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INTRODUCTION 

Source sampling was performed for Smith & Sons Paving 

Company, Pineola, North Carolina, asphalt plant to determine 

particulate and visual emissions from the aggregate drying 

operation. Three sampling runs were made on June 8, 1988 at 

the sampling location shown on Figure 1. 

The measurements of stack gas flow rate and pollutant 

concentrations and visual emissions were made according to 

U.S. Environmental Protection Agency and the North Carolina 

Department of Natural Resources and Community Development 

recommendations (DNRCD). Mr.Steve Maynard was present as an 

observer. 

The following sections of the report treat the summary of 

results, the process and its operation, the location of the 

sampling points and the sampling and analytical procedures 

used . 
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SUMMARY OF RESULTS 

Table 1 presents the summary of results from the particulate 

sampling. The mean particulate concentration was 0.0145 

grains per dry standard cubic foot. The mean particulate 

emission rate was 1.816 pounds per hour. The process weight 

averaged 75.67 tons per hour for the three runs. 

Based on the results of the particulate sampling, Simth & 

Sons Paving Company Pineola, North Carolina asphalt plant 

was in compliance with the permit limitation of 0.04 grains 

per dry standard cubic foot. 

Opacity was determined as the average of 24 consecutive 

observations recorded at 15 second intehals. Thirty sets of 

24 consecutive readings ( 6  minutes each) were averaged and 

presented on the summary sheet found in Appendix B for the 

180 minute test. 

Bamed on the results of the visual emission reading8 Smith & 

Sons Paving Company was in compliance with the permit 

limitation of 20 percent opacity. 



TABLE 1 

SUMMARY OF RESULTS, PARTICULATE SAMPLING 

Run Number 1 2 3 

Date 06/08/88 06/08/88 06/08/88 

X Isokinetic 

Volume of Gas Sampled, 42.721 44.240 45.408 
SCF * Dry 

Stack Gas Flow Rate, 14842.5 14414.7 14519.3 
SCFM * Dry 

Stack Gas Flow Rate, 21402.6 21029.4 2111O.lc 
ACFM 

Particulate: 

Catch, mgrams 54.34 41.38 27.87 

Concentration, grains/ 0.0196 0.0144 0.0095 
SCF * Dry 

Emission Rate, lbs/hr 2.492 1.779 1.176 

*68'F, 29.92 in. Hg 
**Nozzle, probe, filter 



PROCESS DESCRIPTION AND OPERATION 

The Smith & Sons Paving Company, Pineola, North Carolina, 

plant produced hot mix asphalt which was made from asphalt 

cement, sand, and granite aggregates. The materials were 

dried in a rotary dryer which was fired with a single 

burner. The fuel was No. 2 fuel oil. The aggregates were 

mixed in the first part of the rotary dryer and coated with 

asphalt in the second part of the dryer. Hot mixed asphalt 

was then conveyed to a storage silo. Air from the dryer went 

to a venturi damper, a fan, scrubber, and stack to the 

atmosphere. The plant was made by TODD of Cleveland, 

Tennessee. 



LOCATION OF S W L I N G  POINTS 

The dimensions of the stack and the location of the sampling 

points are shown in Figure 2. The stack cross section was 

divided into 24 equal areas. The ports were labeled A and 

B. Each point was sampled for a period of 2 1/2 minutes per 

point which yielded a total test time of 60 minutes per run. 

The number of sampling points was determined by the distance 

from the last disturbance in the gas flow as outlined in 

Method 1. Federal Register, Volume 48. No. 191, 30 September 

1983. 
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SAMPLING AND ANALYTICAL PROCEDURES 

All sampling and analytical procedures used were those 

recommended by the U.S. Environmental Protection Agency and 

the N.C. DNRCD. Complete details are found in Appendix E 

which is a copy of the Federal Register, Volume 42, Number 

160, dated 18 August 1977, and Federal Register, Volume 48, 

No. 191, 30 September 1983, and Federal Register, Volume 39, 

No. 219, 12 November 1974. 

Sample point locations and velocity measurements were made 

by Methods 1 and 2. Gas composition was determined by 

Method 3 on continuous bag samples. Method 5 was used for 

the particulate determination. Method 9 was used for 

determining visual emissions. 
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appendix fl 

Summary o f  Method 5 P a r t i c u l a t e  Results 

Smith 0 Sons Paving Co. Pineola NC 

Run Number 1 

Date 6/ 8/88 

DN Sample nozzle dia., i n .  0 . 207 

TT Net t ime o f  t e s t  60 

PIC Barometric pressure, i n .  Hg. 26 .[11 

P f l  fiverage o r i f i c e  pressure 2.229 
drop, i n .  H20 

V M Volume o f  d ry  gas sampled, 52.49 
cu. f t .  a t  meter cond i t i ons  

TM fiverage gas n~e te r  tenlp. 107.29 
i n  degrees F. 

VMSTD Volume o f  d ry  gas sampled 42.721 
a t  standard condi t ions*,  SCF 

VW To ta l  water c o l l e c t e d  i n  126.8 
impingers + s i l i c a  ge l ,  NL. 

VMV Volume o f  water vapor a t  5.971 
standard ~ o n d i t i o n s * ~  SCF 

PMV Percent moisture by volume 12.263 

blD Mole f r a c t i o n  d ry  gas 0.8774 

PC02 Percent C02 by volunte, d r y  2.97 

PO2 Percent 02 by volume, d r y  17.13 

PC0 Percent CO by volume, d r y  0.00 

PN2 Percent N 2  by volume, d r y  79.90 

MUD Nolecular  weight-dry s tack  gas 29.160 

fl w Nolecular  weight-stack gas 27.792 

CP P i t o t  tube c o e f f i c i e n t  0. 84 

D PS Overage v e l o c i t y  head o f  1.1631 
stack gas, inches water 

TS average stack temperature, F 119.92 



PSI 

QSW 

Q A 

PER1 

F NF 

CAN 

CClM 

CAT 

CAW 

FNP 

RW 

S t a t i c  p ressure  o f  s t ack  
gas, inches  Hg. 

