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A u g u s t  25, 1987 

.. .. 

Mr. Alan Sandell  
Thompson-McCully Company 
1785 Rawsoaville Road 
Bellevllle, MI 48111 

Re: Sulfur  Reduction Test 

Dear  M r .  Sandell: 

Enclosed you will f ind fou r  copies of o u r  r e p o r t  o n  t h e  s u l f u r  
reduct ion test we conducted  et your  Belleville, Michigan p lan t .  

Yqu wil l  want t o  s ign  the  r e p o r t  cove r s  a n d  send two copies  to: 

Mr.  Carl-Vo t 
/- Michinan DNR - 

Air Guality Division 

Lansing,  MI 48909 
P.O. Box 30028 

We certainly have  enjoyed working wi th  you a n d  look forward  to 
s e r v i n g  you again in  the fu tu re .  

S i n y e l y  , 

._1 7 - -- 

G. Surnner Buck,  111 
Pres iden t  

GSBIII: kr 

Enclosures  

RAMCON BUILDING, Z3 S C O T T  STREET, MEMPHIS. TENNESSEE 38112 
TELEPHONE 8001&b567 IN TENNESSEE 901/458-7000 
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1. INTRODUCTION 

On July 1 7 ,  1987, personnel from RAMCON Environmental 
Corporation (REC) conducted a source emisslons test for sulfur  
reduction compliance at Thmpson-McCuUy Company's Barberqreene 
drum mix asphalt plant located In BellevWe, Mlchigan. RAMCON 
personnel conducting the test were Sam Turner, Field Supervisor 
and Bill Turner. John Biggs was responsible for the laboratory 
analysis and recording f ina l  data in the laboratory record books. 
Custody of t h e  samples were limited to Mr. Turner and Mr. Blggs. 

The purpose of the test was to determine the  rate of sulfur 
reduction emissions from the plant's beghouse through neutralizing 

in the rotary klln (drum) with aggregate being dried for use as 
road surface pavlng. 

11. TEST RESULTS 

Table I summarizes the test results. Mr. Carl Vogt of Wayne 
County's Alr Pollution Control Division observed t h e  testing 
conducted by RAMCON. 



TABLE I 
SUMMARY OF TEST RESULTS 

Thompson McCully Sul fur  Reductton T e s t  

Aggrega te  production rate: 350 TPH 
Fuel consumptbn rater 1.7 gal/ton mix 
Gallons of fue l  consumed: 595 gal 
Weight of fue l  consumed:. 4,760 lbs / fue l  

*(specific g r a v i t y ) ( p o u n d s / f t 3 )  = (.959)(62.4) = 8 pounds  
g a ~ o n s / f t J  . (7.4805) gallons 

8 l b s  x 595 gal = 4,760 Ibs  fue l  - 
gal fue l  

Percent s u l f u r  in fuel: 1.05% 
Weight of su l fu r  in  fuel: 49.98 lbs  = (.0105)(4,760 lb s / fue l )  
Weight of s u l f u r  dioxide i n  fuel:** (?e97) (q76b)  = 

**Mol weight s u l f u r  = 32 
Mol weight oxygen  = 16 
Mol weight SO2 = 64 

49.98 Ibs  s u l f u r  w i t h  mol weight of ,32 = 
99.96 Ibs s u l f u r  dioxide with mol weight of 64. 92,3L/L/ 

Potential s u l f u r  dioxide &issions: 99.96 l b s / h r  

Percent s u l f u r  reduct ion:  

Run  #1 47% 
Run #2 42% - 3 6 8  
Run #3 42% 
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111. TEST PROCEDURES 

A. Method Used: The source sampling was conducted in 
accordance with requirements of t h e  U.S. Environmental Protection 
Agency as set  forth in 39 FR 9314, March 8, 1974, 60.93, as 
emended. 

:.. 

.. 

The actual testing was by modified EPA Reference Method 6 Using 
large impingers. Testing time was 3 stxty minute proportional 
runs. Methods 1, 2 & 4 were used for sample site location, gas 
velocity and flow and moisture content. 

The plant attempted to simulate worst conditions by operating near - 
capacity for t h e  testing. A sieve analysis of t h e  mix being used is 
in the Source section of this report. Two fuel analysis were 
made. O n e  from the  supplier and a second from an independent 
laboratory. Both labs attained close agreement on the sulfur 
content. 

Our lab conducted repeated pH analysis of the  aggregate and the 
fines captured In the baghouse hopper. The aggregate registered 
9.1 and the baghouse fines registered 10.5. 

8 .  Problems Encountered2 No problems were encountered that 
affected testing. 



.. 

C. Sampling Site: The emissions tes t  was conducted after a 
baghouee on a square stack measuring 47" x 47" with an 
equivalent diameter of 47.0". Six sampling ports were placed 
47" down (1 .0  diameters upstreem) frcm the  top of the stack 
and 199" up (4.2 diameters downstream) from the last now 
disturbance. 

Points 
on a Probe 

Mark Diameter - 
1 V . 9 "  
2 11.8" 
3 19.6" 
4 27.4" 
5 35.3" 
6 43.0" / 

199" 

\ - / 
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I V .  THE SOURCE 
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IV. THE SOURCE 

Thompson-McCully Company employs a Barber-Qreene drum mix asphalt 
plant which is used to manufacture hot mlx asphalt for road 
pavement. The process consists of blending prescribed portions Of 

cold feed materials (sand, gravel, screenings, chips, etc.) uniformly 
end adding sufficient hot asphalt oil to bind the mixture together. 
Atter the hot asphalt mix is manufactured et t h e  phn t ,  it 1s 
transported to the location where i t  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 t h e  final product. 

c::: . . .  

