
DIVISION OF ENVIRONMENTAL HANAGEHENT 

Air Quality Section 

August 17, 1988 

To : Ken Schuster / Clyde E. Fuller 

From: Michael Y. Aldridge 

Subject: Alliance Contracting 
Durham, Durham county, Nbrth Carolina 
Particulate and Visible Emissions Testing of a 
Baghouse installed on an Asphalt Plant Dryer 
Conducted May 26, 1988 by 
Entropy Environmentalists, Inc. 

A report of the subject testing has been reviewed and is found to be 
acceptable. The results appear reliable and indicate that compliance 
with the applicable particulate emission standard was being achieved 
during the test. 

The emission standard that applies to the subject facility is 40 CFR 
60, Subpart I, which limits particulate emissions to 0.04 grains per dry 
standard cubic foot and visible emissions to 20 percent opacity. 

The particulate emission rate demonstrated by the test results was 
0.002 grains per dry standard cubic foot. 

Visible emissions were zero for most of the test period with a few 
isolated instances of 5 percent opacity. 

The plant is rated at 200 tons per hour and was operating at 150 
tons per hour (75 percent capacity) during the test. While this is a 
lower operating rate than is usually considered desirable for testing such 
a facility, the margin of compliance and the degree of control provide 
additional evidence to support this test as an adequate demonstration 
of compliance. 

Compliance is indicated for particulate and visible emissions. 

cc: Central File via Lee Daniel 
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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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INTRODUCTION 

1.1 Outline of Test Program. Stationary source sampling was performed 

f o r  Alliance Contracting Corporation i n  Durham, North Carolina, on May 26, 
1988. Three sets of concurrent EPA Method 5 and Method 9 runs were performed 

a t  the  ro ta ry  dryer system stack t o  determine the par t icu la te  emissions and 

the plume opacity,  respectively. The t e s t i ng  was conducted f o r  compliance 

purposes. 

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

the test program. - 

TABLE 1-1 

TEST PARTICIPANTS 

Alliance Contracting Corporation 

North Carolina Department of 
Natural Resources and 
Community Development 

Entropy Environmentalists, Inc. 

Eastern Technical Associates 

I. E. Harris 
Test  Coordinator 

Mickey Hicks 
Plant  Operator 

Clyde E. Ful le r  
Test  Observer 

W i l l i s  S. Nesbit 
Project  Supervisor 

Joseph W. Mullen 
Engineering Technician 

p a d  A. Minor 
Plume Opacity Observer 



SUMMARY OF RESULTS 

2.1 Presentation. Table 2-1 presents the particulate emissions for the 

testing performed May 26, 1988, at the rotary dryer system stack. Detailed 

test results are presented in Appendix A; field and analytical data are given 

in Appendix B. 

2.2 Plume Opacity Observations. Plume opacity observations were 

conducted concurrently with the particulate emissions testing, The majority 

of the readings were zero, with the highest single reading at 5%. Due to the 

near absence of a visible plume, the observations were not summarized; refer 

to the field data sheets in Appendix B for the results. 

2.3 Average Emission Rate. The average emission rate for the testing 

was 0.426 pounds per hour. The average concentration was 0.00232 grains per 

dry standard cubic foot. 



TABLE 2-1 

PARTICULATE TESTS S W Y  OF RESULTS 

Rotary Dryer System Stack 

Run Date 5/26/88 5/26/88 

Test Train Parameters : 

Volume of Dry Gas 60.866 60.690 
Sampled, SCP 

Percent Isokinetic 102.4 102.4 

Flue Gas Parameters: 

Temperature, Degrees F 168 170 

bolumetric Air Flow Rates 
, SCF'M*, Dry 21,710 21,651 

i ACFM, Wet 29,433 29 * 358 

Method 5 Results: 

Catch, Milligrams 

Concentration, Grains/DSCP 0.002409 0.002289 

Emission Rate, Lbs/Hour 0.4482 0.4247 

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



PROCESS DESCRIPTION AND OPERATION 

3.1 General. Alliance Contracting Corporation operates a batch mix 

asphalt plant i n  Durham, North Carolina. Aggregate is heated, dried, and 

tumbled i n  a rotary dryer. From the dryer, the aggregate t ravels  t o  an 

elevator which carr ies  it t o  a screen f o r  s izing in to  hot storage bins. The 

graded aggregate is mixed with l iquid asphalt i n  a pug m i l l ,  and then is 

loaded onto trucks i n  6,000-pound batches. 

