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INTRODUCTION 

Source sampling was performed on the dust collector stack at 

Indusmin, Inc., Spruce Pine, North Carolina to determine 

particulate emissions. Three sampling runs were made on 

January 4, 1990 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 

Environment, Health, and Natural Resources (N.C. DEHNR) 

recommendations. 

The following sections of the report detail 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 0.0015 

grains per dry standard cubic foot and the mean particulate 

emission rate was 0.154 pounds per hour. 

. .  
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TABLE 1 

SUMMARY OF RESULTS, PARTICULATE SAMPLING 

Run Number 

Date 

1 2 3 

01/04/90 01/04/90 01/04/90 

5: Isokinetic 94.45 95.66 97.74 

Volume of Gas Sampled 43.945 45.849 45.242 
SCF Dry 

Stack Gas Flow Rate, 12161.4 12429.0 12292.9 
SCFM * Dry 

Stack Gas Flow Rate, 131%. 0 13617.6 13246.3 
ACEM 

Particulate: 

Catch, mgrams 5.60 3.84 3.33 

Concentration, grains/ 0.0020 0.0013 0.0011 

Emission Rate, lbs/hr 0.205 0.137 0.119 

SCE a Dry 

'69-E, 29.92 in. Hg 
'*Nozzle, probe, filter 
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PROCESS DESCRIPTION AND OPERATION 

The Micropulsair 8-289 baghouse dust collector at Indusmin 

Inc., Spruce Pine, N.C., collects dust produced from a 

bucket elevator and magnetic separator used in the 

production and processing of feldspar. The baghouse dust 

collector has 289 eight foot long bags with a total filter 

area of 2722 square feet . 

The emissions from the rare earth magnetic separator and 

bucket elevator pass though a baghouse collector, I . D .  fan, 

and to the atmosphere. 
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LOCATION OF SAMPLING 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 2.5 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 .  DEHNR. 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, 

Nu. 131, 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 ' 

Sumary of Method 5 Particulate Results 

Indusnin Incorporated Spruce Pine N.C. Dust Collector Stack PB289 

Run Number 1 2 3 

Date 1/ 4/90 1/ 4/90 l/ 4/90 

DN Sample nozzle dia., in. 0.252 0.253 0.250 

TT . Net time .of test 60 60 60 

PB Barometric pressure, in. Hg. 26.92 26.92 26.92 

Fn Average orifice pressure 2.380 2.516 2.406 
drop, in. H20 

vn Volume of dry gas sampled, 48.74 51.37 50.49 
cu. ft: at meter conditions 

TH Average gas meter temp. 70.10 75.71 73.44 
in degrees F. 

W T D  Volume of dry gas sampled 43.945 45.849 45.242 
at standard conditions', SCF 

v u  Total uater collected in 16.4 22.6 17.8 
impingers + silica gel, ML. 

W . Volume of uater vapor at 0.772 1.064 0.838 
.standard 'conditions', SCF 

PMI Percent moisture by volume 1.727 . 2.269 1.819 

HD Mole fraction dry gas 0.9027 0.9773 0.9818 

pco2 .Percent C02 by volume. dry 0.00 0.00 0.00 

Po2 Percent 02 by volume, dry 20.90 20.90 20.90 

pco Percent CO by volume, dry. 0.00 . 0.00 0.00 
. .  

PN2 Percent N2 by volume, dry .79.10 79.10 79.10 

MUD Molecular ueight-dry stack' gas 28.836 28.836 28.836 

PIW Molecular ueight-stack gas 28.649 28.590 28.639 

CP Pitot tube coefficient 0.84 0.84 0.84 

DPS Average velocity head of 0.6937 0.7156 0.7009 
stack gas, inches uater 

TS Average stack temperature. F 43.25 48.04 41.96 



PSI 

PS 

vs 
As 

QS 

QSU 

QA 

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 flou rate, dry, 
standard conditions, DSCFM 

Stack flou rate, wet, 
standard conditions, WSCFM 

Actual stack flow rate, ACFM 

Percent isokinetic 

Particulate, ng.. front 

Particulate, GR/DSCF front 

Particulate, GR/WSCF front 

Particulate, GR/ACF front 

Particulate, LB/HR front 

Net sampling points 

-0.023 

26.897 

2415.5 

i79.3 

12161.4 

12375.2 

13126.0 

94.45 

5.60 

0.0020 

0.0020 

0.0018 

0.205 

24 

-0.023 

26.897 

2506.0 

779.3 

12429.0 

12717.5 

13617.6 

95.66 

3.84 

0.0013 

0.0013 

0.0012 

0.137 

24 

-0.026 

12520.7 

13246.3 

97.74 

3.33 

0.0011 

0.0012 

0.0011 

0.119 

24 

*68 Degrees F. 29.92 Inches Hg. 



Method 5 Particulate Calculations Test Number 3 

Indusmin Incorporated Spruce Pine N.C. Dust Collector Stack #B289 

Volume of Dry Gas Sampled at Standard Conditions 
17.64 * W * (PB t PM / 13.6) 

43.945 M T D  = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = 
TM t 460 

Volume of Water Vapor at Standard Conditions 
VMV = 0.04709 * VW = 0.772 

Percent Moisture in Stack Gas 

ppN = ------_---_____ = 
100 * VMV 

WSTD t VMV 

Mole Fraction of Dry Gas 
100 - PPN 

100 
MD = -__________ = 

1.727 

0.9827 

Average Molecular Weight of Dry Stack.Gas 
MWD = 0.44 * PCO2 t 0.32 * PO2 t 0.28 * (PN2tpCO) = 28.836 

Molecular Weight of Stack Gas 
MU = MWD * MD t18 * (1-HD) = 28.649 

Stack Gas Velocity at Stack Conditions 
VS = 5129.4 * CP * DPS * SQRT(TS t 460)/(PS * MU) = 

Stack Gas Volumetric Flow at Standard Conditions, Dry 

2415.5 

0.123 * VS * AS * PS * HD 
12161.4 QS = . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = 

TS t 460 

Stack Gas Volumetric Flow at Stack Conditions 
OS * (TS t 460) 

QA = . . . . . . . . . . . . . . . . . . . .  = 
17.64 * PS * HD 

13126.0 

Percent Isokinetic 

PER1 = ________________________________ = 94.45 
1039 * (TS t 460) * W T D  

VS * TT * PS * MD * DN * DN 



Particulate Loading -- Probe, Cyclone, Filter 
( At Standard Conditions ) 
CAN = 0.0154 * Fl4F / WSTD = 

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

0.0020 

17.64 * CAN * PS * IID 
0.0018 CAT = -____________________________ = 

TS + 460 

Particulate Lb/Hr -- probe, Cyclone, Filter 
( At Standard Conditions 1 
CAW = 0.00857 * CAN * QS = 0.205 





T R A V E R S E  POINT LOCATION F O R  C I R C U L A R  DUCTS 

Inside o'f far wall to outside 
o f  nipple (1) 3 t . s ' '  
Inside o f  near w a l l  t o  outside o f  

Stack I.D. O - Y ) ~  
Nearest upstream disturbance ln .L/q dd 

Nearest downstream disturbance 3 11 dd 
Calculated by 7 A 1 3  

nipple (nipple length) (1) 5" - 

T 276" 

f 
il_ 
\ 

,CHLY.ITlC OF SAMPLING LOCATION 

I 



METHOD 2 GAS VELOCITY AND CYCLONIC FLOW DETERHINATIOA 

Plant and C i t y  & I ) u ~ . I c  l*c 5 , 9 r ~ C  C?UC ,+it. Run Date 14 190 

Sampling Location ~ o I l - t c L  CVa+ck 574k Clock Time * %q3 
Run Number - 1 Operator sire /IPG* hub. Temp., O F  33' 

Bar. Press., i n .  Hg 

Stack Press . ,  i n .  Hg 2 6  547 

Stack Dimension, in.  - Dim. o r  a ide  1 3 (,G" side 2 - 
P i t o t  Tube (C,) 0.94 P i t o t  Tube Leak Check <0.1 @ g 7  i n .  H20 

ab .4t S t a t i c  Press., i n .  H20- 0 3~ 

S t a t i c  P r e s s . ,  i n .  H g - U . d L 3  

1 7 5  l a *  

F i e l d  d a u  I 

1 1 1 1 I I I I 1 
I I I I I I I 
I I I I I I I I t 

I I I I I I I 1 I I 

. Average angle (a)' 5 . 4 %  

Average of (a) must be < 10 degrees to be acceptable. 

