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R A M C O N  ENVIRONMENTAL CORPORATION 

I 1 3  S C O n  STREET MEMPHIS. TENNESSLE 38111 TELEPHONE 901 I 4 5 b l M ) O  TELEX 53-806 RAMCON BUILDING 

July 31, 1984 

Mr. Frank Scrivener 
Reliable Contracting Company 
Asphalt Division 
Box I ,  Church View Road 
Millersville, MD 21108 

Subject: 

Dear Mr. Scrivener: 

Enclosed are three  copies of our report on particulate emissions. Based on our 
test results, your plant does pass both EPA new source performance standards 
and those set by the  S ta te  of Maryland. The average grain loading of t he  three 
test runs was in compliance with State and Federal  standards. 

W e  have forwarded a copy to Mr. Don Andrew with t h e  Maryland Off ice  of 
Environmental Programs per your instructions. 

W e  certainly have enjoyed working with you and hope to serve you again in t h e  
future. 

Sincer y, 

Particulate Emissions Test - Gambrills, Maryland Plant 

K- G. Sumner Buck, 111 

President 

GSBII1:kr 

Enclosures 
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1. INTRODUCTION 

On July 17 and 19, 1984, personnel from RAMCON Environmental 
Corporation (REC) conducted a source emissions test for particulate 
emissions compliance at Reliable Contracting Company Asphalt Divi- 

sion's H & B batch mix asphalt plant located in Gambrills, Maryland. 

RAMCON personnel conducting t h e  test were Sam Turner, Team Leader 
and Miles Mason. Sam Turner was responsible for t h e  laboratory 
analysis, including taring t h e  beakers and fi l ters and recording final da t a  
in t h e  laboratory record books. Custody of the  samples were limited to 

Mr. Turner and Mr. Mason. 

The purpose of t h e  test was to determine if the  rate of emissions from 

t h e  plant's baghouse and t h e  to ta l  Contaminants b) weight (grain loading) 
are below limits set by t h e  State of Maryland and by t h e  U.S. 
Environmental Protection Agency. 

11. TEST RESULTS 

Table I summarizes ,the test results. The grain loading limitation is 

specified in 39 FR 9314, March 8, 1974, 60.92 Standards for  Particulate 
Matter (1) as amended. The allowable emissions for t h e  State of 

Maryland a r e  found in C.O.M.A.R. 101806.03. Ms. Kathy Gunkel 
observed the  testing conducted by RAMCON. 



I 

TABLE I 

SUMMARY OF TEST RESULTS 
July 17 & 19, 1984 

Test lsokinetic Actual 
Run Time Grain Loading Variation Emissions 

1 10:36 t o  11:39 0.0090 gr/SCF 91% 2.6 Ibs/hr 

2 1 2 5 6  t o  13:58 0.0094 gr/SCF 92% 2.6 Ibs/hr 

3 09:18 t o  10:21 0.0189 gr/SCF 91% 5.3 Ibs/hr 

Average 0.0124 gr/SCF 3.5 fbs/hr 

On the  basis of these test results, the  average grain loading of t h e  th ree  

test runs was helow t h e  .04 gr/SCF limit set by EPA and the  .03 gr/SCF 

limit set by the  S ta t e  of Maryland. 

compliance with S ta te  and Federal standards. 

, 

Therefore, t h e  plant is operating in 

111. TEST PROCEDURES 

A. The source sampling was conducted in accordance with 

requirements of t h e  U S .  Environmental Protection Agency as set for th  in 
39 FR 9314, March 8, 1974, 60.93, as amended. All three test runs were 

sampled at three minutes each. 

Method Used: 

6. Problems Encountered: No problems were encountered. 
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C. Sampling Site: The emissions test was conducted a f te r  a baghouse on 

a rectangular stack measuring 39" x 52" with an equivalent diameter  of 44.6". 
Five sampling ports were placed 66" down (1.5 diameters upstream) from t h e  

t o p  of t h e  stack and 266" up (5.9 diameters downstream) from t h e  last  flow 
disturbance. Twenty points were sampled, four through each  port for three  

minutes each. I 
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Points Plus 
on a 3" Probe 
Diameter Standoff Mark 

1 7.9" 
2 
3 
4 37.1" :::"::;/- / 

'1' 66" 

266" 



N. THE SOURCE 



I 
1 
1 
I 
I 
1 
1 
I 
1 
1 
J 
I 
I 
3 
1 
I 
I 
I 
1 

(4) 

1v. THE SOURCE 

Reliable Contracting Company/Asphalt Division employs a H & B batch mix 
asphalt concrete  plant which is used to manufacture asphalt concre te  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 t h e  mixture together. After t h e  hot asphalt 
mix i s  manufactured at t h e  plant, i t  i s  transported to t h e  location where i t  

is to be applied. The hot asphalt mix i s  spread evenly over t h e  surface with 

a paver and then compacted with a heavy roller to produce t h e  final product. 

