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NORTH CAROLINA PTVlSION OF ENVIRONMENTAL MANAGEMENT 

Air Quality Action Request 
Computer - 

Name Locat ion ~eg/Co. /kern. No. 

C. Ielaon Bigma Paving, Inc. h o v e r  /Catawba County 03/ 18/0336 

Contudy lox Telephone 

Type Action: CI c - EE - S R - - VE - PI - Other 
Air Program Status us YS Class Chg 

Action Requested By: Address/Phone Rec'd Date 

Last Insp . Date - Action Date -- -- - Next-1- Dace 
- .  

Permit I bd23 Issued s m /  Expires SI m~ Stip. # Met Y/N 

Recommendations: 1 Signature A Date 

I 
Dist: Yellow (Central File) - Blue (Region) - White (Opt.) Specify 

1. Thi. p u n t  i a  a drum nix aaphrlt plant. 

2- The plant ojmratee a No. 2 o i l  f i r ed  (63.8 MBTU heat input) rotary 
d m  ok a.ph.lt f ac i l i t y .  

3. Particulata and v i r i b l e  emisaionm are  coattollad by a fabric  f i l t e r  
(5620 rquare f e a t  of f i l t e r  area). 

.& 9 & 
4. The f a c i l i t y  har bean pernittad. 

5 The plant wao roan i n  operation and v i r i b l e  aria6ionr wore betman 0 and 5 porcent 
opacity. e 9 

6. The operational a t a r t u p  data war h r c h  31, 1987. The plant ir m NIPS 
rource and waa rraquired t o  conduct a perform8nca t e s t  within 60 dAy8 of 
uxlmm operation o r  180 &yo of i n i t l a 1  s t a r t u p .  

7. Thi. f a c i l i t y  ie conridarmd to  ba in compliance by inrpoction. b r u l t r  of 
the .tack tart.tioulll confirm cooplirnce rtatue.  



NORTH CAROLINA DIVISION OF ENVIRONMENTAL MANAGEMENT 

Air Quality Action Request 
Computer - 

Name Location Reg/Co,/Prem. No. 

C, Melaon ligron Paving, Inc Conover /C. tawba Count;y 03/18/0836 

Contact Telephone 

Type Action: CI - E E - S R - - VE - PI - Other 

Air Program Status Class cbk 

Action Requested By: Address /Phone Rec'd Date 

- m m  - Action Date - Next Insp. Date 

Permit # Issued Expires Stip. # Met Y/N 

Dlacuarionz On Iky 27, 1987, the writer obur9.d a stack tut performad on a 
bagfi l ter  e x b a t  which i r  Installed on a dnm m i x  u p h a l t  plant. Th* .tack 
t e s t  wu performad .a required by the MSPS regulation. Tb. t e a t  war conducted 
by Bntrophy EslvironmentalUto Inc. of boaarch  Triangle Park and appured 
to  be done I n  accordance with EPA method f, Viaible amiasiona during the 
f ir8t run ware betwren 0 d 5 percent opacity, See attached AQ-92 and 4-23, 

Recommendations: Signature Date 

Dist: Yellow (Central File) - Blue (Region) - White (Opt.) Specify 
6 / 3 1  a7 



I 
J 

Address : - o q 1 M d r e e s  : P ,  PC 

f' I 
C / C ) k 0 1 / & ' y  / P l a n t  

Location: f ' b - - i r m . .  I -. 

During Tes t :  7 0 8  
I R = * - H r  S = H r  

MaxlmUlll - I A I Hours of soot blwing duriag sample(s) 

process   ate: 750 4 o k [  h r .  B Hours not mot  blowing during ample(s) 
containing soot blwiag 

Burner S i z e s  ;r 7 R = Average hours of operation per 24 hours 
(Incinb) P r i  : Sec: s - Average hours of 

soot blwing per 24 hours 

Duct 
S ize :  4 7 4 T 3  . Sampled : ccki4 
Die t ance  
Before P o r t s  : ; ? ? Nethod No.: 
Dis tance  If method d i f f e r s  from E. P. A. method, 
Af t e r  Por te :  -4 ,, 