EOMAGBAPH DATA 
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HETHOD 3 - ORSAT AND DRY MOLECULAR WEIGHT DETERMINATION 

. .  

Plant 'r*jdu+*? ~ d c  S p w e  ?:de d.c. Sample Location ec//erCor /FA-%+ S T ~ ~ I -  

Sample Type - Continuous Pump Leakfree @ 10" ? - 
Oxygen Check 20.9% * 0.1% e Fuel Type IVA 

Orsat Leak Check @ 4 min.: Pipet Levels - Leakfree ? 

J 

. 
Buret 14.4 - 14.9 5 < 0 . 2  ml ? L - -  

R u n  No. Sample Date J /U/Yo Ambient Temp. O F  5 '5  

20.9-%01 

%CG 
F.- = Vk 

Run No. L Sample Date / h / Q G  Ambient Temp. O F  y b  
Sampling Time ( 2 4  - hr clock) /ocq -1157 Analysis By T;35 

T o t a l  24 @6 

Run No. Sample Date / / ' f h o  Ambient Temp. O F  4 7  

20.9-%01 

%C(x 
P. - = NP 

Sampling Time ( 2 4  - hr clock) l20Y.1300 Analysis ,By ra 

worn --- ~ r.ccc-,.,?o 
v/- w -.....--..1 l.m3.,.,)0 
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METHOD 5 SAMPLE RECOVERY AND INTEGRITY SHEET 

Plant Tdd& CNC 3p-e P.WE n)C Recovered By I P4F.I 
Sample Location t d tdw  c-+Curr ~C;IK(L Recovery Date o i / ~ J 1 9 u  

tf 8 &art 
Run Number 1 

.* -+G- Sample Date I / Y m  
Sample Box Number ‘ I  z 3 
Probe Number t z 3 
Filter Number @< Wb 01 

MOISTURE BECOVEBY 

Impingers Cont. Number -j- -1 T - 1  1- ?. 
Description o f  Water P I e u /  f l e w <  cl e d  
Liquid Level Marked / w / 
Final Volume (wt.), m l  z o t  1 5 9  Z O  5 
Initial Volume (wt.), m l  7 0 5  20= LUJ 

Net Volume (wt.), ml (8) 5 v.0 E o  

Silica Gel Cont. Number 7- I 2 -a 1-3 

Final Weight, g a 1 2 . +  213 G %ll-Q 
Initial Weight, g z -rf Z O Y  a+=. 

Net Weight, g LL4 l 3 , b  11. a 

Silica Gel % Spent r5 7- J 8% 2 7 %  

Total Moisture, g Ib Y za.6 12.Q 

PARTICULATE RECOVERY 

Filter Cont. Number 2-1 
Particulate Description bene Vi>;bl& 
Filter Cont. Sealed J 
Final Weight, mg 5 3 3 . Y 7  
Final Weight Audit, mg 5 o S . 4 b  
Initial Weight, mg s O l . 9 7  
Initial Weight Audit, mg 501.96 
Filter Catch, mg I . < o  

Probe Rinse Cont. Number a - t  
Liquid Level Marked J 
Final Weight, mg 9 8  0 7 b . %  
Final Weight Audit, mg -7 6 , o l e . r  
Initial Weight, mg 9f, 173. 3 
Initial Weight Audit, mg 9P 67/* 8 
Less Acetone Blank, mg - 

Total Particulate, mg 5 bo 

Acetone Blank Number PI 
Final Weight, mg ) O ’ f , 1 4 6  ? 
Final Weight Audit, mg { O V ,  I q g  I 
Initial Weight, mg 1 5 4 ,  1 * 4  * 
Acetone Residue, mg - 0  ~ 

Acetone Volume, m l  I ro 
Concentration, mglmg c .~ y / a +  

e -  
Acetone Rinse Catch, mg 4 , r  

Initial Weight Audit, mg , J -I, i i d  9 



APPENDIX c 

PROCESS DATA 



APPENDIX D 

TEST PARTICIPANTS 

Richard B. McCain, I11 Air Sampling Manager 
Environmental Testing, Inc. 

3. Anthony Blanton BiQlogist 
Environmental Testing, Inc.. 
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SAMPLING AND ANALYTICAL PROCEDURES 
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erroneowly h&h iullunc =Id m M m s u -  
umncnu. a tmt fa p r m l d r  m hoprc- 
m o l  haa ban lneluded In the method. 

4 n e  &vwummc technique lor mol.- 
turn convnl  imther than volwnctrlrl 
hss k n  rpcclnrd b e c ~ u v  n mlxture 01 
I s o p r ~ ~ y I  alcohnl and (.&Lei sill have a 
volume lrsc than the sum of thr volllrncs 
of I l s  conlent. 

5 A clmcr c n r r i ' q x x ? ~ r i . r ~  has b w n  
made between ~ ~ r n i l n r  ?art\  of M r l h n l s  
8 and S 

M!vrL!.*rdmi.C 
Several u)mmenlcrs qilr~linned the 

mCMlnR 0I the tpnn "SUblC< t In the 3p- 
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to us(ng allernale tcst methods and Dro- 
cedures. A? dennrd ~n 160 2 of subpart 
A. Lhc "Admlnl6tmloP Includes an7 au- 
Lhorlzed rcprescnlatlve of the Adrnlnls- 
tralor of the Environmental ProtectIan 
Asencp. AuthoNed mresentatlves are 
EPA o m c ~ d s  ~n EPA -tonal omen or 
Slate. local. and rnplonal EWC~NUC.II~~ 
omclals who have bem dPle(latA the re- 
smn~Ib l I I ty  of d o r c l n g  m l a t i o m  un- 
der 40 CFR 60 T h e  omclals In ronsulta- 
Uon wlth other s t a  memben famlllnr 
with tcchlllcal MwrLP of source testma 
rlll rcndcr declsinns rrmrrl:nR wcc;)t- 
able allcrnale w-t ~ m c - d u - c  

In wr#)r??ci.i u:x, .-%or. I l l  01 the '.-: v:t.l r ~ ! I m .  of thrrr methods was 
rruWed by COMUlInUOn R l t h  aPDIDprl- 
ala ulvlsory COMILItm. I n d e n d e n t  
exprtd. and Federal dcpBnmen(S a d  

2 I. w r)* - ,.L I,' 
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- Federal Register / Vol. 48. No. 191 / Friday. September 30. 1983 / Rules and Regulations 45035 

Dated September22 1883. 
William D. Ruck+l.h.u& 
Adrnmirmlor. 
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amended  by revising hfelhod 1 as 
follows: 

Z By adding Citations 7 through 12 lo 
Seclion 3 (Bibliography] as foliows: 

. . . . .  

