range: 0.97-1.03. 

2. Coefficient tolerance: for individual rune, i 0.02 from average. 

3. AH@ range: 1.6-2.0. 

4 .  AH@ tolerance: s 0.15 In. Hz0 over A H  range of 0.4 1n.-4.0 In. 

*dm Vdo (td + 460) Pb yd 3 -------------------------------------- 
Vd (tde + 460) (Pb + {AH / 13.6)) 

R-0030 r w .  2-90 

Time 
( 8 )  
Min. 

1 0  
e 

bnmRRmX HmxRInG SYSTLP( STAXDARD XETXR 

Averagm 

car 
Volume 

( "dr ) 
c f 

L t . l l  L 

~ t . r ' ~ y  
- I 

8 . 0 6 7  

Temp. 

(tds) 
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PITOT TUBE INSPECTION DATA SHE= 

m a g  I L O I U T I W  L M L  A l l T l O (  
V Q ~  a r m m a t w a n  a, na a, 

I l e v e l ?  1 ur5 
obstructions? IN'L~L 
damaged? 

0 < a * +10 
2 
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PlTOT TUBE INSPECTION 

Sea 40 CFR 60, Vol. 42 NO. 160 EPA-Melhod 2. Verify the minimum 2-inch setbadc of the 
Iherrnocouple and the mnimum 3/4inch separation between the prtot tube and the noale as 
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Signature TAP,, l4.L 
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THERMOCOUPLE CALIBRATION 

Thermocouple No.: R199 

Dater 8/28/90 
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APPENDIX D 

SAMPLING AND ANALYTICAL PROCEDURES 
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m r s  lnousmes Inc. 
an affiliate of The PO Corporat~on 

September 23, 1987 

North Carol ina Department o f  
Natura l  Resources & Cummunity Development 
P.O. Box 27667 
Raleigh, N.C. 27611 

A t t :  M r .  David Y. Daniel  

Dear Dave, 

Please f i n d  attached Entropy 's  " P a r t i c u l a t e  Emissions Compliance 
Test ing8' f i n a l  r e p o r t  f o r  your records. As i nd i ca ted  on page 2-2, 
t he  ac tua l  emissions measured, w h i l e  -coarse ma te r ia l ,  was 
0.43, 0.56 and 0.70 pounds per  hour. The f e m Y m a t e r i a 1  
being furnaced increased from 624 pounds per  hour t o  660 pounds pe r  
hour which exp la ins  why the  emissions s t e a d i l y  increased d u r i n g  the 
th ree  runs. 

Thank you f o r  your  a t t e n t i o n  and cooperat ion. Please con tac t  me 
i f  any o the r  i n fo rma t ion  i s  requi red.  

Very t r u l y  yours, 

POTTERS INDUSTRIES, INC. 

Charles J . - ~ r i e d r i c h  
Test Coordinator  

CJF:jm 
Attachment 

Corporate Headquarters: 377 Route 17, Hasbrouck Hetghts, New Jersey 07604, U.S.A., Tel. 201 288-4700, Tdrx: 219054 or 133447 



ENTROPY ENvlRoNMENTALlsTs INc 

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

919-781 -3550 

STATIONARY SOURCE SAMPLING REPORT 

EEI REF. NO. 5639 

POTTERS INDUSTRIES INC. 

APEX, NORTH CAROLINA 

PARTICULATE EMISSIONS COMPLIANCE TESTING 

FURNACE NO. 2 MULTICLONE STACK 

SEPTEMBER 2, 1987 



W O R T  CERTIFICATION 

The smpling and analysis performed for this report was carried out 

under my direction and supemision. 

Date September 15, 1987 Signature 
- 
Barry F. Budd 

I have reviewed all test ing deta i l s  and results i n  th is  t e s t  report 

and hereby cert i fy  that the tes t  report is authentic and accurate. 

D~~~ September 15 ,  1987 Signature 

D. James Grove, P.E. 
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INTRODUCTION 

1.1 Outline of Test Program. Stationary source sampling was performed 

f o r  Po t te r s  Indus t r ies ,  Inc. i n  Apex, North Carolina, on September 2, 1987. 

Three EPA Method 5 runs were performed a t  the furnace No. 2 multiclone stack 

t o  determine the  par t icu la te  emissions f o r  compliance purposes. 

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

the  t e s t  program. 