Number of 

--. , - ,  > v v - c r  
Source 
Contact: FO q 

u 3 3  8 0 ( 4 * f A  

Phone : 6 4 -  $3.03 pi . . , - f  

I T e s t  Po in t s :  - a 
Number . 
of Rune: 3 I I 

Phone : 
Tee t 
Engineer : BbL. Bt;d,,r 

J 

Aesis tan t :  

I 
, 

Sampling Time 
I I For Method 5 sampling t r a i n  record AH@ I 

Per  Run Imin-1: 6 q , - T  

Other Personnel  Involved A f f i l i a t i o n  

7 6 %  m f  ~ b n a \ : L  \I€/) 
1(4,4 n 4-6. P e  I \ 

Process  Descript ion:  drrXc!-l- . soot ~ l ~ ~ i ~ ~  parameters : 
- 1  . I 

- I Y O  . 7 9 $  

I L e a b g e  Rate (f t 3/min. ) Run #I Run 52 Run #3 
(0.02 f t3/min. o r  l e e s )  0 , a D  1 

I T h e  S t a r t e d  24 h r .  q',1 I T n  
I I V 

1 Time Ended Clock 

Tes t  Date(s)  / / 
See Graph on Reverse S ide  
For Number of Tes t  Po in t s .  
Use Reveree S ide  f o r  Comente.  RVERS SIGNATURE 

* 







ENTROPY ENvlRoNMENTALlsTs INc. 

POST OFFICE BOX 12291 
RESEARCH TRIANGLE PARK 
NORTH CAROLINA 27709-2291 

919-781 -3550 

EEI REF. NO. 5527 

C. NELSON SIGMON PAVING COMPANY 

CONTINUOUS MIX ASPHALT PLANT 

CONOVER, NORTH CAROLINA 

PARTICULATE EMISSIONS AND PLUME OPACITY COMPLIANCE TESTING 

DRUM HIXER BAGHOUSE S . A C K  



F2 sampEng and analysis perfom& for t h i s  zepor, was e i e d  o m  

mder sy di-eceon and mpenrision. 

D a t e  June 4 ,  1987 - 

Robert W. SrLdqes 1 

I :lave m e w e d  all '-,es0L?g decaih and zesults h *- zest -rrporr: 

and hereby cer-2r";r =5at L!e test ,-eporx is auchencic and a c z t t e -  

3. aaies Grove. P.3. Y 
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1.1 Outline of Test  Program. Stationary source sampling w a s  performed 

f o r  C. Nelson Sigmon Paving Company, a t  the continuous mix asphalt  plant i n  

Conoyer. North Carolina on May 27. 1987. Three EPA Method 5 runs were 

performed a t  the baghouse s tack t o  determine the pa r t i cu l a t e  emissions. EPA 

Method 9 plume opacity determinations were conducted concurrently with the  

par t icu la te  emissions tes t ing.  

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

the test program. 

TABLE 1-1 

TEST PARTIC~ANTS ' 

C. Nelson Sigmon Paving Company Randy Fox 
Test  Coordinator 

North Carolina Department of Bernie 0. Pittman 
Natural Resources and Test Observer 
Community Development 

Entropy Inc . Robert W. Bridges 
Project  Supervisor 

A. Thomas McDonald 
Visible Emissions Observer 

Kent G. Daeke 
Engineering Technician 



SLMURY OF RESULTS 

2.1 Presentation. Table 2-1 summarizes the  results of the  par t icu la te  

emissions and plume opacity t e s t i ng  performed May 27, 1987, a t  the  baghouse 

stack.  Detailed pa r t i cu l a t e  test results are given i n  Appendix A ;  f i e l d  

and/or ana ly t ica l  da ta  f o r  the  pa r t i cu l a t e  and plume opacity t e s t i ng  are 

presented in Appendix B. 

