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RECEIVED 
N.C. Dept. NRCD 

SEP 2 6  1990 

Winston-Salem 

THOMPSON-ARTHUR PAVING COMPANY Regional Office 
DIVISION OF APAC - CAROLINA, INC. 

REPLY TO: P. 0. BOX 21088 
Greensboro, NC 27420 

M r .  Steve Moser 
N. C. Dept o f  Nat. Resources 
and Community Development 
8025 Nor th  P o i n t  Blvd.,  S u i t e  100 
Winston-Sal em, NC 27106-3203 

Re: Aspha l t  P l a n t  11 
Stack T e s t i n g  Report  

Dear M r .  Moser: 

Enclosed i s  a copy o f  t h e  above re fe renced  r e p o r t .  I f  you have any quest ions 
p lease  l e t  us know. 

S incere ly ,  

enc l  osure 



INTRODUCTION 

Source sampling was performed for Thompson - Arthur Paving 

Company, Greensboro, North Carolina. The purpose of the 

sampling was to determine compliance with the permit 

limitations of 0.04 grains per dry standard cubic foot as 

required by the State of North Carolina. Three sampling 

runs were made on September 18, 1490 at the sampling 

locations shown on Figure 1. 

The measurements of stack gas flow rate and pollutant 

concentrations were made according to U.S. Environmental 

Protection Agency and the North Carolina Department of 

Natural Resources and Community Development (DNRCD) 

recommendations. Mr. Steve Moser, N.C. DNRCD, was present 

to observe the test. 

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 for the three 

runs was 0.0099 grains per dry standard cubic foot and the 

mesn particulate emission rate was 1.834 pounds per hour. 

The average process weight was approximately 240 tons per 

hour. 

Based on the results of the particulate sampling, the 

Thompson - Arthur Paving Company, Greensboro, North Carolina 
asphalt plant was in compliance with the regulations of the 

State of North Carolina which allowed for an emission rate 

of 0.04 grains per dry standard cubic foot. 



TABLE 1 

SUMMARY OF RESULTS, PARTICULATE SAMPLING 

Run Number 1 2 3 

Date 09/18/90 09/18/90 09/18/90 

X Isokinetic 

Voiume of Gas Sampled, 43.433 41.151 38.881 
SCF Dry 

Stack Gas Flow Rate, 22188.2 21981 - 5  21172.7 
SCFM * Dry 

Stack Gas Flow Rate, 40212.11 40899.8 37477.4 
ACFM 

Particulate: 

Catch, mgrarns 

Concentration, grains/ 0.0072 0.0114 
SCF * Dry 

Emission Rate, lbs/hr 1.362 2.147 

'680~, 29.92 in. Hg 
YxNozzle, probe, filter 



PROCESS DESCRIPTION AND OPERATION 

The Thompson - Arthur Paving Company asphalt plant in 

Greensboro, North Carolina is a batch type plant. It 

produces hot mix asphalt made from No. 2 fuel oil, cement, 

sand, granite screenings and granite aggregates. The 

materials are dried in a rotary dryer. The fuel was natural 

gas. The material mix was conveyed to one of three storage 

silos. Air was introduced at the burner and passed through 

the dryer, cyclone, baghouse, fan and stack to the 

atmosphere. The plant was rated at 400 tons per hour. 



LOCATION OF SAMPLING POINTS 

The d imensions  of t h e  s t a c k  and t h e  l o c a t i o n  of t h e  sampl ing  

p o i n t s  a r e  shown i n  F i g u r e  2 .  The stack c r o s s  s e c t i o n  was 

d i v i d e d  i n t o  20 e q u a l  a r e a s .  The p o r t s  were l a b e l e d  A ,  B ,  

C ,  D and E .  Each p o i n t  was sampled f o r  a  p e r i o d  of  3 . 0  

minutes  p e r  p o i n t  which y i e l d e d  a t o t a l  test t i m e  of  6 0  

minutes p e r  r u n .  The number o f  sampling p o i n t s  was 

de termined by t h e  d i s t a n c e  from t h e  l a s t  d i s t u r b a n c e  i n  t h e  

gas  f low as o u t l i n e d  i n  Method 1, F e d e r a l  Register ,  Volume 

48, No. 191, 30 September 1983. 
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SAMPLING AND ANALYTICAL PROCEDURES 

~ l l  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, the Federal Register, Volume 48, 

No. 191, 30 September 1983. 

Sample point locations and velocity measurements were made 

by Methods 1 and 2. Gas composition was determined by 

Fyrite and Method 3 on continuous bag samples. Method 5 was 

used for the particulate determination. 
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APPENDIX A 

SUHMARY OF RESULTS 



Appendix I; 

Summary of Method 5 Particulate Results 

Thompson - Arthur Paving Greensboro N.C. 

Run Number 1 2 

Date 9/18/90 9/18/90 

DN Sample nozzle aia., in. 0.303 0.302 

TT Net time of test 60 60 

PB barometric pressure, in. Hg. 29.37 29.37 

PM Average orifice pressure 1.914 1.832 
drop, in. H20 

VM Volume of dry gas sampled, 44.95 43.31 
cu. ft. at meter conditions 

TM Average gas meter temp. 78.75 87.77 
in degrees F. 

VMSTD Volume of dry gas sampled 43.433 41.151 
at standard conditionsx, SCF 

VW Total water collected in 377.4 401.5 
impingers + silica gel, ML. 