:.. 

The following is a general description of t h e  plant's manufacturing 
process: The cold feed materials (aggregate) are dumped into four 
separate bins which in  t u r n  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 a t  
approximately 3000F. When recycled asphalt mix is used, it is added 
to the  mix halfway down the drum through a separate weigh 
conveyor. The required amount of hot asphalt oil is t h e n '  injected 
onto and  mixed into the  dried aggregate. The now newly formed hot 

, asphalt mix is pulled to the top of a storage silo by conveyor. The 
hot asphalt mix is then discharged from the  storage sib through a 
slide gate into waiting dump ' t rucks,  which transport the  material to a 
final destination for spreading. The rated capactty of the plant will 
vary with each aggregate mix and moisture content with a 5% surface 
moisture removal. 

T h e  drum mixer uses a burner fired with #6 fuel oil to heat air to 
dry the aggregate, a n d  the motion of the rotating drum to blend the 
aggregate and hot asphalt oil thoroughly. The air is drawn into the 
system via a n  exhaust' fan. After passing through the burner and 
the mixing drum, the exhaust gasses pass through a baghouse. The 
baghouse is manufactured by Barber-Greene. The exhaust gasses ere  
drawn through the beghouse a n d  discharged to the atmosphere 
through a 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 drum mixer. 



...,. .. ... 
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1. ( 7 )  Aggregate bins: Virgin aggregate Is fed lndlvidually into each 

of four bins by type. It 1s metered onto a conveyor belt 
running under the  bins to a shaker screen. The proporatbn of 
each aggregate type is determlned b y ' t h e  job mlx formula and 
pre-set to be metered out to meet these specifications. 

Liquid asphalt storage: The liquid asphalt is stored in this 
h a t e d  t a n k  u n t i l  It Is needed in the  mixer. The amount of 
asphalt content and its temperature are  pre-set for each 
different type job. 

2. 

3. 

4. 

Preliminary oversize screen: The aggregate is fed through a 
shaker screen where oversize rock8 and forelgn material Is 
screened out of the mix. 

Weigh conveyor belt: The aggregate is conveyed to the rotary. 
drum dryer on a conveyor belt which weighs the meterlal. The 
productbn rate is determined. by this weight reading. 

Rotary drum dryer/mixerr The aggregate fa fed Into the rotary 
drum dryer where It Is tumbled by Nghting into a veil In front 
of a flnme which drives off the moisture. Further mixing is 
also accomplished in this drum. Hot liquid asphalt is  Injected 
approxlmetely one-third of t h e  way. down the  inclined drum 
where it is mixed with the aggregate. 

5. 

6. 

7. 

Burner: The fuel fired burner is used to provide the f l m e  
which drys  the aggregate. 

Knock off baffleing: A baffeling plate is inserted in the 
"dirty" side plenum as a knock out for heavy particles in t h e .  
air stream. These particles fall to the bottom of t h e  baghouse. 

Baghouse: The hot gases are  pulled through the bags into the 
d e a n  air plenum. The solid particulate matter is trapped on the 
dust coet buildup on the bags. 'A bag cleaning cycle consisting 
of jet burst  of air from the inside (or c lean  air side) of the 
bags sends a large bubble of air down the inside of the 'bags  
shaking loose buildup on the bag surface. This particulate 
matter is collected a t  the bottan of the baghouse and reinjected 
into the drum mixer where it is used as part of the finished 
project. 

9 .  ' 

10. 

11. 

12. 

13. 

14. 

Conveyor to surge/storage bin: The finished product of 
aggregate mixed with liquid asphalt is conveyed to a surge bin.  

Surge/Storage bin: The asphaltic cement is dumped into this 
surge bin and metered out to dump trucks which pull 
underneath a sllde gate at the bottom of the bin. 

Control/operators house: 
from this operator's house. 

The entire plant operation is controlled 

Truck loading scale: As the trucks receive the asphalt from 
the storagelsurge b in  they a re  weighed on the loading scale 
which tells the plant operator the amount of asphalt that is 
being trucked on each individual load. 

F u e l  Storage, 

Stack 
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2 6-4442H ,,.: 

. . . .  - . . . .  .. , .  . . . . . . . . .  . . . .  . . . . . . . . . . .  ,, . -. . 
7. N a m e / t y p e  of mix 

.., / 
...... e.,. . , c f '  , .Y.  1 . .  

. .  
L J b  

.......... ' a. Percent a spha l t  i n  mix 
. . . . . . .  . .  . .  

. . . . . . .  . . . . . . . . . .  . . . . .  
1 ' .' 43% +np 

IS% C-rrc CM# 

*h F&c Cr-S' 

9 .  Temperature of aepha l t  344 ~ . .  
. . .  

10. sieve/Screening analyeis:  % .Passing; 

1" loll 3/8 " 93 8 5  # 3 0  d7.5 &' 
do% recryck 

3>4". 100 ( 4  76. I #I 
1/2" %IS . . . . . . .  - t g 53. I (200 6 3  

Baghouse 
. . . . .  

