
DIVISION OF ENVIRONJtENTAL MANAGEMENT 
AIR QUALITY SECTION 

August 12, 1987 

M E M O R A N D U M  

TO : Ken Schuster/David Daniel 

FROM: Michael Y. Aldridge mg/ 
SUBJECT: Particulate Emissions Test 

Source Name - Adams Const. Co., 
Source Location - Benson, North Carolina 
Emission Point - Asphalt Plant, Baghouse 
Tester - Entropy Environmentalists 
Test Date - April 22, 1987. 

A report of the subject test has been reviewed and is found to 
adequately represent the emissions from the subject source at the time 
of the test. 

This plant is rated as a 400 ton per hour plant, however it was 
producing only 220 to 230 tons per hour during the test. It was 
suggested that this reduction in operating rate was due to the aggregate 
being unusually wet, and due to the production of 1-2 mix which contains 
more fines than other mixes, these fines being harder to dry, 

At first it seemed that this was too large a drop in production to 
be attributable to a little rain on the aggregate. However, the 
attached article from "Highway and Heavy Construction" July, 1987 
contains a table, Figure 1, which seems to confirm the suggestion that 
wetter aggregate can have a greater effect on operating rate than one 
might expect. It can be shbwn from this table that 4 or 5 points of 
moisture increase can cut the production rate of a plant almost in half. 

The percent moisture in the sample gas (ranging between 212 and 
28%) confirms that a great deal of moisture was being removed from the 
aggregate (control equipment is a baghouse not a scrubber), 

It is this reviewers opinion that this plant was being operated at 
as high a rate as was possible on the day of the test and that the test 
results show compliance with applicable standards. 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.
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REPORT CERTIFICATION 

The sampling and analysis performed for  this  report was carried out 

under my direction and supervision. 

Dace M ~ a v  6 .  1987 Signature 

Arthur T. McDonald 

I have reviewed al l  testing detai ls  and results i n  th i s  t e s t  report 

and hereby cert i fy  that the test report ia  authentic and accurate. 

Date ,,, ,* ,,,, Signature 
-d 

D. James Grove, . P. E. 



Summary of Compliance Related Parameters 

Plant Capacity 

Operating Rate 

Emission Limit 
(40 CFR 60 Subpart I) 

Opacity Limit 
(40 CFR 60 Subpart I) 

Mass Emission Limit 
At 400 T/hr 
At 225 T/hr 
(15NCAC 2D. 0506) 

Measured Emissions 
Average Concentration 
Average Mass Rate 

Highest 6-minute average opacity 
Highest Single opacity reading 

/ lhb 

Enclosure 

cc: N. 0. Gerald 
L. A. Daniel, Jr. 
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Associaled's new plant ixludes a 9.25-fl. drvm. m t c n  surpe bins. 5 &-feed bins and a baghouse. 

Converting to a Drum Mixes 
How one firm properly matched air speed, aggregate moisture and production 

W hen Associated Sand and Gravel 
Co. .  Everet t .  Wash. ,  d e c i d e d  

about a year  ago  to switch from batch- 
plant to d r u m  mixer operations. the corn- 
pany joined a number of others making 
the same change. This year more than 
I00  operators across the nation will go  t o  
drum mixers, in large part because high 
maintenance costs a t  aging batch plants 
have driven production costs too high. 

Associated's 30-ycar-old Everett plant 
is one o f  the firm's 9 asphalt produc~ion 
centers. Located 30 miles north of Scat-  
tlc in the Pugct Sound Basin. the Everett 
plant serves a variccy'of public and pri- 
vate projects in Washington state and 
Alaska. Recently the area's growing dc- 
mand for asphalt has forced Associated 
to supplement Everett's production with 
portable plants a t  other locations. 

'Having two plants do the job of one 
was obviously hindering progress," says 
G a r y  Su ,a  nson, Associaled's production 
manager. -Wc had to keep two crews on 
the E v e r c t ~  payroll. And there were ccr- 

lain logistical problems with producing 
mix in separate locations-trucking rock 
to  a second plant, for instance.". 

Associated needed a d r u m  mixer that  
could produce 425 tph using a n  aggrc- 
gate  with 5 percent moisture. The  plant 
needed the capacity to handle 35 percent 
recycled material. a n d  it had to meet the 
basin's a ir  pollution rula--0.05 grains 
per dry standard cubic foot (DSCF). us- 
ing both the front and back halves of tkc 
l u t i n g  apparatus. 

Thorough study 
T h e  company spent about 3 months 

talking to all major d rum mixer manu- 
facturers, asking them each a set of 25 
questions all based on the same set of 
field parameters. Four key questions ccn- 
t e r c d  on d r u m  m i x e r  p c r f o r m a n c c  
ratings: 

How big must the d rum be? 
How big should the fan be? 
What must the air  volume and veloc- 

ity be? 

What happens when the moisturc 
content of the aggregate changes? 

-, m -mme manui%ctyieis 
claimed smaller drums 
could deliver just as' many 
tph as bigger drums. But 
sma Iler drums simp Iy 
can't do the same job." 

With that data  gathered. Swanson a r  
plied his knowlcdgc gained in 3 0  year 
experience and double-checked man1 
facturcrs' claims against s tandard indu. 
try production tables. 

-Some manufacturers claimed the 
smallcr drums could dcli\*er just a s  mar: 
tons per hour as  bigger drums." Swansc 
said. 'But I kncw smaller d rums  simp 



. .  L 
3n:i  do the pb i f  bigger on-. An 8-P. 
drum, for u rmpk .  qu i r e s  cxtrtmtly 
hilh air velociticr to nut& rk prodoc- 
tion of a 9-11. dnnn. T k  s m l k r  drum 
might perform well for rwbik, but biih 
velocitia usually m a n  krdrcha.' 

Figurlng producth 
Asumt, fa example, that an 8-ft. 

drum with m l I00 lpm air v e k i t ~  has 
an  air volume of 35.264 acfm (actual 
cubic ft./min.) The .drum a n  produce 
425 tph--as bng as aggregate moisture 
content doesn't txctcd 4 pcrctnl. But if 
moisture content rises to 5 percent, the 
air  volume must jump to 63,750 acfm to . 
fully dry the aggregate. To achieve that 
a ir  volume. an 8-ft. drum needs an air 
rpked of more thin 1200 fpm. 

Yet industry experts agree that air rt- 
locity in a drum mixer ~ m r  should cx- 
cced l I00 tpm. Higher air speeds than 
that tend to n r t y  aggregates, dust. fines, 
high tempe:aturcr-and rometincu even 
embers--out of the drum into the 'bag- 
house. Such carryover can rcsult in oper- 
ating and maintenance probkms. 

So the only ways an 8-ft. drum cin 
compensate are to lower t k  mix tem- 
perature. which specifying agencies 
won't accept, or to lower the production 
rate to less than 375 tph. 