VMV Volume of water vapor at 17.772 18.907 
standard conditionsx, SCF 

PMV Percent moisture by volume 29.037 31.481 

MD Mole fraction dry gas 0.7096 0.6852 

PC02 Percent C02 by volume, dry 4.90 5.30 

PO2 Percent 02 by volume, dry 12.20 11.40 

PC0 Percent CO by volume, dry 0.00 0.00 

PN2 Percent N2 by volume, dry 83.00 83.40 

MWD Molecular weight-dry stack gas 29.300 29.332 

MW Molecuiar weight-stack gas 26.013 25.765 

CP Pitot tube coefficient 0.84 0.84 

DPS Average velocity head of 0.6221 0.6324 
stack gas, inches water 



PSI 

QSW 

Q A 

PER1 

FMF 

CAN 

CAM 

CAT 

CAW 

FNP 

Static pressure of stack 
gas, inches Hg. 

Stack pressure, absolute 

Average stack velocity. FPM 

Stack area, inches sqrd. 

Stack flow rate, dry, 
standard conditions, DSCFM 

Stack flow rate, wet, 
standard conditions, WSCFM 

Adtual stack flow rate, ACFM 

Percent isokinetic 

Particulate, Mg., front 

Particulate, GR/DSCF front 

Particulate, GR/WSCF front 

Particulate, GR/ACF front 

Particulate, LB/HR front 

Net sampling points 

'68 Degrees F. 29.92 Inches Hg. 



Method S Particulate Calculations Test Number 1 

Thompson - Arthur Paving Greensboro N.C. 

Volume of Dry Gas Sampled at Standard Conditions 
17.64 VM (PB + PM / 13.6) 

VMSiD = ................................ = 
TM + 466 

Volume of Water Vapor at Standard Conditions 
VMV = 0.04709 VW = 

Percent Moisture in Stack Gas 
100 ' VMV 

PMV = --------------- = 
VMSTC + VMV 

Mole Fraction of Dry Gas 
100 - PMV 

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

Average Molecular Weight of Dry Stack Gas 
MWD = 0.44 PC02 + 0.32 PO2 + 0.28 (PN2+PCO) = 29.300 

Molecular Weight of Stack Gas 
MW = MWD ' MD +18 ' (1-MD) = 

Stack Gas Velocity at Stack Conditions 
VS = 5129.4 ' CP ' DPS ' SQRT(TS + 460)/(PS MW) = 2503.1 

Stack Gas Volumetric Flow at Standard Conditions, Dry 
0.123 VS ' AS ' PS * MD 

QS = ............................ = 22188.2 
TS + 460 

Stack Gas Volumetric Flow at Stack Conditions 
QS * (TS + 460) 

QA = .................... = 
17.64 * PS ' MD 

Percent Isokinetic 
1039 (TS + 460) VMSTD 

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



Particulate Loading -- Probe, Cyclone, Filter 
( At Standard Conditions 1 
CAN = 0.0154 ' FMF / VMSTD = 

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

17.64 CAN PS MD 
CAT = ............................. = 

TS + 460 

Particulate Lb/Hr -- Probe. Cyclone, Filter 
( At Standard Conditions i 
CAW = 0.00857 CAN ' QS = 



APPENDIX B 

FIELD DATA SHEETS 
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METHOD 2 GAS VELOCITY AND CYCLONIC FLOW DETEBMINATION 

- G/cr4 s Bd ,-e 
Plan t  and C i ty  /Am o x o r  A r k *  4 6.1,'~~ Run Date 9-/ 8-  

A 

4 
Sampling Location SAP c k c l o c k  Time 7 5 4  

Run Number Operator &~?/TE~c J Amb. Temp., O F  ,T& 

Bar. Press . ,  i n .  83 2 9 3 7 S t a t i c  Press . ,  i n .  H20 - ,a4 
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I" .,U ..... .. ..... I. METHOD 3 - OBSBT AND DRY MOLECULAR WEIGHT DETELYIBATION 
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P l a n t  R e c o v e r e d  B y  L L ~ ! &  
Sample  L o c a t i o n  .SiA'.F R e c o v e r y  D a t e  09/6/90 

Run Number / A 3 
Sample  D a t e  c s / / ~ / 4 a  c 9 / ;T/SJ n ,? //,*/'go 

Sample  Box Number A 7 . 7 

P r o b e  Number 
F i l t e r  Number 

MOISTURE BECOVERY 

I m p i n g e r s  C o n t .  Number 3- 2- 3 
D e s c r i p t i o n  o f  W a t e r  
L i q u i d  L e v e l  Marked - - 
F i n a l  Volume ( w t . ) ,  m l  - C 9 3  27.2 c. 
I n i t i a l  Volume ( w t . ) ,  m l  ,300 2 4 0  aa o 
N e t  Volume (wt.), m l  ( g )  3 223 3 si,2 1 2 0  

S i l i c a  G e l  Con t .  Number - -  d;> 5)- 
S i l i c a  Gel % S p e n t  -C 

fi 36 /G 6 
F i n a l  W e i g h t ,  g  aT, Y 31 9 -,/ 7/57 3 
I n i t i a l  W e i g h t ,  g  

- 
3 d 0  .?a o -7'2 a 

Net W e i g h t ,  g  . - /5,5- /s- 7 

T o t a l  M o i s t u r e ,  g  

PABTICULATE RECOVERY 

F i l t e r  C o n t ,  Number 4-/ 2- 2 J--3 
P a r t i c u l a t e  D e s c r i p t i o n  L / ~ ; / w  7w /!I& ~7 TW L ~ M ~  r z  
F i l t e r  Cont .  S e a l e d  J J / 

