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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

841 Chestnut Building 
Philadelphia, Pennsylvania 19107 

JUN 12 1988 

SUBJEXTT: Stack Test Review of Palino 6 Sons Asphdlt Plant, Philadelphia, Pa. 
C B #  39-7160-92187 

32-1cl- 
ERJ34: Jim Gouvas 3ES-11 

FOS 

TO: Sue Insetta, Chief 3AM-u 
EE'&SCS 

- 'MRU: Vic Guide, Qlief 3m-11 
FQS 

A review of the stationary source stack sampling report 
titled nScrurce !Sanpling for Formdld&yde & Particulate Emissions 
mlino & Sons, Ix. Philadelphia, Pa. September 1-2, 1988Iv flltmitted 
by RQm, mrarmentdl Corp m s ,  Tenn. has been canpleted. 

The tests (EErA Mzthod 5 ,  EPA MIS and EPA Mzthod 9) were conducted on 
the m t  Plant stack during the period of sept-r 1-2, 1988. 

The a t  Plant Stack emissim*s are regulated by 40 CFR submrt I 
(NSF'S) md E'aE@R 123.1 
source is - - - - - - - - 
(grldscf m t  pm-test run emission 

anissiun's are 

L 

(EPA Calculated). 'Ihe 2uFhalt Plant 
th this emission s-d. (see the 

attachems for the dssion rate ccopliance detemimtion cal&atiom 

EPA Pbdified Method 5 was the test used on run number 3. Ihe test was 
used for Particulate and Fo- mission rates. The results fran 
of the Fonnaldehyde test run is conmined in the report. 

EZa Method 9 (Visible Ehissims 1 was cmllwted by Bob Scott, Philadelphia 
AM3 during the test runs. The visible missions ohserved were in corpliance 
with the NSPS enission standard. 

I have reviewed the test report's field testing procedures, calculation, 
and quality assurance procedures. I have foum then in agreenem 
w i t h  procedures required by EPA Metloa 5. The calculations, as 
presented, appear to be correct and the test report acceptable 
in content. 

The atmchmms are canparisms of emission rate calculations 
made by the writer using the raw data fran the report's field 
testing data sheets. 



At-: 1. EZnission Rate Calculatian Canparisms (EPA vs REIC), 
2. EPa Rnissicm Fate Ccmpliance Determination Calculations 
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ENVIRONMENT' CORPORATK)N 

January 12, 1988 

Mr. Joe Marchionne 
Paolino Paving dc Supply 
3201 South 61st Street  
Philadelphia, PA 19153 

Re: Particulate Emissions Test  - Philadelphia, PA 

Dear Mr. Marchionne: 

Enclosed you wil l  find four copies of our  report  on the  particulate 
emission$ test we conducted a t  your plant. Based on our  teat 
results ,  your plant does meet emissions s tandards  s e t  by the  City 
of Philadelphia. Therefore, the  plant is operating in compliance 
with City Standards. 

You will want to sign the  report  covers and send two copies to: 

Mr. Robert Scott 
City of Philadelphia 
Department of Public Health 
500 S. Broad Street  
Philadelphia, PA 19146 

You will need to keep one copy of the  report  a t  the  plant. We 
certainly have enjoyed working with you and look forward to 
serving you again in the  future.  

Go Sumner Buck, 111 
President 

Enclosures 

RAMCON 6UUDiNG. 223 SCOTT STREET, MEMWS. TENNESSEE 38112 
TKEPC(ONE 600l4586567 IN TENMssEE 001/4Y3-= 
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I. INTRODUCTION 

On December 3, 1987, personnel from RAMCON Environmental 

Corporation (REC) conducted a source emissions tes t  for 

particulate emissions compliance at Paolino Paving dc Supply's 

Stansteel batch mix asphalt plant located in Philadelphia, 

Pennsylvania. RAMCON personnel conducting the  t e s t  were 

Cameron Mitchell, Team Leader and Shawn Greenwood. Kim Rea 

was responsible for t he  laboratory analysis including taring the  

beakers and filters and recording final data in the  laboratory 

record books. Custody of the  samples was limited to Mr. 

Mitchell and Ms. Rea. 

The purpose of the  test was to  determine if the  ra te  of 

particulate emissions from the  plant's baghouse a r e  below the 

allowable b i t s  set by the  City of Philadelphia. 

11. TEST RESULTS 

Table I summarizes the  tes t  results. The allowable emissions a r e  

found in Pennsylvania Air Regulations 25 PA 123.1, .13 and .41 

and Philadelphia Air Management Regulation 2 ,  sections 4,  7 & 

8. The visible emissions limit is 20%. The mass emissions limit 

is .O4 gr ldscf  and 10.2 l b s l h r  f rok  the  process weight and the  

formula in 25 PA 123.13. 



TABLE I 

SUMMARY OF TEST RESULTS 
December 3, 1987 

Tes t  Isokinetic Actual 
Run - Time - Grain Loading Variation Emissions 

/,Y 
, 

*1 0.0383 gr/DSCF 5's". 1/16 -9 ,, ,;, 1-2  b, , - -5 

1 09:02 t o  13:32 0.0261 gr/DSCF 8.3 l b s / h r  

2 14:24 to 15:29 0.0331 gr/DSCF 9.8 l b s / h r  

3 16:12 to 17:17 0.0241 gr/DSCF 7.3 l b s / h r  

Average: 0.0278 gr/DSCF 8.5 l b s / h r  

* Includes backhalf analysis  / b o d  

On t h e  basis of these  test resul t s ,  t h e  ave rage  gra in  loading o n  t h e  

th ree  test r u n s  does meet t h e  .04 gr/DSCF limitation set by t h e  City 

of Philadelphia. T h e  actual  emissions also meets t h e  10.2 l b s / h r  

limitation. Therefore,  t h e  plant is  opera t ing  in compliance with City 

s tandards .  