Using a pair of production charts like' 
Figures I and 2, Swanson figured design 
specifications needed to meet his produc- 
tion requirements. Figure I shows that . into Figure 2. Swanson saw that to ktcp 
he needed 63.750 acfm to produce 425 air movement below 1 I00 fpm. he need- 
tph of asphalt, using aggregate at 5 per- ed a 941. drum. 
cent moisture. j n ~ r l i n g  the air volume With those calculations made. Swan- 

I 
I . . -  

Figure 2: I 
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280. Mix Temperature 300' ExhWst ~ern&rature 500-Ft. Elevation ' . 
50% Excess Air 10% Leakage No. 2 Oil 5% AC 

I 
) ~ r r r ~ b l c ~ w ~ ~ h . m a s l ~ o d ~ m ~ m k b h t ~ ~ d ~ l * r  
. ~ m ~ . k . ~ 1 p w r n l ~ h r r l b o s ~ m l l 8 ~ S m p u c k c t h m t e u  
3wkm. Y o u m r r , C r s t b a # m e ~ r o i r h r o d a e i . d ~ ( I b C c y , ~ i r .  th rnwI lw  
. I . ~ d I l l i r ~ h # w c d v m b & w ,  I b n n w d ~ i ~ n s d ~ 8 t k b l .  T O M  
~ r l k c l o l ~ ~ m o i s l u i m 8 5 1 . 0 ~ 0 ~ l ~ n p l r n l . y o u ~ ~ l u l h ~ d p a o b n , .  
m a ' s b r , a d r m r I r s a b r d . L . ~ m b h o s u l , ~ . 5 0 0 . d m : u r d 5 6 ~ ~ ~ M b n ,  
r u d , . p b M a m ~ b c h s r a r 9 X ) M d S 7 5 & t # .  Bcr(uIlwar,mmohlveho*.rqsOq. 
6 ~ . ~ m s t ~ ( l o k h r r # l , ~ H d 9 2 5 ~  . . . . . . .-. . - 

"Availabk Air" Through the Drum W- adm 

(acfrn = actual cubic feet per minute) 
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I Air Velocity Through Orum - fpm I 
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ran chore a 9-ft. Standard Havens Mag- 
num Drum Mixer with a recycle collar. 
The mixer's antidistillation chamber 
separates the aggregate from the air 
strum near t k ' e d  of the mixing pro- 
ws. A ~ r e g a t e  can k mixed with as- 
phalt, additives and fines outside the air 
strum. and blue smoke has no chance to 
devclop. 

In complhnee 
Associated installed the plant in July 

1986. In its first 8 months of operation, it 
ptoduced 2M.000 tons of asphalt. About 
10 percent o i  that was produced using 
recycld materials. During 35 percent re- 
cycle operations, at a production rate of 
425 tph. the plant's average total emis- 
sions were just 0.021 grains per DSCF. 
That w i l y  met the Environmental Pro- . 
icction Agency's standard; in. the front 
half of testing, the average particulate 
concentration was 0.001 grains and in 
the'back half stack emissionshere 0.020 . 
grains pcr DSCF. 

Swanson says the ~ m c t t  plant now 
doesn't need lo run as many hours to 
meet production requirements.. 'The 
whole system has done better than wc 
alculatcd it would." he says. 0 

Mote information on equipment used i s  
a w i h b k  by circling tbc appropriate Reader 
S c n k  Numkr in this inuc. 
240 Orum mirrr 



b'OKTH CAROLINA DIVISION OF ENVIRONMENTAL MANAGEMENT 

Air Quality Action Request 
Computer \ - 

Name Location Reg/Co./Prem. No. 

Contact 
5/51/00141 
Telephone 
894-7226 

- - VE - PI - Other NSPS 

The p lan t  manufactures asphalt by dry ing aggregates i n  a 400 T/hr drum mix plant .  The 
p l a n t  i s  brand nsw. During the tes t ,  the  production r a t e  ran about 220-230 T/hr whi le 
making 1-2 mix. V i s i b l e  emissions were being read by Mike Kirkman i n  accordance w i th  
Method #9. VE looked t o  be 0% opacity. Attached f o r  your convenience i s  an AQ-92. 
The p l an t  was spotless as f a r  as emissions go. No f u r t he r  ac t ion needed a t  t h i s  time. 

Air Program Status 03 0g 

Action Requested By: Address /Phone 

Last Insp . Date Action Date 4/22/87 - - 
Permit # 6016 I s s u e d ~ ~ 7  Expires 3/1/97 St 

Recommendations: 

await stack t e s t  r esu l t s  

Signature 

David Y. Daniel 8 
Dist: Yellow (Central File) - Blue (Region) - White (Opt.) Swcify 1 



SOURCE TEST 
OBSERVERS CHECKLIST 

I Time S t a r t e d  

Time Ended 

N. C. Divis ion of Environmental Management / A i r  Qua l i t y  Sec t ion  

24 h r .  
Clock 

Source 
Name : 

Address : 

P l a n t  
l oca t ion :  53? 
Source KC 

Tes t  Date(s) / / / / 
See Graph on Reverse Side t 2 Copies of Report 
For Number of Tes t  Poin ts .  
U s e  Reverse S ide  f o r  Comments. oBSERV~S SIGNATURE 

* 

- 
Test ing  
Firm : 

Address : 

Phone : 

;b Pcf m4 
Tes t  

contac t :  3' f .  Engineer : 

Phone: fl{ 7-6 ~ ~ i s i s t a n t : K ~ n  - I 

Other Personnel  Involved 

Process  D e 8 c r i p t i o n : m m  /r;r/)r , Soot Blowing Parameters: 

&/kf+< zz 
Process  Rdte 
During Tes t :  at45 #o aqD 
Maximum 
Process  Rate: ljd0n-p~ 
Burner S i z e s  
( Inc ind  P r i :  set: A&, 

A = H r  B = H r  - 
R = - H r  S = H r  

A = Hours of soot bloving during sample(s) 
B = Hours not soot bloving during saaple(s) 

containing soot bloving 

R Average hours of operation per 24 hours 
S * Average hours of soot bloving per 24 hours 

TEST PARAMETERS 
Duct -3 
s i z e :  42 Y 
Distance r E. P. A. 
Before Por t s :  
Die tance  
Af t e r  Po r t s :  
Number of 
Tes t  Poin ts :  ZD 
N m r  , 
of Runs: 
Sampling Time 
Per  Run (min .) : 6 0 
Leakage Rate (f t3/min.) Run #1 Run #2 Run /I3 

(0.02 f t3/min. o r  l e s s )  a34 - 



* 
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) 
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DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCC~DISTANCE B) 

a HIGHER NUMBER IS FOR 
RECTANGULAR STACKS OR DUCTS 
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- 
Minimum number of traverse points 

for particulate traverses. *. - - 
24 OR 2sa 

- * - - - 
, l 6  . STACK DIAMETER > 0.61 m (24 in1 ---------- 

.12 
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Minimum number of traverse points I 8 OR 9' - 
for velocity (nonpafiiculate) traverses. ,f 
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INTRODUCTION 

1.1 Outline of Test  Program. Stat ionary source sampling was performed 

f o r  Adams Construction Company a t  t h e i r  batch mix asphalt  p lan t  near Benson, 

North Carolina, on April 22, 1987. Three EPA Method 5 par t icu la te  runs, with 

concurrent EPA Method 9 plume opacity determinations were performed a t  the  

rotary dryer baghouse s tack f o r  compliance purposes. 

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

the  t e s t  program. 

TABLE 1-1 

TEST PARTICIPANTS 

Adams Construction Company Richard Bishop 
Test  Coordinator 

North Carolina Department of David Daniels 
Natural Resources and Test Observer 
Community Development 

Entropy Inc. 

David Albright 
Test  Observer 

J i m  Thurman 
Test Observer 

A. Thomas McDonald 
Project  Supervisor 

John D. Eddy 
Engineering Technician 

Michael L. Kirkman 
Visible Emissions Observer 



S-Y OF RESULTS 

2.1 Presentation. Table 2-1 summarizes the  r e s u l t s  of the  par t i cu la te  

t e s t i ng  performed November 13, 1986, a t  the rotary dryer baghouse stack.  