TABLE 2-1 

PARTICUIhTE AND PLUME OPACITY TESTS SUMMARY OF RESULTS 

Run Date 
Method 5 -------- 

Test Train Parameters 
Volume of Drv Gas 

Sampled, St? 
Percent I sok ine t ic  

Flue Gas Parameters 
Temperature, Deg. F 
Flue Gas Flow Rates 

SCrn", Dry 
ACFY , Wet 

Pa r t i cu l a t e  Results 
Catch, milligrams 
Concentration, grains/DSCF+ 
Emission Rate, l b s  per  hour 

Method 9 -------- 
Plume Opacity, 5 

* 68 Deg. F - 29.92 in .  Hg 

2.2 Discussion. The average pa r t i cu l a t e  concentration was 0.0062 

grains  per dry standard cubic foot  (gr/DSCF). The maximum concentration of 

pa r t i cu l a t e  allowed by the  United S t a t e s  EPA N e w  Source Performance Standards 

f o r  ~ s p k i a l t  Concrete Plants  is 0.04 gr/DSCF. Plume opacity observations were 

conducted concurrently with the  pa r t i cu l a t e  emissions t e s t i ng .  The majority 

of the readings were t e ro ,  with the highest  s i ng l e  reading a t  10%. Due to  

the near absense of a v i s i b l e  plume, the  observations were not summarized; 

r e f e r  t o  the  f i e l d  da ta  sheets  f o r  the  r e su l t s .  



PROCESS DESCRIPTION .WD OPERATION 

3.1 General. C. Nelson Simon Paving Company. i n  Conover, North 

Carolina operates a continuous m i x  process to  produce asphalt. A 

Catemillar/C.M.I. drum nix dryer is used i n  the production process. The 

aggregate is dropped in to  the drum m i x  dryer, where it is mixed. dried, and 

heated; l iqu id  asphalt is then added t o  the aggregate i n  the mixing chamber 

and the product is  transferred to  a holding s i l o .  The dryer is f i r ed  with $2 

diese l  fuel.  

3.2 Process Emissions. Part iculates  are emitted from the process 

during drying and mixing due to  the release 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 ing  the stack t o  the atmosphere, as 

shown schematically i n  Figure 3-1. 

3.3 Operation During Testing. Approximately 200 tons per hour of 

asphalt were produced during testing. 
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SXWLLVG AND .LVALYTIC& PROCEDURES 

4.1 General. -411 sampling and ana ly t ica l  procedures were those 

recommended by the  United S t a t e s  Environmental Protect ion Agency and the  North 

Carolina Department of Natural Resources and Community Development. 

Descriptions of the  sampling equipment and procedures (extracted from 4.0 

CFR 60) are provided in Appendix D. 

4.2 Sampling Points. The number and locat ion of the  sampling points 

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

divided i n t o  25 equal areas, i.e., f i v e  sample points  on each of the  f i v e  

t raverse  axes labeled A through E, as shown in Figure 4-1. 

4 . 3  Volumetric Air Flow Rates s 

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

measurements during the  t raverses  of the  s tack  cross  section.  

4.3 -2 Flue G a s  Composition. During run 3,  a multipoint. in tegrated f l u e  

gas sample w a s  col lected and analyzed using EP.4 Method 3; the analytical. 

r e s u l t s  were used t o  de temine  L!e f lue  gas conposition, molecular weight, ez~d 

emissions correction fac tor  (excess air) f o r  each run. 

4 . 3 . 3  Flue Gas Moisture. Moisture content w a s  determined by analyzing 

the  sampling train impinger reagents according t o  the  procedures outl ined i n  

EPA Method 5. 

4.9 Par t icu la te  Emissions. EPX 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  25 equal areas was sampled f o r  2.5 minutes, resu l t ing  i n  a ne t  run 

time of 62.5 minutes during the  emissions tes t ing .  