TABLE 1-1 

TEST PARTICIPANTS 

Pot te rs  Industr ies ,  Inc. Charles Friedrich 
Test  Coordinator 

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

Entropy Environmentalists, Inc. Barry F. Rudd 
Project  Supervisor 

Roger D. S a t t e r f i e l d  
Engineering Technician 



SUMMARY OF RESULTS 

Table 2-1 presents a run-by-run summary of the  pa r t i cu l a t e  emissions 

from the  t e s t i n g  performed September 2 ,  1987, a t  the furnace No. 2 multiclone 

stack.  The average emission r a t e  was 0.565 pounds per hour; since the  

allowable emission r a t e  f o r  the u n i t  is  2.5 pounds per hour, the  compliance 

standards were met. 

Detailed test r e s u l t s  a re  given i n  Appendix A; f i e l d  and analyt ical  data 

a r e  presented i n  Appendix B. 

'a. 



TABLE 2-1 

PARTICULATE TESTS SUMMARY OF RESULTS 

Furnace No. 2 Multiclone Stack 

Run Date 9/02/87 9/02/87 9/02/87 

Test Train Parameters: 
Volume of Dry Gas 48.794 49.304 49.686 

Sampled, SCF* 

Percent Isokinetic 105 3 106.5 103 7 

Flue Gas Parameters: 
Temperature, Degrees F 537 540 543 

Volumetric Air Flow Rates 
SCFM*, Dry 3,160 3 * 157 3 , 269 

ACFM , Wet 6,548 6,564 6,751 

Method 5 Results: 
Catch, M i l l i g r a m s  50.3 '- -66.5 , 80.5 

Concentration, Grains/DSCP 0.01591 0.02081 J 0.02500 

Emission Rate, Lbs/Hour 0.4309 0 563 0.7006 

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



PROCESS DESCRIPTION AND OPERATION 

The process at the Potters Industries Inc. plant in Apex, North Carolina 

is confidential. Figure 3-1 is an air flow schematic which shows the test 

location. 



ATMOSPHERE 

I FURNACE I I No. 2 _I 

- -- - 

FIGURE 3- 1. FURNACE NO. 2 AIR FLOW SCHEMATIC S W l  NG TEST LOCATION 



SAMPLING AND ANALYTICAL PROCEDURES 

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

recommended by the  United S ta tes  Environmental Protection Agency and the '' 

North Carolina Department of Natural Resources and Community Development. li." 
Descriptions of the sampling equipment and procedures (extracted from 40 CF'R 

Par t  60) are 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 w a s  
__--- 

divided i n t  equal are&- with 12 t raverse  poln on each of 2 axes, as 
- 

-----f% 

shown i n  F i  ?...- - - _- ___/. 2 /--- - 

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 multiclone s tack cross  section.  

4.3.2 Flue G a s  Composition. During run 3, a multipoint, integrated 

f l u e  gas sample w a s  col lected and analyzed using EPA ~ e t h o d  3; the  analyt ical  

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 G a s  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 Emissions Determinations. EPA Method 5 sampling and ana ly t ica l  

procedures were w e d  t o  determine the  pa r t i cu l a t e  emissions. Each of the 

24 eq-eas was sampled f o r  2.5 minutes, r e su l t i ng  i n  a ne t  run time of 

r 
4 .5  Equipment Calibration.  Pe r t i nen t  equipment ca l ib ra t ion  data  are 

provided i n  Appendix C. 



TRAVERSE POINTS 

2 AXES 
12 WlNrS/AxIS 
24 TOTAL POINTS 



APPENDIX A 

TEST RESULTS AND EXAMPLE CALCULATIONS 



ISOKINETIC SAMPLING TRAIN FIELD DATA h RESULTS TABULATION 

PLANT: Potters Industries. Inc.. Apex. North Carolina 

RUN # DATE SAMPLING LOCATION OPERATOR ----- ------- ----------------- ---------------- 
1 9/02/87 Furnace No. 2 Multiclone Stack Barry F. Rudd 
2 4/02/87 Furnace No. 2 Multiclone Stack Barry F. Rudd 
3 9/02/87 Furnace No. 2 Multiclone Stack Barry F. Rudd 