3.2 Source A i r  Flow. Figure 3-1 is an air flow schematic showing the 

passage of the f lue  gases exhausted by the rotary dryer. 

3.3. Operation During Testing. According t o  Alliance Contracting 

Corporation, 150 tons per hour of asphalt were produced during testing. 





SAMPLING AND ANALYTICAL PROCEDURES 

4.1 General. All sampling and analytical procedures were those 

recommended by the United States Environmental Protection Agency and the 

North Carolina Department of Natural Resources and Community Development. 

Descriptions of the sampling equipment and procedures (extracted from 40 

CFR 60) are provided in Appendix D. 

4.2 Sampling Points. The number and location of the sampling points 

were determined according to EPA Method 1. The stack cross section was 

- -  divided into 18 equal areas with six sampling points on each of three 

traverse axes, as shown in Figure 4-1. 

4.3 Volumetric Air Flow Rates 

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

measurements during the traverses of the stack cross section. 

4.3.2 Flue Gas Composition. During run 3, a multipoint, integrated 

flue gas sample was collected and analyzed using EPA Method 3; the analytical 

results were used to determine the flue gas composition and molecular weight 

for all runs. 

s 

4.3.3 Flue Gas Moisture. Moisture content was determined by analyzing 

the sampling train impinger reagents according to the procedures outlined in 

EPA Method 5. 

4.4 Eaissions Determinations. EPA Method 5 sampling and analytical 

procedures were used to determine the particulate emissions. Each of the 18 

points was sampled for 3.5 minutes, resulting in a net run time of 63 

minutes. 

4.5 Plume Opacity. The procedures outlined in EPA Method 9 were 
followed in determining the plume opacity. 

4.6 Equipment Calibration. Pertinent calibration data are provided in 

Appendix C. 

ENTROPY 
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APPENDIX A 

TEST RESULTS AND EXAMPLE CALCULATIONS 

ENTROPY 



ISOKINETIC SAMPLING TRAIN FIELD DATA & RESULTS TABULATION 

PLANT: Alliance Contracting Corporation, Durham. North Carolina 

RUN # DATE SAMPLING LOCATION ----- ------- ----------------- 
1 5/26/88 Rotary Dryer System Stack 
2 5/26/88 Rotary Dryer System Stack 
3 5/26/88 Rotary Dryer System Stack 

Run Start Time 
Run Finish Time 

Net Sampling Points 18 

Theta Net Run Time. Minutes 63.00 

Dia Nozzle ~iameter. Inches 0.309 

CP Pitot Tube Coefficient 0.840 

OPERATOR ---------------- 
Willis S. Nesbit 
Willis S. Nesbit 
Willis S. Neebit 

Y Dry Gas Meter Calibration Factor 1.010 1.010 1.010 

Pbar Barometric Pressure, Inches Hg 29.80 29.80 29.80 

Delta H Avg. Pressure Differential of 
Orifice Meter, Inches H20 

Vm Volume of Metered Gas Sample, Dry ACF 61.356 61.974 60.094 

tm Dry Gas Meter Temperature, Degrees F 79 86 89 

Vm(std) Volume of Metered Gas Sample, Dry SCF* 60.866 60.690 58.502 

Vlc Total Volume of Liquid Collected 174.0 169.0 172.5 
in Impfngers & Silica Gel. mL 