I11 . TEST PROCEDURES 

A. Method Used: The  source  sampling was conducted in accordance . - 
with requirements of the  U.S. Environmental Protection Agency as set 
for th  in 39 FR 9314, March 8, 1974, 60.93, as amended. 

B. Problems Encountered: No problems were encountered tha t  

affected test ing.  



(31 
C.  Sampling Site: The  emissions tes t  was conducted af ter  a 

baghouse on a rectangular stack measuring 59" x 34.5" with 

an  equivalent diameter of 43.5". Six sampling ports  were 

placed 25.5" down (0.6 diameters upstream) from the  top of 

the  stack and 97.5" up (2.2 diameters downstream) from the  

last flow disturbance. Thir ty  points were sampled. Run one 

at 2.5 minutes each,  r uns  two and three  a t  two minutes each. 

Points 
OR a Probe 

Diameter Mark - 



IV. THE SOURCE 
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IV . THE SOURCE 

Paolino Paving & Supply employs a Stansteel batch mix asphalt plant 
which is used to manufacture hot mix asphalt for road pavement. The 
process consists of blending prescribed portions of cold feed materials 
(sand, gravel, screenings, chips, etc.) uniformly and adding sufficient 
hot asphalt oil to bind the mixture together. After the hot asphalt mix 
is manufactured at  the plant, it is transported to the location where it is 
to be applied. The hot asphalt mix is spread evenly over the surface 
with a paver and then compacted with a heavy roller to produce the final 
product. 

The following is a general description of the plant's manufacturing 
process: The cold feed materials (aggregate) are dumped into four 
separate bins which in turn feed a common continuous conveyor. The 
aggregate is dispensed from the bins in accordance with the desired 
formulation onto the cold feed system conveyor to an inclined weigh 
conveyor then to a rotating drum for continuous mixing and drying at 
approximately 3000F. The dried aggregate is pulled by a bucket elevator 
to the top of a gradation control unit which separates and stores the 
aggregate by size. The required amount of each aggregate is dispensed 
into a weigh-hopper and from there, into a pugmill where the hot liquid 
asphalt is mixed thoroughly with the aggregate. The hot asphalt mix is 
then discharged from the storage silo through a slide gate into waiting 
dump trucks, which transport the material to a final destination for 
spreading. The rated capacity of the plant will vary with each aggregate 
mix and moisture content with a 5% surface moisture removal. 

The drum dryer uses a burner fired. with #2 fuel oil to heat air to dry 
the aggregate. The air is drawn into the system via an exhaust fan. 
After passing through the burner and the mixing drum, the air passes 
through a baghouse. The baghouse is manufactured by Stansteel. The 
exhaust gas is drawn through the baghouse and discharged to the 
atmosphere through the stack. The design pressure drop across the tube 
sheet is 1 - 6 inches of water. The particulate matter, which is removed 
by the baghouse is reinjected into the pugmill. The following sketch 
shows a typical batch mix asphalt plant. 
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DATA SUMMARY 

Plant  - 
1. Manufacturer of p lant  S L -  ~ { C - C  1 
2. Designed maximum operating capacity 1 Zo TPH @ 5 8 moisture. - - 
3. Actual operation r 

== @ 
S- 8 moisture. 

4. Star tup  date 

5. Type of furs1 u8ed in  dryer & ;F%&&\. 
6. Quanity of fue l  consumption o/ PC 

b - 
. 

Aggregate 

7. Name/type of mix / 
r I 

8. Percent aspha l t  i n  mix 8. 

9. Temperature of asphalt 3 I() 
10. Sieve/Screening analysis:  8 Passing; 

1" 3/8 II 

Bag house 

11. Manufacturer 54-- S ~ C  \ 

13. Air t o  c l o t h  r a t i o  

14. Square f e e t  of bag8 fl tx 
15. Type of cleaning; pulse jet reverse 2 a i r  A @ 

plenum pulse o ther  

16. Cleaning cycle  time se' 0 
Y 

. 
17. In te rva l  between cleaning cycle  Sf c 
18. Pressure dmp across  bagbouu 12d i & L\*,O - 

19. Pulse psi.  

COMPANY NAME 1%-'3-w 
COMPANY REP w,,, an-- r r  



('1 
PLANT DATA 

?sL.n\C1) SU-QQ!~ --c, . 
COMPANY REP. DATE \I4>-- PHONE # (7 \f&-%sS3s(d 

.J r e--n G-,e L - 
CL L;& PCi.2 

PLANT MFG. -I>&\\ PLANT ~ O D E L  t ' i l k  PLANT TYPE- C I 
MIX SPECIFICATION # 1 b - 7' OIL SPECIFICATION # PC -?# 13 

1 I , . 

' i t  
, , +  

1 

REC 604  



- 
V. EQUIPMENT USED 



EQUIPMENT USED 

Equipment used on conducting t h e  part iculate emissions test 

was: 

The Lear Siegler PM-100 s tack  sampler with appropriate 

auxiliary equipment and glassware. The t ra in  was set up 

according t o  t h e  schemat ic  on t h e  nex page. 

An Airguide Instruments Model 211-B (uncorrected) aneroid 

barometer  was used t o  check  t h e  barometr ic  pressure. 

Weston dial  the rmomete rs  a r e  used, t o  check  mete r  t em-  

peratures. An Analogic Model 2572 Digital Thermocouple i s  

used for s t ack  temperatures.  

D. A Hays 621 Analyzer was used t o  measure  t h e  oxygen, carbon 

dioxide and carbon monoxide con ten t  of t h e  s t ack  gases. For 

non-combustion sources, A Bacharach Instrument Company 

Fyr i te  i s  used for t h e  g a s  analysis. 

Fil ters a r e  mady by Schleicher and Schuell and a r e  ty,pe 1-HV 

with a porosity of .03 microns. 