. 
OUCT DIAMETERS DOWNSTREAM FROM FL0.Y DISTURBANCE IDISTANCE 8) 

Fqure 1-1. Minimum n u m k  of t r ~ v i n i  points for pmticulate vwn- 

D U C ~ D I M E T E R S  UPSTREAK. FROM FLOW DISTURBANCE IOISTANCE AI 

0.1 1.0 1.6 2 .o 2.S 

so, I I 1 I I I I I 

STACN DIAMETER -0.30 100.61 rn 113;14 1-1 

I I I I I I I 
10 0 

2 1 4 1 b 7 a 9 

DUCT DIAMETERS OOWNSTRE~AM FROM FCOW D I S T U R B A N C E  (OISTANCE 81 

Figure 1.2. h!inimum number of I I ~ V C I Y  points for vclocily tnonpanicu!alel ~IIYLII~S. 

Method 1. Sample bnd Velocily Traverser for 
Slationary So3nes . '. . . . .  ..  

3.' - 
7, Hanson. HA. R.1. Davizi. 1.K Morgnh 

end A.A. Iveram. Pmiculate Sampling 
Strateaiea lor Lase Power Pian- Including 
Nonuniform Flow. U.S. hri:onmental 
h t e c t i o n  Agency. ReseaKhTnangle P e r t  
N.C Publicallon No. EPA403/2-76-170. June 
1978.350 p. 

8. Brookr. EF.. and R.L Williamr. Flow and 
Gas Sampling Manual. U.S. E v i r o n n e r d  
Fmtection Agency. Research Thang!e Park 
N.C. Fvblicatiot No. EF'Ab(k7/2-7&203. July 
1976.93, P. 

Point Sludy. EPA Conbact So. -33172 
June 1977.19 p. 

10. Brown. I. and K. Yu. Test Report 
Particulate Sampling Sbalrg~..in Circular 
Ducts. Emiaaion Measuremen! Branch. 
Emission Standards and Engineering 
Division. US. Emimnmentai~Pmtection 
Aaency. ReaearchTriangie Park N.C 2 i i i l .  
July 3i. 1980. I2 p. 

BleckctL Measuremcnl of Solids in Flue 
Cases. Leatherhead. England. m e  British 
Coal UtiUsation Research Association. 1961. 
p. 129-133. 

12. Knapp. ICT. T h e  Number of SarnpLng 
Poinu Keeded fcr Re9resenlative Source 
Semp!inp. In: Roceedinps o! &e Founh 
Katiunal Conference on €k:e.-j? end the 
EnvimnmenL Theodore. L. er el. led.]. 
Da>Iun Dayton Section o i  the Amerrcan 
lns:itute of Chemical W i n c e n .  Oclater ~ 7 ,  
1876. p. 5- 

lStcs.111.114. and 3m[4 of the clean fi 
Act as amended (42 U.S.C 7 a ; ,  7414, snd 
7Mniallf 
Inr Dx -7 F P d  e-. n,, .m, 

9, Entropy Environmentalisla. lnc. Traverse 

11.Hawkaley. P.G.W.. S. RaZzioch. and J.H. 
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RULW AND REOUUT!ONS 

OUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE IOISTANCE A )  
c 

0.5 1.0 1.5 2.0 2.5 
I I I I I 

f 
A 

-1 
1 

I F! 
DISTURBANCE 

1 I I 1 I I I 

2 3 4 5 6 7 0 9 
0 

* 
DUCT OIAMETERS DOWNSTREAM FROM FLOW DISTUABANCE (DISTANCE B )  

Figure 1-1. Minimum number of traverse points for particulate traverses. 

SI". 
,.,I 
I.". 

.\ l l l " l l r  n,rra l,,,, mu 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.1 
I: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.3 
I * .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
ll' ....................................... ill 
.II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s15 
."a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1.5 
: Y i  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  n.8 
42 . . . . . . . . . . . . . . . . . . . . . . .  7.b * ........ . . . . . . . . . .  7'7 
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WCT DIAMETERS UPSTREAM FROM FLOW.DISTURBANCE (DISTANCE A) 

1 .o 1.6 2.0 2.b 0.5 
I I I -  I I I I 

W 
v) a 

SITE 

I I I I I I I 
2 3 4 5 6 7 8 9 

0 

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE R) 

Figure 1:2. Minimum number of traverse points for velocity (nonparticqlate) traverses. 



41738 IULRS *10 m u n o w  

TIC.VERSE DISTANCE. 

1 1 .4  
2 .  11.7 
3 2Y.6 
4 70.6 
6 86.3 
6 96.1 

POINT X 01 diIm.1- 

Figure 1.3. Example showing circular s t r k  crus snction divided into 
12 q u a l  areas, with location of t rwerx  points indicated. 

Table 1.2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 
(Percent of stack diameter from inside wall to traverse point) - 

7rwcrs8 
Falnt  

number 

d 1 me teI 

1 
2 
3 

5 
6 
7 
E 
9 
10 
11 

13 
14 
15 
16 
I7 
18 
19 
20: 
21 
22 
23 
24 

on I 

c_ 

4I 

12l 

- 

- 
2 

14.6 
05.4 

- 

! 

- 
4 

6. 
25. 
75. 
93. 

- 
I - 

6 

4.a 

14.1 

?9.1 
10.8 
15.1 
15.1 

- 
w 
8 

3.2 
10.5 
19.4 
12.3 
67.7 
30.6 
19.5 
96.8 

- 
- 

8.2 
l . t  
2.6 
81.2 
5.8 
7.4 
5.1 
'1 . a  
7.4 

- 
12 

2.1 
6 . 1  

11.8 
1.1 

!5.0 
15.6 
i4 .4  
15.0  

12.3 
18.2 
13.3 
17.9 

- 
ntr  
11 

1 .a 
5 . 1  

9 .9  
4 . 6  

0.1 
6.9 
b .6  
3 . 4  

3.1 
9 . 9  

5 . 4  
0 .1  

4 . 1  

8 . 2  

- 
- 

n a  
1b 

1.6 
4 .1  
8.5 

12.5 

16.1 
2 2  c 
28.3 
37.5 
62.5 
11.7 
7E.C 

E 3 . 1  
01.5 

91.5 
95'. 1 
98.4 

- 
- 

ameter  

53.7 

I 

(16.8 

93.9 

a 
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A. DOTTOY VIEW; SHOWING YININUY PITOT~NOLZLE SEiARATlON. 

STATIC PRESSURE 
OPENIN6 RAIE -.-. 

YPACTPRELIURS 
orEnim PLANE 

I-. 

L SIDE VIEW: TO PREVENT PITOT TUBE 
FROY INTERFERING WITH GAS FLOW 
STREANLINES APPROACHING THE 
Y o z i i ~ .  m~ IYCACTPIIEL~~RE 
OPENING PLANE OF THE PITOT TUBE 
IitiL1-i~ E v ~ N i i m  on MOVE THE 
NOZZLE ENTRV PLANE. 

Figure 2-6. Proper pitot tube - sampling nozzle configuration to pr@eht 
aerodynamic interference; buttonhook - type nozzle: c m t a  of nozzle 
and pitot opening aligned; Dt between 0.48 and 0.95 cm (3/16 and 
3/8 in.). 
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Figurc2.7. Proper thermocouple placemenl to prevent interfereme; 
Dt between 0.48 and 0.95 em CY16 and 3/B in.). 

I 
I 

ot TYPE S PITOT TUBE 
I .  