F i n a l  W e i g h t ,  mg f -0z .b  .Y 9 b . 0  . 2  n0.r .4 
F i n a l  Weigh t  A u d i t ,  mg . 0 2 .  c w b . 4  C/O. t 
I n i t i a l  W e i g h t ,  mg 444!2 Q 4 9 0 .  / .zr m,f  - 9  
I n i t i a l  W e i g h t  A u d i t ,  mg ~ 9 4 2  496.4 m. G 
F i l t e r  C a t c h ,  mg P. 3f 9,9C 9. 78 

P r o b e  R i n s e  C o n t .  Number - / 2-3 
L i q u i d  L e v e l  Marked J J A 
F i n a l  W e i g h t ,  mg 5'808?. d' .7,c /0&71.1.0 .* /oc/Yk P .3C 

- F i n a l  Weight  A u d i t ,  mg 9Y0~9.7 /OY 3315.9 /oo/uf. c 
I n i t i a l  W e i g h t ,  mg 9fovb.o o /c49/4. J g /a/tr. 9 ,B 
I n i t i a l  Weight  A u d i t ,  mg 9Yo7b.o /o s/ ?/4. 7 / O b / Z S ' r  7 
L e s s  A c e t o n e  B l a n k ,  mg /. 9 /. 9 /. 9 
A c e t o n e  R i n s e  C a t c h ,  mg I / .  S 23. s- /Ye of 

T o t a l  P a r t i c u l a t e ,  mg a. L 30 - 4/s' 2 . 7 .  9 C  

e t o n e  B l a n k  Number 
n a l  W e i g h t ,  mg 
n a l  Weigh t  A u d i t ,  mg 
i t i a l  W e i g h t ,  mg 
i t i a l  Weigh t  A u d i t ,  mg 
e t o n e  R e s i d u e ,  mg 
e t o n e  Volume,  m l  
n c e n t r a t i o n ,  rng/mg 

R e c e i v e d  By: 
Da te  R e c e i v e d :  
S t o r e d  & Locked :  4 
Remarks:  
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PROCESS DATA 



APPENDIX D 

TEST PARTICIPANTS 

W. Quentin BEST 

Tom E. Wynn 

Senior Source Sampling Technician 
Pace, Inc. 

Source Sampling Technician 
Pace, Inc. 
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APPENDIX E 

Sampling and Analytical Procedures 



Calibration Data 



CALIBRATION INFORMATION 

APPENDIX F 

NOZZLES 
Elch new Set of n0Ztles purchased by Pace a r e  first machined and 
ca l ibra ted  beiore being put inco f i e l d  use. T h ~ a - s i t = ,  uhaxver  it 
becomes apparent t h a t  a nozzle h a  been dam:&, it is again machine4 
and recal ibra ted .  A set o f b & e e i s  r n a t c h e c i t o u i t h i n 0 . 0 0 2 i n ~ h e ~  
(Difference b e t z e n  high and lou re td ings ) .  ~ o z z l f s  a r e  check& pr ior  
t o  etch source tet. 

PITOT 'TUBES 
A l l  p i t o t  tubes used by Pzce whet,her sega ra te  o r  attache4 t o  a szmpliru 
prokc uere nade by Pace personnel'. ~ r i b r  t o  being put in to  f i e l d  -use;  
tney a r e  ca l ib ra ted .  In  go,?eral, if a type "S" p i t o t  tube is 
canstructsd properly,  and not positioned too  c lose ly  t o  the probe nozzle 
o r  any other obs t ruct ion ,  it w i l l  have a C? of 0 . 8 3  - 0.87. As long a s  
t h e  p i t o t  tuba is not  dam:& i~ c a l i b r a t i o n  should not chang.;. . A l l  
Face p i t o t  tubes a r e  mads t o  hrve a Cp of 0 . 8 6 .  If a p i t o t  tubs does 
not i n i t i k 9 l y  hrve a Cp of 0  .84 ,  it is a l t e r e d  u n t i l  a reading of 0.8G 
is obtained. P i t o t  tuces a r e  cheskd before each source t e s c  and 
receive a complete ca l ib ra t ion  once a yc.r.  

DRY GAS MITER AND ORIFICE METER 
Completo meter box cal ibrat ions a r e  perforned annually. One point  
ca l ib ra t ions  a t  t h e  averago o r i f i ce  meter and maximum vacuum retdings 
encountered during t h e  compliance test a r e  performed a f t e r  each source 
tsst. I f  the  dry gas meter cal ibrat ion f a c t o r  d i f f e r s  from 1.00 by more 
than +\- 0.02 then t h e  dry gcs meter is r e p a i r d  and given an annual 
ca l ibra t ion .  

-. m'TES. ORSAT ORSAT BAGS 
Each new thermometer, pyrometer and thermocouple purchased o r  
manufactured by Pace is checked and ca l ib ra ted  before being put i n t o  
f i e l d  we. After each source test each temperature sinsing device used 
on t h e  test receives  a one point ca l ib ra t ion  check according t o  U.S. EPA 
guidelines.  

Fyr i t e s ,  o r s a t  and o r s a t  bags are checked bePore and a f t e r  each source 
test. If they do not  function according t o  u.$. EPA protocol t h a t  piece 
of equipment is either repaired or replaced. 