. . . . . .  :. , ., ::. ....... 
. .  11.. . . .mnufac+uer  .-&'$ER .... .&$EYE. . . . .  

, -  
. .  

..... .."'-'.;. 'Ippe...of" .-**~.---Noi--of"-bag 

.1'3 ...... A i r  to cloth r a t i o  
1 .  .a:. A ...!-.c /4.4.,.. .-... 

IqpOoeSFT 
14. 

15.  Type of cleaning: pulse  je;x , reverse  a i r  

Square feet of bags f,4c x 6 4  ;s 
I 

, 
. .  

. .  
, other 

. . . .  . .  
plenum pulse  

' , 16. . .  Cle in ing ' cyc le  time ' k 9 c O J p  . . 
17. I n t e r v a l  between cleaning c y c l e  4 5 f C d S  

18. P r e s s u r e  drop ac ross  baghouee 7 ' ' p s i .  

19. Pulse pressure on cleaning cyc le  100 ps i .  

- COMPANY NAME l /+oMco,4 h4 C r U L  LJ 7 c 

Form IREC-03 COMPANY REPRESENTATIVE 
0 
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REC # 0 4  
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V. EQUIPMENT USED 

Equipment used on conducting t h e  particulate emissions test 
was: 

A. The Lear Siegler PM-100 stack sampler wi th  appropriate 
auxiliary equipment and glassware. The train was set up 
according to the schematic on the  nex page. 

B. An Airguide Instruments Model 211-6, (uncorrected) aneroid 
barometer was used to check the barometric pressure. 

C. Weston dial thermometers are used t o  check meter tem- 
An Analogic Model 2572 Digital Thermocouple is pwatures. 

used for stack temperatures. 

D. A Hays 621 Analyzer was used to measure t h e  oxygen, carbon 
dioxide and carbon monoxide content of the stack gases. For 
non-combustion sources, A Bacharach Instrument Company 
Fyrite is used for the gas analysis. 

E. 

F. 

Filters a r e  mady by Schleicher and Schuell and are type I-HV 
with a porosity of .03 microns. 

The acetone is reagent grade or ACS grade with a residue of 
L .001. - 
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VI. LABORATORY PROCEDURES & RESULTS 
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(111 
LABORATORY PROCEDWgS FOE Se 

Pour the  cetch from Impingers two and three into a 1000 ml 
volumetric -IC. Bring the solution in the flask up to the 
required 1000 ml volume by mixing I t  wIth deionized distilled water, 
then mix thoroughly. Pipette a 10 ml aliquot of sample into a 250 
ml Erlenmeyer Ilask. Add 40 ml of isopropanol, 2 to 4 drop6 of 
thorin Indicator and titrate to a pink endpoint ualng 0.0100 N 
barium perchlorate. Repeat t h e  titratlon with a second aliquot of 
sample and average the titration values. Replicate titrations m u s t  
agree wlthin 1 percent or 0.2 ml, whichever is greater. 

Prepare the blanks by adding 2 to 4 drops of thorin indicator to 
100 ml  of 80 percent isopropanol. Titrate the blanks In the same 

, manner as the samples. 

LABORATORY PROCEDURES FOB H2SO4 

Pour t h e  contents of the first implnger into a 250 ml graduated 
cylinder and bring the  volume up to 250 ml with 80% isopropanol. 
Transfer the contents to a storage container and add the filter. 
Shake the container to coat the isopropanol solution on t h e  filter. 
If the filter tears, nllow the fragments to se t t le .  before taking e 

sample. Pipette a 25 mt aliquot (100 ml aliquot 1s too large for 
these particular samples because of the  strength of the solution) of 
thls solution into a 250 ml Erlenmeyer flask, add 2 to 4 drops of 
thorin indicator and titrate to a p i n k  endpoint using 0.0100 N 

barium perchlorate. Repeat the titration with a second aliquot and 
average the titration values. 
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ANALYSIS 

(Method 8 )  

Audit Samples 

K2 = 32:03 mg/meq 

SO2 Analysis for Impinger 2 & 3 Combined. 

Run Number 

Ks = 7.061 x l b h q  

Analynls performed b Approved by: d 



Plant Date ?Aqh> 

Audit Samples 

U 

K2 = 32.03 mgfmeq 

@Os( Analysis for Impinger 2 - 
.. .. . 

K3 = 7.061 x lblmeq 



&con Environmental Corp. 

Memphis, Tennessee Au u s t  6 ,  1987 
Sample 9 dentitication 
by Ramcon Environmental COKp. 

Kind 13 sample No. 6 Fuel O i l  
reported to us 

Sample taken at ------ 
\. Sample Inkan by Ramcon EnViKOIUUental Corp. 

Date sampled --_--_ 
Data received August 3 ,  1987 

F4.9 

Ash = 0 . 0 6  
Btu/lb.  = 18,208 

Sulfur = 1.05 

Rapamrlly 1ubmm.d. 
CWHERCIAL TESTING 6 ENGlNEEAlNO CO 

OVER 10 BRANCH UWRATORIES STRATEQIWULY LOCATED IN PRINCIPAL W A L  MlNlNQ AREAS, 
TIDEWATER AND GREAT UKES PORTS. AND RIVER LOADING FACILITIES 



Ramcon Environmental Corp. 

Memphi 8, Tennessee 

Kind ot sample No. 6 Fue l  Oil 
reported 10 lJ8 

Sample @ken el ------ 

August 6 1  1987 
Sample identiflcal on 
by Ramcon Environmental Corp. 