The ace tone  i s  reagent  g rade  o r  ACS grade  with a residue of 

1 .001. - 

Form #REC-07 



V L  LABORATORY PROCEDURES & RESULTS 



LABORATORY PROCEDURES FOR PARTICULATE SAMPLING 

I. Field Preparation 

A. FILTERS: Fiberglass 4" sampling filters are prepared as follows: 

Filters are removed from their twx and numbered on the back side 
with a felt pen. The numbering system i s  continuous from job to job. 
The filters are placed in  a dessicator to dry for at least 24 hours. 
Clean plastic petri dishes, also numbered, top and bottom, are placed 
in the dessicator with the filters. After dessication, the filters are 
removed one at a time and weighed on the Sartorius analytical 
balance, then placed in the correspondingly numbered petri dish. 
Weights are then recorded in the lab record book. Three filters are 
used for each complete particulate source emissions test and there 
should be several extra filters included as spares. 

8. SILICA GEL: Silica Gel used for the test i s  prepared as follows: 

Approximately 200 g of silica gel is placed in a wide mouth "Mason" 
type jar and dried in an oven (175% for two hours). The open jars 
are removed and placed in a dessicator until cool (2 hours) and then 
tightly sealed. The jars are then numbered and weighed on the triple 
beam balance to the closest tenth of a gram, and this weight i s  
recorded for each sealed jar. The number of silica gel jars used i s  
the same as the number of filters. Silica gel should be indicating 
type, 6-16 mesh. 

11. Post-Testing Lab Analysis 

A. FILTERS: The filters are returned to the lab in their sealed glass 
filter holder which was used in field sampling. In the lab these 
holders are opened. The filter is placed in i t s  petri dish with the lid 
off and returned to the dessicator for at least 24 hours. The top half 
of the filter holder is washed into the corresponding probe wash 
bottle and the bottom half of the filter holder i s  washed into the 
corresponding impinger catch bottle. (See 11, C and Dl. After 
dessication, the filters are reweighed. The final weight i s  recorded 
in the lab record book. The f i l terpick up weight i s  calculated and 
recorded also. This procedure is repeated for all filters used in the 
field. 

Alternately, the test team may opt to oven dry the filters at 220°F 
for two to three hours, weigh the sample, and use this weight as a 
final weight. 

8. SILICA GEL: The sealed silica gel jars should be reweighed on the 
triple-beam balance and their weights recorded as shown on previous 
Page* 



C. PROBE RINSINGS: In all tests, a probe wash-out analysis will be 
necessary. These samples a r e  returned in seated Mason jars and 
consist of A.R. Acetone with an unknown solid content. Clean 250 
ml beakers a r e  used t o  make this analysis. These should be 
immaculately washed and rinsed with deionized water, then oven 
dried at 1050C for about one hour. The beakers should be moved t o  
the  dessicator t o  cool for ninety (90) minutes, then labeled with a 
pencil and weighed on t he  Sartorius analytical balance. Any variance 
from this procedure should be duplicated exactly when reweighing, a s  
this procedure has been found t o  be quite sensitive. After preparing 
the  necessary number of beakers (one for each probe wash and one 
blank) the Mason jars should be opened, poured into the  beaker, and 
any material remaining on the  jar walls rinsed with an acetone wash 
bottle into the beaker. The amount of liquid in the  beaker should be 
noted on the  analysis form. The acetone rinsings a r e  evaporated on 
a warming plate. The liquid i s  kept swirled with an air sweep to 
prevent "bumping". When the  acetone is evaporated the beakers a r e  
weighed a s  in Section I1 A. 

Do IMPINCER CATCH: In some testing cases, the liquid collected in t h e  
impingers must be analyzed for solids content. This involves a 
similar procedure t o  the  probe wash solids determination, except that 
the liquid i s  deionized water. 

E. ACETONE: Conduct a blank analysis of acetone in the 1 gallon glass 
container. This acetone will be used in the field for rinsing the 
probe, nozzle, and top half of the  fi l ter holder. Performing such a 
blank analysis prior t o  testing will insure tha t  the quality of the 
acetone t o  be used will not exceed the .001% residual purity 
standard. 

SPECIAL NOTE 

When sampling sources high in moisture content, (such a s  asphalt 
plants) the fi l ter paper sometimes sticks t o  the filter holder. When 
removing the fi l ter i t  may tear. In order to maintain control of any 
small pieces of fi l ter paper which may be easily lost, they a r e  washed 
with acetone into the  probe washing. This makes the filter weight 
light (sometimes negative) and t h e  probe wash correspondingly 
heavier. The ne t  weight is the same and no particulate is lost. This 
laboratory procedure is taught by EPA in the Quality Assurance for 
Source Emissions Workshop at Research Triangle Park and is approved 
by EPA. 
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WEIGHING PROCEDURE - SARTORIUS ANALYTICAL BALANCE 

The Sartorius balance is accurate to 0.1 mg and has a maximum 
capacity of 200 grams. The balance precision (standard deviation) is 
0.05 mg. Before weighing an item, the balance should first be 
zeroed. This step should be taken before every series of weighings. 
To do this, the balance should have all weight adjustments at uzerow 
position. The beam arrest lever (on the lower left hand side toward 
the rear of the balance) is then slowly pressed downward to full 
release position. The lighted vernier scale on the front of the cabinet 
should align the nzerou with the mark on the cabinet. If it is not so 
aligned, the adjustment knob on the right hand side (near the rear of 
the cabinet) should be turned carefully until the marks align. Now 
return the beam arrest to horizontal arrest position. The balance is 
now uzeroedu. 

To weigh an item, it is first placed on the pan. And the sliding 
doors are closed to avoid air current disturbance. The weight 
adjustment knob on the right hand side must be at *zeron. The beam 
arrest is then slowly turned upward. The lighted scale at the front 
of the cabinet will now indicate the weight of the item in  grams. If 
the scale goes past the divided area, the item then exceeds 100 g 
weight (about 3-112 ounces) and it is necessary to arrest the balance 
(beam arrest lever) and move the lever for 100 g weight away from 
you. It is located on the left hand side of the cabinet near the 
front, and is the knob closest to the side of the cabinet. The 
balance will not weigh items greater than 200 grams in mass, and 
trying to do this might harm the balance. Remember -- this is a 
delicate precision instrument. 