1 I I 
I 

Y >7.62 em (3 inJ 
I 

I 
t 

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference; 
Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.). 



A m  mies NID Reouunoru 

TUBE IDEMTlFlCATlOM NUMBER: DATE: , 

CALIBRATED BV: - 
i 

-A* SIDE CALIBRATIOM 
1 

Arhl ' "*' ' 
em HzO e m H z 0  OEVI~T ION 

RUN NO. (in. HzOI (in WzOI Cp(r) C,(J . C,lAl 

1 

2 

3 

cp (SIDE AI 

1 
I I C&J -i$lA OR Bl I 

AVERAQE DEVIATION * o IA OR 81 = 1 +MUST BE C0.01 
3 

I ~ISIDEA)-C, BIDE B) I+MULT BECO.OI 

Figure 2-9. Pitot tube calibration data. 
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Figure 2-10. Projected-area models for typical pitot tube assemblies. 





41770 DULLS AND DCOUUlKrm 

I TRAVERSE a 
K DEV! TIME m. 1 Dtn 

t I I I 

I I I 

i .  

. 
AVERAGE I I - a. a avg 

' 5 4  DEV = ( - ) 100 (MUST BE 910%) a ~9 

Figure 3-3. Sampling rate data. 





Figure 4-1. Moisture sampling train-reference method. 
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Figure 4.2. Field moirrurs determination-rsfsmcr mdlod. 
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IUPINGER TRAIN 0PTIONAL.YAY BE REPLACED 
BY AN EOUIVALENT CONDENSER 

CHECK 
VALVE 

VACUUM 
LINE 

ILTER HOLDER 

PITOT MANOMETER 

THERMOMETERS 

DRY GAS METER AIR TIGHT 
PUMP 

Figure 5 1. Particulatc sampling train. 
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PLANT 

LocAlIoN 

OPERATOR, 

OAlE 

RUNNO. 

SAMPLE BOX NO. 
METER BOX NO. 
METER AH@ 
E FAClOR 

PITOTTUnE COEFFlClENT,C~- 
SC"EW4IIC OF S l K I  CROSS SECIICU 

U I I I E I T  TEYPERATUIE 

BAROMElRlE P I E S U R E  

ASSUME0 YOIS1URE.X 

P R O M  tEUGTH,nl I t1  

'MOZZLE IOEMllFlCATIOI YO. 
AVERAGE CALIBRATE0 NOZZLE OIAUCTIII.  rr(NJ- 
PROBE HEATERSETTING 
LEAK RATE.mIlmii.ldn1 
PROBE LINER MATERIAL 
SlATICPRESURE. mmHt I L H j  

FlLlEl  H a D E l  

Figure 5-2. ParlicuIaIn lisld dala. 
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Run Ma. 
Filter No. 
Amount liquid la1 durinp transport 

Acetone blank volume, mi 

Acetone wash volume, ml  

Acetone blank concentration, mplmg (equation 54) 

Acetone wash blank, mp (equation 5.51 

mi. 

WEIGHT OF PARTICULATE COLLECTED, 
CONTAINER mg I NUMBER 

o 

I 1 FINAL WEIGHT I TARE WEIGHT WEIGHT GAIN 

FINAL 

INITIAL 

LlaUlD COLLECTED 

TOTAL V D L W  COUECTED 

I 1 I 
2 I I 

0. ml 

I I I t TDTAL I= t 
Less acetone blank U 
Weight of particulate matter I I 

VOLUME OF LIQUID 
WATER COLLECTED I 

I IMPINGER I SILICAGEL 1 
VOLUME. WIGM, 

Flgum 5-3. Analylical data. 
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UNTIL MANOMETER 
REAOS 6 TO 7 INCHES 

WATER COLUMN 
RVTESTMETE 

Figure 5.4. Leak check of meter box. 
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APPENDIX F 

CALIBRATION INFORMATION 

NOZZLES 
Each new set of nozzles purchased by Pace 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 tesr. 

PITOT TUBES 
All Pitot tubes used by Pace whether SeDarate or attached to a samnline . - - ~ ~ -  ~ ~~ ~~ ~ ~~~~ 

probe were made by Pace personnel. Prior to being put into field use, 
they are calibrated. In general, if a type "5" 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 
Pace 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. 

DRY GAS METER AM) ORIFICE METER 
Complete meter box calibrations are performed annually. One point 
calibrations at the average orifice meter and maximum vacuum readings 
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 +\- 0.02 then the dry gas meter is repaired and given an annual 
calibration. 

THEWMETERS. FYRITES. ORSAT AND ORSAT BAGS 
Each new thermometer, pyrometer and thermocouple purchased or 
manufactured by Pace 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, 
test. 
of equipment is either repaired or replaced. 

orsat and orsat bags are checked before and after each source 
If they do not function according to U . S .  EPA protocol that piece 

LABORATORY EWIF'MENT 
Pace 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 contracts to 
maintain traceability to N.B.S. Calibration of thermometers, 
barometers, A 
copy of our quality 'assurance document may be obtained by written 
request. 

stopwatches and wet test merers are traceable to N.B.S. 



Drv Gas Meter 
Pretest meter calibration factor, Y = J.00 
Postest meter calibration factor, Y = 
Recalibration required? Circle one: yes or@ 
Lower cal. factor, Y = - 

(within f 2%) 
(within f 5% of pretest) 
If yes new Y = - 

for calculations (pretest or postest) 

/ , O I L  

D r y  Gas Meter Thermometers 
Was a pretest temperature correction used? Circle one: yes 00 If yes 

Postest comparison with mercury-in-glass thermometer? (within f10.8"F at 

Recalibration temperature correction? A (within S.4'F 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 

Stadc Temperature Sensor 
Was a pretest temperature correction used? Circle one: yes o r a  If yes 

temperature correction 

ambient temperature) Recalibration required? Circle one: yes 0- 

(within f 5.4'F over range) 

temperature correction "F (within 21.5% in OR over range) 
~ 

Average stack temperature of compliance test, G O + .  tz O R  

Temperature of ref. thermometer for recalibration #I ~ 4 ~ 5 -  #Z r o c  OR - 
(kthin f 10% of the average stack temperature) 

- 
Temperature of stack thermometer for recalibration #1 
Diff. between ref, and stack thermometer temps. 
Do the ref. and stack values agree within 21.5%? Circle one:@r no 

#Z coj O R  

81 & #Z 2 O R  

If -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 

Barometer 
Was the uretest field barometer readinn correct? Circle one: YES or no 

0 1  in. Hg (rO71 in. Hg) Recalibrationrequired? Lq If yes, no correction necessary for Circle one: yes or 
calculations when the ield barometer has a lower reading: if the 
mercury-in-glass reading is lower, subtract the difference from the 

Postest comparison? 

field data readings for the calculations. Pretest Postest 
Hg in glass 2-9. 3W 2 9 . 0 C P  
Field &S .34T >FCIOV 
Difference . a01 0. m' 

Nozzle 
Was the nozzle calibrated to the nearest .001 in.? Circle one: @ or no 
Nozzle #I: 0 1553- 0 r5Z 0 2-51 o . z T 1  D ?-<a : Average 0 - L -  
Nozzle 82: 0 .  ,463 0 >$l o lF+ r)  253 0. : Average 
Nozzle #3: D > $ I  o .zW 0 3 5 1  Q.3'14 3. L5.9 : Average 

Imuinper Thermometer 
Was a pretest temperature correction used? Circle one: yes or 