Sample Inken by Ramcon Environmental Corp. 

Dale sampled ------ 
Dale recelved August 3 ,  1987 

Analysis report no. 73-08085 

Ash = 0.06 
Btu/lb. = 18,208 

Sulfur  - 1.05 

RelmnYlly ."Dmdsd. 
COHHERCUL TESTING A ENGINEERING CO 



July 20. 1487 

lWWSON MCCULLY 

Belleville, M I  ,48111 

Attn: Mr. Alan Sandell 

1785 Rawsonville Road 

Dear Alan. 

Thauk you fo r  the  oppor tunin  t o  supply your f u e l  requirement 
fo r  Rawsonville. 
a r e  delivering. 

API Gravity 16 
VIS  low 220 
Flash 200 
Pour 35 
Sulfur .97 
BTU 148,000 

I f  I can be of fu r the r  assistance.  p lease  do not h e s i t a t e  t o  
contact ne. 

Sincerely. 

Below a re  the spec i f ica t ions  f o r  the f u e l  we 

/-- 
John A. Turner 
Sales Manaier 
EF6L 

JAT/LAB 



. .  

.. 

99000 

Data Summary Sheet 

June 30, 1987 prolec, Thompson - NcCullY 
Date 

Parameter 

P" 

- 
Uni t s  - 

S.U. 

j -  

Fine I ","=," I Crush 
6 - 1 8 - a i  6-18-81 t 

8.16 8 .68  lT 

DTE: pt in these  sample 
N<:utral Water Leac 
eiich sample. 



ENVIRONMENTAL TESTING 8 CONSULTING INC. 
2024 WALNUT QROVE RO.  . MEMPHIS, TENN. 3 a i i i  . PHONE (eoi) 327-2780 

August 12, 1987 

Mr. Smner Buck 
Ramcon. Inc. 
223 Scott St. 
Memphis, Tenn. 38112 

REF: ANALYTICAL TESTING 
SAMPLE(S) DATE: 8/12/87 
BAGHOUSE DUST h SOIL 

Dear Mr. Buck: 

The above referenced samples have been analyzed per your instructions. 
The tests were performed in our laboratory (800210) in accordance 
with Standard Methods, 16th Edition, and the results are shown below. 

Results Standard 
Baghouse Methods 

Test Dust - Soil Pave # 2 Date - 
*PH 10.5 9.1 4 29 JL 8/12 

* 10 grams of sample was put into 100 ml's of DI and stirred for one 

If you have any questions please feel free to contact me. 

Very truly yours, 

.. - hour. 

MJC/mg 

Attachment 
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NAME: THOMPSON-MCCULLY COMPANY 

LOCATION: BELLEVILLE.  MICHIGAN d a t e  7/17/07 7/17/87 7/17/8 

sunnm OF TEST DATA RUN #I 1 RUN #I 2 RUN #I 

9 

10 
11 
12 
1 3  

', 1 4  

I 

1 

I '  

I .  

15 
16 

:I, 'i 

1. a 
19 
2a 

21 

SAMPLING TRAIN DATA s t a r t  a7 : 2a 

f i n i s h  08:20 

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

S a m p l i n s  n o z z l e  d i a m e t e r ,  i n .  

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 ?  

l s o k i n e t i c  u a r i a t i o n  

Sample  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 .  

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

A v e r a g e  o r i f a c e  p ress ,ure  d rop ,  in.H.,O 

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 .  
& 

VELOCITY THAVERSE DATA 

S t a c k  a r e a ,  f t ?  

A b s o l u t e  s t a c k  gas p r e s s u r e ,  i n .  IHq. 

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

A u e r a q e  a b 5 0  l u t  e s t a c k  t e m p e r a t u r e ,  'I? 

A u e r a g e  - \ / v e l o c i t y  h e a d  , ( C p =  .€I1 

A v e r a g e  s t a c k  v a s  u e l 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 ,  
f l o i s t u r e  i n  s t a c k  g a s ,  % 

EMISSIONS DATA: 

W a c k  :)as f l i j u  r a t . ,  , js .c f , , /h~- .  < O [ i i j ' . i j  

T o t  II I p a r  .t i C U  l a t e c o n  cen t r a  .t i on , 
' T o t a l  p a r t i c u l a t e  e s i i s ; s i o n S  I b s i h l -  

T o t a l  SO c o n ( : e n t r a t i o n ,  l b d d s c f  

T o t a l  SO2 e m i s s i o n s  Ibs /h , -  

s r / d s t r f  

ORSOT 1:IATA 

P e r c e n t  CU2 b y  v o l u m e  

P e r c e n t  02 b y  ut i lurne 

P e r c e n t  CC) b y  v o l u m e  

Pr i -c :en t  N:! b y  Y O  l u a e  

e 6 0  

Vm , 39.91 
T ni 530 

A H  1 .60  

Mn . a  

a 1.5.3 
Ps 3n118 
P b a r  3 0 . 1 8  

T s  791 
- \ /G 1 . 2 0  

V., 81 

V i c  2 3 6 . 0  

Hws 21 .6  

co2 . o  
02 . o  
co . o  
N 2 0 

09 : 23 11:15 
10:23 12: 15 

6 0  

'(0.29 
546 

1 .60  

. a  

15.3 

30 I 22 
30 I 22 

778 
1 .20  

80 

22r,,O 

2 1 . 1  

,.> ._ 
:.: , 396 

0 0 0 0 2 4  

5 a . m  

. o  
. o  
. o  
. a  

60 

111.83 
56 1 

1.60 

. o  

15.3 
J O .  22 

3 0 . 2 2  

778 
1 . ? O  

81 

246. 0 
22.; I 

0 0 0 0 25 

5R.15 

i -1 



Ilry Gas Volume 

= vm 
"rntstd)  

Where: 

5 

"m 

'bar 
= 

.- 13.6 -. 