Stack pressure,  abso lu te  

Qverage s t a c k  v e l o c i t y ,  FPR 

Stack area, inches  sqrd. 

Stack f l o w  r a t e ,  dry ,  
s tandard c o n d i t i o n s ,  DSCFM 

Stack f l o w  r a t e ,  wet, 
s tandard cond i t i ons ,  WSCFN 

Ac tua l  s t ack  f l o w  r a t e ,  QCFM 

Percent  i s o k i n e t i c  

P a r t i c u l a t e ,  Mg., f r o n t  

P a r t i c u l a t e ,  GR/DSCF f r o n t  

P a r t i c u l a t e ,  GR/WSCF f r o n t  

P a r t i c u l a t e ,  GR/RCF f r o n t  

P a r t i c u l a t e ,  LB/HR f r o n t  

Net san~p l i ng  p o i n t s  

Process weight,  tons /h r  

*68 Degrees F. 29.92 Inches Hg. 



Method 5 P a r t i c u l a t e  C a l c u l a t i o n s  Tes t  NunIber 1 

Smi th  R Sons Paving Co. P ineo la  NC 

Volume o f  Dry  Gas San~pled a t  Standard Cond i t i ons  
17.64 :* VM 4: (PB + PN / 13.6) 

VflSTD = ................................ = 42.721 
TM + 460 

Volun~e o f  Water Vapor a t  Standard Cond i t i ons  
VMV = 0.04703 * vw = 

Percent Mo i s tu re  i n  Stack Gas 
100 * VMV 

PMV = --------------- = 
VMSTD + VMV 

Nole  F r a c t i o n  o f  Dry  Gas 
100 - PNV 

MD = ----------- = 
100 

average Mo lecu la r  Weight o f  Dry Stack Gas 
MUD = 0.44 * PC02 + 0.32 * PO2 + 0.28 * (PN2+PCO) = 29.160 

Mo lecu la r  Weight o f  Stack Gas 
MW = MUD * MD +18 * (1-MD) = 

Stack Gas V e l o c i t y  a t  Stack Cond i t i ons  
VS = 5129.4 * CP * DPS * SRRT (TS + 460) / (PS * MW) = 4430.8 

Stack Gas Vo lumet r i c  Flow a t  Standard Cond i t ions ,  Dry  
0.123 * VS * QS * PS * MD 

QS = ............................ - - 14842.5 
TS + 460 

Stack Gas Vo lumet r i c  Flow a t  Stack Cond i t i ons  
QS * (TS + 46Cl) 

Qfl = .................... = 
17.64 * PS * ND 

Percent  I s o k i n e t i c  
1039 *: (TS + 460) * VMSTD 

PER1 = ................................ = 
VS * TT * PS * MD * DN * DN 



Particulate Loading -- Probe, Cyclone, Filter 
( fit Standard Conditions ) 
CflN = 1:1.1:1154 :t: FMF / VMSTD = 

Particulate Loading -- Probe, Cyclone, Filter 
( Qt Stack Conditions ) 

17.64 * CflN 4: PS * MD 
CfiT = ............................. = 

TS + 460 

Particulate Lb/Hr -- Probe, Cyclone, Filter 
( Qt Standard Conditions 

= 1:1.l:r1:185.7 * CRN *: = 



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS APPENDIX B 

# U pcSa,U5fiv;~&, Plant - Pdedq,NC 
Date F-d4-$8 - T 9 6-8-88 / 

eJ 

Sampling location Jhd 
Inside o'f f r wall to outside 
o f  nipple t I.) 361,s" 
Inside of near walf to outside of 

3.0 // 
nipple (nipple length) (T) 
Stack 1.0. (X-T) 29,s'' 
Nearest upstream disturbance /, 4 dd 

Nearest downstream disturbance 2 ,  d dd 

Calculated by f# Q+ 
Port 4 



METHOD. 2 GAS VELOCITY AND CYCLONIC PLOW DETERUINATION 

Plant and City S/n,$t&sP~rI]uQcb,-f~~eo/c( .b!  Run Date 6-g-8f 
V 

Sampling Location Ab/?G/f P./Wf Clock Time 67/JI 

Run Number Operator & -&#& Amb. Temp., O F  5 3  

h r  . press., in. ~g 2 6.01 Static Press., in. H20 -4.39 
Stack Press., in. Hg ui 9%5 Static Press., in. Hg -0,d!d,! 
Stack Dimension, in. - Dim. or s i d e  1 9 k s i d e  2 

- 

F!$~O14A01APB 1, DATA 

334r3 i, g 105  

4% Tm % 9b9* Ps/pm /ro c .a, Db w, 





Filter No. 
Probe No. 4 *Z  
Pitot Tuba CP 

METHOD 5 PARTICULATE FIELD DATA 0 2  
NC 

Static Pressure: 
Start: 
Finish: 
Observer~&Y&yWZii~~ency 

O J  Amblent Temp.. OF -.--- 

Bar. Press. "Hg 2 6rQ/ Heater BOX Sett~ng. OF SO--- 
Meter 8011 AH@ mg-y; Lm Probc Tip Dla. in. 7 . 
Assumed Tm. OF 120 ='probe Length P 

Dry Bulb. OF A/ Probe Heater Setting VB* 
Wet BUI~. OF (2 I Average b p  ) r 3 !  b P  /-O 
Db - Wb. OF 
Assumed Moisture 46 Process Weight 

Steam Load - - PslPm 
C Factor Steam Pressure - 





METHOD 3 - ORSAT AND DRY MOLECUCAR WEIGHT DETERUINATION 
plant &;Rt.IUCCPQIwo . - A A~&J.c. t sample ~ o c a t i o n  w / t R a ~ / i t  
Sample Type - contintous I /  Pump Leakfree @ 10" ? V 
Oxygen Check 20.9% t 0.1% J d 4  Fuel Type d0~20,'/ 
Orsat Leak Check @ 4 min.: Pipet Levels - Leakfree ? 