Vw(std) Volume of Water Vapor, SCFa 8.190 7.955 8.120 

XH20 Moimture Content, Percent by Volume 11.9 11.6 12.2 

Mfd Dry Mole Fraction 0.881 0.884 0.878 

XC02 Carbon Dioxide, Percent by Volume. Dry 3.1 3.1 3.1 

X02 Oxygen. Percent by Volume, Dry 16.7 16.7 16.7 

XCO+N2 CO + N2. Percent by Volume, Dry 80.2 80.2 80.2 

Md Dry Molecular Weight, Lb/Lb-Mole 29.16 29.16 29.16 

Ms Wet Molecular Weight. Lb/Lb-Mole 27.84 27.87 27.80 

PS Flue Gas Static Pressure, Inches HZ0 -0.10 -0.13 -0.14 

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

t s Flue Gas Temperature. Degrees F 168 170 174 

Delta p Average Velocity Head. Inches HZ0 0.4280 0.4249 0.4006 

va Flue Gas Velocity, Feet/Second 40.88 40.78 39.77 

A Stack/Duct Area, Square Inches 1.728 1,728 1.728 

Qed Volumetric Air Flow Rate, Dry SCFM* 21,710 21,651 20,839 

Qaw Volumetric Air Flow Rate. Wet ACFM 29.433 29 358 28.632 

XI Isokinetic Sampling Rate, Percent 102.4 102.4 102.5 

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



Method 5 Results: 

mK Catch. Milligrams 

gr/DSCF Concentration. Grains per DSCF* 0.002409 0.002289 0.002269 

Lb/Hr Emission Rate. Lbs/Hour (PMRc) 0.4482 0.4247 0.4052 

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



EXAMPLE TEST CALCULATIONS NO. 1 

Rotary Dryer System Stack 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS ................................................ 
(Pbar + Delta H113.6) 

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

(29.80 + 2.877113.6) 
Vm(std) = 17.64 * 1.010 * 61.356 * .................... = 60.866 DSCF 

(460 + 79)  

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

vw(std) = 0.04707 * 174.0 = 8.190 SCF 

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

DRY MOLE FRACTION OF FLUE GAS ............................. 
Mfd = 1 - $H20/100 
Mfd = 1 - lI..g/lOO = 0.881 

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

WET MOLECULAR WEIGHT OF FLUE GAS 
- - - - - - - - - - - - - - - - - -we- - - - - - - - - - - -  

Ms = (Md * Mfd) + (0.18 * EH20) 

Ms = 29.16 * 0.881 + (0.18 * 11.9) = 27.84 LB/LB-MOLE 



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

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

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

vs = 85-49 * cp * SQRT[------------------------. 1 
Ps * M s  

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS ....................................................... 
60 T s  td Ps 

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

WET VOLUMETRIC STACK GAS FLOW RATE @ F%UE GAS CONDITIONS --------------------------------------.-------.--------- 
Qaw = 60 / 144 * vs * A 

Q a w = 6 0 / 1 4 4  * 40.9 * 1*728.0 = 29,433 ACFM 

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

XI ---- * --- * ----------------------0------------------.- 

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 



APPENDIX B.1 

B. FIELD AND ANALYTICAL DATA 

1. Particulate 



Preliminary Field Data 

' SAMPLING L O C A T ~ O N ~ ~ ~ ~ E  Q a 7 m  5- 
! I DUCT DEPTH 

FROM INSIDE FAR WALL TO OUTSIDE OF PORT 50" 
NIPPLE LENGTH 

2 e 
I 
I DEPTH OF DUCT I 
I WIDTH ( RECTANGUAR DUCT) 76 

EQUNALENT DIAMTER: 

- - 2x DEPTHS WOTH - a (  49 )( 36 I =  41, /& 
DEPTH +WQTH - ( 4% + 3& ) 

I DISTANCE FROM 
T j PORTS To NEAREST ps yW k l  I 

/ FLOW DISTURBANCE 3 - I 
DIAMETERS L I,LC6 

d l  
STACK AREA= 36& = =11Eg IPJ~ 

LOCATION OF TRAMRSE POINTS tN CIRCULAR STACKS 

LOCATION OF T R A M  POMS N RECTANGULAR STACKS 

ORAU HORIZOh7.U. LXSE THROUGH DIh3ETERS 

1 If  more than 8 and 2 d i a u c e r s  and i f  duct 
d i a .  in less than 24". use 8 o r T p o i n r r .  1 

PARTICULATE 1 

I W H  INSIDE 



ORSAT FlELU DATA * 9 

Plant Name 
Sainpl ing Locat ion &wds-G g;tL.CR. Fuel Type 

Run nnd/or Sample No. 