1 2 ---- ---- 3 ---- 
Run Start Time 800 927 1054 
Run Finish Time 902 1029 1156 

Net Sunpling Points 

Theta Net Run Time. Minutee 

Dia Nozzle Diameter, Inches 0.371 0.371 0.371 

CP Pitot Tube Coefficient 0.840 0.840 0.840 

Y Dry Gas Meter Calibration Factor 0.997 0 997 0.997 

Pbar Barometric Pressure. Inches Bg 29.80 29.80 29.80 

Delta H Avg. Pressure Differential of 2.320 . 2.320 2.460 
Orifice Meter. Inches H2O 

Vm Volume of Metered Gas Sample. Dry ACF 51.655 52.382 52.675 

tm Dry Gas Meter Temperature. Degrees F 98 100 99 

Vm(std) Volume of Metered Gas Sample. Dry SCF" 18.794 49.304 49.686 

Vlc Total Volume of Liquid Collected 95.5 97.0 86.5 
in hipingera L Silica Gel. IIIL 

Vw(std) Volume of Water Vapor, SCFo 
. .  - 4.566 4.495 . . 4.072 

X H ~ O  Moisture Content. Percent by volume 8.4 8.5 7.6 

Mfd Dry Mole Fraction 0.916 0.915 0.924 

XC02 Carbon Dioxide, Percent by Volume, Dry 4.2 4.2 4.2 

%02 Oxygen. Percent by Volume, Dry 13.2 13.2 13.2 

XCO+N2 CO + N2, Percent by Volume, Dry 82.6 82.6 82.6 

Md Dry Molecular Weight, Lb/Lb-Mole 29.20 29.20 29.20 

' Ma Wet Molecular Weight. Lb/Lb-Mole 28.26 28.25 28-35 

PS Flue Gam Static Pressure. Inches H20 -0.14 -0.15 -0.15 

Ps Absolute Flue Gas Press.. Inches HG 29 - 79 29.79 29.79 

ts Plum Gas Temperature, Degrees F 537 540 543 

Delta p Average Velocity Head, Inches H20 0.2060 0.2064 0.2184 

va Flue Gas Velocity, Feet/Second 35 47 35.56 36.57 

A Stack/Duct Area. Square Inches 443.0 443.0 443.0 

Qsd Volumetric Air  low Rate, Iky SCm0 3,160 3.157 3.269 

Qaw Volumetric Air Flow Rate. Wet ACFM . 6,548 6.564 6.751 

Z I Isokinetic Sampling Rate, Percent 105 - 3 106.5 103.7 

l 68 Degrees F -- 29.92 Inches of Mercury (Hg) 
(continued next page) 



Method 5 Results: 

mg Catch. Milligram 

gr/DSCF Concentration, Grains per DSCF* 0.01s91 0.02081 0.02500 

Lb/Hr Emission Rate, Lbs/Rour (PMRc) 0.4309 0.5633 0.7006 

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



EXAMPLE PARTICULATE TEST CALCULATIONS NO. 1 

Furnace No. 2 Multiclone Stack 

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

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

(29.80 + 2.320/13.6) 
vm(std) 17-64 * 0.997 + 51.655 + - - - -------------  = 48.794 DSCF 

(460 + 98) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

Vw(std) = 0.04707 Vlc 

Vw(std) = 0.04707 * 95.5 = 4.495 SCF 

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

DRY MOLE FRACTION OF FLUE GAS 

Mfd = 1 - XH20/100 
Mfd = 1 - 8.4/100 = 0.916 

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

WGT MOLECULAR WEIGHT OF FLUE Ck 



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

Ps = 29.80 + ( -0.1 / 13.6) = 29.79 I N .  HG. 

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

vs 85.49 * cp * sa~[------------------------- 
Ps * Ms 

I 

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

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

Qsd = 3,160 SCM 

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

Qaw = 60 / 144 * 35.5 * 443.0 = 6,548 ACM 

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

$1 I ---- * --- * ........................................... 
Tstd 60 Ps * vs * Mfd * Theta * Area-nozzle, sq.f t .  