(within f5.4"F over range) temperature correction - 
If yes 

.I 
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RAC STARsAnpLR CALIBRATION SHEET 
Meter BOX Serial Number: 1348 Barometric pressure (Pb): 29.056 

Calibrated by: JAB 

Dry T e s t  Meter: OR 

Leak Check @ 27" Hg.: (0.001 CFM 

Leak Check @ 6.2 in. &O: OK Date: 10-02-89 
Pump: OK pump Oil: OK Clean Quick Comects: OK 
Manometers: OK 
Lights: OK Electrical Check: OK Variac: OK 
Vacuum Gauge: OK 

Man. Orifice CF, 

Th-olneters: OK 

ma T- I Ta OTa Td I-. The t 
0.5 5 5.23 70.0 101.0 87.5 94.75 12.36 

1.5 10 10.77 70.0 120.0 100.0 110.00 15.91 
2.0 10 10.77 70.0 122.5 102.0 112.00 , 13.10 

4.0 10 10.80 70.5 128.0 106.0 117.00 9.50 

1.0 5 5.33 70.0 114.5 96.5 105.50 9.00 

3.0 10 10.80 70.0 126.5 104.5 115.50 10.a6' 

Calculate Y and -& as folious: 

1 0 l ~ ~ c e ~ :  Y = 0.90 - 1.00 - 1.10 'I t/- 0.02Y -H. z 1.6 - - 2.1 d . 8  +I-  0.15 in. 

CALIRUIIOR cALUlL411m RRIP m oma m 
Ealmlem relta u 0.5 in. IM) 

5 x 29.054 1 94.25 t 4601 

5.23 (29.054 t 0.0368)170.0 t 460) 

o.oisas 170.0 t 4601 12.36 
I-- --) = 1.545 y i --- __-----: 0,198 & = _-_------- 

29.054 ( 94.25 t 4601 5 

hnowter relta H 1.0 in. $0 
5 129.054 1105.50 t 4601 0.03170 (70.0 t 4M)) 9.00 z 

(- 1 = 1.729 y = --- ------------ I 0.998 & : 
5.33 (29.054 t 0.0737)(70.0 t 460) 29.054 (105.50 + 460) 5 

10 x 29.056 (110.00 t 460) 0.04755 (70.0 t 6601 15.91 z 
10- ) = 1.991 Y :  --- = 0.995 2, : ________-____ 

29.054 1??0.00 t 460) 10.7 (29x54 t O.i1031(70.0 t 460) 

mmetf3 relta u 2.0 in. Iho 

10 129,054 (112.00 + 460) 0.06360 (70.0 + 4M)l 13.10 a 
1 = 1.831 

10 
I y = -  - - - ~ -  - - 0.995 & : -------- 

29.054 lilZ.00 t 460) 10.77 129.056 t O.l4711(70.0 t 460) 

Earmleter Delta H 3.0 in. @ 



TlPE S PITOT TUBE INSPECTION DATA FORM 

Date: 07-24-89 
Calibrator: UQB 

Specifications: 
1.) Pitot tube assably must be level. 
2.) If pitot tube is damaged explain under comments section. 
3.) z = A sin T (~0.125) and Y = A sin e ((0.03125) 
4.) a t10' and 6 c5' 

I.D. 

36"- 1 
36"- 2 
40"- 1 
54"- 1 
66"- 1 
96"- 1 
3' - 1 
3' - 2 
3' - 3 
4' - 1 
4' - 2 
4' - 3 
4' - 4 
4' - 5 
4' - 6 
5' - 1 
5' - 2 
5' - 3 
5' - 4 
6' - 1 
6' - 2 
6' - 3 
6' - 4 
8' - 1 
8' - 2 
8' - 3 
8' - 4 
8' - 5 
8' - 6 
0'9" 
9'7"-1 
9'7"-2 
12'6' ' 

ala a2* 6,' B2' T. eo 

1.0 1.5 1.0 1.5 2.0 0.5 
2.0 2.0 2.0 1.5 0.0 0.5 
1.0 0.0 1.0 0.0 0.5 0.5 
1.0 0.5 0.5 1.0 1.0 1.5 
1.0 0.0 3.0 2.0 0.5 1.5 
0.0 2.0 2.0 1.5 2.0 1.5 
0.0 0.0 0.0 0.0 0.0 1.0 
0.5 0.5 0.0 0.5 0.5 0.0 
0.5 0.5 1.0 0.5 0.5 1.0 
0.5 0.5 0.5 2.0 0.5 1.0 
0.0 0.5 0.0 1.5 1.0 0.5 
3.5 2.5 1.0 1.5 0.5 1.5 
0.5 3.5 2.5 1.5 0.5 1.0 
0.5 1.0 1.5 0.0 .o.o 1.5 
0.5 0.0 0.5 0.5 1.0 1.5 
1.0 1.0 1.0 2.0 2.0 0.5 
0.5 1.0 1.0 1.5 0.5 0.5 
0.5 1.0 0.5 0.5 0.5 1.5 

0.0 1.0 0.0 0.5 1.0 1.0 
0.5 0.0 0.0 0.5 2.0 1.0 
0.5 0.5 1.5 0.5 1.0 1.5 
1.0 0.5 1.0 0.0 2.0 1.0 
1.0 0.0 1.5 2.0 3.0 0.5 
1.0 0.0 2.5 3.0 2.0 2.0 
1.0 0.0 4.0 1.0 0.0 1.5 
2.0 2.0 0.0 0.0 0.0 0.0 

0.5 2.0 0.5 2.0 1.0 0.0 
1.0 2.0 1.5 1.5 1.0 2.0 
0.0 1.0 0.0 1.0 0.0 0.5 
0.0 1.0 3.0 2.0 3.0 1.5 
1.5 1.5 2.5 2.5 0.0 0.5 

3.0 0.5 0.0 0.5  2.5 1.0 

0.0 2.0 0.0 0.0 2.0 1.0 

A, in. 
0.730 
1.152 
1.112 
0.960 
1.042 
0.902 
1.057 
1.044 
1.044 
0.950 
0.889 
0.875 
0.837 
0.861 
0.947 
1.044 
1.046 
1.045 
1.027 
0.993 
1.008 
1.004 
1.000 
0.841 
0.871 
0.905 
1.007 
0.965 
0.917 
0.895 
0.905 
0.951 
0.809 

z ,  in. 
0.025 
0.000 
0.010 
0.017 
0.009 
0.032 
0.000 
0.009 
0.009 
0.008 
0.016 
0.008 
0.007 
0.000 
0.017 
0.036 
0.009 
0.009 
0.045 
0.017 
0.035 
0.018 
0.035 
0.044 
0.030 
0.000 
0.000 
0.034 
0.016 
0.016 
0.000 
0.050 
0.000 

Comments: 

Pitot tubes requiring further calibration: 

Only minor filing and cleaning required. 

None. 