LABORATORY EQUIPMENT 
Pace has a wr i t t en  qua l i ty  assurance document t h a t  covers ca l ib ra t ion  
and maintenance of laboratory equipment. This includes ca l ib ra t ion  of 
t h e  ana ly t i ca l  balance cgainst  Clzss S weights, and service  contracts  t o  
maintiin t r a c c t b i l i t y  t o  N.B.S. Calibrat ion of thermometzrs, 
barometers, szcpuatches and wet t e s t  meters a r e  t raceable t o  N.B.S. A 
copy of our q u a l i t y  assurance document may be obtained by wri t ten 
rv,ues t . 



p l a t  a f i r ~ s s n  - 6~,10. 

Meter box nuhioer 14' L .C r/ 
Calibrated by 1) [)&f 
Date + a m - ~ d  

D m  Gas Meter 
P r e t e s t  meter c a l i b r a t i o n  f ac to r ,  Y = (wi th in  & 2%) 
P o s t e s t  meter c a l i b r a t i o n  f a c t o r ,  Y = 4 (within +- 5X of p r e t e s t )  
Reca l ib ra t ion  required? Ci rc le  one: yes o r  I f  yes nev Y = - 
Lower cal. f a c t o r ,  Y = - f o r  c a l c u l a t i o n s  (pre tes t  o r  pos t e s t )  

Ihp Gas Meter Thenwmeters 
Was a p r e t e s t  t m p e r a t g r c  correct ion used? C i rc l e  one: yes o r & )  I f  yes  

t a p e r a t u r e  cor rec t ion  (within 2 5.4OF over range) 
Pos t a s t  comparison with mercury-in-glass thenometer?  (within f10.8'F a t  

ambieat tezpera ture)  Recalibration requi red?  Ci rc le  one: yes  or@ 
Reca l ib ra t ion  tenpera ture  correct ion? - (within fi .4OF over range 
I f  yes ,  no co r r ec t ion  necessar? f o r  c a l c u l a t i o n s  i f  meter thermometer 
t e n p e r a t u r e  i s  h i g h e r ;  i f  c a l i b r a t i o n  t empera tu re  is  h i g h e r ,  add  
co r rec t fon  t o  average meter temperature f o r  ca lcu la t ions  

Stack T e m e r a t a r e  Sensor 
Was a p r e t e s t  t appe ra tme  correct ion used? C i r c l e  one: yes or@ I f  yes  

t m p e r a t u r e  cor rec t ion  - OF (wi th in  21.5% i n  O R  over range) 
Average s t a c k  t m p e r a t u r e  of compliance t e s t ,  4 c-9.2 7 - O R  
Temperature of r e f .  thermometer f o r  r e c a l i b r a t i o n  #1 LLo #2 - O R  

(within f 10% of t h e  average stac!.. temperature) 
Temperature of s t ack  thersometer f o r  r e c a l i b r a t i o n  tl 668 $2 - O R  
Diff .  between r e f .  and stac!.. t henomete r  teaps.  
Do tile r e f .  and s t ack  values agree wi th in  f 1.5%? 

I f  yes ,  no co r r ec t ion  i s  necessary f o r  ca l cu la t ions  
I f  no, ca l cu la t ions  must be done tw ice -once  with the  recorded values 
and once with t h e  average s t ack  temperature corrected t o  correspond 

t o  t h e  re ference  tenperature d i f f e r e n t i a l ;  both ffnal result va lues  
must be reported s i n c e  the re  is  no way t o  determine which is co r rec t .  

Barometer 
Was t h e  p r e t e s t  f i e l d  barometer reading c o r r e c t ?  Cirdc one:@or no 
P o s t e s t  comparison? 6,O in. Hg (S.1 in. Hg) Recalibration requi red?  

C i r c l e  one: y e s  o r  no I f  yes ,  no c o r r e c t i o n  n e c e s s a r y  f o r  
c a l c u l a t i o n s  when t h e  f i e l d  barometer has  a lower reading; i f  t h e  
mercury-in-glass reading i s  lower, s u b t r a c t  the difference from the 
f i e l d  d a t a  readings f o r  t h e  ca lcu la t ions .  Retest Postest 

H g i n g l a s s  9 4 9 r  d % 3 S c  
~ i d d  25.45 2 5 3 ~  
Difference 0.6 0.0 

Nozzle 
Was t h e  nozz le  ca l ib ra t ed  t o  t h e  neares t  .001 in.? Circ le  one: n o r  no w. Nozzle #l: , ,JOY , 3b3 ,304  , 3 o Z  , 3a3  : Average ..Jb3 
Nozzle 1 2  : I 3d z ,zn* . . s ~ L  , 4 o t  , a  :Average , - q B 7  
Nozzle #3: ,389 ,307 I 30rt - 3 3  t I 3Q3 : Average 1 3 6 3  

Imoinger Themometer 
Was a p r e t e s t  temperature cor rec t ion  used? C i rc l e  one: yes o 
temperature cor rec t ion  -(within 25 .b°F over range) 
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client 74 &M p e a )  A r 3 ' < 2  k2 f46L7dd: Date pdfld YO 
Location c&~d l: no40 A/ r Ref. Thermometer J2 