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 or  Entropy. Per t inent  ca l ib ra t ion  data  a re  provided i n  

Appendix C. 
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FIGURE 4- 1 .  BAGHOUSE STACK TEST LOCATION 
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PARTICULATE TEST RESULTS AND EXAMPLE CALCULATIONS 



ISOKIXETIC SAMPLIXG TRAIN FIELD DATA & RESELTS TABCLATION 

P a . :  C. Nelson Sigmon Paving Company. Conover, Yorth Carolina 

REX # DATE S A W U S G  LOCATION ----- ------- ----------------- 
1 5/27/87 Baghouse Stack 
2 5/27/87 Baphouse Stack 
3 5/27/87 Baghouse Stack 

Run Start Time 
ihrn Finish Time -. - 

OPERATOR ---------------- 
Robert I*'. Bridges 
Robert 'Li. Bridges 
i3obert U. Bridges 

?iet .Sampling Points 2 5 25 25 

Theta Set Run Time. Minutes 

Dia Nozzle Diameter. Inches 

CP Pitot Tube Coefficient 

Y Dry Gas Meter calibration Factor 0.997 0.997 0.997 

Pbar Barometric Pressure. Inches Hg 29.40 29. LO 29.h 

Delta H Avg. Pressure Differential of 
Orifice Meter. Inches EUO 

Vm Volume of Metered Gas Sample. Dry ACF 57.522 50 - 839 55 - 320 
tm Dry Gas Meter Temperature. Degrees F 8h 90 92 

Vm(std) Volume of Metered Gas Sample. Dry SCF* 55.033 18. 061 52.131 

Vlc Total Voluma of Liquid Collected U1.0 546. j 2'31 - 5 
in Impingers & Silica Gel. mL 

Vw(std) Volume of Xater Vapor. SCF* 30.172 2 j .724 25.018 

ZaZo Moisture Content. ?ercent by Volume 35.4 3k. 9 32. lr 

~ f d  3ry Mole 'racrion 0.646 u. * 02- I - .  0.576 

ZCOZ Carbon 3ioxide. Percen: by Volume. Dry 6.0 6.3 6 . 3  

:02 Oxygen. ?ercent by Volume. Cry 

-,. ,b3s52 CO t 52. ?ercent by Volume. Dry 

Md D r y  Molecular Weight. Lb/Lb-Mole 29.16 29. A6 29. h6 

ws Set Molecular Yeight. Lb/Lb-Mole 2j.ho 25.1.6 25-74 

Delta p 

vs 

A 

Qsd 

Oaw 

Flue Gas Static Pressure. Inches HZ0 

Absoluce Flue Gas ires¶.. Inches EG 

Flue Gas Temperature. Degrees F 

Average Velocity Head. Inches HZ0 

Flue Gas Velocity. Feet/Second 

Stack/Duct Area. Square Inches 

Volumetric Air Flow Rate. Dry S C M *  

Volumetric Air Flow Rate. Wet ACFM 

Isokinetic Sampling Rate. Percent 

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



Wethod 5 Results: 

mg Catch. Milligrams 

, gr/DSCF Concentration. Grains per DSCF* O.OOj&&O 0.006296 0.006957 

Lb/Hr Emission Rate. Lbs/Hour (P4IRc) 0.7316 0.8001 0 .?787 

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

- 



EX.I!LE PARTICLTL.4TE TEST C.XCUL,\TIONS NO. 1 

Baghouse Stack 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

(Pbar + Delta H/13.6) 
Vm(std) = 17-64 * Y * Vm * ..................... 

. - (460 + tin) 

(29.40 + 2.629/13.6) 
Vm(std) = 17.64 0.997 * 57.522 * ------------------ = 55.033 DSCF 

(460 + 84) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

Vw(std) = 0.04707 * Vlc 

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

30.172 
$ZO = ----------------- loo = 35.4 $ 

30.172 + 55.033 

DRY MOLE rEL4CT,TON OF FLL'E ............................. 

DRY YOLECLZXR KEIEHT OF FLLZ GAS ................................ 

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



.%BSOLuTE FLUE GAS PRESSLXE -------------------------- 
Ps = Pbar + Pg / 13.6 

P s  = 29.40 + ( -0.3 / 13.6) = 29.38 I N .  HG. 