The following i s  a general description of t h e  plant's manufacturing process: 

The cold feed materials (aggregate) are dumped into separa te  bins which in 
turn feed a common continuous belt conveyor. The aggregate  is dispensed 

from the  bins in accordance with t h e  desired formulation onto  t h e  cold feed 

system conveyor to an incline< conveyor then to a rotat ing drum for 
continuous mixing and drying at approximately 30OoF. The dried aggregate  
i s  pulled by a bucket elevator to t h e  top of a gradation control  unit which 
separates  and s tores  the  aggregate  by size. The required amount of each  
aggregate size is dispensed into h weigh-hopper and from there ,  in to  a 
pugmill where t h e  hot liquid asphalt is mixed thoroughly with t h e  aggregate. 
The hot asphalt mix is then discharged through a slide gate in to  waiting dump 

trucks, which transport t he  mater ia l  to a final destination for spreading. The 
rated capaci ty  of t h e  plant will vary with each  aggregate  mix and moisture 
conten t  with a 5% surface moisture removal. 

The drum dryer used a burner to hea t  a i r  to dry t h e  aggregate. The  a i r  is 
drawn into the  system via a n  exhaust fan. 'After passing through t h e  burner 

and mixing drum, t h e  air  passes through a baghouse. The baghouse is 
manufactured by H & 8. The exhaust gasses a r e  drawn through the  baghouse 

and discharged to t h e  atmosphere through t h e  stack. The design pressure 
drop across t h e  tube sheet is 1 - 4 inches of water. The par t iculate  mat te r ,  

which is removed by t h e  baghouse is reinjected in to  t h e  pugmill. The 
following sketch shows a typical batch-mix asphalt plant. 
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DATA SUMMARY 

Plan t  

Manufacturer of p l a n t  

. -  

I Designed maximum operat ing capaci ty  320 - TPH @ - 5 % moisture.  

Actual opera t ion  r a t e  206 TPH e 8 % moisture. 

S t a r t u p  date 

Type of f u e l  used 

m a n i t y  of f u e l  consumption 

ccu -tizz&J, 
"Aggregate 

,. , .  . . .  ..... , ,  . 
. . . . . .  

I . ., . .  . . . . .  . .  . - .  
. N m / t y p e  Of mix ,s/pI '. 

. .  . . . . . .  ...... 
%. 

, .  

. . . . . . . . . .  ., . . . .  

. . . . . .  . . .  . . .  ........ .- . 
. . . .  

. -  

. '-11.' Manufac 
. . . .  
12.  No. of bags . Type of bags 

.:. 
13. A i r  to  c loth r a t i o  . Designed ACFM 

1 4 .  Square feet  of bags 

15. Type of cleaning;  pu lse  jet  , reverse a i r  

plenum pulse , o t h e r  

16. Cleaning c y c l e  t h e  /o &c.. 
17. I n t e r v a l  between c leaning  cyc le  
18. Pressure drop ac ross  baghouse ps1. 3 
19. Pulse pressure  on c leaning  cyc le  0 ps i .  

~ // 

COMPANY NAME -.-./ 7 
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V EQUIPMENT USED 

A. 

3 
1 B. 

C. 

D. 

Equipment used on conducting t h e  p a r t i c u l a t e  emissions 

test  w a s :  

The Lear S ieg le r  PM-100 stack sampler w i t h  appropr ia te  

a u x i l l a r y  equipment and glassware. The t r a i n  w a s  se t  

up according t o  t h e  schematic on t h e  next  page. 

A F isher  S c i e n t i f i c  211-B a i rgu ide  (uncorrected) aneroid 

barometer w a s  used t o  check t h e  barometric pressure.  

Weston d i a l  thermometers were used to  check both s t a c k  

and meter temperatures.  

A Hays 6 2 1  Analyzer w a s  used t o  measure t h e  oxygen, 

carbon dioxide and carbon monoxide conten t  of t h e  stack 

gases.  
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LABORATORY PROCEDURES FOR PARTICULATE SAMPLING 

1. Field Preparation 

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

Fil ters a re  removed from their  t8r.x and numbered on the  back side 
with a fe l t  pen. The numbering system is continuous from job t o  job. 
The f i l ters  a re  placed in a dessicator to dry for at least 24 hours. 
Clean plastic petri dishes, also numbered, top  and bottom, a r e  placed 
in the dessicator with t h e  filters. After dessication, t h e  f i l ters  a re  
removed one a t  a t ime and weighed on t h e  Sartorius analytical 
balance, then placed in t h e  correspondingly numbered petri dish. 
Weights a re  then  recorded in t h e  lab record book. Three f i l ters  a re  
used for each  complete particulate source emissions test and there  
should be several ex t r a  f i l ters  included as spares. 

8. SILICA GEL: Silica Gel used for t h e  test is prepared as follows: 

Approximately 200 g of silica gel is placed in  a ' w i d e  mouth "Mason" 
. type jar and dried in an oven (175OC for  two hours). The open jars 

a r e  removed and placed in a dessicator until cool (2 hours) and then 
t ightly sealed. The jars are then numbered and weighed on the triple 
beam balance t o  ,the closest tenth of a gram, and this  weight is 
recorded for each  sealed jar. The number of silica gel jars used is 
the  same as the number of filters. Silica gel should be indicating 
type ,  6-16 mesh. 

. : .  , . : 
'... ."I , ,  . :~ 

' . . I  . .. 
, . . .  . . . . .  

. .  
11. Post-Testing Lab Analysis 

FILTERS: The f i l ters  are returned to the lab in their  sealed glass 
fi l ter  holder which was used in field sampling. In t h e  lab these 
holders are opened. The fi l ter  is placed in its petri dish with t h e  lid 
off and returned to the  dessicator for at least 24 hours. The top  half 
of t he  f i l ter  holder is washed into t h e  corresponding probe wash 
bottle and t h e  bottom half of t h e  filter holder is washed into t h e  
corresponding impinger ca t ch  bottle. (See 11, C and D).. After 
dessication, the fi l ters a r e  reweighed. The final weight is recorded 
in the  lab record book. The fi l ter  pick up weight i s  calculated and 
recorded also. This procedure is repeated for all f i l ters  used in the  
field. 