Buret ]3,g - ]3*f = <0.2 m1 ? 

Sampling Time (24 - h r  clock) 1310-1413 Analysis By &# 

Run No. Sample Date 6-8-88 Ambient Temp. O F  go 
Sampling Time (24 - hr clock) //='/2.38 Analysis By &# 

103-rn 
a re- 

JKX)r /! 2gs I 
Run No.  ample Date d-S- ~ m b i e n t  ~ c m p .  'P 8/ 
Sampling Time (24 - h r  clock) X~W-/& Analyaia By ,&AA 

1 1 2 

10.B-+a . - = /, 264 
%COl 

3 ) A v ~ .  
Actual 

Td.l27* ld / - 

012 

2 8  

2 8  

Net 

as 

D,O 
n4 

CO;! 

02 

CO 

N2 

Run No. 2 Sample Date 6 % % ~  Ambient Temp. '1  83 

blCC Wt e  
Dm lb%aala 

L307 
S48Z 
or d 

22#37x 

$ 

447 
1Zi3 
m 
3,?0 

Actual 

34 
&,I 

2 t t 
la, 

A 4  
a ,  
ao, 
loo 

Actual 

3~ 
11222aai 

lo, I 

Net 

30 
1x1 
D,Q 

7%9 

Net 

.w 
,%I 

O/D 

7g.T 



BIVironrnoasWIqhE 
METHOD 5 SAMPLE RECOVERY AND INTEGRITY SHEET 

plant ~ ~ ; f I ) t S d ~ / ~ f l ~ ~ ~ - ~ ~ e d q . / l l . ~ ~  Recovered By Ad- R H A  
Sample Location A%h;hu/f Recovery Date ot;-oy -= 

I 

Run Number I L 3 
Sample Date 06-48-88 06-08-88 Oh -OR-R~  
Sample Box Number 1 / 
Probe Number qf a/ 4-3 
Filter Number Y /  42 y.3 

HOISTURE RECOVERY 

Impingers Cont. Number 1-1 /-2 )-3 
Description of Water z& 6/.3 Tw bid 
Liquid Level Marked L/ & J 

Final Volume (wt.), ml 3 318 
Initial Volume (wt.), ml 200 
Net Volume ( w t . ) ,  ml ( 8 )  //2 

Silica Gel Cont. Number 
Silica Gel X Spent 
Final Weight, g 
Initial Weight, g 
Net Weight, g 

Total Moisture, g /26,8 136,Y 144 1 
PARTICULATE RECOVERY 

Filter Cont. Number 
Particulate Descrip 
Filter Cont. Sealed 
Final Weight, mg 
Final Weight Audit, 
Initial Weight, mg 
Initial Weight Audi 
Filter Catch, mg 

Probe Rinse Cont. Number 
Liquid Level Marked 
Final Weight, mg 
Final Weight Audit, mg 
Initial Weight, mg 
Initial Weight Audit, mg 
Less Acetone Blank, mg 
Acetone Rinse Catch, mg 

Total Particulate, mg 54,H 4/#38 27,87 

Acetone Blank Number 
Final Weight, mg 
Final Weight Audit, mg 
Initial Weight, mg 
Initial Weight Audit, mg 
Acetone Residue, mg 
Acetone Volume, ml 
Concentration, mg/mg 

LABORATORY CUSTODY 
Received By: ~i-@- - 

Date Received: 06-@% 
Stored & Locked: i/' 
Remarks: - O L w b ~ u  v n w u r r r u .  w 

Remarks: - 



Visibla Emission Summarr Dcr. Shoat 

Smith & Sons Paving&o. 6-8-88 Pineola, N.C. 
CmnD8I-v Locatton . 

Stwrthw 1135 Emission point Asphalt Plant Stack 

1 ~aa imum a m -  7 7 - % start average A - 
Number d nono ver.gss .in ercass of standard st~ng start number of these 8W.t - 
Cakulated by Date vtewed by - D.(. 