Y, in. PA, in. 
0.00640 0.365 
0.01005 0.576 
0.00970 0.556 
0.02513 0.480 
0.02728 0.521 
0.02361 0.451 
0.01845 0.528 
0.00000 0.522 
0.01822 0.522 
0.01658 0.475 
0.00776 0.444 
0.02290 0.437 
0.01461 0.419 
0.02254 0.431 
0.02479 0.474 
0.00911 0.522 
0.00913 0.523 
0.02736 0.523 
0.01792 0.513 
0.01745 0.4% 
0.01759 0.504 
0.02628 0.502 
0.01745 0.500 
0.00734 0.420 
0.03039 0.435 
0.02369 0.452 
0.00000 0.504 
0.01684 0.482 
0.00000 0.458 
0.03124 0.447 
0.00790 0.452 
0.02489 0.475 
0.00705 0.404 

pg. in. 
0.365 
0.576 
0.556 
0.480 
0.521 
0.451 
0.529 ' 

0.522 
0.522 
0.475 
0.445 
0.438 
0.418 
0.430 
0.473 
0.522 
0.523 
0.522 
0.514 
0.497 
0.504 
0.502 
0.500 
0.421 
0.436 
0.453 
0.503 
0.483 
0.459 
0.448 
0.453 
0.476 
0.404 

Dt, in. 
0.376 

. 0 .376 
0.385 
0.385 
0.375 
0.380 
0.376 
0.375 
0.378 
0.378 
0.376 
0.376 
0.375 
0.374 
0.379 
0.373 
0.373 
0.376 
0.376 
0.376 
0.376 
0.377 
0.375 
0.378 
0.373 
0.374 
0.378 
0.380 
0.383 
0.380 
0.377 
0.377 
0.377 



IMP INGER 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 2.0 F 

DATE: 07/25/89 BAROMETRIC PRESSURE: 29.419 
AMBIENT TEMPERATURE, F : 72 REFERENCE THERMOMETER # 22 & #S 
CALIBRATOR: WQB ...................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT # SOURCE TEMPERATURE, F TEMPERATURE, F 'DIFFERENCE, P. 

W W  
I1 A. 

B. 
C. 
0. 

n A. 
8. 
C. 
D. 

13 A. 
8. 
C. 
0. 

14 A. 
8. 
C. 
D. 

15 A. 
B. 
C. 
D. 

ice bath 
uater bath 
water bath 
mater bath 
ice bath 
uater bath 
uater bath 
uater bath 
ice bath 
Hater bath 
mater bath 
mater bath 
ice bath 
uater bath 
uater bath 
water bath 
ice bath 
uater bath 
uater bath - 
uater bath 

32 
70 
95 
130 
32 
70 
9s 
UO 
32 
70 
95 
130 
32 
70 
95 
130 
32 
71 
95 
UO 

32 
70 
95 
UO 
32 
71 
95 
130 
33 
70 
95 
UO 
33 
71 
95 
Ul 
33 
70 
95 
130 

0.00 
0.00 
0.00 
0.00 
0.00 
-.19 
0.00 
0.00 
-.20 
0.00 
0.00 
0.00 
-.m 
-.19 
0.00 
-.17 
- 2 0  
0.19 
0.00 
0.00 

TEMPERATURE (REF TEMP, F + 460) - (TEST TEMP, F + 660) 
DIFFERENCE = ............................................ x 100 ( =  l.% 

REF TEMP, F + 460 

___ 



SAMPLE BOX 

TOLERANCE: t/- 5.4 F 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

DATE: 07/25/a9 BAROMETRIC PRESSURE: 29.419 
AMBIENT TEMPIRATURE, F : 72 
CALIBRATOR: WQB 

REFERENCE THERMOMTER # 22 & #S 

...................................................................... 
REFERENCE THERMOCOUPLE 

REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT # SOURCE TEMPERATURE,F TEMPERATURE,F DIFFERENCE. X 

-le Box 
A. 
8. 
C. 
0. 
E.' 
A. 
8. 
C. 
D. 
E. 
A. 
8. 
C. 
D. 
E. 
A. 
8. 
C. 
D. 
E. 
A. 
8. 
C. 
D. 
E. 
A. 
8. 
C. 
D. 
E. 
A. 
8. 
C. 
D. 
8 .  
A. 
8. 
C. 
D. 
E. 

o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
oil bath 
o i l  bath 
oil bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
oil bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 

.! 

122 
200 
220 
260 
287 
122 
200 
220 
260 
287 
122 
200 
220 
264 
289 
122 
200 
220 
264 
290 
123 
200 
220 
268 
291 
123 
200 
223 
268 
291 
123 
200 
236 
273 
294 
124 
200 
234 

296 
274 

121 
200 
220 
260 
288 
122 
202 
219 
264 
285 
121 
201 
220 
2% 
289 
123 
201 
219 
264 
291 
123 
199 
211 
268 
291 
124 
199 
211 
266 
292 
124 
198 
232 
215 
2% 
1u 
201 
233 
m 
297 

0.17 
0.00 
0.00 
0.00 
-.u 
0.00 
-.30 
0.15 
0.00 
0.27 
0.17 
-.E 
0.00 
-.14 
0.00 
-.17 
-.15 
0.15 
0.00 
-.u 
0.00 
0.15 
-.15 
0.00 
0.00 
-.17 
0.15 
0.29 
0.27 
-.u 
-.17 
0.30 
0.29 
-.27 
-.u 
0.00 
-.lS 
0.14 
-.14 
-.13 



PROBE THERMOCOUPLE 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: +/- 5.4 F 

DATE: 07/25/09 . .  
AMBIENT TEMPERATURE, F : 72 
CALIBRATOR: WQB 

BAROMETRIC PRESSURE: 29.419 
REFERENCE THERMOMETER #22 & #S 

Rote - # 
4'-1 A. 

C. 
4'-2 A. 

8. 
C. 

5'-1 A. 
8. 
C. 

5'4 A. 
8. 
C. 

6'-1 A. 
8. 
C. 

6'-2 A. 
E. 
C. 

8'-1 A. 
B. 
C. 

0'-2 A. 
8. 
C. 

0'-3 A. 
B. 
C. 

8' 9" A. 

n. 

8. 
C. 

9' 7" A. 
B. 
C. 

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 
oil bath 
oil bath 
oil bath 
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 
ail bath 

92 
242 
383 
92 
242 
384 
95 
242 
392 
91 
242 

98 
242 
391 
90 
244 
385 
100 
246 
385 
100 
266 
385 
100 
246 
385 
102 
241 
386 
102 
ur8 
391 

384 

92 
242 
385 
92 
243 
385 
93 
243 
395 
96 
242 
385 
91 
243 
392 
96 
246 
386 
'98 

248 
385 
99 
246 
385 
98 
248 
385 
101 
249 
386 
101 
249 
392 

0.00 
0.00 
-.26 
0.00 
-.16 
-.u 
0.36 
-.14 
-.35 
0.18 
0.00 
-.a 
0.18 
-.16 
-.12 
0.36 
-.za 
-.12 
0.36 
-.a 
0.00 
0.18 
0.00 
0.00 
0.36 

0.00 
0.18 
-.m 
0.00 

.0.18 
-.16 
-.la 

-.m 



METER BOX 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT # SOURCE TEMPERATURE, F TEMPERATURE, F DIFFERENCE, % 

kter Box 
1WA A. 

8. 
C. 
0. 

12648 A. 
8. 
C. 
D. 

U48A A. 
E. 
C. 
0. 

13488 A. 
E. 
C. 
D. 

14OlA A. 
8. 
c. . 
D. 