Alternately, t h e  tes t  team may opt t o  oven dry  the  f i l ters  at 22OoF 
for two to three hours, weigh the  sample, and use this weight a s  a 
final weight. 

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

A. 

B. 
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C. PROBE RINSINGS: In all  tests, a probe wash-out analysis will be 
necessary. These samples a r e  returned in sealed Mason jars and 
consist of A.R. Acetone with a n  unknown solid content. Clean 250 
ml beakers a r e  used to make this analysis. These should be 
immaculately washed and rinsed with deionized water,  then oven 
dried at l05OC for about one hour. The beakers should be  moved to 
t h e  dessicator to  cool for ninety (90) minutes, then labeled with a 
pencil and weighed on t h e  Sartorius analytical balance. Any variance 
from this procedure should be duplicated exactly when reweighing, as 
this procedure has been found to 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 ace tone  wash 
bottle into the  beaker. The amount of liqcid in the beaker should be 
noted on t h e  analysis form. The ace tone  rinsings are e,vaporated on 
a warming plate. The liquid is kept swirled with an air  sweep to 
prevent "bumping". When t h e  ace tone  is evaporated t h e  beakers a r e  
weighed as in Section 11 A. 

D. IMPlNCER CATCH: In some tes t ing cases, the liquid collected in the 
impingers must be analyzed for solids content. This involves a 
similai procedure to the probe wash solids determination, except t h a t  
the liquid is deionized water. 

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

E: 

. . . . .  
. . .  . . .  

. .- 

. .:.: . . .  , .  . :  . .  
I .... ~ ' .  ;, 

: .~ .. 

. . .  . .  
. .  . .  

SPECIAL NOTE 
. .  

. . . .  :. . '  : .  

'When sampling sources high in moisture content ,  (such as asphalt 
plants) t h e  filter paper sometimes s t icks  to t h e  fi l ter  holder. When 
removing the  fi l ter  it may tear. In order to maintain control  of any 
small pieces of fi l ter  paper which may be  easily lost, they are washed 
with acetone into t h e  probe washing. This makes t h e  fi l ter  weight 
light (sometimes negative) and t h e  probe wash correspondingly 
heavier. The net  weight is t h e  same and no particulate is lost. This 
laboratory procedure is taught by EPA in t h e  Quality Assurance for  
Source Emissions Workshop at Research Triangle Park and is approved 
by EPA. 

I 



WEIGHING PROCEDURE - SARTORIUS ANALYTICAL BALANCE 
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The Sartorius balance is accurate to approximately M.2 mg and has a maximum 
capacity of 200 g. It is equipped with "pre-weighing" which enables an unknown 
mass to be quickly weighed to a +I. g level with no adjustment. It also has a tare 
weighing feature which is for quick net gain measurement without  subtraction. 
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 a t  "zero" position. 'Ihe beam arrest lever (on the  lower 
left hand side toward the rear of the balance) is then slowly pressed downward 
to fu l l  release position. The lighted vernier scale on the front of the cabinet 
shouid align the "zero" with the mark on the cabinet. If i t  is not so aligned. 
the adjustment knob on the right hand side (near the rear of the cabinet) should 
be turned careZully until the marks align. Now return the beam arrest to 
horizontal arrest position. Ths balance is now wzereed". 

. TO welgh an item. it is rfnt p~aced on the pan. AIMJ ttmslidingdoorsare d d  
. to a d d  air current disturbance. The weight actfustrnent knob on the right hand 
. d& must be at 'lb beam amat la then slowly turned upward lh 

lighted wale at the front of the cabkt wl l l  now indlate the weight of the Item 
ia gram.% If the scale goes past the divided area, ths item than exceeds 100 g 
weight (abaut 3-1/2 ounces) and It Is necessary to arrest the balance (beam 
arrest lever) and move the lever for I00 g weight away from yw.  It is located 
on the left hand side of the  cabinet near the front, and is the knob closest to 
the slde of the cabinet. ?he balance is now set to weigh items between 100 and 
200 grama 'Itm balance wil l  not weigh items greater thnn 200 grams In mass. 
a d  try@ to do this might harm Ute balancs Remember - thb is a Uelicate 

I 

! .  pedeba Instrument. I 

j -  

1 -  

i 1 

. C' 
Mter the beam is arrested. in either weight rahge. the procedure f s  now the 
aarne. When the wetght of the item in grams b found, in" that amcunt with 
tha two lolobs on the left hand side (near the 100 g lever) color coded yellow 
and grab As you dial the wemt. the dtgits wil l  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 
mark: , re  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 02 grams 
weight is the amount "dialed in" on the left. 

In general. be sure that the beam is in "arrest" position before placing weight 
on oc taking weight off of the  pan. Don't "dial in" weight unless the beam is 
arrested. either. The balance is sensitive to even a hand on the table near the 
balance. so be careful and painstaking in every movement while weigh@. 
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SAMPLE ANALYTICAL DATA FORM 

Plant Location 
Sample Location 

Density of acetone (Pa) 

Acetone rinse container number 
Acetone rinse volume (Vaw) 

Gross wt g 

mte/time of w t e  77" Gross wt g 
Average Gross ut g 

Less acetone blank ut .(Wa) 

- 3 b - $ Y  lJb%ross wt g 

'Weight of particulate in acetone.,r,hse g 

,.', ... 
4:, .., 

' I  

Note: 
of acetone used be subtracted from the sample weight. 