Table 2-2 presents a six-minute average summary of the  plume opacity 

observations. Detailed t e s t  r e su l t s  a r e  given i n  Appendix A; f i e l d  and 

ana ly t ica l  da ta  a r e  presented i n  Appendix B. 

2.2 Discussion. The average pa r t i cu l a t e  emission concentration was 

0.0233 grains  per dry standard cubic foot.  



TABLE 2-1 

PARTICULATE TESTS SUMMARY OF RESULTS 

Rotary Dryer Baghouse Stack 

Run Date 4/22/87 4/22/87 

Test Train Parameters: 

Volume of Dry Gas 34.583 32.666 
Sampled, SCP 

Percent Isokinet ic  102. 9 92.4 

Flue Gas Parameters: 

Temperature, Degrees F 275 275 

Volumetric A i r  Flow Rates 
SCFM", Dry 29 , 275 30 791 

ACFM , Wet 57,401 55,192 

Method 5 Results: 

Catch, M i l l i g r a m s  55 8 49.2 

Concentration, Grains/DSCF* 0.02490 0.02324 

Emission Rate, Lbs/Hour 6.248 6 135 

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



Run Number 

TABLE 2-2 

PLUME OPACITY OBSERVATIONS SUMMARY 

Rotary Dryer Baghouse Stack 

Highest 6-~inute Average Opacity, % 0 0.8 0.8 

Highest Single Opacity Reading. % 0 10 10 

- - - - - R u n 1  - - - - -  - - - - -  R - 2  - - - - -  - - - - - Run 3 - - - - - 
Set --- Time --- Avg. % Set --- Time --- Avg. % Set --- Time --- Avg. % 

No. Start End Opacity No. Start End Opacity No. Start End Opacity - - - -  - - - -  - - - -  



PROCESS DESCRIPTION AND OPERATION 

3.1 General. Adams Construction Company, Rear Benson, North Carolina 
- .. .. Satcr-. - . . -. -. 'I<. M 1. rjgerates h cafitiiiu~ils mi;; i;;'accss 'Y; pr2t1;22 =z;~::lu. .-- 

drum mix dryer is used i n  the  production process. The agnega t e  is dropped 

i n t o  the  drum mix dryer,  where it is mixed, dr ied,  and heated; l iqu id  asphalt 

is then added t o  the  aggregate i n  the mixing chamber =d the  product is 

t ransferred t o  a holding s i l o .  The dryer is f i r ed  with #2 d ie se l  fue l .  

3.2 Process Emissions. Par t icu la tes  a r e  emitted from the prozess 

during drying and mixing due t o  the re lease  of dust  from the surface of the 

aggregate mix. The exhaust gases from the  dryer pass through a mixing 

chamber, baghouse, and a fan before ex i t i ng  the  s tack t o  the  atmosphere, as 

shorn schematically i n  Figure 3-1. 

3 . 3  Operation During Testing. A s  reported by p lan t  p e r s ~ ~ e l ,  

approximately 242 tons per  hour of asphalt  were produced durlng tes t ing .  
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SAMPLING AND ANALYTICAL PROCEDURES 

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

rezsnmend~2 by the United S ta tes  Envircmmenta.1 Frotection Agency an6 tne 

North Carolina Department of Natural Resources and Community Development. 

Descriptions of the  sampling equipment and procedures (extracted from 40 

CFR 60) a r e  provided i n  Appendix D. 

4.2 Smpling P c i ~ t s .  Zlle r,mber e13 locat ion c f  the spmnling pc iz t s  

were determined according t o  EPA Method 1. The s tack cross sect ion was 

divided i n t o  20 equal areas,  i . e . ,  f i v e  sample points on each of four 

t raverse  axes labeled A through D, a s  shown i n  Figure 4-1. 

4.3 Volumetric A i r  Flow Rates 

4.3.1 Flue G a s  Velocity. EPA Method 2 was used t o  take the  veloci ty  

measurements during the traverses of the s tack cross section.  

4.3.2 Flue Gas Composition. During run 1, a multipoint, in tegrated 

f l u e  gas sample was col lected and analyzed using EPA Method 3; the  analyt ical  

r e s u l t s  were used t o  determine the f l ue  gas composition and molecular weight 

f o r  each run. 

4.3.3 Flue Gas Moisture. Moisture content w a s  determined by analyzing 

the  sampling t r a i n  impinger reagents according t o  the  procedures out l ined i n  

EPA Method 5. 

4.4 Par t icu la te  Emissions. EPA Method 5 sampling and ana ly t ica l  

procedures were used t o  determine the  pa r t i cu l a t e  emissions. The centroid of 

each of the 20 equal areas was sampled f o r  three  minutes f o r  a ne t  run time 

of 60 minutes. 

4.5 Plume Opacity. The procedures out l ined i n  EPA Method 9 were 

followed i n  determining the plume opacity. 

4.6 Sampling Equipment. A l l  sampling equipment was manufactured by 

Nutech Corporation o r  Entropy. Per t inent  ca l ib ra t ion  da ta  a r e  provided i n  

A:;:;~cndi.x C. 





APPENDIX A 

TEST RESULTS AND EXAMPLE CALCULATIONS 



ADAMS CONSTRUCTION COMPANY 
BENSON, NORTH CAROLINA 
DRUM M I X  ASPHALT PLANT 
TEST DATE - & P R I L  22, 1987 

RUN NUMBER 

RUN DATE 

RUN START T I M E  
RUN F I N I S H  T I M E  

N NUMBER OF SAMPLE P O I N T S  

T h e t a  TEST RUN T IME,  MINUTES 

D n  NOZZLE DIAMETER, INCHES 

Qn NOZZLE AREA, SO. I N .  

CP P I T O T  TUBE C O E F F I C I E N T  

Y GAS METER CAL.  FACTOR 

Pbar BAROMETRIC PRESSURE, I N .  HG 

D e l t a  H AVG. PRESS. D I F F E R E N T I A L  OF 
O R I F I C E  METER, I N .  H 2 0  

Vm ACTUAL METERED GAS VOL. CF 

TmF GAS METER T MP,. DEG. F T 
V m ( s t d )  METERED GAS VOLUME AT DRY 

STANDARD CONDITIONS,  DSCF 

Vwc VOLUME OF WATER COLLECTED 
I N  IMPINGERS & DESICCANT, ML 

V w c c s t d )  VOLUME OF WATER VAPOR, SCF 

%M MOISTURE, % BY VOLUME 

f m MOLE FRACTION OF DRY GAS 

%C02 C02 ,  % BY VOLUME, DRY 

%02 02, X BY VOLUME, DRY 

%CO CO, % BY VOLUME, DRY 

%N2 N2, X BY VOLUME, DRY 

TEST REVIEW DOTE 
JULY 10, 1987 
REVIEWED BY: 
MICHf iEL Y. A L D R l  

Md DRY MOLECULAR WT., #/#-MOLE 



ADAMS CONSTRUCTION COMPANY 
BENSON, NORTH CAROLINA 
DRUM M I X  ASPHALT PLANT 
TEST DATE - A P R I L  22, 1987 

RUN NUMBER 

Ms WET MOLECULAR WT., #/#-MOLE 

P s t a t i c  GAS S T A T I C  PRESS,. IN .  H 2 0  

Ps ABSOLUTE GAS PRESS, I N .  HG. 