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

POUNDS PER HOUR --------------- 
Lb/Hr = 60 / 7000 * gr/DSCF * Qsd 

Lb/Hr = 60/7000 * 0.0159 * 3.160 = 0.43 LB/HR 



FIELD AND ANALYTICAL DATA 



Preliminary Field Data 

I PUNT NAMEM 

1 LOCATION Am ; U * f  

SAMPLING L O C A T ~ O N ~ ~ H ~ L ~ ~ ~ ~ ~  

I DUCT DE?TH 
nxrr N w r  FAR WALL m iwm Z7LZI1 

NIPPLE LENGTH .-. 
DEPTH OF DUCT & 

WIDTH (RECTANCULAR DUCT) 
- 

EOWnLENT uuhmm: 
z( 4=-- = ( 1- - 

1 - 
DISTANCE FROM 
PORTS TO NEAREST 
n o w  DISTURBANCE a' 4' 

orwTws 4 7, 

STACK AREA: W@L%$~ = 443 ~2 

'TRAVERSE Poms m ClRCULAR S t .  

TRAVERSE WNtf N R E C ~ ~  5 T . S  

* , 
3 U u  HOIIZOKtCS LMC 0- 

If more cham 8 and 2 d i u c e r s  aab i f  drmc 
a. LI 1.u chru 26". r u m  8 o r v p o i o u .  

o u a m m s  PARTTCVUTL 

U 00.m / : 

8 + 2.0 i 

, 1 2 '  
7 ,, 1.75 

U 

& 

24 or 25 

5 

2 1- 0.5 



ORSAT FIELD DATA 9 -- 
Plant Name pb'i~i?LS L d W ~ 4 4  -&-,At 
Saiitpling Location -+k 2 & L ~ t ~ ~ ~ a  ~L*<L,CY STACK Fuel Type AM. G h c  

Avg . 1 4.2 1 

Run nnd/or Samgle No. 3 Leak Test?  Date 03.or-grlgperator wa 

Run and/or Sample No. Leak Test?  Date Operator 

%N2 

100-C 

Avg . 

Run and/or Sample No. Leak Test? Date Operator 

XCO 

C-B 
- 

Time of 
Samp 1 e 

Collection 

IQ S'l 

/ 
Is< 

13 ..t 

%02 

B- A 

13 .3  

\ 3  .= 
1 3 . L  

- 

co 
Reading 

C 

- 
Ti me 
of 

Analysis 

\- 

ILi 0 

I LLQ 

gr *L 

*N2 

100-C 

d 

i 

%CO 

C-B 

f 

m 2  

B- A 

. 

Read ng 
A 

4 4  

4J 
4.% 

02 Readtng 
8 

17.4 

134 

I?-4 

CO 
Reading 

C 

Avg . rn Avg . 

Time of 
Sampl e 

Collection 

* 

? Read ng 
A 

T i  me 
of 

Analysis 
Of Read ng 
0 



PARTICULATE FIELD DATA 

P ~ C U  G ~ u r r k r a s  
9 

FauJmrscR 1 
-. A ~ e f ,  - NC TIMI START, AR0.- 
-1- ~ - ~ l o l y  .& 7 &~7'-r~d Q-ZV S ~ A P I I L  TI= FINI-0902 
DATE 99.9L.'3& W LEADER 6. \ < u ~  TEQQ1(ICIW z'. s - 4 ~ ~  
-,,-IC -, IN. - 2 9 . 8  STATIC -, IN.  H,O -&. 14 

TRAIN LUK m VS-, IN.  m& 8 L 
-1- -IN L W (  RATE, CU. FT./MIN. ,- mm, -- WX-WZZLL- D I ~ Q ~ ~ ~  

Cl'lDTII, m-rC8T M m x R m  T I C  F. 3 
W l L l C A L  Uwo'? T I C  PROM Cc .8 

T w  M O  -I box& 0-T W & 
rrraaocourrr @-Or mxw 4 - c ~  ~LDLAR~~AQ AIR 
C ICTER NOMOORAM SCT-UP MMOQlCAPn # D m  

E-40 0 ,  So28 Me) 
j*Ts C F E -  Ln 3 -- mAac Tmw G r c ~  

w WDI- REF. AP 0.16T 
.s e.01 I I s I S  r 

LK..OIQC 
-1- 

YIN.  CU. m. IN.  n 2 o  I D C A L ~ A ~ ~ L  OF QAUOC OF OF Or 

C l T W  
lllCAPIN0 

( & ) ,  -s 

O R l C l U  
3 L I I I N O  ( A H ) ,  

IN. H2Q 

I-. 
EXIT 
m. 

CLOCK 
TI=,  

m'm 
m. 