QuaPv Asrw.nca Ha&& M9-5.1 
a d  M9-6.2 

Average 
wutty 

Total 
0~8Cltv 

Stan 
no 

37 
38 
39 

40 

41 

42 

43 

44 

45 

' 6  

47 

48 

49 

51 

52 

53 

LU 

55 

56 
57 

58 

59 

60 

61 

62 

63 

64 

65 

67 

68 

69 

70 

71 

72 

Stan 
no 

73 
74 

75 

76 

77 

78 

79 

80 
8 1 

82 

83 

84 

85 
86 

87 

88 

89 

90 

9 1 

92 

93 

94 

95 

% 

97 

98 

99 

100 

101 

102 

103 

101 

105 

106 

107 

108 

Avrage 
wct ty  

1054.4 
5.2 
4.8 

4.6 
4.4 
4.4 

5.0 
4.4 
5.0 

4.6 
5.0 
5.2 

5.2 
5.0 

1405.8 

6.9 
7.7 
6.4 

7.1 
6.2 
4.6 

5.0 
4.6 
5.0 

5.0 
5.0 
4.2 

4.6 
5.2 
4.6 

S t m  
no 

1 

3 

4 

5 

6 

7 

8 
9 

lo 

11 

12 

13 

14 
15 

16 

17 

18 

20 

21 

22 

2 

24 

25 

26 

27 

28 

29 

31 

32 

33 

31 

35 
36 

ford 
g-ctty 

125 
115 

110 
105 
105 

120 
105 
120 

110 
120 
125 

125 
120 

165 
185 
155 

170 
150 
110 

120 
110 
12c 

12C 
12c 
1OC 

110 
125 
11c 

Total 
o~acttv 

Total 
ooactty 

Average 
o~actty 

Average 
0~8Cttv 

Stwr 
no 

109 

110 
1 1 1  

112 

113 

114 

115 

116 
117 

118 

119 
120 

121 
122 
123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

13s 

136 

137 

I= 

139 

140 

141 

142 

143 
1 1 1  

Stwt 
no 

145 

146 
147 

118 

149 

150 

151 

152 

153 

154 

155 
156 

157 

158 
159 

160 

161 

162 

163 

164 
r 6s 

166 

167 

168 

169 

1 70 

171 

172 

1 73 

174 

1 75 

176 

177 

178 

1 79 
180 

Total 
(KHettv 

~ v u 8 g e ' ~ t a n  
0.Cttv 

Total 
ODUltt no 

181 

182 
183 

184 

185 

186 

187 

188 
189 

190 

191 
I92 

193 

194 

195 

196 

197 

198 

199 

2W 
a1 

202 

203 

204 

m5 

206 
at 

me 
209 
210 

211 

212 

213 

214 

215 

216 

Average 
OOuiW 











APPENDIX C 

PROCESS DATA 

Run #1 

Run #2 

Run #3 

80.00 Tons 

75.00 Tons 

72.00 Tons 
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APPENDIX D 

TEST PARTICIPANTS 

F. Larson Harsey 

Jeff A. Francis 

Rodney H. Lang 

Biologist 
Environmental Testing, Inc. 

Biologist 
Environmental Testing, Inc. 

Biologist 
Environmental Testing, Inc. 



N o z z u s  
Each new set of nozzles purchased by ETI are first machined and 
calibrated before being put into field use. Thereafter, whenever it 
becomes apparent that a nozzle has been damaged, it is again machined 
and recalibrated. A set of three is matched to within 0.002 inches 
(Difference between high and low readings). Nozzles are checked prior 

, to each source test. 

PITOT TWES 
All pitot tubes used by ETI whether separate or attached to a sampling 
probe were made by ETI personnel. Prior to being put into field use, 
they are calibrated. In general, if a type nS" pitot tube is 
constructed properly, and not positioned too closely to the probe nozzle 
or any other obstruction, it will have a Cp of 0.83 - 0.87. As long as 
the pitot tube is not damaged its calibration should not change. All 
ETI pitot tubes are made to have a Cp of 0.84. If a pitot tube does not 
initially have a Cp of 0.84, it is altered until a reading of 0.84 is 
obtained. Pitot tubes are checked before each source test and receive a 
complete calibration once a year. 

D R Y G A S ~ A N D O E U P I C E ~  
Com~lete meter box calibrations are performed annually. One point 
calibrations at the average orifice miter and maximum kacuum reabings 
encountered during the compliance test are performed after each source 
test. If the dry gas meter calibration factor differs from 1.00 by more 
than i0.02 then the dry gas meter is repaired and given an annual 
calibration. 

-, FnuTEs, ORSAT Am ORSAT BAGS 
Each new thermometer , pyrometer and thermocouple purchased or 
manufactured by ETI is checked and calibrated before being put into 
field use. After each source test each temperature sensing device used 
on the test receives a one point calibration check according to U.S. EPA 
guidelines. 

Fyrites, orsat and orsat bags are checked before and after each source 
test. If they do not function according to U.S. EPA protocol that piece 
of equipment is either repaired or replaced. 

LbBORAm'I l!xmmmm 
ETI has a written quality assurance document that covers calibration and 
maintenance of laboratory equipment. This includes calibration of the 
analytical balance against Class S weights, and service contract8 to 
maintain traceability to N.B.S. Calibration of thermometers, 
barometers, stopwatches and wet test meters are traceable to N.B.S. A 
copy of our quality assurance document may be obtained by written 
request. 



llETBOD 5 PReTEST - CALIBRATION 

plant S m  ;.Ch *LC Pa V;  a- P/-/s .NC, calibrated by FL/Y 
Meter box number $913~8 ' Date 6 - 1 ~ ~ ~ 8  

Dry Gas Heter 
Pretest meter calibration factor, Y = (within f 2%) 
Postest meter calibration factor, Y = (within f 5% of pretest) 
Recalibration required? Circle one: yes or If yes new Y = 
Lower cal. factor, Y = or postest) 

Dry Gas b t e r  Thermometers 
Was a pretest temperature correction used? Circle one: yes or @ If yes 

temperature correction (within f 5.4OF over range) 
Postest comparison with mercury-in-glass thermometer? (within f 10.8OF at 

ambient temperature) Recalibration required? Circle one: yes or@ 
Recalibration temperature correction? (within f5.4OF over range 
If yes, no correction necessary for calculations if meter thermometer 
temperature is higher; if calibration temperature is higher, add 
correction to average meter temperature for calculations 

Stack Temperature Sensor 
Was a pretest temperature correction used? Circle one: yes or @ If yes 

temperature correction OF (within f 1.5% in OR over range) 
Average stack temperature of compliance test, 3 OR 
Temperature of ref. thermometer for recalibration #l 5R/ #2 OR 

(within f 10% of the average stack temperature) 
Temperature of stack thermometer for recalibration #l f;RO #2 X&L OR 
Diff. between ref. and stack thermometer temps. #1 / 82 0 OR 
Do the ref. and stack values agree within *1.5%? Circle one:@xo 

If yes, no correction is necessary for calculations 
If no, calculations must be done twice-once with the recorded values 
and once with the average stack temperature corrected to correspond 
to the reference temperature differential; both final result values 
must be reported since there is no way to determine which is correct 

boreter 
Was the pretest field barometer reading correct? Circle one: e or no 
Postest comparison? O,O,~  in. Bg (f0.1 in. Hg) Becalibratioaequired? 