T s F  STACK GAS TEMP., DEG. F 

SSR DP SUM OF SQUARE ROOTS OF 
VELOCITY PRESS. VALUES 

v s  FLUE GAS VELOCITY,  F T / S E C  

D s  DUCT DIMENSIONS, INCHES 

A s  DUCT AREA, SQUARE INCHES 

A s F  DUCT AREA, SQUARE FEET 

Qs GAS FLOW RATE, WET ACFM 

Qstd GAS FLOW RATE, DRY SCFM 

m n  SAMPLE WEIGHT, GR4MS 

p m r c  POLLUTANT MASS RATE CALC. 
FROM CONCENTRATION, #/HR 

pmr a POLLUTRNT MASS RATE CALC. 
FROM AREA R A T I O ,  # /HR 

% I  % I S O K I N E T I C  

p m r  avg AVERAGE OF p m r a  b p m r c  

TEST REVIEW DATE 
JULY 10, 1987 
REVIEWED BY:  
MICHAEL Y. ALDRIDGE 

PAGE -2- 



APPENDIX B.l 

B. FIELD AND ANALYTICAL DATA 

1. Part iculate  



Preliminary Field Data 

WCATION OF TRAVERSE POINTS # URQJLAR STACKS 

' 

PLANT NAME ~ r s i .  6. 
LOCATION 8-50" I U C  
SAMPLING LOCATION d 1 7 L s e  s b * e  
DUCT DEPTH 
FROM HSiDE FAR WALL TO OUTSDE OF PORT Y6 " 

N I P P E  LENGTH 
DEPTH OF DUCT Y 2  

y 
WIDTH ( R E C T A N G u R  DUCT) $7 '4 " 

EQUIVALENT DIAMETER: - 2 x  DEPTH I WH , ~ ( Y L % I ( ~ ~ $ I _  s/g$ 4- DEPTH cWOTH - (yz % + 57%)  - 
DISTANCE FROM 
PORTS TO NEAREST DOWNSTREAM 

3 G now D I S ~ A N C E  L 
-fERs 5-03 /# 27 

STACK AREA= ( ~ ~ 7 5 . )  1~7. - - 3 y47  N~ 

DRAU HORIZONTAL LmE TEROUCH DU'QTEBS 

If -re than 8 and 2 dL.lrcera i f  ducc 
dia. is leas  than 24". use 8 or 9 poinu,  

VELOCxT D t r w c r r r s  PARR CULATE 

N-OPY 

NVIRONMCNTALtmTS, INC 

I 

,OCAllON OF TRAVERSE POINTS IN RECTANGULAR STACKS 

W DOWN / : 

/ / 

. , 1 2 '  

16 

, , /' 
/ ' , 2 0  ,' 

I i ,' 

l6 

24  or 2 5  

1 Ld i I 
1 

8 
9 
I0 

- I I 
I 
I 

1 1  I 
12 
13 
14 
15 
16 1 
17 I 

' i8 1 
19 / 
20 1 

I 

! i 
1 1 

I I 

1 
1 I 

I 

I i 

i I 
I I 

21 j I 

I I I 
22 1 

I n 7  I 

I I 

i I 



I 
ORSAT FIELD DATA 

P l a n t  Name 

Saixpl i n g  Locat  i o n  + LbSp SU Fue l  Type 
/ 

Run ~ n d / o r  Sample No. I Leak T e s t ?  A a t e f / ~ / f ~ p e r a t o r  W@ 

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

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

%CO 

C-B 

%02 

B-A 

/JT/ 

/J>b 

/S,D 

/ s o  

Time o f  
Sampl e 

Co l l ec t i on  

f 2 f  

SCO 
1 / 3 3  

t 

%N2 , 

100-C I 

d 

Q1-r 

%N2 

100-C 

I 

4 

d 

%CO 

C-B 

%N2 

1 00-C 

I 

CO 
Reading 

C 

- 
- - 

Avg.  

T i  me 
o f 

Analys is  

/ / ~  

6 
l zdd  

SO2 

B-A 

XCO 

C-B 

- 

CO 
Reading 

C 

%O2 

B-A 

, y- J' 

Co2 
Read1 ng 

A 

Y f  I 

$5' 

O2 
Read1 ng 

B 

CO 
Reading 

C 

Avg.  

02 
Reading 

B 

I Ycb 
l'i b 
19.3' 

C02 
Read1 ng 

A 

Time o f  
Sampl e 

Co l l ec t i on  

O2 
Read1 ng 

B 

Time o f  
Sampl e 

C o l l e c t i o n  

A 

A v g  . A v g  . 

T i  me 
o f  

Analys is  

4 

rl 

. A v g  . A v g .  

T i  me 
o f 

Analys is  

, 

C02 
Read1 ng 

A 



PARTICULATE FIELD DATA 

com?uw - Ad~au '  C d .  pa RW P~UUBER Ma-! 
JwFlm.* 
ruva~nc LOCATIO~+.L ~ h . d  TIW FINIW 
DATE ~1 -la-%% 

=- B k  
T&AM L W E R  TEWICIANS 

~ I C  -, IN. w 6 STATIC PRESSURE, 
SAMPLING TRAIN LEAK TEST VACUW, IN. HGL.L 
SAMPClNG TRAIN LSAK RATE, CU. FT./MIN. b , o ' e a  

I e w I m  CHECXS I IDENTIFICATION NUMBERS 1 

d -7 " W R M O C O U P L E  @ J ~ . ~ F  

FILTER # TEES 

ENTROPY 

F l E A M  BOX O f i .  N O Z P E  306 D IAMZTER *%. 
MgTER BOX T/C - 
WlLScrU. b a  T/C PROBE !f's a 
SAMPLE Box a3 OWAT PUMP s n 
PROBE - T m L A R B A G d l  

NOMOORAPH SET-UP w- #two 
fs%w AH@ 1 .  90 C FACmR O'GJ- 

MCIZR W Bg" STACK sEMP .-, 

w M O I ~  39% REF. AP 1 .  Ot3 



PARTICULATE FIELD DATA , 

7 uimc A'''- /%7,dg ~ 3 - a  RLM NWBER fir-% 
ADDRIES3.4 - -  AJP TIME START , 1305 
W I N G  LOCATION TI~E: FINISH%, 

m I C  -. IN. HG M-/, STATIC PIZESSURE, IN. HtO -0 , ,7L  
SAMPLING -IN L ~ A K  TEST VACULM, IN. HGL L -- 
-I= lRAIN LEAK RATE* CU. FT./MIN. &.003-- 

- 

ENTROPY 

-- 

eau~ MNT CHECW 

'IP PRP-IUT 
1 :  RWT-TEST 
d - 7 '  SAklRING SYSTEM - - TPXAR BAG 
d % E ~ ~ ~ ~  @ 

FILTER # 

I $!gF$-*. 

lDENTlFlCATlON NLlMBERS 

F~EA-T~~X@/~NOZZLE 706 DIAMETER - 3 ~ l q  
m R  BOX .N&. TIC 
WILl- da TICPROBE I I ' f Z  
SAMPLE EOX3.-7 O F W T  PUMP - 
PROBE 6 ' 3 TEDLAR BAG - 

NOMOGRARI SET-UP NOMOGRARI 

C FACTOR *. 7 % T L l L ,  STACK- a g :  
% MOISTURE T o  REF. AF+ 

s r A c K ~ . . o H c  
W I N G S  

DRY- PITOI ORIFICE - IWADINGSmlNG (AH), 
IN. Hz0 

IDEAL~ACTUAL, 

IMP. 
EXIT 
T w .  
OF 

4 \  

44 
2 

u i  
d ~ ,  
4 6  
& ,  
4 
q 6 
'6 

4 s  
4 %  
4 7  
*i-& 
4 6  

GAS 

TeMP. 
OF 

IW(P. 