In no case should a blank residue 0.01 mg/g or 0.001% of the weight 

2 s m c t  
I 1 %  

Remarks R U N S  d ~ r \ l d  3;+g WIS' jwf /pJ gx $ ' e. i2 ItCJ.1 
- _ -  

Signature of analyst 
Signature of reviewer 

Quality Assurance Handbook M5-5.3 
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COMPANY NAME z6 L / f i  gLLz 
Chloroform and Ethyl Ether Extraction for EPA Method 5 (back half) 

Relative humidity in lab y 5 70 
Density of chloroform and ethyl ether 

Chloroform and ethyl ether rinse volume 

Date/time of wt 7- 3 d  gel ’ Gross wt. 

Date/time of w t  7-30 &y 3’- Gross wt. 

Avg. Gross wt. 

5 

0 

Tare wt. 

Wt. of particulate in chloroform ethyl ether rinse 

Water evaporation 

Datehime of wt. 7-30-v9 -Gross wt. 

Date/time of wt. 7-30-oLy 3;32 Gross wt. 

Avg. Gross wt. 

g 

7,’Y 3 

Tare wt. 

Less chloroform & ehtyl either blank wt. 

Weight of particulate from water (mf) 

Wt. of particulate in chloroform ethyl ether rinse 

Total weight of particulate (mn) 

g 

Note: 
ZIGoform ethyl ether used be subtracted from the sample weight. 

In no case should a blank residue 0.02 mg/g or 0.001% of the weight of 

&% / 

Remarks 1w.g &la 

d- 4 
Y 

bL42-Jz 

Signature of Analyst 

Signature of Reviewer 
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,014I 
Weight of part iculate  from water  (mf) 

Total weight of  par t iculate  (mn) 

B 
g 

8 

Weight of par t icu la te  in  chloroform e thyl  e t h e r  rinse 

F’ te”\ i 14 bl c 

;#(La’) 

Chloroform and  Ethyl Ether Extract ion f o r  EPA Method 5 (back half)  

Relat ive humidity in Lab q s  O/@ 
Density of chloroform and ethyl  e t h e r  

j7A6’G ;I 
Chloroform and ethyl  e t h e r  rinse volume 

D a t e h i m e  of wt Gross wt. 

D a t e h i m e  of w t  Gross wt. 

Avg. Gross wt. 

Less chloroform ethyl  e t h e r  blank et. 

Wt. o f  par t iculate  in chloroform e thyl  e t h e r  r inse 

Water evaporation 

D a t e h i m e  of wt. 7- 36 - # 
c : * w  

Cross wt. 

D a t e h i m e  of  wt. 7- 80 c ks- 3 ‘Zo, GCOSS wt. 

Avg. Gross wt. 

Tare wt. 

Note: In no case should a blank residue 0.01 mg/g or 0.001% of t h e  weight of 
%6oform ethyl e t h e r  used be subtracted f rom t h e  sample weight. 

Remarks 

Signature of Analyst 

Signature of Reviewer 
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SUMMARY OF TEST I lATA 

SAMPL.ING T R A I N  1:lATA 5 t a 1- t 

.f i n  i sh 

S a m p l i n g  t i m e ,  m i n u t e s  

S a m i j l i n g  n o z z l e  d i a m e t e r ,  i n .  

a a mi:) ! i n CJ n o z z l e ci- o s s - 5  e c .t i o n  a l 

I s o k i n e t i t  v a r i a t i o n  

S a m p l e  gas  v o l u m e  - me- te i -  c o n d i t i o n s ,  

A v e r a g e  m e t e r  t e m p e r a t u r e ,  O R  

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 . t i 2 0  

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  m g .  

m a I- c' a , 

VELOCITY TRAVERSE U A T A  

e 
Lln 

f t ?  An 

I 
c f  , Vm 

Tm 

,vi 
Mn 

2 
S t a c k  a r e a , f t .  

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  t l g .  

B a i - o m e t i - i c  p r e s s u r e ,  i n .  l i s .  

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

A v e r a g e  - \ / v e l o c i t y  h e a d  , ( CP= -79 ) 
A v e r a g e  s t a c k  g a s  u e t o c i t y  f t . /  s e c . .  

________-_---- 

STACK MOISTURE CONTENT 

T o t a l  w a t e r  c o l l e c t e d  b y  t r a i n ,  m l .  

M o i s t u r e  i n  s t a c k  gas, X 

E M I S S I O N S  UATA : 

S t a c k  g a s  f l o w  r a t e ,  d s c f / h i - .  ( 0 0 0 ' ~ )  

' r o t a !  p a r t i c u l a t e  c o n c e n t i - a - t  i o n ,  g i - / d s c f  

' r o t  a I p a r t  i c u  l a t  e con c e n  t r a  t i o n ,  

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 ,  ! b s / m b t u  

ORSAT JJATA 

l bs /hv  

P e i - c e n t  C 0 2  b y  v o l u m e  

P e r - c e n t  02 b y  v o l u m e  

I ' c i - c e n t  C 0  b y  v o l u m e  

F e i - c e n t  1.12 by  v o l u m e  

RUN #I 1 

10:36 

11 : 3 Y  

60 

, 268  

I)Ol1391 I 

91 

5 2 , 8 6  

550 

1#75 

29.1 

A 14.1 
Ps 29.29 
P b a r  29.29 
T s  636 

. \ /G I97 

vs 58 

V i c  220.@ 

Bws 17.1 

Q s d  I . , Y 7 L t  

c s  , O l l 9 0  

E 2 , s  

E '  . @  

Cc72 1 0 . 0  

t? I' :t I. . 0 

C@ . 0  

NL! 79 . 0 

RUN # 2 RUN #I 3 

1 2  : 56 
1:s : 58 

6 0  

. 2hR 

0 0 0 :< 9 I .  