'rn 

X I ~ ~  Gas vo{ume t h r o u g h  m e t 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 a  

D3-y Gas Volume measured b y  m e t e r .  

~ a r o m ~ t r i c  p r e s s u r e  a t  o r i f a c e  m e t e r ,  

S t a n d a r d  a b s o t u t e  p r e s s u r e , ! 2 9 . Y 2  i n .  H9.) 

A b s o l u t e  t e m p e r a t u r e  a t  m e t e r  O 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  < 528 R )  

A v e r a g e  p r e s s u r e  d r o p  a c r o s s  o r i f a c e  m e t e r ,  in.b120 

Dry r ~ a s  m e t e r  c a l i b r a t i o n  f a c t o r '  

1:nctie~.  w a t e r  v e r  i n c h e s  H g .  

C u . f t .  

i n .  Hq. 

e 

I - -  -.- 1 

1 



W a t e r  u a p o r  c o n d e n s e d  : 

- _. 
s t d  

V W C  

V 5 

w5q5 t d 

U h e r e :  

3 

3 
.:. 0 .011707 = C o n v e r s i o n  f a c t o r  f t . / m l .  

O.OLt715 = C o n v e r s i o n  f a c t o r  f t . / q .  

V = V n  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  . 
V 
wCst  d 

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

= F i n a l  v o l u m e  o f  imp inge l -  c o n t e n t E i ,  m l .  v f 
= I n i t i a l  v o l u m e  o f  i n i p i n g e r  c a n t p i - t t s  "i 

P = U e n s i t y  o f  w a f e r .  (0,002201 l b / m l ) .  

R 

" 5 9 s t d  

= I d e a  l y d s  cu r i s tan - l ' ,  21.85 ( i n ,  H y  ,') ( c u .  f t . / l b  I - m a  I P )  ( * R )  

= M o l e c u l a r  w e i y h t  o f  w a t e r  u a p o r  (18.0 I b / l b - m o l e ) .  

= A b s o \ 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 .  

= 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 ,  2 9 . 9 2  i n c h e s  Hq. 

. .  .. 
M W 

.. 0 

' s td  

' s t d  

= (0,04707) (21+,0) = 10.1 c u . f t  

= (0,04715) ( 10.0) = , 5  c u . f t  
V w c ( s t  d )  Hun t4 2 :  

'wsg(std) 



x 1 0 0  

+ " s t d  

+ V w " q s t d  V 
W c s t d  - __________________-_--_-------- + v  - 

Vwcst d w5gs t d 
b 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 :  BUS 

Where:  

=  portion o f  w a t e r  v a p o r ,  b y  uo lume,  i n  t h e  gas  s t r e a m -  

= Dry qas u 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 ) .  

pws 

v m  

= Votume 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  

= Volume of w a t e r  v a p o r  c o l t e c t e d  i n  s i l i c a  9 e l  c o r r e c t e d  
s t d  c o n d i t i o n s  ( s c f ) .  vwc 

V w ' 9 s t d  s t a n d a r d  c o n d i t i o n s  ( s c f )  I 

10.7 + .4 

10.7 + - 4  + 40,37 
- - -- x 1 0 0  = 21.6  % . . .  ... Run # 1: Bus 

11.2 .b 11 . .  i.. ---- x 1 0 0  = 2 2 . 5  % 
Run # 3 :  Bus 11.2 J. .4. + 4 0 . 0 2  

Y 
H Hotecular w e i g h t  o f  s t a c k  g a s e s :  

I 



I S t a c k  g a s  u e l o c i t r :  

Where :  

= A u e r a g r  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 ,  

= P i t o t  tube c o e f f i c i e n t , (  d i m e n s i o n l e s s  ) a  

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

= H a r o m e ~ l r i c  p r~1ssu i -e  a t  m e a s u r e m e n t  !;i.ke, ( i n . H r ) ,  

=' S t a c k  static ~ r e s s u i - e  < in.I-49). 

= 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 . I . l g )  :: 

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

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

2: A b s o l u t e  s t a c k  t e m p e r a t u r e ,  ( O R ) .  = 4.60 + t5.  

= M o l e c u ( 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 )  

2 

P b a r +  pg 



( 2 4 )  

Stack gas f l o w  r a t e :  

Where : 

c,d 0 

A 

3600 ,  
.. .> 

t s 

T S  

Ts  t ti 

'bai- 

P 

IJ 

. .  " s  t d . .  

= Dry v o l u m e t r i c  s t a c k  9 a s  f l o w  r a t e  c o r r e c t e d  t o  

2 s t a n d a r d  c o n d i t i o n s ,  ( d s c f / h r ) .  . 
= 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  ( f t . ) .  

= 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 .  ( O R ) .  