D K Y w  - 
W I N O ,  

.FILTER 
box 
m. 

lrru 
'Ipp. 

rCll(r 

VACUM 
IN. 110 



PARTICULATE FIELD DATA 



PARTICULATE FIELD DATA 

I owun - Lou'-eer 
C 

m d u m  3 
-. x. hsc- TIMI ST- ,1053, 
-1- -11- # 2, ~~QLTLLLQAC! rrm 1 r 1 ~ 1 - a  

MII bq . ~ t . p +  TIAM rrrrur a . ~ Q P  rraa I c I AM 'R .'E~eatw-~. r ; ~  

~ I C  -* IN. HG 29, STATIC IN. H,O -a. 1s- 
6 -1- i R A l N  L W (  TCST V A C M ,  IN. H G L  - - - - 



i 

%. 

PARTICULATE SAMPWG LABORATORY RESULTS 

Plant Name P-3 EEI Ref. # -9 
sampling Location Fu No. 2 H u ~ ~ t ~ l h l t -  

@ 

Dace Received 4 1 2 Y t e  ~nalyzed 4 19 Ileagent 'Box(es) OWL 

Run Number I t 3 

Run Date Scr A 9 1 IZ 
SIIEWIRP OF PARTICULATE ANALYSES 

sum of Particulate, mg. 553.4 536.8 m 
Total Fi l ter  Tare mg. SOZ.8 4.69.9 
Blank Residue. mg. ( ISD mL) 0.3 (-0 a) 0.4 ( 12b a) 0.3 

TOTAL PARTICULATE CATCH, mg. (1 1 1  J-iEl 
ANALYSIS OF MOISTURE CATCU 

Reamt  1 (1-\-0 ) :  

Final Weight, g. 2700 t700 2s-0 
Tared Weight, g. 2QLL LmQ = 

Water Catch, g. 70.0 700 SS.0 

Reagent 2 ( >: i .. . 
Final Weight, g. - C - 
Tared Weight, g . - - - 

Water Catch, g. - - - 
C O A V D ~ E D  WATER, g. 700 70.0 55.0 

Silica Gel: 

Final Weight, g. a7 .o -ms 
Tared ~ e i b t ,  g. LIQQa Wo-0 2&ELQ 

ADSORBED WATER, g. '7.5 .$. A 351 .s 

TOTAL WATER COLLECTED, g. pi-1 E l  ]=I 
Notes and Comments Blank Beaker # 2010 

Final w t .  mg. )023+5.7 
Tare w t .  mg. \02345.3 
Residue, mg. o,* 
Volume, 6. 7m. o 

Concen. . mg/mL 

--- Legend --- 
= Final Weight 

L = Loose~*articulate 

F = Filter D = Dish 

R = Rinse P = Pan 



LABORATORY SAMPLE WEIGHT CAImTIONS -1 4 

/ Plant Name EEI Ref. # 5639 I L 

I Run Number \ Z 3 

Run Date -& -& a 
Sample ID/Container # F&R 27 

Tare Wt., g. 

SAMPLE WT . , g. 

. . 
SAMPLE WT. , g. 

----------------.----------------------.------------------------------------------- 
Sample ID/Container # 

%. 

Tare Wt., g. 

Tare Wt., g. 

SAMPLE WT.. g. 

--.--------.---------------------------------------------.---------------.---------- 
Sample ID/Container # 

Tare Wt., g. 

SAMPLE WT., g. 



CUSTODY SHEET FOR REAGENT BOX X csC2 

Gate of Xzkeup f n i t i a l s  h ' b  $ Locked? / 
T-a i t - i& - l l  T=e of Reagent: -- 2'00 m l s .  of ('r H 9 ~  
- -. . - rz=ln:~al Tare of Reagent: m l s .  ~f 

In6ivit2ual S i l i c a  Gel Tare Weight 200 gms . 

sampling M=*o~: G flmdo3 S- ( Filyr - Tare Used. 
Weight on 

Run I Initials N-cr 1 %:: 

I n i t i a l s  Locked? 
Received i n  Lab U 

I I I 
I I 

Locked? 

./ 

J 

J 

(o(.43t.p) 

&-, . l ~ . . o ~ - e -  

3 1 o~ .cz .%~ 

Zero & Span Balance 
~ a i t i z l s  )hi=. 3 . 