Thenometer 

DGX .l n'7d5 
DGY e 
DGX X ,&>/ 

DGX .' / 
Impinger tl / 
Impinger 12 1 
Impinger #3 / 

I 

Pretest 
Temp., O F  

6~ 

P o s t e s t  
Ref. Temp., O F  

6Tt 

Temp., O F  

/ /  
' 0 0  

6 6 

Ref. Temp., O F  

7 2  

6r 
72 

7 2  

Impinger / 4  66 

79 
72 

6 7  
Impinger XFS j 

/ I 

72 I 

7 3  

72 

6 f I 1 72 

brobe ' 8 2 1  7, 1 AT 1 1  73 

c/k - 
LL 
gd 

7% I 

72 
,/g 

72 1 

DB X I 
Box aY1 1 
BOX #2 1 

GY i I 72 

7;;1 - i 
i 
I 

72 I 
i 

7a t I 

7 2  
- 

I 

- 
72 
72 

7.2 I 
73 

73 

6r 1 1  7a 

- 
70 
7a 

Probe ' #1 
Probe ' t 2  

GY 
df'- 

F 

d 

G-K 
C g  
6f 
+ 
L 

d 

72 
1 723 I 7 2  f 

I 

- - 
7 

73 
7 3  
-.I-- - 
w 

Box 83 11 70 

Box #4 I1 - 

d 1 1  - I ! 

BOX #S 

Box #6 

biB h e g a  873 

DB Omega 873 1 
\v'B Omega # 

DB Omega # 

Probe ' 11 ( 

I - I 1 1  - : I 

+ 
+ 

7/ 

7/ 

7/ 

7/ 
7/ 

67 I !  7/ 

- I 

I 
€2' 

I - ! I i 

A 
7.2 

'4s r~ 
6 7  

1 71 
73 



we* rcccmsf~ir 
U C  STAKSAMPU CALIBRATION SiIEET 

t!eter Box Serial Number: 1965 Barometric Pressure (Pbl:  29.040 
Leak Check @ 5.0 in. HtO: OK Date: 12-25-89 Calibrated by: JAB 
Pup:  OK Pump Oil: OK Clean Quick Connects: OK 
Hanometers: OK Dry Test Kete: OK Ihemomete~3: OK 
Lights: OK Electrical Check: OK Variac: OR 
Vacuum Gauge: OK Leak Check @ 27" Hg.: <0.001 CFM 

' . 
Man. Orifice CFm CFd 1- ITd OT* Id a-s. Tine t 

0 .5 5 5.35 65.2 104.5 90.0 97.25 12.80 
1.0 5 5.38 63.2 110.0 92.0 101.00 9.28 
1.5 10 10.79 65.2 115.0 96.0 106.00 15.24 
2.0 10 10.80 65.5 118.0 96.5 107.25 13.35 
3.0 10 10.76 65.5 121.0 99.0 110.00 11.10 
4.0 10 10.77 65.6 122.5 100.5 111.50 9.68 

Calculate Y and -I?, as foiloug: 

bower Delta H 0.5 in. $O 

kmeter Delta H 1.0 in. !&(I 

lameter Wta B 2.0 in. BsO 

mta Delta B 3.0 in. IkO 

lammiter Delta H 4.0 in. H.J 



W E  S PITOT INSPECTION DATA FORM 
Date: 05-02-90 
By: WQE 

Specifications: 
1. ) Pitot tube assembly must be  level.  
2 . )  If p i to t  tube is damaged explain under comments section. 
3 . )  z = A sin Y ( (0 .125)  and u = A s i n  8 (<0.03125) 
I .) a (10' and B (So 

I.D. aro azo Bx0 BaO Yo 8- A ,  i n .  2,  in .  u, in. Pa, in .  P m ,  i n .  Dc, i n .  

Comments : Only minor f i l i n g  and cleaning required. 

P i t o t  tubes requiring furthering calibration: None. 



Standard ?ltot Tube Calibration 

Serial 160 - 18 - 1 

0.248" 
18.188" 

Diameter 
0.315" Dizmeter 

I 
static 

Pressure Irn?icz (TO tall 
4.953" .. . Pressure 

I 
8 - 0.034" f tatic i d e s  

Eqitally Spaced 

f 
0.125" m t e r  

Eqact Hole 

Hemispherical Tip 

8.53 Maaeters 

13.76 Diuneters 

0.034" 

90 - c*zrved b a d  



" 'laboratories. I ~ C .  
PROBE THERMOCOUPLE 

TEMP"ITURE SENSOR CALIEEUTION DATA FORM 
TOLERANCE: ++/ 5.4 F 

DATE: 06/05/90 . BAROMETRIC PRESSUP&: 29.18 
AMBIENT TEMPEUTURE, F : 74 

' . REFERENCE m R M O ~  # 5 
CALIBRATOR : WQB .............................................................. 

REFEBENCE T H E ~ O C O U P U  
REFERENCE THERMOMETER WTENTIOHESEB TEMPERATURE 

WIN1 # SCUKCE TEMPEBANRE,F TPIPERATUBE,F DIFFERENCE, X -------------_-------------------------------------.------------ 
Probe - # 
4'-1 A. 

8. 
C. 

' - 2  A. 
B. 
C. 

5'-1 A. 
8. 
C. 

5'-2 A. 
B. 
C. 

6'-1 A. 
8. 
C. 

6'-2 A. 
B. 
C. 

8'4 A. 
8. 
%. 

8'02 A. 
B. 
C. 

8'-3 A. 
8. 
C. 

a*-9" A. 
B. - 
C. 

9'-7" A. 
B. 
C. 