= S t a n d a r d  a b s o t u t e  t e m p e r a t u r e ,  ( 5 2 8 ' R ) .  

= -'Ecai-ometu.ic p r e s s u r e  a t  measurement s i t e ,  I i n . H y . ) .  

= S t a c k  s ta t ic : :  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 s  p r e s s u r e ,  I i n , H g , ) ;  ::: 

= S t a n d a r d  abs,olu.le p r e s s u r e ,  ( 2 9 . 9 2  i n . H g , )  

4 P  
' b a r  Y 

... 



( 2 5 )  .... 

s u I f ut- 11 i o x i de Con c e n  t I- a t i o n  

... .: 

Where; CSO, = S u l f u r  d i o x i d e  c o n c e n t r a t i o n ,  ( l b d d s c f )  - 
K 3  = 7.061 x L b / m e s  

N = N o r m a l i t y  o f  b a r i u m  p e r c h l o r a t e  . t i t r a n t ,  g e q u i v a l e n t s / l i t e r  

V t  = V o l u m e  o f  b a r i u m  p e r c h l o r a t e  t i t r a n t  u s e d  f o r  t h e  s a m p l e ,  m l .  

V t b  = V o l u m e  of  b a r i u m  p e r c h l o r a t e  t i t r a n t  u s e d  f o r  t h e  b l a n k ,  m l .  

V = T o t a l  v o l u m e  o f  s o l u t i o n  i n  w h i c h  t h e  s u l f u r i c  a c i d ' o r  s u l f u v  

d i o x i d e  s a m p l e  i s  c o n t a i n e d ,  250 m \  o r  1,Ol)D n i l  r e s p e c t i v e l y  50 I n  

v .  = Vo lume o f  g a s  s a m p l e  mras i t i - ed '  b y  t h e  d r y  gas m e t e r  c o r r e c t e c  

n ' (std) l o  s t a n d a r d  c o n d i  t i ons ,  d r c f  , 

va := ~ o l u m e  o f :  s a m p l e  a ~ i i u o t  t i - t r a t e d  ( I O  m \  f o r  SO?) 

Run # I: CSD, = 7.061 x lo-'  I: . 0 0 9 9 0 0 0  ( 12.5'0- . O O )  (1000)l ------ 
~~ 

L 

1 u  -. - .0000223400 
( 4 0 . 5 7 0  ) l b s  I / d s c f  



Su \ f u r  I7 i o x i de Em i ss i ons 

Where; E = E m i s s i o n s  o f  s u l f u r  d i o x i d e  i n  pounds p e r  h o u r  

Qsd= Stack gas f l o w  r a t e  ( d s c f / h r )  

CS02= S u l f u r  d i o x i d e  c o n c e n t r a t i o n  ( I b s / d s c f )  

L.,, : 

Run tt I . :  E = ( , 0 0 0 0 2 2 3 4 0  I b s / d + c f )  ( 2 3 6 2 6 6 4  d s c f / h r  ) -. 52 .78  (bs/hl-  --.-- 



E m i s s i o n s  o f  S0,PPM ( P a r t s  P e r  ? f i ( I i o n )  
L 

E := .0000223b00 I b s  453,5939 

d s c f  1 I b  

Where; CS02 = C o n c e n t r a t i o n  a f  SO2 i n  Ibs /dscf  

453.593 = C o n v e r s i o n  t o  grams . 

MOL so, 

2 2 . 4  (/MOL = V o l u m e t r i c  m o l a r  c u ~ ~ v e r s i o n  @ 273 K 

293OK/273OK = T e m p e r a t u r e  c o r r e c t  i o n  1.0 s t d  c o n d i t i o n s  

18.317 I = C o n v e r s i o n  o f  t i t e r s  t u  c u b i c  f e e t  

1,000,000 = C o n u e r r i o n  t o  p a r t s  p e r  t n i I I i o n  

= M o l a r  c o n u e r s i o n  f o r  SO2 .. 
0 

M O L  SO2 2 2 . 4  I 293OK 

6 4 9  SO2 MOL 273'K 

f t 3  

1,000,000 - -. - ... .- - .- -. 
28.317 I 

= 

E = .00002C3500 I b s  293°K 4 5 3 . 5 9 3 9  MOL SO2 2 2 . 4  I 1 ,,.'.7:3 ' b K  ... 

E = , 0 0 0 0 2 4 6 3 0 0  I b s  
~ 

dYic:f 

4 5 3 . 5 9 3 s  

1 I b  

MOL so, 

649 SO., 

~ 

._ 

2 2 ,  '4. I 2 9 3 O K  

MOL. :? 7 3 I! 

f t 3  
1,000,000 .. -. ... -. - _. _. __ 

28.317 I 

= 



S u l f u r  I l i o x i d e  C o n c e n t r a t i o n  - &!{; ; .i , I  

CS02 = K3N ( V t - V t b )  ( V s o l n  ) 

' U h e r e ;  CS02 = S u l f u r  d i o x i d e  c o n c e n f r a t i o n ,  

= 7 . 0 6 1  x Lb /mes K 3  

N = N o r m a l i t y  o f  b a r i u m  p e r c h l o r a t e  i t r a n t ,  g q u i v a l  t s / l  i t e r  

V t  = Vo tume o f  b a r i u m  p e r c h l o r a t e  t i t r a n t  u s e d  f o r  t h e  s a m p t e ,  m l .  