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

vs = 85-49 cp SmT[------------------------- 1 
Ps M s  

DRY VOLUMETRIC FLUE GAS now RATE @ STANDARD CONDITIONS ...................................................... 
60 Ts t d  Ps 

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

Qaw = 60 / 144 vs A 

PERCENT ISOKINFTIC OF S A W U V G  RATE ................................... 
Pstd 100 ( ts  + 460) Vm(std) 

$1 = ---- --- * ........................................... 
Tstd 60 Ps vs Yfd Theta * Area-nozzle, s q . f t .  



GR4LYS PER DRY ST.LLDARD CLBIC FOOT .................................. 

P0IM)S PER HOliR --------------- 
Lb/Hr = 60 / 7000 * gr/DSCF * Qsd 

ENTROPY 



FIELD AND ANALYTICAL DATA 
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o9tS 

- 

CO~~PA~NAY r .  . L J ~ ~ G C ~ /  M- 
I 

ADOReSS r,oup~,cp . U.T .  . 
C 

TIME =ART 

WING LOCAT ON ~GcIz)~x+ S ~ k d  c TlYe FINIS4 1 0 :  30 
,= r!;-7 jt. -ma.NICIM -, 

-1C PFBrrSLRE. IN. HS . IN.' -0 . a -?a 
-1- TRAIN LCAK 7 ' E S  VSLllY. IN. HG -- 
SAMPLING TRAIN W RAIIE. CU. m./YlN. &&& .a 

E Q J I r n  OaClCP 

L P l r n .  PRE-Tg32 
z ~ l ~ .  P O F T - ~  
LOFCSAT SAYRlNO SYSlEY .-' - - BAG 
2 - h  @=OF 

FILTER q T%!s 
E56R . %bo 

IDIEHTIFICATION - 
RI- mxallwzah-. dl 
m a n + .  TIC - -- 2 
WlLlCAL u-  T/C -BE A - SAUmPBOX // P - 
PROBli v- d reDLAR BAG - - * 

NOLOQRLIPn SST-UP NoWWURl # Kfi 

"@ -* c F- 
YCRCRTElP 

(7 
SrAaC T w = A  

'IL YDI- m. AP , - 
- ~ 

- - .  

ST- 
-. 
% 

I-. 
EXIT 
. 
OF 

LK. 

U\- I ~ Z ,  
(17 133n  

G&S 

m 
m. 
OF 

ORIFICE 
-1- (AH). 

IN. Hz0 

I D U L ~ U A L  

# ./ 
2 

~ M P L ~  

m l ~ T  

c I Ie 
Ro 1 < C 

RILP 
V A C W  
IN. m 
O A ~  

DRY QAII - 
mIm* 
a. 

CLOQlE 

TI-. 
MIN. 

d T O  
~ ~ z j  

FIL- 
sox 
w. 
OF 

PlrW 
RPADlNO 

(hp), 
IN. Hz0 

~ L L (  
0- ,.MG 

.- 7 -  
r 

7 I 3 8 ~  
L9/3 
2&5$ 

319- 
2 

i;123.3T o 



P;2RTICULXTE FIELD DATA 
r 

VPITOTS. --TEST 

0-T RIP 

C F- 

LK. Ocac 

ENTROPY 



-'Ic -, IN. HG 
-  LEADER.&^ TE-ICI- CLD 

9-  Y STATIC -SURE. IN. H20 -, ,, 
-1NG TRAIN LUJC RST V Y L .  IN. HG 15- 

--_I__- 

CU. CT./MIN. ,-& --- . I 



Run Date & - 05/27 

- 

- 

SmMY OF PL!RTICUL\TE ANALYSES 

Sampling - Locatfon . - -- mt)oU+ - S~w-t( . - 

.. Date Received 05 1 2% Date--4nalyzed 6 1 1  Reagent 9ox(es)o7_! 1 kt? (: 

Sun of Particulate, ng. 445. b a 50s. 2 
T o t a l  F i l t e r  Tare mg. 466 .O 462.3 46l.S 
Blank Residue. mg. ( 100 A) 0- t ( 75 mL) o. t ( loo a) 0. t - - 

- A ~ A A L  PARTZCJLXT"; CATCZ, 33. 23.5 

I J 

- -- --. -- - R.4LFSIS OF MOISTURE CATCH 
Reagent 1 (YLO ) :  

F i n a l  Weigkt, g. 81 0-0  710.0 bRs. 0 
Tared Weight, g. ZDO.0 ze0.0 'L- .o 

Water Cat&. g. (,\o.o 5 to-0 4.f!B.o 
Reagent 2 ( - ) : 

S i l i c a  Gel: 

Final Xei*. t . 3. 