12'4' A. 
B. 
C. 

oil bath 
oil bath 
oil bath 
oil bath 
oil t#th 
oil bath 
oil bath 

.Qilhth 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
ail 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 bath 
oil bath 
oil bath 
ail- 
oil bath 
oil bath 
oil bath 

110 
204 
350 
llo 
204 
350 
lls 
208 
350 
ll6 
209 
351 
118 
210 
31 
ll8 
210 
3 9  
119 
214 
3s2 
ll9 
2lS 
352 
119 
2l6 
32 
l24 
217 
352 
124 
229 
352 
124 
149 
352 

110 
205 
W 
llo 
204 
351 
110 
202 
3s3 
ll3 
208 
352 
1s 
211 
353 
115 
W 
353 
ll4 
210 
3 9  
ll8 
Y 
3 3  
116 
216 
3U 
l 2 l  
a6 
354 
iZO 
23l 
W 
323 
249 
353 

---------------------------------------------------------- 
TEMPERATURE (REF TEMP, F + 460) - (TEST TEMP, F + 460) 
D I F F r m a  = -------------------------------------- X 100 <i 1.SX 

. R E F T E M P ' F + # O  



IMPINGER 
TEMPE?.ATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5.4 F 

DATE : 06/OS/90 BAROMETRIC PRESsllBE: 29.18 
AMBIENT TEMPERATURE, F . : 74 REc-ERENCE THERMOMETER # S 
CALIBRATOR: WQE/TEW . 
-UI---.l----------------------.-------.--------------------- 

REFERENCE ~ R M O C O U P L E  
REFERENCE TrtERMOMETEB POTENTIOMETER TEMPERATURE 

PoINT # SOUR= TEMPERATURE,F TEMPERATORE ,F DIFFERENCE, 'I. 

ice bath 
wter bath 
wter bath 
water bath 
ice bath 
water bath 

'.uW bath 
water bath 
ice bath 
wter bath 
warn bath 
water bath 
ice bath 
later bath 
water bath 
tiater bath 
ice bath 
water bath 
later bath 
l a m  bath 
ice bath 
Yam bath 
water bath 
mter bath 

36 
76 
lls 
106 
37 
76 
115 
106 
38 
78 
1s 
108 
3s 
76 
l l b  
105 
36 
n 
lls 
106 
36 
n 
lls 
106 

--------------------------------.----.-.------------------ 
TEMPERATURE (REF TEMP, F + 460) - (TEST TEMP, F + 460) 
DIFFERENCE t --------------------.------------------ X 100 <= 1.52 

REF TEMP, F + 460 



METER BOX 
TEMPEU'NRE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5 . 4  F 

. DATE : 06/05/90 BARCMETaIC PRESSURE : 29.18 
AMBIENT TEMFFI3ATURE, F : 76 aEFwERENCE THERMOMETER # S 
CALIBRATOR: WOB/TEW ------------------------------------------------------------ 

REFERENCE 'rlmMOCOUKE 
REFERENCE THERMOMETER POTENTIOMRER TEMPERATURE 
MINT # SCURCE TEMPERATURE,F TEMPERATURE,F DIFFZRENCE, X 

---------------------------------------.---------------------------- 

llcterbx 
W A. ice bath 3s 36 -.20 

B. water bath 70 69 0.19 
C. o i l  bath 122 120 0.24 
D. o i l  bath 170 169 0.16 

12648 A. ice bath 35 36 -.a 
0. . .wter bath 70 70 0.00 
C. b'ir bath I23 124 -.I7 
D. o i l  bath 171 172 -.I6 

134U A. ice bath 35 34 0.20 
0. mter bath 70 70 0.00 
C. o i l  b a W  125 127 0.3 
0. oil bath l n  171 0 h  

l343a A. ice bath 35 36 -.a 
0. water batb 70 70 0.00 
C. o i l  bath l26 l2a -.U 
0. oil bath 171 170 0.16 

110lA A. ice bath 3S 36 0.20 
0. mtw bath 70 70 0.00 
C. oil bath lZ8 128 0.00 
D. oil bath 172 173 0.16 

140s A. ics bath 35 34 4.20 
B. tram btth 70 n -3 
C. oil bath 119 l3l 0.34 
D. ail bath 172 172 0.00 

1963 A. ice both 35 34 , 0.20 
0. uatm bath 7o 69 0.19 
C. oil both 33(1 W1 0.00 
D. o i l  bath 172 174 -.31 

1965% A. ice both 35 3S 0.00 
0. mter bath 70 70 0.00 
C, o i l  bath W 136 0.3 
D. o i l  bath 172 173 -.I6 

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

R E F ' I E M P , F + # O  



sAMPr2 BOX 
T3.CEZ2ANRE SmSOR CALIBRATION DATA FOBM 

TOLE?MCE: +/- 5.6 F 

DATE: 06/08/90 BAROMETXI C PREf FJBT : 29.18 
AMEIm 'IEMP4?ATJP.E, F : 72 EtE--CE IXEWMETEB 3 5 
CALIBRATOR : E J  
c.------------------------------------------n- 

Rl;mENC% mEZMCc01JPLE 
=EaENC% 'rmwmm W T E N T I O ~  mP41tAm 

WINT $ SOURCE TZNEBARJE,F  TDJtPUIURE, F DI-CE, ': 
------n--_-----.------.-----n-------------- 

W P  BQX 
#l A. oil bath lS2 152 0. W 

0. oil bath 200 195 0.76 
C. oil bath 220 2m 0.00 
D. ...&bath 264 255 0.69 
R oil bath 280 276 0.54 

t2 A. oil bath 152 IS2 0.00 
0. oil bath 200 l% 8.76 
C. oil bath 220 220 0.00 
0. oil bath 160 2Sf 0.63 
E. oil bath 280 276 0.51 