OF 

OzLa , 

273 
J ? - 1  

d 7 4  
J ? L  
a x  
J2v 
,473- 
J?d 
2 3 7  
CZW 
as 1 
282 
a T3- 

PClMP 

~ T E R V A c U w l  
IN. HO 
wsum 

.FILTER 
Box 

IEMP. 
. OF 

! Iaak  
I Id34 

&I &/o 941. Ptu o . 9 L  1 . t  I 
7 4%73.~+ n . t i ?  I..$ 6 - J 

3 & Q . ~'c 1.s-a - 
I.L f 
1..76 
! - A ~ &  

I ,  u t ~  
1.2 C I  

1 . 4 ~ ; -  

1.3% 
I .  
[.or 

O.li4 
r . 1 4  
11\4 
I .of 
o . Q (  

/ 
I 
I 
f 

I 
I 

I 
I 
I 
I 
I 
I 

9 
C 

$('/ 

7 

3 
4 

8 1 
2 

3 
(L 

k 3  
~6 
BG 
526 
ti6 
S >  
?+ 

8 & 
kk 
5f? 
B G  
61; 
~k 

a4rT 
d 4 4  
s t 6  
d S .  
a -  
as> 
as4 
d 

J S S  
a,= 
a.f% 
a,- 

9 
17 

/ c / c ~  
? 

997.26 
4 ~ 9 ~ 9 1  
/out. 6F 

3 . 6 %  

0.b*J- 
Q . 71 
o .P'i 
o.7P 

Y 

I , O U  
/ .- la 
1.u; - 
1 . 3 2  

o . ? 3  
(B -40 
e . U Y  
0 . L T  
n .b%. 

7 
12 

20 in 
? 
6 
f 

1.~9 
1.0.5 
- 

O.SL( 
1.14 
1 ~ 1 9 '  

7 - 4 1  
'?. 1 1  

1 0'.6/  
/ a  % 3~ 
141  I f  
I P . ~ Z -  

n. 5 -7 I r40s 
0.5-~10.41 



PARTICULATE FIELD DATA , 
. . 

Rlm NLMBER /*, <-- 3 
TIME START . 1 )  73 
TlkE FINISH 

Q5ih mOQJ1c1ANS xbc 
-1C -, IN. HG a?. 6, STATIC -SURE, IN. H ~ O  -0- I 4 
SAkCLlNG TRAIN LEAK TEST VACULU. IN. H G Z  
-1- 'IRAIN LgAK RATE, CU. FT./MIN. - - 

IDENTIFICATION -Em 

~~, P R S - ~  
P I T O I S ,  POST-TEST 
=RSAI -IN0 SYSTEM 

-GENT B O X ~ ~ ~ & . N O Z P E ~ ~ ~ D I A M E ~ R  . 5 ~ $  
m R  BOX A 19 T/C RlaDOm' 0~~~ 
UklBlLlCAL l J3 -  TIC PROBE J l  -ca- -- BAG s-~ @&-OF 

FILTER q 

ENTROPY 

SAMKE BOX a 1 OFZSAT KMP - 
PROBE L - 5  TEDLAR BAG v 

N0MOORAR.I SET-UP ~~ #es3 

- - 

L 

1 

' P a>% * w? 
- * C FACTOR 0 . c  4 

MElER TDdP STACK TEMP 
w MOISTURE ,A,.. REF. AP /.a T 

SI=U(. .ggc 
-E 
POINT 

CLOCK 

TI*, 
MIN. 

DRYGAS 
m R  
W I N O ,  
CU. FT. 

PITOT 

(&) ,  
IN. HZO 

ORlFlCE 
RSADINGSmINO ( A H ) ,  

IN. Hz0 

IDEUIACTUAL 

W 

I-. 
OF 

PCIMP 
kgTERVkCULlM 

IN. HG 
GAUGE 

.FILTER 
EK)X 

W .  
OF 

I-. 
EXIT 
T w .  

OF 
TR(P. 

OF 



PARTICULATE SAMPLING WRATORY RESULTS 

Sum of Par t icu la te ,  mg. 535.8 517.5 527.3 

Total F i l t e r  Tare mg. 479.7 468.0 48r.7 
Blank Residue* mg. ( I7.S 0.3 ( I= mL) 0.3 (=mL) 0 .3  - 

TOTAL PARTICULATE CATCH, mg. =I 11 14791 
ANALYSIS OF MOISTURE CATCH 

Reagent I ( Z H ~ O )  : 

- -- - 

Final Weight, g. 

Tared Weight, g. 

Water Catch, g. 

Reagent 2 ( ) :  

Plant  Name 

Sampling Location RY I X  HO 
Date Received 4123 Date Analyzed 4 1 24 Reagent Box ( a s )  214 

Run Number MS- I m - 
Run Date 4L1L sly, & 

SUMMARY OF PARTICULATE ANALYSES 

Final Weight, g. 

Tared Weight, g . 
Water Catch, g. 

CONDENSED WATER, g. 

S i l i c a  G e l :  

Final  Weight, g. 218.0 
Tared Weight, g. = too.0 2 Q Q a  

ADSORBED WATER, g. 0 19.0 
\ 1.5 

TOTAL WATER COLLECTED, g.  1 1-1 266.5 

Blank Beaker # 2.4- 

Final w t .  mg. )093S7L5 
Tare w t .  mg. 0 7 I 
Residue, mg. 0.4 
Volume, mL. 200.0 

Concen., mg/rnL 

ENTROPY 

--- Legend --- 
J= Final Weight 

L = Loose Par t icu la te  

F = F i l t e r  D = Dish 

R = Rinse P = Pan 

Notes and Comments 



lABORATORY SAWLE KIG'NT CALCULATIONS - - 

Plant Name A94~s cohlSmtm1& 
f EEI Ref. # 5474 

Run Number 2E.L 3 5 - Z  As!.a 
Run Date 

.I ' &  sly 4LU. 
Sample ID/Container # 11 12 Fb.R 21\3 G R  2\14 

9 8.4570 lor. ST66 96.3447 
-98.4568 *or. 5765 -9 6.3445 

Tare Wt., g. 97. 92\0 101~65~0 8 \ 5 2  

sAMpu m., g. -1 ] T T q  -1 
.................................................................................... 
Sample ID/Container # 

Tare Wt., g. 

SAMPLE WT., g. I 0 . D  
-----------------------------------------------------------------------------------. 

Sample ID/Container # 

Tare Wt., g. 

SAMPLE WT., g. Dm= 
................................................................................... 
Sample ID/Container # 

Tare W t . ,  g. 

SAMPLE hT. , g . 



Date of Makeup 4 (8 I n i t i a l s  d e w ,  Locked? r /  
- 

Ind iv idua l  Tare of Reagent: W m l s .  of 7X . Hz0 

Indiv idual  Tare of Reagent: m l s .  of 

Ind iv idua l  S i l i c a  Gel Tare Weight -0 gms . 

PLANT NAME & 0 a - f l u r *  - b C 

SAMPLING LOCATION a&&,.,, sCnck 
J 

Sampling Method : m-r 
used. 

Weight I Filyr Tare on 

Date I n i t i a l s  
= O Y d ?  Received i n  Lab 423 J.F. J. 

Zero & Span Balance 
I n i t i a l s  1. F.J. 

Remarks : 1 E c J ~ C  . y W +  hr-/ 
. 