Vtb = Vo lume o f  b a r i u m  p e r c h l o r a t e  t i t r a n t  u s e d  f o r  t h e  b l a n k ,  m l ,  

V = T o t a l  v o l u m e  of s o l u t i o n  i n  w h i c h  t h e  s u l f u r i c  a c i d  o r  s u l f u r  

1,000 m l  r e s p e c : t i u e l y  

d r y  qas m e t e r  r :o r l -ec tPd 

s o ' n  d i o x i d e  sample  i s  c o n t a i n e d ,  2 5 0  m l  o r  

V V ~ l u n i e  o f  gas  !sample m e a r , u r r d  b y  t h e  

n l ( s t d )  t u  s t a n d a r d  c o n d i t  i o n 5 ,  dscf I 

V .  := V o l u m e  o f  s a m p l e  a l i q u o t  t i t r a t e d  (10 n I  
d 

o r  SO,,) 
i 

. .  
Run Ii 1: CSO, = 7.061 x C . O O Y 7 0 U O  ( 1.60- . O O )  

L .. 

Hun # 3 :  CS02 = 7.061 x C , 0 0 9 7 O U O  1: 1,30- .00) ~ - ~ ~ ~ ~ , l  

1 0 0 0 0 0 0 2 H ! i 0  
2 0  

~ = 
1: 4 1 1 , 0 2 0  1 l l r . l : . / d s c f  



Emiss ions o f  S0,PPM ( P a r t s  Pel- M i l l i o n )  - c f f~ : '~~ ! , !  
L 

453.5739 

1 l b  

. .  .... . .  

M O L  SO2 2 2 . 4  I 293-K 

649 SO, MOL 273-K 
L. 

Where; CS02 = C o n c e n t r a t i o n  o f  SO2 i n  l bs /dsc f  

453.593 , = Convers ion t o ,  grams 

HOL so, 

2 2 . 4  I / K O L  = V o l u m e t r i c  m o l a l -  c o n v e r s i o n  @ 273OK 

293*K/273OK = Temperature c o r r e c t  i o r i  t o  a t d  c o n d i t i o n s  

28.317 I = Convers ion o f  l i t e r s  t o  c u b i c  f e e t  

1 , 0 0 0 , 0 0 0  = Convers ion t o  p a r t s  p e r  m i l l i o n  

= M o l a r  c o n v e r s i o n  f o r  SO2 
L 

f t3  
- - - - - - - - 
28,317 I 

l , O O D , O O O  

. Run M 2 :  

E = . 0 0 0 0 0 0 2 6 0 0  I b s  
= 

d s c f  

E: .= .0000002800 I b s  
_-- 

d s c f  

Run U 3 :  

453.573q M O L  SO, 
L 

1 I b  649 SO2 

22.4 I 
.. .. -. - _. - 

M 0 I., 2'7 3 " K 

2 . 1 0 4  ppm 

1,000,000 i: 
... - - ... .. __ __ _ _  f '13 I I 
78.31.7 I I I 



S u l f u r  l l i o x i d e  E m i s s i o n s  +c.uz cf i ( /  

Uhere :  E = E m i s s i o n s  o f  s u l f u r  d i o x i d e  i n  pounds p e r  hour  

QSd= S tack  gas f l o w  r a t e  ( d s c f / h l - )  

CS02= S u l f u r  d i o x i d e  c o n c e n t r a t i o n  ( l b s / d s c f )  

Run # 1: E = ( 0 0 0 0 0 0 3 5 0  I b d d s c f )  ( 2362654  d s c f / h r  ) = .83 I b s / h r  
- A  

Run ft 2 :  E: = ( . 0 0 0 0 0 0 2 6 0  lb.r ; /dscf)  ( 2396239 dBcf/hi- ) = .62 l b s / h r  
~ ----- 

Run t l  3 :  E = ( ,  0 0 0 0 0 0 2 8 0  l h s / d s c f )  < 2361036 d s c f / h r  ) =: . 5 1  I b s / h r  
~ 



VIII. PIKLD DATA 





H 

3 
8 
0 u 





IX. CALIBJCATIONS 



* .  ~ 

( 3 4 )  

V, Pb(td + 460)  

Yi = An 
An in. - 

13.6 Vd(P,, + 13.6) (t + 460) 

.. 0.5 0.0368 

1.0 0.0737 

1.5 0.110 

2.0 0.147 

3.0 0.221 

6 .0  0.294 

.. . 

3 6 , 3 4  

. .  ... ... 

( t  + 460) 8 ' - 0.0317 AH 
-i - Pb ( t d  + 460) [ v, ] 

METER BOX CALIBRATION DATA AND CALCULATION FORn 

(English units) 

i 
Quality Assurance Handbook M4-2.3A (front side) 



.I . ; 

... _ .  (35) 

AH I 

in. 
H2° 

’ METER BOX CALIBRATION DATA AND CALCULATION FORM 

2 ( tv  + 460)  0 0.0317 AH I _ =  i Pb (t,, + 460)  [ V, ] Vw P b ( t d  + 460)  
2- y ,  = 13.6 1 AH Vd(Pb + 13.6) (t + 460) 

i. 