After the beam is arrested, in either weight range, the procedure is 
the same. When the weight of the item in grams is found, "dial i n n  
that amount with the two knobs on the left hand side (near the 100 g 
lever) color coded yellow and green. As you dial the weight, the 
digits will appear on the front of the cabinet. When the proper 
amount is dialed, carefully move the arrest lever down with a slow, 
steady turn of the wrist. The lighted dial will appear, and the right 
hand side knob (front of cabinet) is- turned to align the mark with 
the lower of the two lighted scale divisions which the mark appears 
between, When these marks are aligned, the two lighted digits along 
with the two indicated on the right hand window on the cabinet front 
are the fractional weight in grams (the decimal would appear before 
the lighted digits) and the whole number of grams weight is the 
amount "dialed inn on the left. 

In general, be sure that the beam is in "arrestu position before 
placing weight on or taking weight off of the pan. Don't "dial in" 
weight unless the beam is arrested. The balance is sensitive to even 
a hand on the table near the balance, so be careful and painstaking 
in every movement while weighing. 



Form REC48 

Plant Location Relative humidity in lab *- % 

Sample lacation Density of Acetone (pa) .7@3 mg/ml 

B l a n k v o l ~ m e ( V ~ )  -0 ml 

~atefiime M. blank 1z-1(-5 7 Gross w t .  / w . Y ~ / $  mg 

Date/Time wt . blank -7 - 5 7 Gross w t .  / 9Z,CI77Q 
/ 9 7 , y ? l q  Ave. Gross w t .  

 are w t .  / 4 Z . c / 7 7 C /  
Weight of blank (mab) 0 mS 

A c e t o m  blank residue mnan t r a t ion  (Ca) C = ( 1  / V p a  = ( O mg/g) 
Weight of residue i n  acetone wash: Wir = Ca Va@ = ( n ( h e  (.7k3 ) = ( 1 

Acetone r ins  
DateDime of w 
Date/Time of 

Average Gross w t  
Tare w t  

Less acetone blank w t  (W,) 

W t  of particulate i n  acetone r inse  (m,) 

Fi l t e r  Numbers 
Date/Time of w t  (2 4-87 1 q: 00 Gross w t  g 

 ate/^* of wtlZ-833 1 \\:COGKOSS w t  g 
b 

Average Gross w t  g 

Tare w t  

wigh t  ofparticulatewrfilters(s) (mf)  g 
Weight of par t iculate  in acetone rinse 

Total weicPIt of particulate (Q,) 
7oToQ *tr$+O$ hE+ec, 1 4  h k k 4 f  P- o.o+zL ;..3UMd5c5 

7 o i - o  e 0 3 x 0  
Note: I n  no case should a blank residue greater than '6.01 

w9 (or 0.001% of the blank weight) be subtracted fran 
the sample weight. 

Remarks 

Signature of re of reviewer 





VII. CALCULATIONS 



NAME: PAOLINO PAVING & SUPPLY, I N C .  

LOCATION:  P H I L A D E L P H I A ,  PENNSYLVANIA d a t e  1 2 / 0 3 / 8 7  1 2 / 0 3 / 8 7  1 2 / 0 3 / :  

3 4-7/60 - 821 
SUMMARY OF TEST DATA RUN # 1 RUN # 2 RUN # 

SAMPLING T R A I N  DATA s t a r t  0 9 : 0 2  1 4 : 2 4  16: 1: 

f i n i s h  13:32 15 : 29 17: 1- 

1 S a m p l i n g  t i m e ,  m i n u t e s  6 79 6 0  6 0  

2 S a m p l i n g  n o z z l e  d i a m e t e r ,  i n ,  D n  , 2 3 0  , 2 3 0  , 2 3 0  

3 S a m p l  i n g  n o z z l e  c r o s s - s e c t i o n a l  a r e a ,  f t ?  A n  , 0 0 0 2 8 9  , 0 0 0 2 8 9  , 0 0 0 2 8 9  

4 I s o k i n e t i c  v a r i a t i o n  I 93 99 93 

5 S a m p l e  g a s  v o l u m e  - m e t e r  c o n d i t i o n s ,  c f ,  Vm 5 0 . 3 8  39,94 3 8 . 4 2  
0 

6 A v e r a g e  m e t e r  t e m p e r a t u r e ,  R  Tm 523 524 528 

7 A v e r a g e  o r  i f a c e ' p r e s s u r e  d r o p ,  i n , H 2 0  AH , 94 .YO ,88 

8 T o t a l  p a r t i c u l a t e  c o l l e c t e d  mg.  Mn 89.8 9 0 . 1  62.6 

VELOCITY TRAVERSE DATA 

9 S t a c k  a r e a ,  f t?  A  1 4 , l  1 4 , l  1 4 , 1  

1 0  A b s o l u t e  s t a c k  g a s  p r e s s u r e ,  i n ,  Hg. P s  3 0 . 5 4  3 0 , 5 4  30,51+ 

11 B a r o m e t r i c  p r e s s u r e ,  i n ,  H g ,  P b a r  3 0 , 5 4  3 0 . 5 4  3 0 . 5 4  

12 A v e r a g e  a b s o l u t e  s t a c k  t e m p e r a t u r e ,  * R  T s  589 591 6 0 2  -------------- 
13 A v e r a g e  ' \ / v e l o c i t y  h e a d  , ( Cp= , 8 0  -\/zF .98 ,96 ,95 

1 4  A v e r a g e  s t a c k  g a s  v e l o c i t y  f t ,  / s e c .  V s  56 cc JJ CC J J  

STACK MOISTURE CONTENT 

15 T o t a l  w a t e r  c o l l e c t e d  by  t r a i n ,  m l ,  V i c  1 8 5 . 0  2 0 9 , O  1 6 0 , O  

16 M o i s t u r e  i n  s t a c k  g a s ,  X B w s  1 4 . 1  18. P 15.8 

E M I S S I O N S  DATA:  .. 
17 S t a c k  g a s  f l o w  r a t e ,  d s c f / h r .  ( 0 0 0 ' s )  Q s d  2,237 2 , 0 8 0  2,113 