Circle one: yes or no If yes, no correction necessary for 
calculations when the field baiorneter has a lower reading; if the 
mercury-in-glass reading is lower, subtract the difference from the 
field data readings for the calculations. Pretest Postest 

~g in glass dv*06Y 29.2 14 
Field 2%06 1720 
Difference 0,004 a O /  4 

Rozzle 
Was the nozzle calibrated to the nearest .001 in.? Circle one: es or no 

Nozzle C2: - Q Nozzle Xl: 0,;\0r 020 7 -06 0.27 txb? : Averas ,= 

: Average - 
Nozzle #3: - : Average - 
Impinner Thermmeter 
Was a pretest temperature correction used? Circle one: yes or& If yes 
temperature correction (within f5.4OF over range) 



Client Sin;fh tSWC JOUV,;YO* P;l/ed/4, N,c,  ate 6 -6 -gP 
I 

Location AsDhOIf /%hi- Ref. Thennome ter % < 
Thermometer 

DGM # /L6(f% 
xM 1348% 
DGM # 

DGM # 

Impinger #1 

Impinger #2 

Impinger #3 
r 

Impinger #4 

Impinger #5 

~ J B  # 

DB # 

BOX #I 

Box #2 

BOX #3 

Box #4 

Box 85 

Temp., O F  

- ~t 
76/67 

AT 
6 7 
'70 

6 9  
67 
70 
6 9  

~ostest 6-/0-88 
Ref. Temp., O F  

- ~4 
70 

70 
70 
'76 
70 
70 
70 - 
70 

'Temp., O F  

71/71 
72/72 

72 
72 
72 
71 

Probe 4 ' #1 

Probe 7' 12 

Probe ' #l 

Probe ' #2 

Retest 
Ref. Temp., O F  

7 2  
72 

72. 
72 

7 2  

72 

7 s  
Y 

744 
7 6  

/Lo 
/a / 

/a / 
/A / 

4 



V,, = a m  volume passing through the wet test meter, ft.' 

Vd = Gas volume passing throught the dry gas meter, ft.' 

tw = Temperature of the gas in the wet test meter, O F  

tdi 
= Temperature of the inlet gas of the dry gas meter, O F  

POSTEST DRY GAS METER CALIBRATION DATA EORM (English Units) 

Test Number I DatebW/&88 ~MeterBoxNo. 13% plant &;{k ~ S N S  gol~;xq CO, -R'A~&o, NC S. 
Barometric Pressure, Pb= 4q,;l14 in. Hg Dry Gas Meter No. 1.3~9 Pretest Y V/,OO a z 

- 
td = Temperature of the outlet gas of the dry gas meter, O F  

0 

td - Average temperature of the gas in the dry gas meter, obtained by the average of td and td , O F  

i o 
A H  = Pressure differential across orifice, in. I 1 2 0  

Orif ice 

Yi = Ratio of accuracy of wet test meter to dry gas meter for each run 

Y = Average ratio of accuracy of wet test meter to dry gas meter for all three runs; 
tolerance = pretest Y f 0.05Y 

Pb = Barometric pressure, in. llg 

8 = Time of calibration run, min. 

t 
'i !!E Gas Volume 

manometer 
setting , 
inches BrO 

AH 

A 3 8  

2 3 8  

A 3 8  

Temperature 

Time 
min. 
8 

Uc79 

j u g  

Wet test 
meter, ft' 

vw 

10 

10 

Wet test 
meter, O F  

w 

6ZS 

6%~- 

Dry gas 
meter, ft' 

"d 

/D,6 7 

/D,6?. 

Vacuum 
setting 
in. Hg 

Z7 

1 7  

10 ,4%s /Q6Y 

Dry Gas Meter 

Yi 

$ 

\. de 

A1 4 1 
(4 y038?? 

Inlet 
O F  

td 
i 

)A7 

128 

VwPb(td + 460) B 
Vd(Pb + All  )(tw + 460) s' 

13.6 

d s ~ l 4 )  
c27.38~) 
(A'%A/ U) 
(2% 3gY) 

Outlet 
O F  

td 
o 

lo/ 

102 

Average 
O F  

td 

NV 

//s 



RAC SIAKSAWLR CALIBRATION SHEET 
Meter Box Serial Number: 1348 Barometric Pressure (Pb): 29.763 

Leak Check 8 6.8 in. kO: OK Date: 01-29-88 Calibrated by: PRJ 
Pup: OK Pump Oil: OK C l e a n  Quick Connects: OK 
Hanometer.: OK Dry Te8t Meter: OK Ihermo~eters: OK 
Lights: OK Xlectrical Check: OK Variac: OK 
Vacuum Gauge: OK Leak Check 8 27' Hg.: c0.001 CFM 

Han. Orifice CF, CFd 1, ITd OTd Td -YI. Ti= t 
0.5 5 5.33 68.3 108.0 96.0 102.00 12.70 
1 .O 5 5.34 68.4 115.0 97.5 106.25 9.32 
1.5 10 10.73 68.5 119.5 99.5 109.50 15.46 
2.0 10 10.76 68.5 124.0 101.5 112.75 13.45 
3.0 10 10.75 68.5 126.0 103.0 114.50 11.14 
4.0 10 10.71 68.5 126.0 103.0 114.50 9.68 

Calculate Y a d  -)lr as follows: 

Tolerances: Y = 0.90 - 1.00 - 1.10 Y +/- O.02Y -4, . 1.6 - 1.84 - 2.1 4.1 +/- 0.15 in. 

lLnaeter Delta B 0.5 la. rirO 

llraPwta Delta II 1.0 in. W) 

lbacta klta 11 1.5 in. LO 

Ilra#eta Wta I 2.0 in. LO 

llrPoreta Delta B 3.0 in. LO 



NOZZLE CALIBRATION 
Date: 03-21-88 

Set Number 1 Brown Box By: RBMc 
h, in. b, in. D4, in. b, in- D, in- D-v-- 

Set Number 2 Blue Box 

Nozzle 
J.D. 

Dl, in. h, in. Do, in. Der in. Dw, in. D, in. Dm-- 

Where : 
Dl.=.o.e.r = nozzle dianeter measured on a different diameter, in. 

Tolerance = measure within 0.001 in. 
D = maximum difference in any two measurements, in. 