13 A. o i l  bath 152 ls2 0.00 
0. oil bath 100 200 0. W 
C. oil bath 220 22s -.7b 
D. oil bath . 262 2661 0.28 
E oil bath a0 280 0.00 

# A. oil bath l52 la 0. W 
B. oil bath 200 2W) - 0.08 
C. o i l  bath Z2. ZS -.a 
D. oil bath Z2 260 0 2  
H. oil bath 180 280 d. W 

4 A oil bat& Is2 lS2 0.00 
1. oil bath 30 200 0.40 
C. oilbtth 213 225 . -.# 
0. oil bath 265 365 -.lb 
t oil baa la 280 0.27 

t6 A. oil bath lS1 IS2 8.00 
B. oil bath 1WI 195 0.m 
C. oil bath 222 220 0.29 
D. oil bath 264 260 0.55 
0. oil bath 282 27l 0.67 

-----------------------------------c--n---------------------- 

TEMPLUTURE ( itEf TEMP, F + 460) - (TEST TEMP, P + 460) 
D I F F m C E  = -------------~------c--------c-~------ x 100 <= 1-52 

RE3 TEMP, F + L60 



WET-EULB & DRY-BULB: OMEGA TZMP 
TLlF53ATURE SEHSOR CALIBEMION DATA FORM 

TOLERANCE: +/- 5 . 4  F 

DATE : 06/08/90 
AMBIENT m f ? A i U R E ,  F : 72 

. BAROMETRIC PRESSURE : 29.18 
BEFEiiENCE THERMOm # 5 

CALIBRATOR: TEW 
_-_---------------------n---- --------.I- 

RLVERENCE IERMaCOUKE 
REFaWCE ~ M E I E R  POTENTSOHETER TEMPERATURE 
POINT $ SOURCE TEMPERA'NBE,F TEMPERATURE,F DIFFERENCE, X 
-I----_----------------------- ---_--------------------- 
Opg TespiE-2 f1 

Dbl A. later bath 7s 76 -.19 
8. oil bath l50 lSl -.16 

oil bath 228 23 -.U C. 
D. oil bath 286 286 0.00 

Ubl A. wter bath 7s A 0.00 
lS1 -.16 oil bath l50 8. 

C. . oil bath 228 229 -3 
D. bath 286 285 0.u 

~ T e s p 0 a - 2 # 2  
Db2 A. mtes bath 

8. oil bath 
C. oil bath 
0. oilbat& 

Rb2 A. mter bath 
0. oil bath 
C. oil bath 
D. oil bath 

1- 873-F 11 
Dbl A- mtrr bath 

0. oilboth 
C. oil bath 
D. oil bath 

ubl A. water bath 
0. oil bath 
C. oil b3th 
D. oil bath 

-1erp8kOi? 
Db2 A. mter bath 76 

B. oil bath 150 
C. oil bath 222 
D. oil bath 286 

Mb2 A- wter bath 76 
0. oil bath 150 
C. oil bath a2 
D. ' oil bath 286 

- _ - _ _ _ - _ _ - _ - ~ - _ - - - - - - U I - - - - - - n - ~ - - - - - - - - ~ -  

TEMPERATURE (RE? TEMP, F + 460) - (TEST TEMP, F + 460) 
DIFFL- = -----_---------------------I------------ X 100 C =  1.5: 

DFP ~ W U  F I f in  



WET EULS-DRY BUL3-NOx & HOT BOX: BIMETUIC 
TZ:!FS?ATUP! SZNSOR CALIBRATION DATA FORM 

TOLEWCE: +/- 5.4 F 

DATE: 06/25/90 BAROMETRIC PRLC-W: 29.19 
AMBXEHT TEMF53AiUEiE, F : 72 REFZmCE 'MEi lMOm # 5 
CALIBRATOR: T 3  
------------------------------------------___~---u_--- 

REFEE!ENCE THEilMOCOUPLE 
BEFEEiENCE THEWMETER POTENTIOMETER TEMPmTURE 
POINT ri SOURCE TEMPERATURE,F TEMPSRATURE,F DIFFECRENCE, % -------------_--------------------------------------------------- 
0iaetallic 
Vbl A. w t u  bath 72 72 0.00 

0. 02 bath 18s 104 0.16 
C. oil bath 25 k3 0.00 
D. oil bath 264 264 0.00 
P. oil bath 282 281 0.13 

Dbl A. I= bath 72 71 0.19 
0. "b.. ~ i l  bath 18s 185 0.00 
C. oil bath 225 22b 0.15 
D. oil bath 264 263 0.14 
1. oil bath 282 285 -.40 

~ib2  A. water bath 72 n 0.00 
0. oil bath 18s 184 0.16 
C. oil bath Z6 220 -3 
D. oil bath 266 265 0.14 
3. oil bath 284 282 0.27 

Db2 A. mrer bath 72 70 0 . 3  
0. oil bath 185 l06 -.16 
C. oil bath 225 230 0.58 
D. oil bath 266 268 0.28 
I- oil bath 2a4 285 -.U 

lslh A. mter bath n n 0.00 
8. oil bath #1 91 . -.la 
C. oil bath 105 105 0.00 
D. oil bath llS l l6 - 0.17 
I. oil bafh l25 lZS 0.00 

. EutBorA. latzr bath 72 70 0 . 3  
B, oil bath . 185 18k 0.16 
%. oil bath '. 225 225 0.00 
D. oil bath 264 265 -.I4 
1. oil bath 181 2a 0.00 

---------.--------_------------------------------------------- 
TEMPmNRE (RE? TEMP, F + 460) - (TEST TEMP, F+460) 
DIFFERENCE = --------------------------------------.- X 100 <r 1-57. 

ncF vmn v . /.en 



CORNING 

November 18, 1986 

Sam8 ProQlcts 
C4mag Glort works 
Corrpng. New Yo* 14831 USA 
ta sa7-97esooo 

Mr. Paul Jenkins 
Environmental Testinq Inc. 
1700 University Commercial Place 
Charlotte, NC 28213 

Dear Mr. ~ank'ihr : I 

Con f irminq our telephone conversation, our volumetric apparatus 
is calibrated in contormance with A S M  Standard E 542. 