Y 3  

5 2 . 8 6  

557 
1.70 

30.0 

0 7 :  in 
10:21 

6 0  

,268 
,000391 

Y1 

51.73 
597 

1.75 
60.6 

19.1 19 I 1  
29.29 29.40 
29.29 29.40 
64 1 642 
.95 I97 

57 58 

225 I 0 229.5 

17.7 18.0 

1,915 1,951 
,0094 . OIOY 

2 . 6  5.3 
. o  . o  

1 0 . 0  

1. I. . n 
. 0  

79.0 

10.0 

11.. 0 

. 0  
7 9 . 0  



T o t a l  c o n t a m i n t s  b r  w e i g h t :  'GRAIN L O A D I N G '  

P a r t  i c 11 \ a  t e con c en t )-.a t i on C5 gr . / d s c f  . 

= c o n c e n t r a t i o n  o f  p a r t i c u t a t e  m a t e r  i n  stack g a s ,  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 / d s f  C5 

= T o t a l  amount o f  p a r t i c u l a  'n 

= d r y  gas volume t h r o u g h  m e  
' m ( s t d )  

e m a t e r  c o \ e t t e d , m g -  

e r  a t  s t a n d a r d  c o n d i t i o n s ,  c u . f t .  



(17) I 

DI-Y m o  l e c u  \ a i -  we i gh t  : 

W h e r e  : 

M d  

%CO 2 

X O ,  .- 
2 X N  

XCO 

0 I 264 

0 . 2 8  

0 . 3 2  

0.44 

R u n  # 1: 

R u n  # 2 :  

R u n  #4 3 :  

= 1:ii-y m o  t e c u t a i -  w e  i s t i t ,  ! b  . / i h  . - -010 ( e  I 

= P e r c e n t  c a r b o n  d i o x i d e  b y  v o l u m e  ( d r y  b a s i 5 ) .  

= P e r c e n t  o x y g e n  b y  v o l u m e  ( d r y  b a s i s ) .  

= P e r c e n t  n i t r o g e n  b y  v o t u m e  ( d r y  b a s i s ) .  

= P e r c e n t  c a r b o n  m o n o x i d e  b y  v o I u m e  ( d r y  b a s i 5 ) .  

= R a t i o  o f  O2 t o  N2 i n  a i r ,  v / v .  

= M o I e c u l a i -  w e i g h t  o f  N2 01- CO, 

= m o \ e c u I a r  w e i g h t  o f  O2 d i v i d e d  b y  1 0 0 .  

= m o l e c u l a r  w e i g h t  o f  C02 d i v i d e d  by 1 0 0 .  

d i v i d e d  by  100. 

M d  = 0.44(10.0% ) + 0.32(11.0% ) + 0,28( - 0 %  + 79,OX ) = 30.0 
I b  I / l b .  -mo I e 

Md = 0 . 4 4 ( 1 0 , 0 %  ) + @ . 3 2 ( 1 . 1 . @ %  1 + 0 . 2 S (  . O %  + 79.0% -- 3 0 . 0  
l b I / l b I -nio I e 



I 

I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
1 
1 
I 
1 
1 
1 
3 
J 

(18) I 

I 

! 

! 

~~ 

W h e r e :  

3 

3 

0.04707 = C o n v e r s i o n  f a c t o r  f t . / m l .  

0 .04715 = C o n v e r s i o n  f a c t o r  f t . / g .  

V = Volume o f  w a t e r  v a p o r  condenced ( s t a n d a r d  c o n d i t i o n s )  s c f .  

V w 5 g s t d  

W C s t d  
= Volume o f  wa te r  v a p o r  c o \ l e c t e d  i n  s i l i c a  g e l  ( s t a d a r d  c o n d i t i o n s )  . 

= F i n a l  u o ! u m e  o f  impingel-  c o n t e n t s ,  m i  I v f  

= I n i t i a l  volume o f  impingel-  c o n t e n t s  'i 

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

R = I d e a l  gas c o n s t a n t ,  21,85 (in.Hg.)(cu.ft./lb.-mole)( Rf 

= 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  (18.0 l b / l b - m o l e )  
W 

M 
0 

= 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 ,  528 R .  T s t d  

= A b s o l u t e  p i - e s s u i - 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 t i e c  H g .  
"5 t d 

= ( 0 , 0 4 7 0 7 )  ( 2 0 0 . 0 )  = 9.4 c u . f t  

=: ( 0 . O L J . 7 1 5 )  ( 2 0 . 0 )  = .9 c u . f t  

i?un tl :I_ : " w c ( s t d )  , 

'ws;r ( s t  d )  

= (0.04.707) ( 2 1 0 . 0 )  = 9.9 c u . f t  

= ( 0 . 0 4 7 1 . 5 )  ( 1.5.0) = -7 c u . f t  
" w c ( s . t d )  

'urjg ( s  t d )  

I?un 11 2 :  



(19) 

- 

I 
I 
I 
I 
I 
I 
1 
I 
;I 
I 
I 
I 
I 
I 
1 

I 
1 
I 

+ v  x 1 0 0  

vwc s t d  W s g 5 t d  s t d  

s t d  w 5  5 t d VWC 
= ___________--____--_----------- + v  + v w 5  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 :  B 

Wh e>- e : 

B = P ~ - o p o i t i o n  o f  w a f e i -  v a p o r ,  b y  v o l u m e ,  i n  t h e  g a s  r e a m .  