18 T o t a l  p a r t i c u l a t e  c o n c e n t r a t i o n ,  g r /dsc f  C s  , 0 2 6 1  , 0 3 3 1  , 0 2 4 1  

19 T o t a l  p a r t i c u l a t e  c o n c e n t r a t i o n ,  lbs/hr E  8.3 9 ,8  7 , 3  

2 0  T o t a l  p a r t i c u l a t e  c o n c e n t r a t i o n ,  lbs /nbtu E '  . O O O O  , 0 0 0 0  0 0 0 0  

ORSAT DATA 

21 . P e r c e n t  C 0 2  by v o l u m e  

22 P e r c e n t  02 b y  v o [ u m e  

23 P e r c e n t  CO by v o l u m e  

24 P e r c e n t  N 2  b y  v o l u m e  





T o t a l  contaminants  b y  w e i g h t :  'GRAIN LOADING' 

P a r t i c u l a t e  c o n c e n t r a t i o n  Cs g r , / d s c f .  

Where: 

Cs = C o n c e n t r a t i o n  o f  p a r t i c u l a t e  m a t t e r  i n  s t a c k  gas,  d r y  b a s i s ,  
c o r r e c t e d  t o  s t a n d a r d  c o n d i t i o n s , g r , / d s c f .  

'n = T o t a l  amount o f  p a r t i c u l a t e  m a t t e r  c o l l e c t e d ,  mg. 

'm(std) = D r y  gas v o l u r n ~ u g h  -meter  a t  s t a n d a r d  condi t . ions ,  c u , f  t 

Run # 1: 

Run # 2: 

Run # 3:  



Dry molecular weight: 

Where: 

%N, 
L 

XCO 

Run # 1: 

= D r y  molecular ueiqht,lb,/lb.-mole, 

= Percent carbon dioxide b y  volume (dry basis). 

= Percent oxygen b y  volume (dry basis), 

= Percent nitrogen b y  volume (dry basis), 

= Percent carbon monoxide by volume (dry basis). 

= Ratio of O2 to N, in air, v/v. 
.& 

= Holecular weight o f  N p  or CO, divided b y  1 0 0 .  

= Molecu{ar weight o f  0, divided by 1 0 0 ,  
4. 

= Molecular w e i g h t  of CO, divided b y  1 0 0 .  - - 
Run Y 2: M d  = O . 4 4 (  4 . 0 %  + 0 . 3 2 ( 1 8 . 0 %  ) + 0.28( - 0 %  + 7 8 . O X  ) = 2 9 . 4  

Ib,/[b.-mole 

Run Y 3: Hd = O . 4 4 (  2.5X + 0 . 3 2 ( 1 7 . 5 2  + 0 . 2 8 (  .OX + 8 0 . 0 %  ) = 2 9 . 1  
lb,/lb,-mole 



U a t e r  v a p o r  c o n d e n s e d  : 

U h e r e :  

3 0 . 0 4 7 0 7  = C o n v e r s i o n  f a c t o r  f t , / m l ,  

3 0 . 0 4 7 1 5  = C o n v e r s i o n  f a c t o r  f t . / g ,  

V  = Vo  l u m e  o f  w a t e r  v a p o r  c o n d e n s e d  ( s t a n d a r d  c o n d i  t i o n s )  s c f  , 
" s td  

V  = V o l u m e  o f  w a t e r  v a p o r  c o l l e c t e d  i n  s i l i c a  g e t  ( s t a n d a r d  c o n d i t i o n s )  
WSgs td  

vf = F i n a l  v o l u m e  o f  i m p i n g e r  c o n t e n t s ,  m l .  

i = I n i t i a l  v o l u m e  o f  i m p i n g e r  c o n t e n t s  

P = D e n s i t y  o f  w a t e r ,  ( 0 . 0 0 2 2 0 1  l b / m l ) ,  

R = I d e a l  g a s  c o n s t a n t ,  21,85 ( i n , H g ,  ) ( c u , f t . / l b , - m ~ t e ) < ~ ~ )  

- 
v w c  - 

s t d  

M w = M o l e c u l a r  w e i g h t  o f  w a t e r  v a p o r  ( 1 8 . 0  l b / l b - m o l e ) ,  

T s t d  = A b s o l u t e  t e m p e r a t u r e  a t  s t a n d a r d  c o n d i t i o n s ,  ~ 2 8 ~ ~ .  

P s t d  = A b s o l u t e  p r e s s u r e  a t  s t a n d a r d  . c o n d i t i o n s ,  29,92 i n c h e s  H g .  

- - - - 
'w ----------- T ( s t d )  
Hw P ( s t d )  

- - - - 
V f - V i  

-- -- 

R u n  # 1: V w c ( s t d )  = ( 0 , 0 4 7 0 7 )  ( 1 7 0 , O )  = 8 . 0  c u , f t  

V w s g ( s t d )  = ( 0 , 0 4 7 1 5 )  ( 1 5 . 0 )  = ,7  c u , f t  

R u n  # 2: ' w c ( s t d )  = ( 0 , 0 4 7 0 7 )  ( 1 9 4 . 0 )  = 9.1 c u . f t  

V ~ s g ( s t d )  = ( 0 , 0 4 7 1 5 )  t  15,O) = .7 c u . f t  

= 0 . 0 4 7 0 7  

R u n  # 3: Vwc(,td) = ( 0 , 0 4 7 0 7 )  ( 1 5 1 . 0 )  = 7 . 1  c u . f t  

"usg(std) = ( 0 , 0 4 7 1 5 1  ( 9 . 0 )  = .4  c u , f t  

- - - - 
Vf - V i  

-- -- 



+ Vws9std x 1 0 0  
M o i s t u r e  c o n t e n t  o f  s t a c k  g a s e s :  Vw's t d ----------------,-------------- 

Bws v + Vw*gstd  + ' m  
WC 

s t d  s t d  

U h e r  e  : 

= P r o p o r t i o n  o f  w a t e r  v a p o r ,  by v o l u m e ,  i n  t h e  g a s  s t r e a m ,  

"m = D r y  g a s  v o l u m e  m e a s u r e d  by d r y  g a s  m e t e r ,  ( d c f ) .  