Tereci X'eiC.t, g. 

Concen. , mg/mL 1 

31 .C 36 -5 

T3TAL X A E 9  CCLLZCTED, g. iTq [=I (-! 531.5 
1 

1 
Notes and Comments 3lank Seaker t b - I -- r ~ n e l  at .  mg. 1j7336 

Tare w t .  mg. (17339.1 

Residue, ag. .OC% 

Volue .  mL. 200 

I 

- - - Legend --- 
= F i n d  Xeight 

L = Loose Par t icu la te  

F = F i l t e r  D = Dish 

R = Rinse P = Pan 
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CALIBRATION DATA 



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

Entropy is assigned. a unique, permanent ident i f ica t ion  number. New items f o r  r~ 
--A - 

whi& caUSratfon is required are  calibrated before initial f i e l d  use. 
- 
--. 

Equi;ment vhose caliSration s t a m  aay c h q e  wic& use o r  wich tine is 

hspected ia %he f f e l d  before 'estiIng begins, and again upon return from ea& 

f i e l d  use. khen an i t e m  of equipment is found t o  be out of cal ibrat ion,  it 

is adjusted and recalibrated o r  r e t i r ed  from service. A l l  equipment is 

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

inspec-icns . 
CaE5rations L-e conduc-A in a n e r  and at  a frequency w h i c h  meec o r  

exceed. U. S. Z A  specffications. Entzopy follows the cal ibrat ion procedures 

ou-ed in EPA Reference Methods, and those recommended within the Quality 

.4ssurance Wdbook f o r  .4ir Pollution Measurement Systems: Volume III 

(~-4-60014-Ti-OZ'ib. A q u s t ,  19Ti) .  When the Reference Methods are 

happl iczble .  Enr;-opy uses nethods such as those prescribed by the American 

S o e e t y  fo r  Testing and Waterials (ASTX). 

Data obtained during cal ibrat ions are recorded on standardized forms, 

w b i c i ~  are decked ?or c ~ m p l e t a e s s  and accuracy by the CualiYj .bsurcmce 

Ymwr 3r k e  Quality .I?ssursnce 3irectcr .  Data zeductfon z ~ . 5  subsequent 

czLcLstfcns ax ?err'omeci cs-g Znt=rpy's in-house cornpurer f a c i l i t i e s .  

Cdcdz-dens are ,qner&15- gerr'omed a t  l e s t  :dice as a die& fo r  accxracy. 

Ccpies or' caif j ra tfcn data are iacluded i? -he t e s t  or  project reports. 

Zupeczion ~c !4&?teaance. .In effectfve greventive zaintenance proqra=l 

is xecess-J t o  e-?sure data quality. Each, item of equipment returning from 

;he f i e i d  is Lzspected 5efore it is returned storage. 2urL.ng the csurse 

of these Lnspectfons. i t e m  are  cleaned, repaired, reconditfoned, and 

r e c a l i h a t e d  where necessary. 

Each item of equignent tzansported to  the f fe ld  for  t h i s  t e s t  program 

was inspected again before being packed. Entzopy perfoms these qual i ty  

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

problems which say or iginate  during periods of storage. This minimizes l o s t  

time on s i t e  due to  equipment fa i lure .  



Occasional equipment f a i l u r e  & CUFle f i e l d  is m a v o i ~ l e  despi te  Lb 

most rigorous inspection and maintenance procedures. For this reason, 

Ertcmpy routinely =ansports suf f ic ien t  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 l  sampling train components. 