= ill-y gaz. v o ! u m e  m e a s u r e d  b y  di-y g a s  m e t e r ,  ( d c f )  I 

= V o  l u m c  o f  w a t e r  v a p o r  c o n d e n c e d  c o r r e c t e d  t o  s t a n n d a r d  

= V o l u m e  of ( d 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 i - c t e d  t o  

w 5 

'm 

vwc std c o n d i  t i o r i s  ( s r - f i  I 

' lJstd  s t a n d a r d  c o n d i  t i o n s  ( s c f )  . w'" ' 
v 

9.9 + - 7  

9.9 + .7 + 49.24 
= __--__------------- X 100 = 17.7 X R u n  tl 2: B 

W S  

1 0 . 1  + .7 

M o l e c u l a r  w e i g h t  o f  s t a c k  

Where:  

= M o l e c u [ a i -  we 

= M o l e c u l a r  we 

Ms 

M d  

M = 30.0 (1-- Run # 1: c> 

g h t  o f  s t a c k  g a s ,  w e t  b a s i s ,  ( l b , l l e j .  

g h t  o f  s t a c k  s a c ,  d r y  h a s i s ,  ( l b . / b . - m a l e )  

,171 ) + 18 ( ,171 ) = 27.9 ( I b . / l b . - m o l e )  



I 
i 
1 
i 
i 
1 
1 
1 
I 
1 
I 
1 
1 
I 
] 

1 
I 
i 
1 

(20) 

S t a c k  g a s  v e l o c i t y :  

5 
V 

w tl e '4- e : 

v S  

I(P 

P 

A P  

' b a r  
15 

Y 

pS 

t S  

T S  

MS 

' s t d  

Run #t 1.: 

I 

ps . MS 

Run tt 2 :  

Run tt 3 :  

= A v a i - a g e  v e l o c i t y  o f  g a s  s t r e a m  i n  s t a c k ,  f t . / s e c .  
- -  l /  

2 8 5 . 4 9  f t / s e c  1 ( g / g - m o t e ) - ( m m  big) / ( O K ) (  mm H ~ o - - ~  -- -- 
P i t o t  t u b e  c o e f f i c i e n t , (  d i m e n s i o n l e s s  ) .  

V e l o c i t y  h e a d  o f  s t a c k  gas,  i n .  H 2 0 .  

B a r o m e t r i c  p r e s s u r e  a t  m e a s u r e m e n t  s i t e ,  

S a t c k  s t a t i c  p r e s s u r e  ( i n . H g ) .  

A b s o l u t e  s t a c k  g a 5  p r e s s u r e ,  ( i n . H s )  = Pbal-+ P g  

S t a n d a r d  a b s o l u t e  p ressu l -e ,  ( 29 .92  i n . H s  ) a  

S t a c k  t e m p e r a t u r e ,  ( f ) .  

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 ) .  = 460 + t s .  

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 ,  w e t  b a s i s ,  ( l b / l b - m o l e ) .  

( i n . H g .  

0 

0 

57 .73  f t / s e c  



S t a c k  g a s  f l o w  r a t e :  

W h e r e :  

= I i r y  v o l u m e t r i c  s t a c k  g a s  f l o u  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 o n s ,  ( d s c f / h r ) .  %id 

n = C r o s s  s e c t i o n a l  a r e a  o f  s t a c k  t f t . ) ?  

3600  = C o n v e r s i o n  f a c t o r ,  s e c . / h r .  

= S t a c k  t e m p e r a t u r e  ( O f ) .  

= 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). 

= S t a n d a r d  a b s o l u t e  t e m p e r a t u r e ,  ( 5 2 8  R), 

= B a r o m e t r i c  pi-essui-e a t  m e a s u r e m e n t  s i t e ,  ( i n . H s . ) .  

= S a t c k  s t a t i c  p r e s s u r e ,  ( i n . H g . ) .  

+ P  = ‘ A b s o l u t e  s t a c k  g a s  P I - ~ s ~ u I - ~ ,  ( i n . H g .  ) ;  = Pba,- 

= S t a n d a r d  a b s o l u t e  p r e s s u r e .  ( 2 9 . 9 2  i n . H q ) .  

t S  
0 

0 I T5 

I ps 

I 

T s t d  

I ‘ b a r  

pg 

9 

‘std 



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

Uti et- e : 

E = E n i i s s i o n s  r a t e .  l h , / h 1 - .  

C = c o n c e n t ~ - a - t i o n  o f  p a r t i c u l a t e  m a t e r  i r i  s t a c k  q a s .  d r y  hasi?: . ,  
C G ~ - I - ~ C I ; ~ C I  - t o  s ta i - Ida>-d  c o n d i t i o n s  Cq/clsf). 

p = El i -y v o 1 , u m e t i -  i c c t a c k  g a s  f i . 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 u n s ,  ( d s c : f / h u )  I 

C.0090) ( 19744981 

(.0094) ( 1914933) 

_. -. __ - _. Run # 3: E - 
7000 

2.5 I b .  / hi- .  

2 . 6  I b .  / h r .  