V a V o l u m e  o f  w a t e r  v a p o r  c o n d e n s e d  c o r r e c t e d  t o  s t a n d a r d  
WCst d c o n d i  t i  o n s  ( s c f )  . 

V = V o l u m e  o f  w a t e r  v a p o r  c o l l e c t e d  i n  s i l i c a  g e l  c o r r e c t e d  t o  
WSgst d s t a n d a r d  c o n d i t i o n s  ( s c f  1 ,  

8 . 0  + , 7  
R u n  # 1: EWS = ------------------- X 1 0 0  = 1 4 , 1 %  

8 . 0  + .7 + 53.05 

9 . 1  + .7 
R u n  # 2: BUS = ------------------- X 1 0 0  = 18.9 % 

9 . 1  + . 7  + 41,97 

M o l e c u l a r  w e i g h t  o f  s t a c k  g a s e s :  M~ = Md (1-Bus)  + 18 (BUS). 

W h e r e :  

ns = M o 4 e c u l a r  w e i g h t  o f  s t a c k  g a s ,  w e t  b a s i s ,  ( I b . / l b , - m o l e ) ,  

Md M o l e c u l a r  w e i g h t  o f  s t a c k  g a s ,  dry b a s i s ,  ( l b . / l b . - m o t e ) ,  

R u n  Y 1: Ms = 29.2 (1- ,141 1 + 18 ( ,141 = 27.6 ( l b . / l b . - m o l e ) .  

R u n  # 2: MS = 29.4  (1- ,189 1 + 18 ( ,189 ) = 27.3 ( l b . / l b . - m o l e ) .  

R u n  Y 3: MS = 29.1 (1- ,158 1 + 18 ( ,158 = 27.3 ( l b , / t b , - m o l e ) ,  



Stack gas v e l o c i t y :  

Where: 

= A v e r a g e  v e l o c i t y  o f  qas stream i n  s tack,  f t . / s e c .  I 

= P i t o t  tube coe f f i c i en t , (  dimension{ess ) ,  

= Ve [oc i t y  head o f  stack gas, i n ,  H,O. A 

= Barometric pressure a t  measurement s i t e ,  ( i n , H g ) ,  

= Stack s t a t i c  pressure ( i n .Hg) ,  

= Absolute stack gas pressure, ( i n ,Hg)  = Pb,,-+ Pg  

= Standard absolute pressure, ( 29,92 in.Hq 1 ,  

= Stack temperature, ( O f ) ,  

= Absolute stack temperature, ( O R ) .  = Y60 + t5 .  

= Molecular weight o f  stack gas, w e t  bas is ,  ( l b / l b -mo\e ) .  

Run # 1: V = (85,49) ( ,801 ( ,981 '\ 
\ 

- - - - - - - - - - - - - - - -  
589 

,,------------ = 56.08 f t / s  
(30,54)(27.62)  

Run # 2:  V = (85,49) ( ,80) ( ,961 '\ 
\ 

I--------------- 

591 ____________-_  - - 5 5 , 4 0 f t / . -  
(30,54)(27.25) 

Run W 3: V = (85.49) ( .80) ( .95) '\ 
\ 

- - - - - - - - - - - - - - - -  
602 -------------- = 55.23 ft/! 

(30,54)(27,35) 



Stack gas f l o w  r a t e :  

Where: 

Dry vo (ume t r i c  stack gas f l o w  r a t e  c o r r e c t e d  t o  
s tandard  cond i t i ons ,  ( d s c f / h r ) ,  
Cross s e c t i o n a l  area o f  s tack ( f t ,  I ?  

Conversion f a c t o r ,  sec , / h r ,  

Stack temperature ( O f ) .  

Absolute stack temperature, ( O R ) ,  

Standard absotute  temperature, ( 5 2 8 * ~ ) ,  

Baromet r i c  pressure a t  measurement s i t e ,  ( i n . H q . ) .  

Stack s t a t i c  pressure,  t i n , H g , ) ,  

Abso lu te  stack gas pressure,  ( i n , H g ,  1 ;  = 
'bar + P9 

Standard abso lu te  pressure,  (29,92 i n .Hg , )  

Run # 1: - .. . -. - - - - 

9, d  = 3600 (1-,141) ( 56.08) ( 1 . 1  

Run # 2: - - - - - - - - 
Qsd = 3 6 0 0  (1-,189) < SS,40) ( 14.1) 

Run # 3:  - - - - - - - - 

-- -- -- -- 

528 ------ 
589 

Qsd = 3600 (1-,158) ( 55.23) ( 14.1)  

-- -- -- -- 

528 ------ 
591 

- - 
30,54 ----- 
29,92 

-- -- -- -- 

528 ------ 
602 

- - 2237427 dscf  

30.54 ----- 
29.92 

= 2079726 dscf  , 

30.54 ----- 
29.92 

= 2113263 dscf,  



E m i s s i o n s  r a t e  f r o m  s t a c k :  

( C,) ( Qsd) 
E = -------------- 5 l b .  / h r .  

Where: 

E  = E m i s s i o n s  r a t e , l b , / h r .  

C  = C o n c e n t r a t i o n  o f  p a r t i c u l a t e  m a t t e r  i n  s t a c k  qas, d r y  b a s i s ,  
c o r r e c t e d  t o  s t a n d a r d  c o n d i  t i  ons ( g r / d s c f ) .  