C e k r a ~ i s n .  msians sampl ing  equipment &At -s c a b r a t i o n  

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

&y gas meters, and barometers. The following sections eleborate on the 

cal ibrat ion followed by Entropy f o r  these items of equipment. 

Calibration data fo r  the spec i f ic  items of equipment used f o r  this t e s t  

program follow the text.  

Nozzles. Each probe nozzle is uniquely and permanently ident i f ied at  

the time of purchase, and cal ibrated before initial f i e l d  use. The inside 

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

sic*-ometer. Five measumaents are made using di f ferent  dimeters each the. 

If* the difference between the high and the low numbers does not exceed 0.004 

in&, the average of tbe f i v e  measureaencs is used. If the difference 

exceeds La mount, o r  when the nozzle becomes nicked, dented. o r  comoied, 

fie nozzle is reshaped. snarpened, and LrecaEbraced. 

3 i t o t  X ~ e s .  A 1 1  Type S p i t o t  tubes u s e  by Zzmx-opy. wnet5er separate 

o r  zttacked to  a sampling probe. are constructed 5-house o r  .Sy Nutech 

Coqoraticn. Each p i t o t  is calibrated when new L? accordance w i t 3  &?he 

geanetry stznaerds contain& in E?A 3efe-mce Yethod 2. A Type S picor; -5e. 

ccnst=ucted and pcsit=oned according to  'Aese standards. w i l l  have a 

c ~ e 2 f i c i e n t  o? 0.83 - + 0.02. This coeff ic ient  should not diange as long as 

',k,e p i t o t  'ccbe is not damaged. 

Each p i t o t  tube is inspected visually before It is transported to  t!!e 

fLeld. I f  this inspection indicates damage o r  raises doubt that  the p i t o t  

remains i n  accordance with the Z?A geometry standards, L5e p i to t  tube is not 

used u n t i l  i t  has 5een 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 calibration other leak checks. Hanometers are 
leak-checked in the f i e l d  pr ior  t o  each t e s t  se r fes ,  and again upon return 

-- from the f ie ld .  - -  

Most of E n t r q y t s  meter consoles are equipped with Yagnehelic 

d i f f e ren t i a l  pressure gauges. Eadi s e t  of gauges is calibrated initially 

over its full range. 0-10 m e s  W.C. After eac;? f i e l d  use. +he &brat=- 

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

cielta p enc~untered *Ing the test. If the m e m e n t  is wi- - + j percent, 

the cal ibrat ion is .acceptable. 

hp inge r  Thermometer. On site, pr ior  t o  the start of tes t ing,  the 

themornet= used t o  monitor the temperature of the gas leaving the last 

impinge= is compared w i t h  a rnervm-in-glass thermometer whicfi meets ASlY E-1 

specifications.  The iapinger thermometer is adjusted i f  necessary untf l  it 

agrees w i t h i n  2% of tke reference ther~ameter .  (If the thermometer is not 

adjustable. it is labeied w i t h  a correction factor). 

D e  Gzs Meter Ze-3oneter. The +&e-aometer used t o  measure the 

c e z p e r a r ~ r s  or' -be aeze-  as sampie is checked 7 r L o ~  fo  eac5 f i e l d  '-i 9 

' k p = s c  m .GTIJI 3ereoJ*-b-gLass +henometer. The Lry ze te r  Lher=xometer 

is accepteble i f  the vaiues agree wicb 5 .a0?, The-orneters not z e e t h g  L!s 

-reauireztent are adjusted o r  l abe le i  wit!! a corzection factor.  

3 c e  Ses T t a p e r s r ~ z  Sensor. .U1 ';L?emocouples esiployed 5 y  Entropy for 

',e =ess=e!nent or' f lue  3as temperarxss are caliSrated upon zeceipt. 
TT.'..< - 7  ,,,,, cd i j r= t io r?s  are  perfomed a t  -&ee points ( i c e  5ath. 5oi l ing water. 

and hot 011). A n  .ASTX aerc~ry-in-%lass  thermometer is used as a reference. 