Time of Ti me 
Sampl e of 

Collection Analysis 

Avg . 

~ b ~ k  operator WSQ 3 Leak Test? / Date 

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

*N2 

1 00-C 

fQ. F 

XCO 

C-0 - 
- 
/ 

Time o f  T I  me CO CO m2 *? XCO 
Read?ng Read ng Reading Sampl e o f  

Collection Analysis C-B 

m2 

0-A 

16.7 

/6* 7 

16.6 

16.7 

XN2 

100-C 

I 

Avg . 1 

co 
Reading 

C 

rC 

- 
C 

CO 
Readfng 

A 

3- ( 

3- ( 

3- 0 

b 

O f  Read ng 
B 

19 .i 

(9.8 

44-S 

Avg . 

3.1 

-- 

Avg . 



PARTICULATE FIELD. DATA 10 
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TARTICDLATE FIELD DATA 



Pf iRTICULATE SfiMPLING LeBOReTORY RESULTS 

Plant Namet ALL I ANCE EEI Ref# 5911 

Sampling Location: Baghouse Stack 

Date Received: 5/27 Date hnalyzed: 5/31 Reagent Box (es) : 0241 

Run Number 
Run Date 

Sample ID/Container b 

Tare Weight., g. 

SAMPLE WT., g. 

Tare Wt.,  g. 

SAMPLE WT., Q. 

Sum of Part iculate,  mg. 499.8 501.2 496.2 
Total F i l t e r  Tare, mq. 409.9 491.8 407.2 

Blank Residue, mg. ( 200 m l )  0.4 ( 175 m l )  0.4 ( 2 0 0 m l )  0.4 
II=~OPIDI~D = = m t n = e l ~ ~ ~  ~IIPEIIP=D 

TOTAL PARTICULATE CfiTCH, mg. 9.5 9.0 8.6 

Blank 
Final  
Tare 

Beaker # 2003 ---Legend--- Notes and Comments 
wt . ,  mg. 99546.3 = F inal  Weight 
wt . ,  mg. 99545.9 L Loose Par t icu late 

Residue, mg. 0.4 F = F i l t e r  D = Dish 
Volume, m l .  200 R = Rinse P = Pan 

Concentration, mg/ml 0.002 

ENTROPY 



MOISTURE S e M P L I N G  LfiBORfiTORY RESULTS 

Plant Name: ALL I ANCE EEI Ref# 5911 

Sampling Location: Baghouse Stack 

Date Received: 5/27 Date Analyzed: 5/27 Reagent Box (es) : 0241 

Run Number 
Run Date 

- - 

ANALYSIS OF MOISTURE CATCH 

Reagent 1 ( H20 ) 

Final Weight, g. 350.0 337 . 0 340.0 
Tared Weight, g. 200.0 200.0 200.0 

=~==e=e==s am======== =========: 
Water Catch,g. 190.0 137.0 140.0 

Roagent 2 ( 1 
Final  Weight, g. 
Tared Weight, g. 

Water Catch,g. 

Reagent 3 ( 1 
Final  Weight, Q. 
Tared Weight, g. 

Water Catch,g. 

CONDENSED WATER, 9. 

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

ADSORBED WATER, go 

TOTAL WATER COLLECTED9 9. 



CUSTODY SHEET FOR REAGENT BOX # 

Individual Tare of Reagent: m l s .  of 

Individual S i l i c a  G e l  Tare Weight i)D( gms. 