Q = Dry v o l u m e t r i c  s t a c k  gas f l o w  r a t e  c o r r e c t e d  t o  
- s t a n d a r d  c o n d i  t i  ons, ( d s c f / h r ) ,  

..... ..+-.---a 
( , 0 2 6 1 )  ( 2237427) 

Run # 1: E - 8.3 t b ,  / h r .  - - .................... - 
7000 

( , 0 3 3 1 )  ( 2079726) 
Run 44 2 :  E - 9,8 I b ,  / h r ,  - - .................... - 

7000 

( , 0 2 4 1 )  ( 2113263) 
Run # 3 :  E -- --- - 7,3 ( b .  / h r .  --------- - 

7 0 0 0  



W h e r e :  

I s o k i n e t i c  v a r i a t i o n  : I = 1 0 0  TS 

I = P e r c e n t  i s o k  i n e t i c  s a m p l  ins,  

- .. - - 
0 . 0 0 2 6 6 9  Vie+ (Vm/Tm)(Pbar+AH/13.6)  
I-_-_--__-----_--_----------------- 

P A  60 * 5 n 

1 0 0  = C o n v e r s i o n  t o  p e r c e n t ,  

a = A b s o l u t e  a v e r a g e  s t a c k  g a s  t e m p e r a t u r e ,  R .  

0 , 0 0 2 6 6 9  = C o n v e r s i o n  f a c t o r ,  He - f t 3 / m l  - O R. 

' i c  = T o t a l  v o l u m e  o f  l i q u i d  c o l l e c t e d  i n  i m p i n g e r s  a n d  s i l i c a  g e l ,  
0 = A b s o t u t e  a v e r a g e  d ry  g a s  m e t e r  t e m p e r a t u r e ,  R. 

'bar = B a r o m e t r i c  p r e s s u r e  a t  s a m p l i n g  s i t e ,  ( i n . H g ) .  

AH = A v e r a g e  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  o r i f a c e  m e t e r ,  ( i n . H ,  
ri 

13.6 = S p e c i f i c  g r a v i t y  o f  m e r c u r y .  

6 0  = C o n v e r s i o n  s e c o n d s  t o  m i n u t e s  

0 = T o t a l  s a m p l i n g  t i m e ,  m i n u t e s ,  

= S tack  g a s  v e l o c i t y ,  f t . / s e c ,  

= A b s o l u t e  s t a c k  g a s  p r e s s u r e ,  i n , H g .  

An = C r o s s  s e c t i o n a l  a r e a  o f  n o z z l e ,  f t 2 +  

R u n  # 1: 

I = 1 0 0  X 589 

R u n  # 2: 

I = 1 0 0  X 591 

R u n  # 3: 

I = 1 0 0  X 6 0 2  



VIII. FIELD DATA 















IX. CALIBRATIONS 



POSTTEST DRY GAS METER CALIBRATION DATA FORM (English unit.) 

Te8 t nurbe r Date \d7\%7 Heter box number Y,\\X Plant  \& fk 
Barometric pressure,  Pb =yQib i n .  Hg Dry gas  meter n u m b e r > ~ % ~ ?  P r e t e s t  Y \%I 

O r i f i c e  Gas volume Temperature 
manometer Wet test Dry gas Wet test , D r y  gas  meter *i 
s e t t i n g ,  meter meter meter I n l e t  Ou t l e t  A v e r a q '  V,, Pb (td + 460) 
(m1, (v 1, CVd 1 , 1 ,  (td 1, (td 1, (td),  Ti= Vacuum 

w3 i n .  H20 tt f t 3  OF i o (e), n e t t i n g ,  
Yi 

O F  OF min in. Hg OF 

. 85 b57 Y \ \! 
\Bk 
\a3 

p =  \9.5 \ \  
a 

557 
I f  t h e r e  18 only one thermometer on the  d ry  gas meter,  record t h e  temperature under t 

where d 
3 

Vw Gas volume pas s i ag  through t h e  wet test meter, f t  . 
3 

Vd Ga. v o l m e  pass ing  through t h e  dry 0.8 meter,  f t  . 
. t,, = Temperature of  t h e  gas  i n  t h e  wet test a e t e r ,  OF. 

t d i  
= T e q e r a t u r e  of  t h e  i n l e t  gas of t he  dry  gas  meter,  OF. 

td = T e q e r a t u r e  o f  t h e  o u t l e t  gas of t he  d ry  gas  meter, OF. 

0 

td Avenge teupera ture  of  t h e  gas i n  t he  dry gas  meter,  obtained by t he  average of  td and td , OF. 
= Ptessure  d i f f e r e n t i a l  ac ross  o r i f i c e ,  i n .  H20. i 0 

Yi = Rat io  o f  accuracy of  w e t  test meter t o  dry gas  meter f o r  each run. 

Y = Average r a t i o  of accuracy of wet t e s t  r t e r  t o  dry gas  meter f o r  a l l  t h r ee  runs; 
to le rance  = p r e t e s t  Y +0.05Y. - 

Pb = Barometric p re s su re ,  i n .  Hg. 

8 = Time of c a l i b r a t i o n  run, min. 

Quality Assurance Handbook M4-2.4A 





( 32 )  
POSTTEST DRY GAS METER CALIBRATION DATA FORM 

EPA CALIBRATED ORIFICE 

Calibration Date  

Where; 

Vmstd = Dry g a s  volume through m e t e r  at standard conditions, cu.ft. 
(Determine using Method 5 formulas and procedures.) 

vs = Dry g a s  volume through cal ibra ted or i f ice  at standard conditions. 
K ' = Calibrated orif ice constant  (Determined by EPA). 
Po = Pressure a t  e n t r y  t o  or i f ice  mm Hg. 
To = Temperature  at en t ry  to or i f ice  OK. 

vs = (z.%x~$ ( ~ 3 1  ( ( 5 ,  S .  : 5-52 c4 3 
( , 7 6 1  

593's 
Y = v, = t.63 

Vm s td  

= s . b34t3 5 . ~ 3  

-ycl 
VS = ( 3 . / ~ ) 6  ,751 1 (1s 1 o,.~,~,) 7 s.22 rt3 

( n.16 
- Y = 

5 . s  
v' = 1.03 

'5 Vmstd 
5.- 



(33 )  