(mgms) T e s t  



APPENDIX B .2 

B. FIELD AND ANALYTICAL DATA 

2 .  Plume Opacity 



W M P  NY NAME 

Adc,., (6,. 5 1  d, 
STREn ADDRESS 

&S* ,Nf ,  COMMENTS 

STATE ZIP 

I 

PHONE (KEY CONTACT) SOURCE ID NUMBER 

I PRWEss EOUIPMENT , , I OPERATING MODE I I RsuUf  
C O N T R ~  EWIPMENT 

Y / 4  I 
I OPERATING MODE 

J 
HEIGHT A W E  GROUNO LEVEL HUOHT RWWE TO OBSERVER 

-30 ' s m  ZC, /  ~ n d  2 0 f  
DISTANCE FROM OBSERVER DIRECTION FROM OBSERVER 

S W  7 0 0 ' ~  - ZOO' S m  (/$ E d  L d  
DESCRIBE EMISSIONS 

EMISSION COLOR IF WATER DROPLET PWME 

S D W DO Altrck.dO D0mm.d 
PACrtY WAS DmRMlNED 

End 5-2 
9ESCRIBE PWME WCKGROU D 

S M  C / O W &  & &  S w  
BACKGROUND COLOR I sw CONDITIONS - 

S ~ R / ~ . U . , , & E ~  5- I snUbr.(/& E ~ ~ S L W  
WIND SPEED ( WINO D I R E C ~ O ~  - 
sbft 5 d ~ A & n d  5- I SM # lkJ End so-rrg 
AMBIENT TEMP WET BUL5 TEMP RH, p.rebnt 

/ 

StM 7 5 ~ n d  BD I 
Stack SOURCE LAYOUT SKETCH 
mtn a DRW Nam A m  

P l u m  

s"" 4 
Wind A 

Obamer's Pos~tlon 

Sun L o u t ~ o n  Ltrn 
C 

e b l o  1 %  s*c  /d 
pq 8 l o  la16 \( 

OBSERVEO'S NAME (PRINT) 

M i c k l  L. I 4 p  kwh 
OBSERVER'S SIGNANRE 

/ 

CONTINUED ON VEO FORM NUMBER - 



L 

CONTINUED ON VEO FOAM NUMBER I /  1-14 I 

COMMENTS 

-- 

_ COMPANY NAME \ 

&5J& ( 0 .  
S l R M  ADDRESS 

,cmL>- , K 

o~sowor's Pos~t~on r OBSERVERS NAME (PRINT) 

STATE ZIP 

PHONE (KPI CONTAC~) SOURCE ID NUMBER 

PROCESS EQUIPMENT 

CONTROL EQUIPMENT 

OPERATING MODE 

OPERATING MODE 

DESCRIBE EMISSION POINT 

HUOHT ABOVE GROUND LNEL HUOHT R E U M E  TO OBSERVER 1 .M End 
DISTANCE FROM OBSERVER DIRECTION FROM OBSERVER 

S M  End 1 sm End 

DESCRIBE EMISSIONS 

S M  End 
EMLSSION COLOR 

S M  End 

C WATER DROPLET PWME 

AIPbnd 0 D.pch.do 
POIM IN THE PLUME AT w n l c n  O P A C ~  WAS DEIERMINU) 

S M  End 

ESCRIBE PLUME BACKGROUNO 

- 

S M  End 
BACKGROUNDCOLOR 

SIM End 
WIND SPEED 

SM ~ n d  

SKY CONDmONS 

S M  End 
WINO DlRECTlON 

san ~ n d  
AMBIENT lEh4P I MT BULB TEMP RH, pmrmt 

Shtt End 

S W  SOURCE LAYOUT SKETCH 

I 
mth u 
PhmD 

s"" -+ 
Wtnd - 

D m  Narh Amw 

0 
X Emlsr~on Polnt 



7 - A '*". t ' /  
I 0eSaRVATK)N DATE I START T~ME I END TIME 

I Jv 1 STATE 1 ZIP 

PHONE (KEY C O ~ A C T )  I SOURCE i0 NUMBER 

-- - 

PROCESS EOUIPMENT I OPERATING MODE 1 
I 

CONTROL EQUIPMENT I OPERATING *IoDE 

I 

DESCRIBE EMISSION POINT 

HEIGHT ABOVE GROUND  LEV^ I HEIGHT RELATIVE TO OBSERVER 

I S M  End 
DISTANCE FROM OBSERVER ( DIREaON FROM OBSERVER 

SM ~ n d  ( son ~ n d  

DESCRIBE EMISSIONS 

S M  End 
EMLSSlON COLOR I IF WATER DROPLET PWME 

SM w (~tadndo ~emdm~o 
POINT IN THE PWME AT WHICH OPACllY WAS DETERMINED 

S M  End I 
ESCRIBE PLUME BACKOROUNO 

dm End 
BACKGROUND COLOR I SKY CONDITIONS 

S M  End ( Shrl End 
WINO SPEED ( WlNO DIRECTION 

1 stan ~ n d  I I 

Stan End 
AMBIENT TEMP 

Stan End 
WET BULB TEMP I RH, percem 

Wind A t--' 
Shdr 
mm C 
plum 

26 

27 

28 

29 

30 

OBSERVER'S NAME (PRINT) 

I 

SOURCE LAYOUT SKETCH Draw Nam Amm 

n 

I Sun Loutton L~na  I 
I 

I ADDITIONAL INFORMATION 

I 

CERTlFlED BY 

I 

COmNUED ON MO FORM NUMBER 

DATE 



IF WATEA DROPLET PLUME 

A- 0 
POINT IN THE PLUME AT WHICH OPACrrY WAS D 

Stan 5 L L  Px'L W 

SKY CONDmONS 

WET BULBTEMP RH. p m m t  

S h ~ k  SOURCE LAYOUT SKETCH 
rn 0 

Draw Norm Arrow 

Plum 

Sun .$ 
Wtnd A 

Ern~u~on Po~nt 

Sun Lout~on Lma 
C 

CONTINUED ON VEQ FORM NUMBER 



-- 

OBSERVER'S NAME (PRINT) 

1 

, m ? T R x  
ORGANUATlON 

-- 

r 

COMPANY E \ D-4 L S - L  d. 
STREET ~ O A E S S  

ADDmONAL INFORMATION 

PHONE (KEY CONTACT) 

STATE ZIP 

PC 1 
SOURCE ID NUMBER 

CERTlFIED BY 

C m N U E D  ON VEO FORM NUMBER 

DATE 

2 

PROCESS EOUIPMENT OPERATlNG MODE 

CONTROL EOUIPMENT 

DESCRIBE EMISSKIN POINT 

I OPERATING 

Hf f iHT  ABOVE GROUNO LEVEL 

DISTANCE FROM OBSERVER 

S M  End 

HEIGHT R W T N E  TO OBSERVER 

S M  End 
DlRECTlON FROM OBSERVER 

S M  End 

DESCRIBE EMISSIONS 

S M  End 
EMISSION COLOR 

S M  End 

IF WATER DROPLET PLUME 

Aamlda DO-a 
POINT IN THE PLUME AT WHICH OPACITY WAS DEERMINU) 

S M  End 

=CRIB€ PWME EACKGFIOUND 

am End 
BACKGROUND COLOR 

S M  End 
WIND SPEED 

SW End 
AMBIENT TEMP 

S W  End 

SKY CONDITIONS 

smn End 
WIND DIRECTION 

Smn End 
WET BULB TEMP 

S W  
mm C 
P l w  

s"" -4C 
Wlnd - 

RH, pmcettt 

SOURCE LAVOUTSKEFCH Draw Ninm Armw 

0 
X Em~ss~on Polnt 

Sun Louturn L l m  



S T R m  ADDRESS 
G%sfr, L. 