3 e  Lkemocouple is acceptable i f  the ageement is within 1.5 percent 

(absolute) a t  eech of the t h e e  c d i b r a t i o n  points. 

On s i t e .  p r lor  to the s t a r t  of tes t ing,  the resaing Srom the s t a c ~  gas 

themocouple-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 to  be in proper working order 

for  the t e s t  se r ies .  



After eaLi r'ield use. the themocouple-got~eometer  systen is compared - - - -  

w i ~ l  an SDI aercury-in-glass reference themometer a t a  temperature w i t h i n  
. -  -. 

10 percent or" &h average absolute f lue  gas temperature. If the absolute . -- - - -. 
temperatures within 1.5 percent, the temperature data  are considered 

valid.  

D r y  G a s  Yeter and Orifice. The dry gas meter and o r i f i c e  are U o r a t e d  

simultaneously. There are two cal ibrat ion procedures. The f u l l  caiibration 

is a complete laboratory procedure used t o  obtain the cal ibrat ion factor  of 

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

caiibracions are ;>er?omed at  *ree di f ferent  o r i f i c e  settkgs (flow rates). 

A s inpler  grocechre. the pos t tes t  calibration, is desi-ed t o  chedc wne*er 

the cal ibrat ion fac tor  has changed. Post test  cal ibrat ions are performed 

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

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

a t r o p y  uses as a t ransfer  s+mxiard a dry gas meter tbt is c u b r a t e d  

annually against a ~ p ~ m e t e r .  Dur5ng the annual cal ibrat ion,  t r i p l i c a t e  

m3ibrarLon z-ms are perfomed at  seven flow ra t e s  from 0.25 to  

1.40 C?P. 

3- GELS !-!ecer. Zaci~ ztetering system ,receives a f a  ~ R l i j r a t i o n  a t  -28 

-4 ~ - e  - of aur&=e. and 2 pos t tes t  cai ibrat ion &te r  each f i e l d  use. I f  *e 

cd ib rzc icn  Cactar, V, ceviates 5y l e s s  -&an f ive  ge rcmt  from the i n i t l a i  

value. -Ae t e s t  data  are acteptzble. I f  Y deviates by aore than f ive  

pe,rcent. -Ae ze te r  L s  m n l ' b r a t e d  and L\e neter  coeff ic ient  ( iai t ial  o r  

~ c & i S r s t e d )  * a t  gielcb ',e lowest sample volume f o r  *e t e s t  rms is user',. 

?A Reference Yet?oa j calls for  another full cal i5rs tfcn anytizie Lbe 

>ostzest  csiibrscion ciieck hdicates that  f has changed by sore tSan f ive  

percent. Standard pract ice a t  Entropy is to reca l ibra te  Lie dry gas neter 

mytime Y is found to be outside the range 0.98 < Y < 1.02. - - 

Orifice. .An o r i f i c e  cal ibrat ion factor  Is calculated fo r  each flow 

s e t t i n g  during a f u l l  calibration. If the range of values does not vary by 

more 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 cal ibrat ion is used. 



3arometer. Sach field baroinecer is adjusted ber"ore sac;? test series to 

agree wiLm + 0.1 inches of a reference aneroid barometer. The reference - 
Sarcneter is ckecked weakly agains t  the starion pressure value (cormzed for---';-- 

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

Raleigh-Durham airport. approxiaateiy 2.5 miles from Entropy's locaCon. 
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NOTE: A l l  diameters measured i n  i n c h e s .  

. 2 

D i a .  5 D i a .  4 Average 3 i a .  1 3ia. 2 3 i a .  3 Dats 

,~z-z-BzI ST 
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I,.?& 1.308 I 1.306 10.3~6 ' 
I n i t i a l s  
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7 - h - 9 ~ 1  2 3  1 . 2 1 ) t n  I ,339 1 , o P  ?n7  I . 2rR 1 n. t o 7  , 
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~-g-$~.l "j !3 I ,3CI .3ap ! 2 ! - 3 6 5  1 0.301 
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