PLANT NAME 

SAMPLING LOCATION ae~rns  5 TW 

Remarks : 

I % S .  G e l  
Spent 

.7P 
70 
70 

1 

I n i t i a l s  Locked? 
Received i n  Lab .= .z&!L - J 

m - 5  Sampling Method : 

Date 
Cleanup 

sb/& 
v+/ix 
s/@/& 

Zero & Span Balance 
I n i t i a l s  4 

F i l t e r  Tare Used. 
# Weight on 

(gt?SXlS) T e s t  

Locked? 

J- 
' 

I n i t i a l s  

k/sd 
bsd, 
b ~ . '  

Run 
Number 

f 

3 

Date 
Used 

5b/* 

5 / ! / 4  , - 

4+/. 



APPENDIX B.2 

B. FIELD AND ANALYTICAL DATA 

2.  Plume Opacity 





VISIBLE EMISSION OBSERVATION FORM 

re SI - 19 
No. 002 

COMPANY NAME 

AlIicu\ce C a w d ~ u ~ ~ i u -  C O ~ Q  
-~TREET MORES 

CnY 

OPERATING MOOE 

DESCRIBE E M l S S K M l Y  

3 Y Y '  3 a 5 h o ~ -  5 k ~ k  . -  ----- 

OIRECTION FROM OBSERVER 

DESCRIBE EMISSIONS 

sorl - h)o u , s , t k  G i ~ f i ~ ~ n d  
EMISSIW COLOA 

. smn '6C QJ 
d*,bgy;;$w 4 O- PUIME + A O Y ( ( f J  

POINT IN THE PLUME AT wwn o p m  WAS c y w ~ ~  

s m ~ S  ' 
WtND SPEED 

Stack SOWICE UYW SKETCH 
vnlh o 
Plume 

Emwon Polnl 

OesERVER'S NAME 0 
Pad C\. M , - H ~ /  

e Ea&rn I . ~ C L - ~ L C I  A S ~ O L -  
CERllflED BY , ADDITIONAL INFORMAllON ~~~k~ ~ w u f f l  A S S ~  i c f 4  ' 

I \l;~lrsir e M i 5 < ; a \  5 L ~ $ M  b \ . ~ l u b  3-9-38 
,- --. ---- ---- 
I 
I C o N T M u E D O N M O ~ r m M B E R  

whwl % € b t  





EVALUATOR 

PEB 
EVALUATION DATE 5- fh -93  

METHOD 5 : SECONDARY EM1 SS I ONS TEST REPORT EVALUATION 

AGENCY :N - C FACILITY: A l l i u u .  C*flh.4chnq 6,0+ TEST DATE: 5-a- &P; 
PROCESS TESTED (SCC) : 

3 & +U'I r 

K D ) ~ \ I  PI/& 

TEST RESULTSIPROCESS RATES/EMISS ION FACTOR RATINGS: 

PROCESYS RATE 
i s  process rate during test ing 

4 BACK-HALF 
i f  any, what method was used t o  

represmtat iw of norm1 operations catch and recover condsnrible matter 

iULA 

3 I 
FLOW/STREAM ANALYSIS 
t 4e thd  1-4 or equivalent (including traverse - 
and por t  i l l u s t r a t i ons ,  cyclonic flow 
determination, w and moisture c a l c u l a t i m )  EQUIPMENT 7, 
performed t o  allow calculat ion of mission borosil icate glass probe Liner, quartz f iber  f i z  
rates at  standa cordi t ions 

I / ' 3  p ~ ~ + r  ~ p + s / ~ o k  
is VH*(SPV:APY~ TY H*II(A/ 
3 
Y ,/ C ~ , O Z  L/ CALIBRATION ware both pre- and 

post-test calibrations performod for  
meter box J 3 

FIELD DATA 
i s  f i e l d  data on standard f o m ,  and 

2 
does raw data correspond with printout p i  t o t  tube 3 - 

SAMPLING DURATION - 3 
mt haw at  least 3 runs, each 2 1 hour / 
duration, with r v l p l i ng  C 2 minutes a t  each\/ 
traverse point, and t o t a l  sap l i ng  volune L 30 d s v  