5 . 3  I b .  / h r  

, . .  . .  
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1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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(23) 
... - - -  

0 .002165 ‘  V .  .+ !V m / T m ) ( P b a r + A H / 1 3 . 6 )  
I (3 ____________________--------------- I s o k i n e t i c  v a r i a t i o n  : I = 100 T 5  

60 0 V 5  P5 An 
-- -_ 

W h e r e :  

I 

100 

ss 

0 . 0 0 2 S t . 5  

v .  
I C  

Tm 

’ b a r  

5H 

13.6 

6 0  

0 

v* 

fin 

5 
P 

Run H 1: 

I = 1.00 

R u n  +I 2: 

1 =: 3. 0 0 

Run dt  3 :  

I =: 3. 0 0 

Pi- e c e 11 -t 

convei-::ion t o  p e r c e n t .  

Ab5 o I u I E a v e i -a  CJ e s t a ck 

c o n v e i - 5 i o n  f a c t n i - ,  1-19 - f t  /imI - R .  

T o t a l  v o l u m e  of 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  q e ! ,  m l  

A b s o l u t e  a v e r a g e  d r y  gas m e t e r  t e m p e r a t u r e ,  I?. 

i r o k  i n e t i c samp [ i n g . 

ga s t e inp e I- d t ui- e , R . 
3 

D 

H a l - o m e t r i  c p r e s s u ~ - e  a t  samp I i n g  s i t e .  ( i n H g ) ,  

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  

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

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  

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

Stack gas 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 ,  

C I - o s s  s e c t i o n a l  a r e a  o f  n o z z  

636 

64 1 

64:! 

in .Hg.  

e ,  f t 2 .  

a c e  m e t e r ,  (in.H,O .- 

I-- 

I I 6@ ( 6 0  ) i 5 8 . 0 1  ) ( 2 5 . 4 0  ) ( , 0 0 0 3 9 1  ) 

-_ - I -. 
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(30) 
POSTTEST DRY GAS METER CALlBRATlON DATA FORM 

EPA CALIBRATED ORIFICE 

Calibration Date 

Where; 

Vmstd 

"S 
K' = Calibrated orifice constant (Determined by EPA). 
PO = Pressure at entry to orifice mm Hg. 
TO = Temperature at entry to orifice OK. 

= 

= 

Dry gas volume through meter at standard conditions, cu.ft. 
(Determine using Method 5 formulas and procedures.) 
Dry gas volume through calibrated orifice at standard conditions. 

I (91 ) I I I i 

Y 



I 
i 
I 
I 
I 
I 
1 
I 
.1 
1 
c :I 
!I 

(31) 
POSTTEST DRY GAS METER CALIBRATION DATA FORM 

EPA CALIBRATED ORIFICE 

Calibration Date  

Where; 

= 

= 
= 

Dry gas volume t ough meter  at standard conditions, cu.ft. 
(Determine using Y M thod 5 formulas and procedures.) 
Dry gas volume through calibrated orifice at standard conditions. 
Calibrated orifice constant (Determined by EPA). 

Vmstd 

vs 
K' 
Po = Pressure at entry t o  orifice mrn Hg. 
70 = Temperature  at entry to orifice OK. 



I 

(32) 
METER BOX CALIBRATION DATA AND CALCULATION FORM 

(English uni t s )  

Date $-- - 2 7 - q  t l e te r  box number 700 20 5 
Barometric p re s su re ,  P, = 2 2 5 ~  i n .  Hg Cal ibra ted  by 

/ 5- - - Y 

1.0 k / S , l 7  

1.5 10 

Temperatures 
Wet t e s t  D r y  gas meter . 

meter I n l e t  Ou t l e t  Avgy Time 
( t " ) ,  (t ), (td 1, (td), (e), 

di 0 'i 
OF O F  OF OF min in. m@i H20 

1.3 L 
/ ,3 2 

J.3 

Vw Pb(td + 460) - 0.0317 AH [ (t;w+ 460) 4' 
13.6 I mi - Pb (td + 460) AH 
- AH. 

in. AH Y. = v,pb + c t w  + 460) K2O 

0.5 0.0368 

1.0 0.0737 

1 . 5  0.110 

2.0 0.147 

3 .0  0.221 

4.0 0.294 

a If t h e r e  is only one thermometer on t h e  dry gas  meter,  record  the temperature  
under td. 

Qual i ty  Assurance Handbook M5-2.3A ( f r o n t  side) 
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(33) ' . .  
EPA PA MANUAL VOL. I11 
Section No. 3.4.2 

Date January 15, 1980 
Page 17 of 22 

RAMCON ENVIRONMENTAL CORPORATION Revision N o .  0 

Date 7-13- 84- Thermocouple number 

Ambient temperature 77 06 Barometric pressure $ 4 , ~  +- in. Hg 

Calibrator 1,- Reference: mercury-in-glass 77 O r =  

other 

aference 
point 
numbera 

77 

77cy 

Reference 
Thermometer 
remperature, 

OC 

77 OF 

77 Of 

Thermocouple 
Potentiometer 
Temperature, 

' O C  

77 OF 

777 

Temperature 
Difference,' 

/ o b  % 

aEvery 3OoC (SOOF) for each reference point. 

bType of calibration system used. 