I 

Very truly yours, A 

- 
Allen' R. Fuller 
Pro&ct Enqineering Supervisor 



4 m a t m a n  ~ n c ,  
I ~hrrmur Inc 9 eridw.~~ ~tace.  ift tart, NW j - 8 ~  07014. 7- (201) 777432s 

fw. Paul R. Jenkins, Jr. 
vice-&sided 
E a w i r o ~ u l  Testing fnc. 
1700 lW~8rsfty Copnnercid. Kace 
CtmrLotte, Mort!! Carolina 2 8 a 3  

Further to our telephone conversation on January 15, l979 RMtn Angel Grade 
9QOAP is tested witb a ~ l 2 t  DOP Penatramtar rmnifactrrtd by a e  A i r  T-loqy 
Association to measure DOP. This  is a Plore sophisticated unit than a t  
Ustod in the F d e r a l  Register, P a r t  X I ,  mursday, August 18, 1977, 01vFmn- 
mental ProtaCtion' Agency, Standards of Parformaace for New Stat ionW SourCm- 

Grade OOOU w i l l  meet the &PA OOP requiresmnts of 0.0s j percurt penetra- 
on a 0.3 micron dioctyX pht!!ate smoke -particles as l is ted on page 41778 
of tlu FIOcral Ragistar, Vo1, 42, blo- 160, Thursday, august 18, 1977 lndu ). 
RhaQ-tr 3oL1 Pil t -S-  

X hog. thlj W ~ U .  -tire y o u  inqoiry. IF w can b. of ,my f e u  ~ d c e r  
pleas8 coatact us at your conveaieace, 

Vice Pzesidant 
Business Uanager, Paper ~ivisioa, He A- 



Welght Traceability 
Certificate 

The balances Usted below have been serviced by.our representottve on 
.TAU ~ Y + " Y Y P P  

Thfs is to carttfy that the test weigh used are tmceable to the National 
~uredu of Standards 

Analytical Precision 

METTLER We~cafion number of test weighls &. ?C/T 
EfTLER caibtatton date of test weights wed: 
Notional Bureau af Standards test number: 

Model and srlal numbw of balances semlced: 

Memer Instrument Corporation Box 7l Hlghtttown, NJ 08520 (609) 448-3000 Telex MICO 7607376 



@@A 
GCA 

~ h - a  Testinq 
1700. Ubivert i ty -cidl P h c e  
Charlotte, N.C. 28213 

A m :  Mc. Paul Jenkins 

subj : mtic3.b wet ~ e s t  atsr 

GCACCRWRATlON 
Pmition Scientific Group 

B lieu of any printed d i c a t i t i c n  front our p-maany, we o f f a  as f o m  
our statemnt on the ref- subject. 

"a, m. et;ilaa - 63123, has 
tested at our plant facilities w, a 
Bottle ElBS registraticn No. 4897. The mtez was 
f u n a r n p 3 o r m t o o u r ~ a d ~ c a t i o n S  
o f p l , , n a n u r l / 2 % ~ L r L L a r r a f e a n d c o r r  
fom to speejficatbns of ASlM 0-1071." 

s-r, - Service 



WALTER - H. KESSLER COMPANY, INC. i- 

ONE-SIXTY H ISUS S T R I X T  W S S T U U R Y ,  LONO ISLAND, p4.w y0.K .la 1DOEWOOD 

This u m red$ &at the instrument listed below has been tested in our tempenme al i raaon laboratory 
in accordance with the latest pmcedurrr in the finest constant tempenam quipcat avdabb* against 
National Bureau of Standards certified master standards. 

Crtlfid for. Fisher Sc i en t i f i c  Comeany 

Description: 
Thannometer (15-041D -1/201°C i n  0.2. Div T o t a l  rpsnersion 

1nstnrm.clt krial No. 
811 007 D,,,. ~ ~ f ~ d :  Jam 30, 1981 

20. OOC 

120 I OOC ".. . 

140.00C - 

I 1 L - The tabulated reading apply provided the ice-point reading taken after exposure for not less ch.. 3 ' 
days to a temperature of abortt U' C (77. R is +0 0 2 ~  . If the ice-point reading b bund to be 
higher (or lowerl than stated. all other ndingr will be higher (or lowerl by rha rrmc amount. .. 

Serial & Test numbers of National Bureau of Standards certified instruments referenced in certification 
of the thermometer listed above: 

NBS Standard ~ 4 4 1 6 5 ,  _ . -  7 ~ - 2 2 7 r ~ 4 4 4 5 1 r 7 8 ~ - 2 2 ~ r 7 ~ 6 0 1 / 6 ~ 2  

NBS Test N o  1762~40,219883r1762'40r 219883,219606 

H. KtfSUR COMPANY'. 1NC 
n n A 