SAMPLING TEMPERATURE 3 
both probe a d  f i l t e r  nust be maintained at  

- 
248 t 25.F or other tanpcrature specified in MSPS 

ISOKINETICS 
u i t h i n  100tlOX fo r  a t1  rms 

tcmpcrature s w o r  

nozzle (3 4) 

LEAK CHECKS 3 - 
pretest optional; post-test, conbcted at  vacuum 
> highest sasrpling vrcua, leakage rate < 0.02 cfm - 
or 4% of average surpl ing rate 

BLANKS 
acetone blank analyzed, * 0.001% residue 

3 
- 1 

t . 5 3 ~ ' O  

SAMPLE PREP -2 
f i l t e r  desicc ion and tare uai hts dotrmmted / I/' 



lY3T ' . 
VISIBLE EMISSION OBSERVATION FORM NO. 003 

- 20 

COMPANV NAME 

CITY 

hwh- 
PHONE (KEY CONTACT) XWRCE K) NUMBER 

DESCRIBE E M I S M  P W  

. - - i 4 0 - -  

- 
&IG= ABOVE GA(rJN0 LEVEL HEIGHT R E L t Y E  TO OBSERVE? 

28 -- Socr 2 3  End 23 
DISTANCE FROM OBSERVER DIRECTION FROM OBSERVER 

Stan la' End 180' Sun a ud End NUI) 

DESCRIBE EMISSIONS 

Y WATER PLUME 

Stack 
w11h 
Plume 

Sun + 
Wind - 

- - --- 
I 
I 





VISIBLE EMISSION OBSERVATION FORM 

COMPANY NAME 
. 

-- A I I I*- C&TUC+;W COJ i, 
STREET umft& 

314 vlu-*\ S+ 

CITY 

' L r L  
PHONE (KEY C(MTACl) 

STATE 

Q.L . 
DIP 

PROCESS EWlPMENT 

SOWKT ID NUMBER 

~ T B J G h l W €  

O P E R A M  MOdE 
*yy( 

DESCRIBE EMISSION P M  

3 / ~  y / - ----- & haY* && 
-- -- 
HEIGHT ABOVE GROUND LEVEL HUOHT (TbI'lVE TO OBSERVER 

25' -- -- IswL E d  20' 
DISTANCE FROM OBSERVER 

Sun /BO' End /80° 

26 

27 

20 

29 

30 

O e s E R v E R ' S M M E ~  

I A. rrv\i~~v' 

WSCflON FROM OBSERVER 

SM, h) L3 ~d h) w 

SWUTURE 

G J ? -  
O w M V  ME 

Fh 2G - 6% 

DESCRIBE EMISSIONS 

stan NO di~;& 6 * - ' m  do J & ~ e r ) y % ~  --.-- 
EMISSON COLOR K WATER DROPLET PLUME )30 
Sun Nb- EM ~.trdwd LJ 

POINT IN THE PLUME AT WHICH OPACITY WAS DETERMINED 

b' 4 b o b  st*- +- 
w 

AN PLUME BACKaROUND 
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APPENDIX C 

CALIBRATION DATA 



QUALITY ASSURANCE PROCEDURES 

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

Entropy is assigned a unique, permanent identif icat ion number. New items for  

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

Equipment whose cal ibrat ion s ta tus  may change with use o r  with t i m e  is 
inspected i n  the f i e l d  before test ing begins, and again upon return from each 

f i e ld  use. When an item of equipment is found t o  be out of calibration, it 

is adjusted and recalibrated or re t i red  from service. A l l  equipment is 

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

inspections. 

Calibrations are conducted i n  a manner and a t  a frequency which meet or  

exceed U. S. EPA specifications. Entropy follows the calibration procedures 

outlined i n  EPA Reference Methods, and those recommended within the Quality 

Assurance Wdbook f o r  A i r  Pollution Measurement Systems: Volume 111 

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

inapplicabl'e, Entropy uses methods such as those prescribed by the American 

Society f o r  Testing and Materials (ASTM). 

Data obtained during calibrations are recorded on standardized forms, 

which are checked fo r  completeness and accuracy by the Quality Assurance 

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

calculations are performed using Entropy's in-house computer f a c i l i t i e s .  