I 

) OPERATING MODE 1 

CONlTjQL EOU$MEKT 
1 
( OPERATlNG MODE 

I HUOHT ABOVE GROUND LEV= i HEIGHT R W ~ E  TO OBSERVER t - - 

-30' ) S M ~ L ) /  E d  
DISTANCE FROM OBSERVER I DlREUllON FROM OBSUMR 

S M  ' End 
DESCRIBE EMISSIONS 

S M  

EMISSION COLOR IF WATER DROPLET PLUME 

S M  wD i!dvp~nd 
I 

Ataek.dcl 
/ 

ESCRlBE PWME BACKGROUND 

SM d C&dS End 
BACKGRW~D COLOR I sm cmomo~s 

Stack 
mm C 
Plum 

Sun +- 
Wind A 

SOURCE LAYOUT SKETCH 

4- 
Em~srion Point 

I 

- 

I ADDITIONAL INFORMATION 

- I 

START TIME 

\SEC I 
I \ l  0 l 1 5 1 . 3 0 1 4 5 1  COMMENTS 

/ OBSERVER'S NAME (&INTI . . 
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APPENDIX c 

CALIBRATION DATA 



QUALITY ASSURANCE PROCEDURES 

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

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

which ca l ib ra t ion  is required are ca l ib ra ted  before i n i t i a l  f i e l d  use. 

Equipment whose ca l ib ra t ion  s t a t u s  may change with use o r  with time is 

inspected i n  the  f i e l d  before t e s t i ng  begins, and again upon re turn from each 

f i e l d  use. When an item of equipment is  found to  be out of ca l ib ra t ion ,  it 

is adjusted and recal ibrated o r  r e t i r e d  from service .  A l l  equipment is 

per iodical ly  recal ibrated i n  f u l l ,  regardless of the  outcome of these regular 

inspections. 

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

exceed U. S. EPA specif icat ions .  Entropy follows the  ca l ib ra t ion  procedures 

outl ined i n  E P A  Reference Methods, and those recommended within the  Qual i ty  

Assurance Handbook f o r  Air Pol lut ion Measurement Systems: Volume I11 

(~~~-600/4-77-027b ,  August, 1977). When the  Reference Methods are 

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

Society f o r  Testing and Materials (ASTEI). 

Data obtained during ca l ib ra t ions  are recorded on standardized forns,  

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

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

calculat ions  a r e  performed using Entropy's in-house computer f a c i l i t i e s .  

Calculations a r e  generally performed a t  l e a s t  twice as a check f o r  accuracy. 

Copies of ca l ib ra t ion  da ta  a r e  included i n  the  t e s t  o r  p ro jec t  reports.  

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

is necessary t o  ensure da ta  qual i ty .  Each item of equipment returning from 

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

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

recal ibrated where necessary. 

Each item of equipment transported t o  the  f i e l d  f o r  t h i s  t e s t  program 

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

assurance a c t i v i t i e s  p r io r  t o  departure f o r  the job site t o  de tec t  equipment 

problems which may or ig ina te  during periods of storage.  This minimizes l o s t  

time on s i t e  due t o  equipment f a i l u r e .  



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

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

Entropy rout inely  t ransports  su f f i c i en t  backup equipment t o  the job site to  

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

Calibration.  M s s i o n s  sampling equipment t h a t  requires ca l ib ra t ion  

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

dry gas meters, and barometers. The following sect ions  e laborate  on the 

ca l ib ra t ion  procedures followed by Entropy f o r  these items of equipment. 

Calibration da ta  f o r  the  spec i f i c  items of equipment used f o r  t h i s  t e s t  

program follow the t ex t .  

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

the  time of purchase, and cal ibrated before i n i t i a l  f i e l d  use. The ins ide 

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

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

I f  the  dif ference between the  high and the  low numbers does not exceed 0.004 

inch, the  average of the  f i v e  measurements is used. I f  the dif ference 

exceeds t h i s  amount. o r  when the nozzle becomes nicked, dented, o r  corroded, 

the  nozzle is reshaped, sharpened. and recal ibrated.  

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

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

Corporation. Each p i t o t  is cal ibrated when new i n  accordance with the  

geometry standards contained i n  EPA Reference Method 2. A Type S p i t o t  tube, 

constructed and positioned according to  these standards. w i l l  have a 

coef f ic ien t  of 0.84 + 0.02. This coeff ic ient  should not change a s  long a s  - 
the  p i t o t  tube is not damaged. 

Each p i t o t  tube is inspected v i sua l ly  before it is transported t o  the 

f i e l d .  If t h i s  inspection indicates  damage o r  raises doubt t ha t  the  p i t o t  

remains i n  accordance with the EPA geometry standards,  the p i t o t  tube is not 

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

Di f fe ren t ia l  Pressure Gauges. Some meter consoles used by Entropy a re  

equipped with 10 in .  W.C. incl ined-ver t ical  manometers. Fluid manometers 



do not require  ca l ib ra t ion  other  than leak checks. Manometers are 

leak-checked in  the  f i e l d  p r io r  t o  each t e s t  s e r i e s ,  and again upon return 

from the f i e l d .  

Most of Entropy's meter consoles are equipped with Magnehelic 

d i f f e r e n t i a l  pressure gauges. Each set of gauges is cal ibrated i n i t i a l l y  

over its f u l l  range. 0-10 inches W.C. After each f i e l d  use, the cal ibrat ion 

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

d e l t a  p encountered during the  t e s t .  I f  the  agreement is within - + 5 percent, 

the  ca l ib ra t ion  is acceptable. 

Thermometers 

Impinger Thermometer. On s i t e ,  p r io r  t o  the s t a r t  of t es t ing ,  the  

thermometer used t o  monitor the temperature of the gas leaving the  l a s t  

impinger is compared with a mercury-in-glass thermometer which meets ASnI E-1 

specif icat ions .  The impinger thermometer is adjusted i f  necessary u n t i l  i t  

agrees within ZOF of the reference thermometer. ( I f  the thermometer is not 

adjustable ,  i t  is labeled with a correction f ac to r ) .  

Dry Gas Meter Thermometer. The thermometer used t o  measure the 

temperature of the  metered gas sample is checked p r io r  t o  each f i e l d  t r i p  

against  an ASnI mercury-in-glass thermometer. The dry gas meter thermometer 

is  acceptable if the values agree with 5  OF. Thermometers not meeting t h i s  

requirement a r e  adjusted o r  labeled with a correction fac tor .  

Flue Gas Temperature Sensor. A l l  thermocouples employed by Entropy for 

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

I n i t i a l  ca l ib ra t ions  a r e  performed a t  three  points ( i c e  bath,  boi l ing water, 

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

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

(absolute) a t  each of the three  ca l ib ra t ion  points.  

On s i t e ,  p r io r  to  the  s t a r t  of t e s t i ng ,  the reading from the s tack gas 

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

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

thermocouple and potentiometer a r e  considered t o  be i n  proper working order 

f o r  the  test series. 



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

with an ASTM mercury-in-glass reference thermometer a t  a temperature within 

10 percent of the average absolute f l u e  gas temperature. I f  the  absolute 

temperatures agree within 1.5 percent. the  temperature da ta  are considered 

val id .  