6 ~ +  
gC+ 
dF6 

Date 
Cleanuo 

w.csz.a+ ?-- &lL d 
O q p r . 8 3  %Q 65b t/ 

% S .  Gel 
Spent 

I n i t i a l s  Lockec 



APPENDIX C 

CALIBRATION DATA 



- - 

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

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

which cal ibrat ion is required are calibrated before initial f i e l d  use. 

Equipment whose cal ibrat ion status may change with use o r  with time is 

inspected in the f i e l d  before t e s t ing  begins, and again upon return from - - each 

f i e l d  use. When an i t e m  of equipment is found to  be out of cal ibrat ion,  it 

is adjusted and recalibrated o r  r e t i r ed  from service. A l l  equipment is 

periodically recalibrated in f u l l ,  regardless of the outcome of these regular 

inspections. . -. 
Calibrations are conducted in a manner and a t  a frequency which m e e t  o r  

exceed U. S. EPA specifications.  Entropy follows the cal ibrat ion procedures 

outlined in EPA Reference Methods, and those recommended within the Quality 

Assurance Handbook f o r  Air Pollution Measurement Systems:-Volume 111 - - 
(EPA-600/4-77-027b, August, 1977) . When the Reference Methods are 

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

Society f o r  Testing and Materials (ASTM). 

'4 Data obtained during cal ibrat ions are recorded on standardized forms, 

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

Manager o r  the Quality Assurance Director. Data reduction and subsequent 

calculations are performed using Entropy' s *in-house computer fac i l i tLes  . 
Calculations are generally performed a t  l e a s t  twice as a check f o r  accuracy. 

Copies of cal ibrat ion data are included i n  the test o r  project  reports.  

Inspection and Maintenance. An ef fec t ive  preventive maintenance program 

is necessary t o  ensure data quality.  Each item of equipment returning from 

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

of these inspections, items are  cleaned, repaired, reconditioned, and 

recalibrated where necessary. 

Each item of equipment transported to  the f i e l d  f o r  this test pmgrm 

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

assurance a c t i v i t i e s  pr ior  to  departure f o r  the job site t o  detect  equipment 

problems which may originate during periods of storage. This minimizes l o s t  

time on site due to  equipment fa i lure .  



Occasional equipment f a i lu re  in the f i e l d  is unavoidable despite the 

most rigorous inspection and maintenance procedures. For this reason, 

Entropy routinely transports suff icient  backup equipment t o  the job site to  

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

Calibration. Emissions sampling equipment tha t  requires calibration 

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

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

calibration procedures followed by Entropy fo r  these items of equipment. 

Calibration data for  the specific items of equipment used fo r  t h i s  test 

program follow the text.  

Nozzles. Each probe nozzle is uniquely and permanently identif ied a t  

the time of purchase, and calibrated before initial 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 different  diameters each time. 
%. If the difference between the high and the low numbers does not exceed 0.004 

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

exceeds this amount, or  when the nozzle becomes nicked,. dented, o r  corroded, 

the nozzle is reshaped, sharpened, and recalibrated. 

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

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

Corporation. Each p i to t  is calibrated 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 to  these standards, w i l l  have a 

coefficient of 0.84 - + 0.02. This coefficient 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 visually before it is transported to  the 

f ie ld .  If t h i s  inspection indicates damage or  ra ises  doubt that  the p i to t  

remains in accordance with the EPA geometry standards, the pi to t  tube is not 

used u n t i l  it has been refurbished and recalibrated. 

Differential  Pressure Gauges. Some meter consoles used by Entropy are 

equipped with 10 in.  W.C. inclined-vertical manometers. Fluid manometers 



do not require calibration other than leak checks. Manometers are 

leak-checked in the f i e ld  prior  t o  each t e s t  ser ies ,  and again upon return 

from the f ield.  

Most of Entropy's meter consoles are equipped with Magnehelic . . 

dif ferent ia l  pressure gauges. Each set of gauges is calibrated i n i t i a l l y  

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

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

del ta  p encountered during the t e s t .  If the agreement is within - + 5 percent, 

the calibration is acceptable. 

Thermometers 

Impinger Thermometer. On site, prior  t o  the start of testing, the 

thermometer used to  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 adfusted if necessary u n t i l  it 

%I.. 

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

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

Dry G a s  Meter Thermometer. The thermometer wed  t o  measure the 

temperature of the metered gas sample is checked pr ior  to  each f i e ld  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'~. Thermometers not meeting th is  

requirement are adjusted or labeled with a correction factor. 