14016 A. 
E. 
C. 
D. 

1965.4 A. 
8. 
C. 
D. 

19658 A. 
8. 
C. 
D. 

ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
o i l  bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
icebath . 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 

35 
70 
122 
170 
35. 
70 
123 
171 
35.' 
70 
125 
171 
35 
70 
126 
171 
35 
70 
128 
172 
35 
70 
129 
172 
35 
70 
130 
172 
35 
70 
I34 
172 

36 
69 
120 
169 
36 
70 
124 
171 
33 
70 
127 
171 
36 
70 
128 
170 
36 
70 
128 
176 
34 
71 
U1 
172 
24 
69 
UO 
176 
35 
70 
u6 
173 

-20 
0.19 
0.36 
0.16 
-.20 
0.00 
-.17 
-.16 
0.40 
0 .oo 
-.36 
0.00 
-.20 
0.00 
- 3 4  
0.16 
-.a 
0.00 
0.00 
-.32 
0.20 
-.19 
-34 
0.00 
0.20 
0.19 
0.00 
-.a 
0.00 
0.00 
-.a 
-.16 



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

TOLERANCE: +/- 5.4 F 

DATE: 07/25/09 BAROMETRIC PRESSURE: 2 9 ~ h 1 Q  
AMBIENT TEMPERATURE, F : 72 
CALIBRATOR: WQB 

_ _  REFERENCE THERMOMETER # 22 g #s 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT # SOURCE TEMPERATURE,F TEMPERATURE,F DIFFERENCE, Z 

olega Ie¶p "-2 ll 
Dbl A. uater bath 

E. o i l  bath 
C. o i l  bath 
D. o i l  bath 
E. o i l  bath 

E. o i l  bath 
C. o i l  bath 
D. o i l  bath 
E. o i l  bath 

Hbl A. water bath 

GW.3 Ieq "-2 n 
DbZ A. uater bath 

E. oil bath 
C. o i l  bath 
D. o i l  bath 
E. o i l  bath 

- 8. o i l  bath 
C. o i l  bath 
0. o i l  bath 
E. o i l  bath 

Hb2 A. water bath 

@ reup 873-F 
Dbl A. 

8. 
C. 
D. 
8. 

Hbl A. 
8. 
C. 
D. 
E. 

uater bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
water bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 

1- 8734 High 1- 
A. oil bath 
E. 1. furnace 
C. 1. furnace 
D. 1. furnam 
E. 1. furnace 

70 
120 
170 
220 
260 
70 
120 
170 
220 
260 

70 
120 
171 
221 
262 
70 
121 
171 
222 
262 

71 
121 
173 
222 
262 
72 
122 
173 
222 
262 

384 
450 
575 
800 
1140 

71 
120 
171 
221 
259 
70 
121 
171 
219 
261 

71 
1Zl 
172 
222 
262 
69 

,122 
170 
222 
261 

71 
122 
173 
223 
263 
71 
121 
174 
222 
261 

385 
452 , 

m 
803 
1143 

-.19 
0.00 
-.16 
-.15 
0.14 
0.00 
1.17 
-.16 
0.B 
-.14 

-.19 
-.17 
-.16 
-.B 
0.00 
0.19 
-.17 
0.16 
0.00 
0.14 

0.00 
-.17 
0.00 
-.15 
-.14 
0.19 
0.17 
-.16 
0.00 
0.14 

-.12 
-.z 
0.19 
-.24 
-.19 



~ _ _ _ ~  

~ I k r c  WET BULB - DRY BULB - NOx & HOT BOX: BIMETALLIC 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLERANCE: t/- 5.4 F 

DATE: 07/25/89 BAROMETRIC PRESSURE: 29.419 
AMBIENT TEMPERATURE, F : 72 
CALIBRATOR: WQB 

- -  
REFERENCE THERMOMETER # 22 & #S 

b e t a l l i c  
ybl 

Ob1 

wb2 

Db2 

lKIx 

A. 
8. 
C. 
D. 
E. 
A. 
E. 
C. 
D. 
A. E. 

E. 
C. 
D. 
E. 
A. 
C. 8. 

0. 
E. 
A. 
B. 
C. 
D. 
K. 

Bot Box A. 
B. 
C. 
D. 
E. 

water bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
water bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
uater bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bat! 
uater bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
vater bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 
v a t u  bath 
o i l  bath 
o i l  bath 
o i l  bath 
o i l  bath 

72 
130 
185 
242 
270 
72 
131 
185 
243 
a70 
72 
131 
185 
243 
270 
72 
131 
185 
213 
270 
72 
131 
185 
243 
270 
72 
131 
185 
244 
270 

72 
130 
184 
a43 
,m 
71 
130 
185 
244 
271 
72 
130 
184 
243 
271 
70 

' 130 
186 
w 
271 
71 
131 
186 
244 
272 
70 
130 
184 
242 
269 

0.00 
0.00 
0.16 
-.14 
-.27 
0.19 
0.17 
0.00 
-.14 
-.14 
0.00 
0.17 
0.16 
0.00 
-.14 
0.38 
0.17 
-.16 
0.00 
-.14 
0.19 
0.00 
-.16 
-.14 

0.38 
0.17 
0.16 
0.B 
0.14 

-.ai 



i 

OaA 
GCA 

hviro-tal Testing 
1700 University Comrercial Place 
olarlotte, N.C. 28213 

GCA CORWRATlON 
Precision Scientific Group 
3fJ7West Carnand Slreet 
olicago. Ikais 6c647 
Telglhons: 312-227-2660 
me*: 254028 

A t t n :  W .  Paul Jenkins 

Subj: Certification W e t  T e s t  Meter 

Dear&. Jewkins: 

In lieu of any printed certification from our ccanpany, we offer as follows 
our staterrent on the referenced subject. 

“The W e t  T e s t  Wter catalog n d x r  63123, has k e n  
tested a t  our plant facilities using a &terpover 
Bottle NBS registration No. 4897. 
fourd to perform t o  our actvertls ’ ed spc i f ia t ions  
of plus o r  minus 1/2% Mor in flcw rate and con- 
form to smif ica t ions  of ps?M D-1071.” 

The Meter was 

ResPeafullY t 



~ r .  Pau l  R. Jenkins, Jr. 
Vice -Pnsident 
Environmental Testing Inc. 
1700 mctvCrsity Commrcial Place 
Charlotte, North Carolina 28Yl3 

war Mr. Jenkins: 

Further t o  our telephone conversation on Jar1Ua.W.15, 1979 Faeve Angel Grade 
900Ap is tested with a Ql28 Wp Penetrometer manufactured by the A k  TSChnOlogY 
Association t o  measure wp. 
listed in the Federal Register, P a r t  11, Thursday, August 18. 1977, EnVirOn- 
mental Protection' Agency, Stan6ards of Performance for New Station- Sources. 

Grade 9OOAF w i l l  meet the EPA we requirements of 0 . 0 5 5  percent peneetation 
on a 0.3 micron dioctyl  phthalate smoke par t ic les  as  listed on page 41778 
of the Federal Register, V o l .  42, Ne. 160, Thursday, August 18, 1977 under 3- 
Reagent, 3.1.1 Fi l te rs .  

I hope this w i l l  s a t i s f y  your  i n q u i q .  
please contact us at y o u r  convenience. 

mi9 is a uare sophisticated uni t  than that 

i 
If w e  can be of any fur ther  service, 

Very truly y o u r s ,  

John Z a c h a r i a s  
vice President 
Business Manager, Paper Division, N. A. 



CORN I NG 

i 

November 1 8 ,  1986  

Sclence Products 
Corning Glass Works 
Cornmg. New YOrk 14831 USA 
Tel: 607-974-9000 

a ~ N I M L a t u a w i s M a c o m p n Y  

. . .  

Mr. Paul Jenkins 
Environmental Testing InC. 
1 7 0 0  Univers i ty  Commercial Place 
Charlot te ,  NC 28213 

Dear Mr. Jenkins:  
.. 

I 

Confirminq our  t e l ephone  conversat ion,  our volumetric apparatus 
i s  c a l i b r a t e d  i n  conformance w i t h  ASTM Standard E 542. 