Dry Gas Meter and Orif ice .  The dry gas meter and o r i f i c e  a r e  cal ibrated 

simultaneously. There a r e  two ca l ib ra t ion  procedures. The full ca l ib ra t ion  

is a complete laboratory procedure used t o  obtain the ca l ib ra t ion  fac tor  of 

the dry gas meter before its f i r s t  use and per iodical ly  thereaf ter .  F u l l  

ca l ib ra t ions  a r e  performed a t  three  d i f f e r en t  o r i f i c e  s e t t i n g s  (flow r a t e s ) .  

A simpler procedure, the pos t t e s t  ca l ib ra t ion ,  is designed t o  check whether 

the  ca l ib ra t ion  fac tor  has changed. Pos t t e s t  ca l ib ra t ions  are performed 

a f t e r  each f i e l d  t e s t  series a t  an intermediate o r i f i c e  s e t t i n g  (based on the 

t e s t  da ta )  and a t  the  maximum vacuum reached during the  t e s t .  

Entropy uses as a t r ans fe r  standard a dry gas meter t h a t  is cal ibrated 

annually against  a spirometer. During the  annual ca l ib ra t ion ,  t r i p l i c a t e  

ca l i b r a t i on  runs are performed a t  seven flow r a t e s  ranging from 0.25 t o  

1.40 cfm. 

Dry Gas Meter. Each metering system receives a f u l l  ca l ib ra t ion  a t  the 

time of purchase, and a pos t t e s t  ca l ib ra t ion  a f t e r  each f i e l d  use. I f  the 

ca l i b r a t i on  fac tor ,  Y ,  deviates by l e s s  than f i v e  percent from the i n i t i a l  

value, the  t e s t  da ta  a r e  acceptable. If Y deviates  by more than f i v e  

percent,  the meter is recal ibrated and the  meter coef f ic ien t  ( i n i t i a l  o r  

reca l ib ra ted)  tha t  y ie lds  the  lowest sample volume f o r  the test runs is used. 

EPA Reference Method 5 c a l l s  f o r  another f u l l  ca l ib ra t ion  anytime the 

pos t t e s t  ca l ib ra t ion  check indicates  t ha t  Y has changed by more than f i v e  

percent. Standard prac t ice  a t  Entropy is t o  reca l ib ra te  the  dry gas meter 

anytime Y is found t o  be outs ide  the range 0.98 < Y < 1.02. - - 

Orif ice .  An o r i f i c e  ca l ib ra t ion  f ac to r  is calculated f o r  each flow 

s e t t i n g  during a f u l l  cal ibrat ion.  I f  the  range of values does not vary by 

more than 0.15 i n .  H 0 over the  range of 0.4 t o  4.0 in .  H20, the  ari thmetic 2 
average of the values obtained during the ca l ib ra t ion  is used. 



Barometer. Each f i e l d  barometer is adjus ted  before  each t e s t  series t o  

agree within + 0.1 inches of a reference  aneroid barometer. The reference - 
barometer is checked weekly aga ins t  t h e  s t a t i o n  pressure  value (correc ted  f o r  

e leva t ion  d i f fe rence)  repor ted  by t h e  National. Weather Service s t a t i o n  a t  the  

Raleigh-Durham a i r p o r t .  approximately 2.5  miles from Entropy's  locat ion.  



: Adjuat thmrnometer unctl  acceptable. Xi themomerer c m ' t  be 

adjusted. use a baclcup. 1: no back up. then use the unadjusted 
thmnnornacer and record actual amolant twmperature. 
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APPENDIX D 

SAMPLING AND ANALYTICAL PROCEDURES 

ENTROPY 



ISOKINETIC SAMPLING TRAIN FIELD DATA & RESULTS TABULATION 

PLANT: Adame Construction Company. Benson. North Carolina 

RUN # DATE SAMPLING LOCATION ----- ------- ----------------- 
1 4/22/87 Rotary Dryer Baghouse Stack 
2 4/22/87 Rotary Dryer Baghouse Stack 
3 4/22/87 Rotary Dryer Baghouse Stack 

Run Start Time 
Run Finish Time 

OPERATOR ---------------- 
A. Thomas McDonald 
A. Thomas McDonald 
A. Thomas McDonald 

Net Sampling Points 20 20 20 

Theta Net Run Time. Minutes 60.00 60.00 60.00 

Dia Nozzle Diameter. Inches 0.244 0.244 0.244 

CP Pitot Tube Coefficient 0.840 0.840 0.840 

Y Dry Gas Meter Calibration Factor 0.998 0.998 0.998 

Pbar Barometric Pressure, Inches Hg 

Delta H Avg. Preeaure Differential of 
Orifice Meter. Inches H20 

Vm Volume of Metered Gas Sample. Dry ACF 35.665 34.196 35.046 

tm Dry Gas Meter Temperature, Degrees F 79 87 88 

Vm(std) Volume of Metered Gas Sample. Dry SCF* 34.583 32.666 33.423 

Vlc Total Volume of Liquid Collected 288.0 189.0 266.5 
in Impingers & Silica Gel, mL 

Vw(std) Volume of Water Vapor, SCF* 13.556 8.896 12.544 

%H20 Moisture Content. Percent by Volume 28.2 21.4 27.3 

Mfd Dry Mole Fraction 0.718 0.786 0 . 727 
XCO2 Carbon Dioxide. Percent by Volume, Dry 4.5 4.5 4.5 

% 02 Oxygen, Percent by Volume. Dry 15.0 15.0 15.0 

%CO+N2 CO N2, Percent by Volume. Dry 80.5 80.5 80.5 

Md Dry Molecular Weight, Lb/Lb-Mole 29.32 29.32 29.32 

Ms Wet Molecular Weight. Lb/Lb-Mole 26.13 26. 90 26.23 

pg Flue Gae Static Pressure. Inches H20 -0.27 -0.32 -0.19 

Ps Absolute Flue Gas Press.. Inches HG 29.58 29.58 29 59 

t s Flue Gas Temperature. Degrees F 275 275 275 

Delta p Average Velocity Head, Inches HZ0 0.6464 0.6150 0.6446 

vs 'Flue Gas Velocity, Feet/Second 56.30 54-13 56.11 

A Stack/Duct Ares. Square Inches 2,447 2.447 2.447 

Qed Volumetric Air Flow Rate. Dry SCFM* 29 , 275 30 t 791 . 29.536 

Qaw Volumetric Air Flow Rate, Wet ACFM 57,401 55 9 192 57,208 

% X Isokinetic Sampling Rate. Percent 102.9 92.4 98.6 

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



Method 5 Reeults: 

mg Catch. Milligram 

gr/DSCF Concentration, Grains per DSCF* 0.02490 0.02324 0.02184 

Lb/Hr Emission Rate. Lbs/Hour (PMRc) 6.248 6.135 5.529 

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



EXAMPLE PARTICULATE TEST CALCULATIONS NO. 1 

Rotary Dryer Baghouse Stack 

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

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

(29.60 + 1.200/13.6) 
vm(std) = 17-64 * 0.998 * 35.665 * - - - -------------  = 34.583 DSCF 

(460 + 79) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS ............................................ 
Vw(std) = 0.04707 * Vlc 

Vw(std) = 0.04707 * 288.0 = 13.556 SCF 

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS 

DRY MOLE FRACTION OF FLUE GAS ............................. 
Mfd = 1 - %H20/100 
Mfd = 1 - 28.2/100 = 0.718 

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

WET MOLECULAR WEIGHT OF FLUE GAS ................................ 



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

Ps = 29.60 + ( -0.2 / 13.6) = 29.58 I N .  HG. 

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

vs = 85.49 * cp * sm~[------------------------- 1 
Ps * M s  

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

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

Qsd = 29,275 SCFM 

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

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

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



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

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