Calculations are generally performed a t  l e a s t  twice as a check fo r  accuracy. 

Copies of c h i b r a t i o n  data are included i n  the test o r  project reports. 

Inspection and Maintenance. An effect ive preventive maintenance program 

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

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

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

recalibrated where necessary. 

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

w a s  inspected again before being packed. Entropy performs these qual i ty 

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

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

time on site due t o  equipment fai lure.  



Occasional equipment fa i lure  i n  the f i e l d  is unavoidable despite the 

most rigorous inspection and maintenance procedures. For this reason, 

Entropy routinely transports suff icient  backup equipment t o  the job s i t e  to 

have complete redundancy of a l l . c r i t i c a 1  sampling t r a i n  components. 

Calibration. Emissions sampling equipment tha t  requires calibration 

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

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

calibration procedures followed by ~n t ropy  fo r  these items of equipment. 

Calibration data for  the specific items of equipment used fo r  th i s  test 
program follow the text .  

Nozzles. Each probe nozzle is uniquely and permanently identified at 

the time of purchase, and calibrated before in i t ia l  f i e l d  use. The inside 

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

micrometer. Five measurements are made using different  diameters each time. 

I f  the difference between the high end the low numbers does not exceed 0.004 

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

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

the nozzle is reshaped, sharpened, and recalibrated. 

t 

Pi to t  Tubes. All Type S p i t o t  tubes used by Entropy, whether separate 

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

Corporation. Each p i t o t  is calibrated when new i n  accordance w i t h  the 

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

constructed and positioned according t o  these standards, w i l l  have a 

coefficient of 0.84 - + 0.02. This coefficient should not change as long as 

the p i t o t  tube is not damaged. 

Each p i to t  tube is inspected visually before it is transported t o  the 
f ield.  If t h i s  inspection indicates damage o r  raises doubt that the p i to t  

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

used un t i l  it has been refurbished and recalibrated. 

Differential Pressure Gauges. Some meter consoles used by Entropy are 

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



do not require cal ibrat ion other than leak checks. Manometers are 

leak-checked i n  the f i e l d  pr ior  t o  each t e s t  series, and again upon return 

from the f i e ld .  

Most of Entropy's meter consoles are equipped with Magnehelic 

d i f ferent ia l  pressure gauges. Each set of gauges is calibrated 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 calibration 

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

del ta  p encountered during the test. If the agreement is within 2 5 percent, 

the cal ibrat ion is acceptable. 

Thermometers 

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

thermometer used t o  monitor the temperature of the gas leaving the last 

impinger is compared with a mercury-in-glass thermometer which m e e t s  ASTM E-1 

specifications. The impinger thermometer is adjusted i f  necessary u n t i l  it 

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

adjustable, it is labeled with a correction factor) .  

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

temperature of the metered gas qample is checked pr ior  t o  each f i e l d  t r i p  

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

is acceptable i f  the values agree within 5.4'~. Thermometers not meeting 

t h i s  requirement are adjusted o r  labeled with a correction factor. 

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

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

I n i t i a l  cal ibrat ions are performed a t  three points (ice bath, boiling water, 

and hot o i l ) .  An ASTM mercury-in-glass thermometer is used 88 a reference. 

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

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

On site, pr ior  t o  the s t a r t  of testing, the reading from the stack gas 
1 

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

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

thermocouple and potentiometer are considered t o  be i n  proper working order 

for  the test series. 



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

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

10 percent o f - the  average absolute f lue gas temperature. I f  the absolute 

temperatures agree within 1.5 percent, the temperature data are considered 

valid. 

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

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

is a complete laboratory procedure us& t o  obtain the calibration factor of 

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

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

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

the calibration factor has chmgk. Posttest calibrations are performed 

a f t e r  each:field test ser ies  a t  an intermediate o r i f i ce  se t t ing  (based on the 

t e a t  data) rand a t  the maximum vacuum reached during the test. 