Tolerance = 0.004 in. 
Dl-. = average of Dl, h, b, De, and R. 



TYPE S PITOT TUBE INSPECTION DATA FORn 

Date: 03-15-88 
Calibrator: RBMc 

Specifications: 
1.)  Pitot tube assembly must be level. 
2 . )  If pitot tube is damaged explain under comments section. 
3 . )  z = A sin 7 (<0.125) and w = A sin 8 (c0.03125) 
4 . )  a c l O O  and 0 (5' 

A, in. Z, in. 

0.027 
0.000 
0.000 
0.018 
0.000 
0.032 
0.000 
0.000 
0.000 
0.007 
0.007 
0.017 
0.017 
0.000 
0.037 
0.036 
0.000 
0.035 
0.018 
0.035 
0.044 
0.000 
0.000 
0.000 
0.017 
0.016 
0.000 
0.000 
0.025 
0.000 

w, in. PA. in. 

0.00679 0.389 
0.01004 0.575 
0.00960 0.550 
0.02633 0.503 
0.02722 0.520 
0.00794 0.455 
0.00843 0.483 
0.01555 0.445 
0.01532 0.439 
0.00000 0.419 
0.00000 0.433 
0.00833 0.477 
0.01747 0.500 
0.02735 0.522 
0.00915 0.524 
0.01812 0.519 
0.01737 0.498 
0.02628 0.502 
0.00881 0.504 
0.01765 0.500 
0.01475 0.423 
0.02369 0.452 
0.02440 0.466 
0.00887 0.509 
0.01719 0.492 
0.00807 0.462 
0.03124 0.447 
0.01602 0.459 
0.01675 0.480 
0.00705 0.404 

Couents: Only minor filing and cleaning required. 

Pitot tuber requiring further calibration: None. 



DATE: 12-10-85 

CERTIFICATE OF CALIBRATION 

CUSTOMER: ENVIRONME~~TAL TESTING INCCustorner ~ u r c h a s b  Order: 2861P0  . 

1 7 0 0  U N I V  COMMERICAL P L  OMEGA Work Order No: SO 511268760  

'CHARLOTTE NC 28213 MODEL: HH-2 

SERIAL NO: 14403 

OMEGA ENGINEERING c e r t i f i e s  t h a t  ' t he  above i ns t rumen ta t i on  has been 
c a l i b r a t e d  and t e s t e d  t o  meet o r  exceed t h e  pub l i shed spec i f i ca -  
t i o n s .  Th i s  c a l i b r a t i o n  and t e s t i n g  was performed us ing  
i ns t rumen ta t i on  and standards t h a t  a re  t raceab le  t o  t h e  U.S. 
N a t i o n a l  Bureau .of Standards. 

Reference: NATIONAL BUREAU OF STANDARDS TEST NO(S): 36320 
, 

Q I 

sup&rv$hr, I ns t rumen ta t i on  



February 18 1979 

nr. Paul R. Jenkiru, a, 
vsce-Pr8rrl.dalt 
Environment81 Testing Inc. 
1700 Wrrr1t;r Comne~~ial Place 
charlotte, North Carolina 28213 

PurthOt +o our telephone conversation on January 15, 1979 Raovr Angel (;r& 

9- is tosted with a Q128 DOP Ponetromter mnifacturad by 'tho Air T.chn01om 
Asrocfation to measure DOP. ,This i a  8 pore sophirticatod unit than that 
li8t.d in the Federal Register, Part If, Thursday, August 18, 1977e Environ- 
mental Protection'~gency, Standards of Perforoa~co for Mew Stationuy SourcmSm 

~rado 900AF will meet the EPA DOP requirementt of 0.05f percent penetration 
on 0.3 micron dioctyl phthalato smoke prticles as listed on page 41778 
of eh. Federal Register, Vol. 42, No. 160, Thursday, Augru t  180 1977 u n d u  3. 
Reagent, 3.1.1 Filters. 

' 

I hop. this will satisfy your inquiry. Xf w c m  be of m y  fur- 
ploaso contact us at your convonionca, 

g& 4- 
: ohn m c h u i u  
'vice President 
Business Harmger, Papor Division, #. A. 



SAMPLE BOX 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5.4 F 

DATE: 07/16 /87  BAROMETRIC PRESSURE: 29.24 
AMBIENT TEMPERATURE, F : 72 REFERENCE THERMOMETER # 22 
CALIBRATOR: FLH/JPM ..................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 

POINT # SOURCE TEMPERATUREIF TEHPERATURE,F DIFFERENCE, X ...................................................................... 
WPLE BOX 

41 A. uater bath 72 73 -. 19 
11. oil bath 138 138 8. # 
C. oil bath 194 192 0.31 
D. oil bath 222 222 0. B8 
E. oil bath 262 282 0.W 

82 A. wtw bath 72 73 -. 19 
1. oil bath 1 3  130 0. $8 
C. oil bath 194 192 8-31 
D. oil bath 222 222 1.1 
E. oil bath 282 282 O.W 

#3 A. w t e r  bath 72 74 -.a 
B. oil bath 138 131 -. 17 
C. oil bath 194 1% -. 15 
D. oil bath 222 224 9.29 
E. oil bath 282 202 0.88 

U A. w t e r  bath 72 72 B. BB 
B. oil bath 1 1  1 3  8 . 1  
C. oil bath 199 199 0 . 1  
D. oil bath 226 226 0. W 
E. oil bath 286 2& 0. 00 

#5 A. water bath 72 72 8 . l  
a. oil bath 138 138 1.1 
C. oil bath 190 198 8 . 1  
D. oil bath 226 226 B. $B 
E. oil bath 206 288 -.n 

46 A. water bath 72 72 8 . 1  
1. oil bath 130 130 0. 00 
C. oil bath 196 194 0 . a  
D. oil bath 230 230 8. l 
E. oil bath 286 286 1.l 