0.5  

1.0 

O r i f i c e  
manometer 

s e t t i n g  

i n .  H-0 
(A”) I 

0.0368 

0.0737 

Date 7-/0- P 3 
b 

tleter box number 6 7Q 775 
Barometric pressure, P =39.38 in. Hg Calibrated by L-- 

2 . 0  

3 . 0  

4 . 0  

0 . 5  

1.0 

0.147 

0.221 

0.294 

(English units) 

1.5 

2 . 0  ’ 

3 . 0  

4 . 0  , 

i L 

.. 
.. . 

10 I I I I I I I  I 

I I I 

1.5 0.110 

P I f  there  i s  only one thennometer on the  d r y  gas meter, record the temperature 
under t d ’  

Quality Assurance Handbook M4-2.3A (front side) 

Form #REC-02 



., .I ~ 

( 3 6 )  

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date Thermocouple number 

Ambient temperature A 9 *c Barometric pressure P , e f i n .  Hp 

Calibrator r-;(lC-)s Reference: mercury-in-glass c/> 
other 

Reference 
point 

number 

' ... 

! 

A- 

13 

Source" 
:spec i fy)  

Reference 
thermometer 
kmperature. 

*C 

Thermocouple 
potentiometer 
temperature, 

OC 

Pemperetureb 
5ifference, 

% 

. .. . 

Type o f  c a l i b r a t i o n  system used. a 

bl]lref temp, 'C + 2 7 3 )  - ( tes t  thermom temp, OC + 27311 loocl.s%. 
re€ temp, OC + 273  

Quality Assurance Handbook M5-2.5 



... 

.. . 
.. 

(37)  

STACK TEKPERATURE SENSOR CALIBRATION DATA FORB 

Date 1 /1 - 86 Thermocouple number &#A& 
Ambient temperature 3 './ oc Barometric pressure 39.9s i n .  ng 

Calibrator Reference : mercury-in-glass L/ 

Reference 
point  Sourcea 

L M 

7-17-42 

- 
Reference 

thermometer 
temperature, 

/oa O C  

2 48c 

7c7- 

other 

Thermocouple 
potentiornetel 
temperature, 

/m *c 

$3.4 

Temperatureb 
difference , 

X 

0 

a 
Of cal ibration system used. 

temp, 'C + 273)  - ( tes t  themom temp, 
+ 2 7 3 q  l00(1.5%. ref temp, C + ' 2 7 3  

Qual i ty  Assurance Handbook M5-2.5 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

.( : 

..... 

~..  
.. ..... :.. 
.. . .. . 

Date \!&\\q Thermocouple number ,%, 

Ambient temperature LQo \ OC Barometric pressure \Q3\ in .  Hg 

Calibrator # Reference: mercury-in-glass '3*pLI.. 

Reference 
point, 

number 

b 

c 

Q 

Reference 
:hemometer 
cemperature, 

O C  

3XT 

\\a0 F 

her 

Thennocouple 
potentiometer 
temperature. 

O C  

73 7- 

__-- 
'Every 30°C (50°F) t 'ot each r-eference  p o i n t .  
bType of c a l i b r a t i o n  svstem used.  

ref  temp, "C + 2 7 3 )  - (test thermom temp, OC + 27311 loo~l.s%. 
r e f  temp, 'C + 2 7 3  

Quality A7surance Handbook M2-2 .10  



. .. - a  (39) 

.. . 

I 

c RAUCON 

.Lear S i e g l e r  Stack Sampler 

Heating Probe Calibration 

Probe No. Probe Length 
Date of Calibration & a3-87 Signature 

Name of Campany to be te s ted  

I. Probe Length *-- 
Note: 3 f t .  probe - 5 m h .  vamup 

6 ft. probe - 15 pin. varmup 
10 f t .  probe - 30 min .  varmup 
Calibration flaw r a t e  - .75  CFH 

I_.- - - 
5 6 8 PROBE HFAT C C T T T I Y C  I - <  

4 2 3 0 
Farm No. EED-17-2 



.I .. , 
( 4 0 )  

iUllCON ENVIRONMENTAL COWORATION 

Lear S-Stack Sampler 

.. . 

Norxle Diameter C.libration 

Data Signature 

Nozrla No. Average Diameter Nozzle No. Avaraga Diaucmr 
1 7 
2 8 
3 9 

10 
11 

4 
5 
6 12 

Pitot Tube Calibration i S  *e) . 

P l t o t  Tube Idaatiflcatlon No. 3'" Date 5-1 2-2 7 
Calibrated by: 

. 



.. . 

X. UMCON PERSONNEL 



. .I. . 

.. . 
.. . 

( 4 1 )  

RAMCON Environmental Stack Temt Team 

Surnner Buck - President 

Sumner Buck is the President of RAMCON Environmental. He is a 
graduate of t h e  EPA 450 "Source Sampling for Particulate Pollutants" 
course and the 474 "Continuous Emissions Monitoringqq course all 
given a t  RTP. Mr. Buck is a qualified V.E. reader with current 
certification. Mr. Buck has personally sampled over 400 stacks 
including over 300 asphalt plants. He is 42 years old and a 
graduate of the University of Mississippi with graduate studies a t  
Memphis State University a n d  State Technical Institute of Memphis. 

Sam Turner - Field Supervisor 

Sam Turner h a s  five years experience in the Air Division and is 
our field supervisor. H e  has sampled over 30 large boiler stacks 
and approximately 200 asphalt plants. He is a graduate of State 
Technical Institute of Memphis, and holds an Associate Degree in 
Environmental Engineering. He also has current certification as a 
V.E. reader. 