~ n t r o i y  uses as a transfer standard a dry gas meter that is calibrated 

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

calibration rune are performed at seven flow rates ranging from 0.25 t o  

1.40 cfm. , 

Dry G a s  Meter. Each meter* system receives a Pull cal ibrat ion at the 

time of purchase, and a post test  calibration a f t e r  each f i e l d  use. If the 

cal ibrat ion factor,  Y, deviates by less than f ive  percent from the i n i t i a l  

value, -:test data are acceptable. If Y deviates by more than f ive  

percent, the meter is recalibrated and the meter coefficient ( i n i t i a l  o r  

recalibrated) tha t  yields the lowest sample volume fo r  the test ~vns is used. 

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

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

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

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

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

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

.ore than 0.15 in.  H20 over the range of 0.4 t o  4.0 in. HZO. the arithmetic 

average of the values obtained during the calibration is used. 



Barometer. Each field barometer is adjusted before each test series to 

agree within - + 0.1 inches of a reference aneroid barometer. The reference 

barometer is checked weekly against the station pressure value (corrected for 

elevation difference) reported by the National Weather Service station at the 

Raleigh-Durham airport, approximately 2.5 miles from Entropy's location. 
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Meter Box Vacuum: in. Hg 
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Calibration by: TG - 

Standard Meter Number: 6 ~ ) c ) L )  Standard Meter Gamma: f o - 
I Date: I - I-dg' Barometric Pressure (Pb ) : 2 3 F in. Hg 

POST TEST CALIBRATION 

Standard Meter Meter Box Metering System 

Time 
( 9 )  

min. 

( 0  

fa 

( 3  

Gas 
Volume 

(vdp) 
ft 3 

$ . 3 7 L  

, S . > g u  

5.777 
I - >  6 Average 

Temp. 

(tds) 

'F 

Yf- 

sy 
)LC 

AH@ 

in. H20 

(4)  

Coef f . 
< y& 

i - O I L  
( - 0 ,  J- 

( * o L 3  

( - O I L  

I 

Temp. 
( td) 

O F  

41 

$ y .  

5 7  

Orifice 
Setting 
(AH 

in. ~~0 

2. 

2 4 0  

2-80  

I.) I. 

(. XC 

Gas 
Volume 
(vd 1 

ft3 

9 . ~ 3 L  

9.r33 

$ . > - ~ 1  



NOZZLE NUMBER: 40 7 

NOTE: All diameters measured i n  inches .  

Dia. 5 

8 ~ Z L  
#3/4 
,312 
-312 

D i a .  4 

8323 
.3)3 
. 3 / 3  
-313 

d 

Average 

d*3Zt 
0 0314 
0.342  
a3n0 

Dia. 3 

4 322 
,314 
. 3 / 2  
-31% 

4. -313 
0+309 
0-31C , 

d.arc/ 

.37 
C 

f 

i 
t 
t 
. - 
Y 

i- 
'r 
b 
b 

Dia. 2 

N.724 
as/& 
, 3 1 2  

~ I J  

7-9-8.1 TNC . ,313 , ~ J S  
kz-~q-05 ,308 .B=I 
2-13-86 . 3 /5  -317 

Dia. 1 

132 1 
* 31.3 
. 3 / 0  

31% 

Date 

.31a 

.3m 
- .3)$ 

Initials 

, 313 
,310 
-31e 

a 

,312 
413 

. .q 1.7 

.3r3 
* 3 f 3  
.31S 

. y 2 . 0 - 3 1 3  
.3f1 

/I%%d S T  

.35s 

3 0 5  

E 3 1 4 4  3 1 2  I .3r4 

v, fz l \~  3'' -307 
Y/J 2 168 Ti. .30$ ,303 

L 

&/$-$3 
7-0s r~ 2 

sa-w 

ST & 3 
,3-20-%1 SW 317 

 LO 
P# 

=NG 

-31s 
.3m 
-30v 

. 90 

r 

,3435 - - 
, 3 1 0  

I 

I 

I 



APPENDIX D 

SAMPLING AND ANALYTICAL PROCEDURES 