Flue G a s  Temperature Sensor. All thermocouples employed by Entropy for  

the measurement of f lue gas temperatures are calibrated upon receipt. 

I n i t i a l  calibrations are performed a t  three points ( i ce  bath, boiling water, 

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

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

(absolute) a t  each of the three calibration points. 

On s i t e ,  pr ior  to the start of testing, the reading from the stack gas 

thermocouple-potentiometer combination is compared w i t h  a mercury-in-glass 

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

thermocouple and potentiometer are considered to be in proper working order 

for  the t e s t  ser ies .  



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 lue gas temperature. I f  the absolute 

temperatures agree within 1.5  percent, the temperature data are considered 

valid. 

Dry G a s  Meter and Orifice. The dry gas meter and o r i f i ce  are calibrated 

simultaneously. There are two calibration procedures. The f u l l  calibration 

is a complete laboratory procedure used to  obtain the calibration factor of 

the dry gas meter before its f i r s t  use and periodically thereafter.  N l  

calibrations are performed a t  three different  o r i f i ce  set t ings (flow rates) .  

A simpler procedure, the post test  calibration, is designed to check whether 

the calibration factor has changed. Posttest calibrations are performed 

a f t e r  each f i e ld  test series  a t  an intermediate o r i f i ce  se t t ing  (based on the 

test data) and at  the m a x i m u m  vacuum reached during the test. 

Entropy uses as a transfer standard a dry gas meter that  is calibrated 
\. 

annually against a spirometer. During the annual calibration, t r ip l i ca te  

calibration runs are performed a t  seven flow ra tes  ranging from 0.25 t o  

1.40 cfm. . - 

Dry Gas Meter. Each metering system receives a f u l l  calibration a t  the 

time of purchase, and a posttest calibration a f t e r  each f i e l d  use. I f  the 

calibration factor,  Y,  deviates by l e ss  than f ive  percent from the initial 

value, the t e s t  data are acceptable. I f  Y deviates by more than f ive 

percent, the meter is recalibrated and the meter coefficient (initial or  

recalibrated) that  yields the lowest sample volume for  the test runs is used. 

EPA Reference Method 5 ca l l s  for  another f u l l  calibration anytime the 

posttest calibration check indicates that  Y has changed by more than f ive 

percent. Standard practice a t  Entropy is to recal ibrate the  dry gas meter 

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

Orifice. An or i f ice  calibration factor is calculated for  each flow 

se t t ing  during a f u l l  calibration.' I f  the range of values. does not vary by 

more than 0.15 in. H20 over the range of 0.4 to  4 .O in. H20, the arithmetic 

average of the values obtained during the calibration is used. 



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

agree within 2 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 a t  the 

Raleigh-Durham airport, approximately 2.5 miles from Entropy's location. 







Standard Meter Number: b k 3 Q s 3  Standard Meter Gamma: 1.0 042- 

Date: g 0 ( 3 - g ?  Baromekic P r e s s u e  ( P b )  : ZCl.4Z in. Hg 

a -a - .. 
*Date: *Sarometric P r e s s u r e  (P ): b' 

in. Hg 

-ST GLIBRATTON 
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ENTROPY 
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NOTE: All diameters measured in inches. 

NOZZLE NUMBER: 51  L 

Average 

0-36 9 , 

Dia .  5 

,368 

~ i a .  4 

~ ~ ~ ~ ~ 1 9 . 3 h S  
- 3 7 0  

Dia,  3 

t 367 

Date f n i t i a l s  Oia ,  1 

. 3 7 6  
.367 

D i a .  2 

,36 7 
0366 
,379 

1 3 7 3  
-373- 

.Xb b-'7+!3 
0.3?3 
0,374, 
0*37*'r 

-%a. 

,9-12-W 

%I?. 

%T 
SH 
J€ 

dIYd 

r lr3k F 
5/11 1s ri- 
3 /zo /87  
4/21 k 

e3b7 

13-X-5< 
2-IQ-Bb 

1 

M4ij 1??2 . ?32 .3%f 

-37b 
b . 3 7 r  
L 
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,371 
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TbL 
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e377 9375 1 ,376 - 3 7 5  .37G 
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.37< 
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APPENDIX D 

SAMPLING AND ANALYTICAL PROCEDURES 