47 A. uattr  bath 72 71 0.19 
1. ail bath 130 138 1.18 
C. oil bath 196 194 1.3 
0. oil bath 23 aB 1.1 
E. oil bath 208 287 B. 13 

118 A.  at^ batb 72 n 8-38 
Be oil bath 138 1 3  1.1 
C. oil bath 1% 198 8 . l  
D. eil bath 230 230 $.dB 
Em ail bath 288 287 0. 13 

................................................................. 
TEMPERATURE (REF TEMP, F + 4 6 0 )  - (TEST TEMP, F + 460) 
DIFFERENCE = ......................................... X 100 <= 1.5% 

v r c  TCMD c A h ~ m  



WET-BULB DRY-BULB; BIMETALLIC 
TENPERATURE SENSOR CALIBRATION - 

DATA FORM 
TOLERANCE: +/- 5.4 F 

DATE: 07/16/87 
AKBIENT TEMPERATURE, F : 7 2  

BAROMETRIC PRESSURE: 29.24 
REFERENCE THERMOMETER # 22 .. .- - 

CALIBRATOR: FLH/JPM _______________-___--------------------------------------------------- 
REFERENCE THERMOCOUPLE 

REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT' # SOURCE TEM?ERATUREIF TENPERATURElF DIFFERENCE, X ...................................................................... 
Bimetallic 

D b l  A. 
0. 
C. 
D. 
E. 

Wbl A* 
0. 
C. 
D. 
E. 

D b 2  A. 
1. 
C. 
D, 
E. 

UM A. 
B* 
C. 
D. 
E. 

NOx Flask 
A. 
1. 
C. 
0. 
E. 

Hot bx A. 
0. 
C. 
D. 
E. 

wter bath 
oil bath 
oil bath 
oil bath 
oil bath 
w t e r  bath 
oil bath 
oil bath 
oil bath 
oil bath 
w t e r  bath 
oil bath 
oil bath 
oil bath 
oil bath 
w t e r  bath 
oil bath 
oil bath 
oil bath 
oil bath 

ice bath 
ice bath 
w t e r  bath 
wte? bath 
oil bath 
wtw bath 
oil bath 
oil bath 
oil bath 
oil bath 

______________L____-----------------_---------------------------- 

TEMPERATURE (REF TEMPI F + 460) - (TEST TEMPI F + 460) 
niFcrCFNCC = ------------------------------------- y lvn (= 1 '?! 



METER BOX 
TEHPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5 . 4  F 

DATE: 07/16/87 BAROMETRIC PRESSURE: 29.24 
AMBIENT TEMPERATURE1 F : 72  REFERENCE THERMOMETER # 22 
CALIBRATOR: FLH/JPM ...................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 

POINT # SOURCE TEMPERATURElF TEMPERATUREqF DIFFERENCE, X ...................................................................... 
IWER BOX 

l2MA A. ice bath 36 36 0.88 
B. wter bath n 73 -. 19 
C. oil bath 128 126 8.34 
D. oil bath 148 149 8 . 1  

12MB A. ice bath 36 36' B. BB 
B. uater bath 72 73 -. 19 
C. oil bath 128 126 0.34 
D. oil bath 148 148 0.60 

13484 A. ice bath 35 34 8.28 
1. rater bath 72 72 0. I 
C. oil bath 126 126 0.00 
D. oil bath 148 140 0 . 1  

13481 A. ice bath 35 35 0,m 
B. rater bath 72 73 -. 19 
C. oil bath 126 126 e. w 
Dm oil bath 140 140 gem 

1481A A. ice bath 35 35 0. W 
1. wter bath 72 73 -. 19 
C. oil bath 128 126 0.34 
D. oil bath 148 148 0 . 1  

1401B A. ice bath 35 56 -. 1 
Be wtw bath 72 73 19 
C. oil bath 120 128 0. 90 
0. oil bath 140 139 0.11 

196M A. ice bath 34 34 6 . 1  
1. wtm bath 72 72 6.W 
C. oil bath 126 125 0.17 
D. oil bath 14% 14% 8. l 

19651 A. ice bath 34 33 8.20 
b. wtrr bath 72 72 0. W 
C. oil bath 126 126 0.90 
0. oil bath 148 140 8.W 

- -- -- - - - - - - - - - - - - 

TEHPERATURE (REF TEMP1 F + 460) - (TEST TEMP, F + 460) 
DIFFERENCE = ........................................... X 100 <= 1.5% 

REF TEHP, F + 460 



WET-BULB DRY-BULB: OMEGA TEMP 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5.4 F 

DATE: 87/16/87 BAROMETRIC PRESSURE: 29.24 
AMBIENT TEMPERATURE, F : 72 REFERENCE THERMOMETER # 22/#23 
CALIBRATOR: FLH/JPH ..................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMO3ETER POTENT 1 OMETER TEMPERATVRE 

POINT # SOURCE TEMPERATURE, F TEMPERATURE, F DIFFERENCE, % ...................................................................... 
Owga leap HH-2 11 

Dtl A. 
1. 
C. 
D. 
E. 

Ubl A. 
0. 
C. 
D. 
E. 

Omega Temp W2 12 
Db2 A. 