= [  (ref temp, OC + 273)  - (test thermom temp, OC + 273)  1 
1 100 <1.5%. 

[ ref temp, OC + 273 - .  

Figure 2 .5  stack temperature sensor calibration data form. 



(34) 
EPA QA MANUAL VOL. I11 
Section N o .  3.4.2 

RAMCON ENVIRONMENTAL CORPORATION Revision N o .  0 
Date January 15, 1980 
Page 17 of 22 

Date 7-  la- 84 Thermocouple number /& X 

Ambient temperature 3 .< OC Barometric pressure 29. 3 4- in. Hg 
Calibrator I u R N e D  Reference: mercury-in-glass y 

- 
other 

ef erence 
point 
numbera 

( O S ’ C ,  

7 L’F 

sourc eb 
(specify) 

boi\sUg 
Pa 0 

Reference 
Phermometer 
Pemperature, 

OC 

Thermocouple 
Potentiometer 
Temperature, 

OC 

l o 0  “c 

75-2 

- 
aEvery 3OoC (50OF) for each reference point. 

bType of calibration system used. 

Pemperature 
)if ference,c 

C[jref temp, OC + 273) - (test thermom temp, OC + 273); 
< 1 . 5 % .  [ ref temp, OC + 273 5 .  

Figure 2.5 stack temperature sensor calibration data form. 



(35) EPA QA MANUAL VOL. I11 I 
I RAMCON W I R O N M E N T A C  CORPORATION 

I 

Section NO. 3.4.2 
Revieion No.  0 
Date January 15, 1980 
Page 17  of 22 

I 
Date 8 - d -  %+ Thermocouple number 

I Ambient temperature 79 oc Barometric pressure  fi,37 i n .  ~g 

l Cal ib ra to r  

o the r  

I 
1 ~. 

. .~ . .  
. .  . .  .. . . . .  .~ 

' I  
,I. ..;. .. 

.. 
- .  .. . . .  . . . .  , . :..>: . . , . :  

1 

- 
?f erence 
point 

lUmbe+ 

. . . .  W 0 F  . '  
. . . .  

. .  1 _ . . .  
. . . . .  . . .  .. . . . . . . . . .  . . . . . . .  ..... . :;, . . . . . . . . .  . . .  . . 

.' SdaFf,:. 

. .  -. . . . . . . .  .......... . . .  . . . . . .  
... . . . . .  ..* 
I . .  . : - .  

... 

. . .  . .  

I 

sourceb 
(specify) 

. .  . .  
. . .  . . . . . . .  

. .  . . .  . . . :  .... -'.. i,, dd:.' 

. . .  . . . . .  . .  
. .  . .  

i . :  

. .~ . . . . .  . . . .  . .  . . . .  

Reference 
Phermometer 
Pemperature, 

. .  . . . .  , . . , . .  .... 
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=Every 30°C (SOOF) for each re ference  poin t .  

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

C [  (ref temp, OC + 273) - (test thermom temp, OC + 273); 
<1.5%. - _  [ r e f  temp, OC + 273 

Figure 2.5 s tack  temperature sensor c a l i b r a t i o n  da ta  form. 
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 ON ENVIRONHEN~~~' CORPORATION 

Lear Siegler Stack Sampler 

Nozzle Diameter Calibration 

m t e  Signature 

Nozzle No. Avernge Diameter Norrle No. Average Diawter 

1 
0 

10 
11 
12 

1 
2 

4 
5 
6 

3 9 

- 
g - a -  9 4  

Pitot Tube Calibration (S Type) 
I 

Pitot Tube Identification No. Dnte 

Cnlibrnted by: a- Ij-p- 

. .  . .  

. .. 
. .  

.. 

. .  

. 



Lear S ieg ler  Stack Sampler 

Heating Probe Calibration 
/ 

Probe No .  a Probe -gth . 
Date of Calibration 8 -2- P4 Signa t ure 

Name of Company to be tested 

Note: 3 f t .  probe - 5 min. wamup 
6 f t .  probe - 15 m i n .  wamup 
10 f t .  probe - 30 min. wamup 
Calibration flow ra te  = .75 CFM 
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X. RAMCON PERSONNEL 



I 
RAMCON Environmental Stack Test Team 

Sumner Buck - President & Field Supervisor 

1 

J 

Sumner Buck is the  President of RAMCON Environmental. He is a 

graduate of t he  EPA 4:lO "Source Sampling for Par t iculate  Pollutants" 
course and t h e  474 "Cx t inuous  Emissions Monitoring" course all given 
at RTP. Mr. Buck is a qualified V.E. reader with current certif ication. 

Mr. Buck has personally sampled over 300 stacks including over 100 

asphalt plants. He is 40 years old and a graduate  of the  University 

of Mississippi with graduate  studies at Memphis State University and 
S ta t e  Technical Insti tute of Memphis. 

Sam Turner - Team Leader 

Sam Turner has t h ree  years  experience in  t h e  Air Division and is 
qualified as a t eam ieader. He has sampled over  twenty la rge  boiler 
stacks and approximately 75 asphalt plants. He  is a graduate  of State 

Technical Institute of Memphis, and holds an Associate Degree in 
Environmental Engineering. He also has another year's experience in 

t h e  w e t  chemistry lab. 
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