W O N  ENVIRONMENTAL CORPORRTION 

EPA QA MANUAL VOL. I11 
S e c t i o n  No. 3.4.2 
Revis ion  No.  0 
Date January  1 5 ,  1980 
Page 17  o f  22 

D a t e  Thermocouple number ide  4 
~ i e n t  t e m p e r a t u r e  85 <F~arometric p r e s s u r e  =.St  in .  ~g 

C a l i b r a t o r  Reference:  mercury- in-glass  J 
o t h e r  

 v very 30°C (SO0F) f o r  e a c h  r e f e r e n c e  p o i n t .  

b ~ y p e  o f  c a l i b r a t i o n  s y s t e m  used ,  

[ ( r e f  temp, 'C + 273) - (test thermom t e m p ,  
r e f  temp, OC + 273 Oc + 273)1 1 100 c. <1.51. 

Figure 2 .5  s t a c k  t e m p e r a t u r e  s e n s o r  c a l i b r a t i o n  d a t a  form. 



( 3 4 )  

RAMCON ENVIRONMENTAL CORPORATION 

EPA QA MANUAL VOL. 111 
s e c t i o n  No. 3 .4 .2  
~ e v i s i o n  N o .  0 
Date January 15,  1980 
Page 17 o f  22 

D a t e  Thermocouple number 

~ m b i e n t  tempe 'bs,Tearometric pressure 9,~z  in .  ~g 

Cal ibrator  Reference: mercury-in-glass / 
other  

'Every 30°C (5O0F) f or  each re f erence  po in t .  

h y p e  of c a l i b r a t i o n  system used. 

C l  ( r e f  temp, O C  + 273) - (test thermom temp, OC + 273) 1 
[ r e f  temp, OC + 2 7 3  ] 100 < l . S % .  

= 

Figure 2 . 5  s tack  temperature sensor c a l i b r a t i o n  data form. 



RAMCON 

Lear Siegler  Stack Sampler 

Heating Probe Calibration 

Robe No.  33 Probe Length 3%\- - 

 ate of  ~ a l i b r a t i o n  

Name of Company t o  be tested 

Note: 3 f t .  probe - 5 min. wamup 
6 f t .  probe - 15 min. wamup 
10 f t .  probe - 30 min. warmup 
Callbration flow rate  = . 75  CFM 



=ON ENVIRONMENTAL CORPORATION 

EPA QA MANUAL VOL. I11 
s e c t i o n  No .  3.4.2 
~ e v i s i o n  N o .  0 
Date January 15, l gao  
Page 17 o f  22 

m i e n t  tempe!=gs <F ~ a r o m e t r i c  pressure 3.52 i n .  ~g 

~ a l i b r a  tor C. Reference: mercury-in-qlass / 
o ther  

 very 30°C (SO0F) for each re f erence  po int .  

bPype of c a l i b r a t i o n  system used. 

C l  (ref t m p ,  OC + 273) - (test thermom temp, O C  + 273) ] 
( r e f  temp, O C  + 273 ] 100 ~ 1 . 5 % .  

.I 

Figure 2 . 5  s tack  temperature sensor c a l i b r a t i o n  data  form. 



( 3 7 )  

RAHCON ENVIROMTAL COWORATION 

Lear Siegler Stack Sayler 

Nozzle Diameter Calibration 

Date S igna cure 

Nozzle No. Average Diameter Nozzle No. Avetage Dtameter 

- 
Pitot Tube Calibration (S Type) 

Pitot Tube Identification No. 33, D.te 9-58 7 
Calibrated by: 

3 
E I c ~ ( ~ ) ~ , , ( A  OR B) 1 

AVERACE DEVIATION - o(A OR 0 )  - 1 +MUST BE< 0.01 - 

I '*A'' SIDE CALIBRATION 14 

'B" SIDE CALIBRATION 

Cp(d 

0 . m  

0.798 

AP (8) 
cm Hz0 
(in. H20) 

\no 

3 

Run No. 

I 

0.W 

0 . ~ 2  
om 
@9\ 

1 

DEVUTION 

cP (R> 

~0.009 

t0.003 

0.33 0.w 0382 -0.d 

Ap r t d  
cm Hz0 
(in. H20) 

I, 10 

DEVIATION - 
Cp(a)-Cp(B) 

t0.003 
to-wl 

-0.-$ 

Ap(e) 
cm Hz0 
in. H20) 

[ 30 

0.83 
0 . s  

i?, (SIDE 8) 

I 

Run No. 

1 

2 
s 

I 3 

- 

2 

Ap e t d  
cm H20 
(in. H20) 

1.10 

0 SIQ 
0.33 

08% 0 .a43 



X, RAMCON PERSONNEL 



( 3 8 )  

RANCON Environmental Stack Test Team 

Sumner Buck - President 

Sumner Buck is the President of RAMCON Environmental. He 

is a graduate of the EPA 450 "Source Sampling for 

Particulate Pollutantsn course and the 474 "Continuous 

Emissions Monitoringn course all given at RTP. Mr. Buck 

is a qualified V.E. reader with current certification. 

Mr. Buck has personally sampled over 300 stacks including 

over 100 asphalt plants. He is 44 years old and a 

graduate of the University of Mississippi with graduate 

studies at Memphis State Uniwrsity and State Technical - 
Institute of Memphis. 

J, Cameron Mitchell - Team Leader 

Cameron Mitchell has been employed by RAMCON for several 

years. He has undergone extensive training i n  Methods 1 

through 9. H e  is qualified as a team leader and has 

personally sampled over 250 stacks including over 200 

asphalt plants. H e  is currently certified as a V.E. 

reader. He recently graduated from Memphis State 

University with a Bachelors Degree in  Civil Engineering 

and a minor in Mathematics. 