Very t r u l y  yours ,  I 

Al len  R.  F u l l e r  
Pro2uct Enqineerinq Supervisor 

b10012 

- 



The balances llsted below have been serviced by our representative on 
Cbem\c.?r 27, 14 ?i4 

This Is to certily that the test weights used are traceable to the Natlonal 

Bureau of Standards. 

Anoiytlcol Precklon 

M"LER IdentIflcuHon number of test welghts used 

NuHonol Bureau of Sandards test number: 

?& 
METRER callbruHon date of test weights used 7- I-ZZ 

117A27G -Pet45 
I 

Model and serial number d balances serviced 

Menler Instrument Corporotlon Box 7l Hlghhtown. NJ 08520 (609) 448-3000 Telex MlCO 7607376 

___ ~~ ~ ~~~~ ___ 



WALTER H. KESSLER COMPANY, INC. 

THSRMOMETKRS HYDROM-ERS 

I ON.-SIXTY H ICKS S T R E E T  * WESTBURY. L O N O  ISLAND, N E W  YORK * 510 I D a E W O O D  4-4084 

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

in accordance with the latest procedures in the finest constant temperature equipment available. against 
National Bureau of Standards certified master standards. 

F i s h e r  S c i e n t i f i c  Company 

Thermometer f115-041D -1/20loC i n  0.2' Div Total Immersion 
Certified for: 

Description: 

Instrument krial No. 811  007 Dote Certified: January 30, 1981 

Reading of Thir Instrument 

+o. 02c 

20. ooc 
40. OOC 

59.96C 

79.98C 

100.02c 

119.92c 

139.98C 

160. OOC 

180. OOC 

199.86C 

Reading of N.B.S. Standard 
(True Ternpwature) 

0.ooc 

20.00c 

40.00C 

60.00C 

80.00C 

1oo.ooc 

120. ooc 
140. OOC 

160.00C 

18O.OOC 

2 0 0 .  ooc 

The tabulated readings apply provided the ice-point reading taken after exposure for no 
. If the ice-point reading is days to a temperature of aboat 25' C (77' R is 

higher (or lower) than stated. all other readings will be higher (or lower) by the same amount. 
+o. 02c 

less than 3 
mnd to be 

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

NBS Standard M44165,78A-227,M44451,78A-220r78A-601/602 

NBS T e s t  N o  176240,219883,176240,219883r219606 

WALTER n. KESSLER COMPANY. INC 

& Lad 



KlMBLE 
Division of 
Owens-Illinois 

December 11, 1986 

Mr. Paul R. Jenkins 
Environmental Testing, Inc. 
1700 Vniversity Cannercia1 Place 
Charlotte, North Carolina 28213 

REF: Calibration of volumetric glassware 
I.$. P. Jenkins letter 12-5-86 

Dear Mr. Jenkins, 

Volumetric standards, u t i l i zed  by Kimble for  cal ibrat ion of class A and B 
laboratory glassware, a r e  designed t o  meet applicable calibration requirements 
of ASm Standard E 542. 

Accuracy of balances, weights and thermometers employed for calibration of 
volumetric standards is traceable t o  National Bureau of Standards. 

Sincerely, 

Lew b r a n  
Standards Dept. 

42z4/&- 
Mike tb l l i ck  

Cuality Control 

cc: Hr. N. DeBello - M.O. 
ftr. E. P a s o r a s  - Q.A. 



. 
DATE: 1 2 - 1 0 - 4 5  

CERTIFICATE OF C A L I B R A T I O N  

* 

CUSTOMER: EFIVIROF!MEWTAL TESTING I N C C u S t O f f l e r  Purchase Order :  2861R0 . 

1 7 0 0  U N I V  C O V V E R I C A L  PL OMEGA Work Order No: SO 5 1 1 2 6 8 7 6 0  

' CHARLOTTE N'C 2 8 2 1 3  MODEL: "-2 

SERIAL NO: 1 4 4 0 3  

OMEGA ENGINEERING c e r t i f i e s  t h a t  ' t h e  above i n s t r u m e n t a t i o n  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  p u b l i s h e d  s p e c i f i c a -  
t i o n s .  Th is  c a l i b r a t i o n  and t e s t i n g  was per fo rmed u s i n g  
i n s t r u m e n t a t i o n  and s t a n d a r d s  t h a t  a r e  t r a c e a b l e  t o  t h e  U.S. 
N a t i o n a l  Bureau o f  S tandards .  

Reference:  EiATIONAL BUREAU OF STANDARDS TEST NO(s): 36325 
f -  . 

CAL-3  

; 

s t r u m e n t a t i o n  
. .  

d% OMEGA ENGINEERING, INC f POMEGA PRESS *fi OMEGA INTERNATIONAL CORP. dB BIOUEGA 

One Omega Drive. Box 4047, Stamford. CT 069074047 (203) 359-1660 %lex 996404 Cable O M m  FAX (203) 35QTIM) 



EPM2000 AIR 

SELECTED AS THE EPA STANDARD 
EPM2000isthenewWhatmanfiiterwhich has 
been specifically developed for use in high 
volume air samplers, and has been chosen by 
the €PA for its technical excellence and overall 
suitability for use in the nationwide network of 
Hi-Vol air samplers. The high air flow rate and 
excellent particle retention characreristics 
make EPM 2000 the filter of choice tor high 
volume sampling. 

3 Specifically developed for use with high 

3 Chosen by the EPA fortheir National Air 

volume air samplers. 

Surveillence Network (Contract No. 
68-02-3709). 

3 Manufactured from 100% borosilicate glass 
microfibres under strictly controlled 
conditions. 

3 Retention efficiency 99.999% for NaCl 
particles, mass median 0.6 microns. 

: Heat-treated after manufacture to remove 
organic traces. 

I NO binder used in manufacture for 
maximum purity. 

i Each sheet individually numbered for rapid 
identification and recording. 

PUBLICATION NO888 EPM A 

EPM 2000-THE STATE OF THE 
ART FILTER MEDIUM FOR HI-VOL 
AIR SAMPLING 
Today, more than ever before, concern overthe 
potential effects on human life of toxic 
particulates in the air, is running high. The 
sampling and analytical methods employed in 
the monitoring of air qualityarebecoming ever 
more sophisticated. 

EPM 2000, as successor to the popular EPM 
1000, has been developed to complement 
these methods as a technically advanced air 
filtration medium, suitable for both 
quantitative and qualitative measurements 

HIGH PURITY - HIGH PERFORMANCE 
The €PA place specifk requirements on the 
purity and performance of the glass microfibre 
filters which are used throughouttheir National 
Air Surveillence Network of pollution 
monitoring siations. 

EPM 2000 is manufacturedfrom 100% pure 
borosilicate glass microfibres. with no added 
binder, under strictly controlled conditions. 
Maximum purity is ensured by the use of heat 
treatment after manufacture to remove any 
traces of organic material which may interfere 
with subsequent analyses. and closely 
monitored quality assurance methods are 
employed. Detailed chemical analyses of trace 
pollutants can thus be carried out with utmost 
accuracy and minimum background 
interference. 

EPM 2000 offers high flow rates while 
simultaneously providing exceptionally high 
particle retention efficiencies. Complete 
reliance can be placed on EPM 2000 to provide 
optimum results in airborne particulate 
collection. 

Each 8” x 10” sheet of EPM 2000 is 
individually numbered for rapid identification 
and recording. 

AVAILABILITY 

Two sizes areavailable as standard 
8 ” x  10“ sheets ipacksof 100) Cat. No. 1882866 
4.7 cm circlesipacksof 100) Cat. No. 1882047 