0. 
C. 
D. 
E. 

w A. 
8. 
C. 
D. 
E. 

wter bath 
oil bath 
oil batto 
oil bath 
o i l  bat! 
vater bath 
oil bath 
oil bath 
oil bath 
oil bath 

wter bath 
oil h t h  
oil bath 
oil bath 
oil bath 
wter bath 
oil bath 
oil bath 
oil bath 
oil bath 

................................................................. 
TEMPERATURE (REF TEMP, F + 4601 - (TEST TEMP, F + 4601 
DIFFERENCE P ----------------------------------.--------- X 100 <= 1.5X 

REF TEMP, F + 460 



WEY-BULB DRY-BULB OMEGA TEMP 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: */- 5.4 F 

DATE: 07/16/07 BAROMETRIC PRESSURE: 29.24 
AMBIENT TEMPERATURE, F : 72 REFERENCE THERMOMETER # 22/# 23 
CALIBRATOR: FLH/JPH ...................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 

POINT # SOURCE TEMPERATURE,F TEMPERATUREqF DIFFERENCE, % ...................................................................... 
Owga T a p  8733 
Dbl A. uater bath 72 l3 -. 19 

B. oil bath 163 162 8.16 
C. oil bath 186 1 e5 1.15 
0. oil bath 238 229 0.14 
E. oil bath 288 219 8.14 

Ubl A. rater bath 72 73 -. 19 
B. oil bath 163 I 62 e. 16 
C. oil bath 18B 167 0.15 
D. cil  bath 232 231 8,14 
E. oil bath 280 279 8.14 

873-F High l e a p  
A. o i l  bath 288 279 8.14 
B. M, Furnace 415 416 -. 11 
C. 1. Furnace 595 596 -.09 
D. U. Furnace 835 837 -. 15 
E. tl. Furnace 1875 1877 -. 13 

TEMPERATURE (REF TEMP, F + 460) - (TEST TEHP, F + 460) 
DIFFERENCE = ........................................... X la0 <= l.5X 



STACK 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5.4 F 

DATE: 07/24/87 BAROMETRIC PRESSURE: 29.28 
AMBIENT TEMPERATURE, F : 74 REFERENCE THERMOMETER # 22/#5 
CALIBRATOR: FLH ...................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOEETER POTENTIOMETER TEHPERATURE 

POINT # SOURCE TEMPERATUREIF TEMPERATURE,'F DIFFERENCE, X ...................................................................... 

oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oi 1 bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil birth 
oil bath 
oil bath 
oil bath 
oi 1 bath 
oil bath 
oil bath 
oil bath 
oil bath 
o i l  bath 

................................................................. 
TEMPERATURE ( REF TEMP, F + 460 ) - (TEST TENPI F + 460 
DIFFERENCE = -------------------------------------------- X 100 <= 1.5% 

RFF TFb!PI F + 46A 



IMPINGER 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 2.0 F 

DATE: 07/16/87 
AMBIENT TEMPERATURE, F : 72 

BAROMETRIC PRESSURE: 29.24 
REFERENCE THERMOMETER # 22 

CALIBRATOR: FLH/JPN ...................................................................... 
REFERENCE THERMOCOUPLE 

REFERENCE THERMOMETER POTENTIOMETER TEYFERATURE 
POINT # SOURCE TEMPERATUREgF TEMPERATURE,F DIFFERENCE, % ...................................................................... 

ice bath 
uater bath 
oil bath 
ice bath 
uater bath 
oil brth 
ice bath 
wter bath 
oil bath 
ice bath 
wter bath 
oil bath 
ice bath 
wter bath 
oil bath 

................................................................. 
TEMPERATURE (REF TEMP* F + 460) - (TEST TEMP, F + 460) 
DIFFERENCE = ............................................ X 100 <r 1.5X 

REF TEMPI F + 460 



WALTER t r e  ;l u i ; l ; r r ~ t P t  L U I W ~ - ~ L E  t *, Y w .  

1 F ON.-mIXTV NICK@ mTaaET WmBTDURV, LON0 ISLAND. N.W YORK 8 81. @DOEWOO0 4-40.4 

MANUFACTURERS CERTIFICATE OF CALIBRATION 
This is to certify that the instrument listed below has been tested in our temperature calibration labwato!'y 

in accordance with the blest procedum in the finest constant tempntuze equipment availrble. against 
National Bureau of Standards certified master standards. 

C.titfi.4 kr: 
Fisher Scientific Coqpany 

Thennometer 4 1 5 - 0 4 1 ~  -1/20l9C i n  0.2. Div Total Immersion 
Description: 

8 1 1  007 Data C ~ ~ i f i d :  January 30, 1981 
(sltrument Sorial Me. 

+0*02C 

20 l OOC 

40.00C 

59.96C 

79,986 

100.02C 

119892C 

139e98C 

160,OOC 

180, OOC 

199.86C 

Serial & Test numben of National Bureau of Standards cenifd instruments rrkremd in mti r i a t t l a  
of ~ b c  thcrrnometcr listed above: 

NBS Standard M14165,78A-227,M44451r70A-220,70A-601/602 

Tbc 

- - - 

NBS T e s t  100 17624Or219883,1762'1O8219883,219606 

KIEISLER COMPANY, (NG 

-- 

ubulrted rcrdinp apply provided the ice-point reding taken after txporutr lor not krr than 3 
days to . lempcratutr of a b o r  25' C 477' Fl k +o 0 2 ~  . If the ice-point d i n g  is fwd to br 
bigher (or lower) tbrn stated. all other readings will bc higher (or lower) by tbc n m e  amount. 



- WEIGHT TRACEABILITY 
CERTIFICATE 

. 

T h i s k t o ~ ~ t ~ t s ~ t w d g M s u s e d m ~ a 0 8 a M e t o ~  
National Bureau of Standards. 

Muttlor crllbrrtion data d test wight8 uwd: 

National Bumnu d gbndarh Wst nurnbsr: 
I 

Modrl md wrW numbor d brlmncaa W 

H54AR- 677277 

'L 



..A 
f GCA 

coRPmATIoN 
recision Scientific Group tU 

mvirormmtdl %sting 
1700 university Oarmercial Place 
Qlarlotte, N.C. 28213 

Atm: tk. Paul Jmkh3 

Subj : Certification Wet Test Meter 

In lieu of any printed optificaticn fmn wr cmeany, we off= as S D l l o r  
our s t a w  on the referenced subject. 

"'Rv Wet lkst Mew catalog nMlber 63123, h s  becn 
tested at aur plant facilities using a Meter Pro\nr 
Bottle MBS registration B. 4897. Ihe Mter was 
fd to perform to au adw&beB specificathn8 
ofplusorminu8 l /2%ermrinf lorra~aodcorr  
fonts to specifications of ASlM D-1071." 




